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SURVEILLANCEOF SITE A AND PLOT M

Report for 1992

by

N. W. Golchert

ABSTRACT

The resultsof the environmentalsurveillanceprogramconductedat

Site A/Plot M in the Palos Forest Preservearea for CY 1992 are pre-

sented. The surveillanceprogramis the ongoing remedialaction that

resultedfrom the 1976-1978radiologicalcharacterizationof the site.

That studydeterminedthat very low levels of hydrogen-3(as tritiated

water) had migrated from the burial ground and were present in two

earby hand-pumped picnic wells. The current program consists of

ample collectionand analysisof air, surface and subsurfacewater,
,_andbottomsediment. The resultsof the analysesare used to I) deter-
t

'mine the migrationpathwayof water from the burial ground (PlotM) to

the hand-pumpedpicnic wells, 2) establish if buried radionuclides

other than hydrogen-3have migrated,and 3) generallycharacterizethe

radiologicalenvironmentof the area. Hydrogen-3in the Red GateWoods

picnicwells was still detectedthis year, but the averageand maximum

concentrationswere significantlyless than found earlier. Tritiated

water continuesto be detected in a number of wells, boreholes,dolo-

mite holes, and a surface stream. For many years it was the only

radionuclidefoundto havemigratedinmeasurablequantities. Analyses

since 1984 have indicatedthe presenceof low levelsof strontium-90in

water from a number of boreholesnext to Plot M. The availabledata

does not allow a firm conclusionas to whether the presence of this

nucliderepresentsrecentmigrationor movementthat may have occurred

before Plot M was capped. The results of the surveillanceprogram

continueto indicatethat the radioactivityremainingat Site A/Plot M

does not endangerthe healthor safetyof the publicvisitingthe site,

using the picnic area, or living in the vicinity.

1
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1.0 INTRODUCTIONAND MONITORING

1.1 Site Histor,y

This report presents and discusses the surveillancedata obtained

during CY 1992. The surveillanceprogram is the ongoing remedialaction

that resultedfromthe 1976-1978radiologicalcharacterizationof the former

site of ArgonneNational Laboratoryand its predecessor,the Universityof

Chicago's MetallurgicalLaboratory,which was part of the World War II

ManhattanEngineerDistrictProject,in the Palos ForestPreservesouthwest

of Chicago, IL. The Laboratory used two locations in the Palos Forest

Preserve" Site A, a 19-acrearea that containedexperimentallaboratories

and nuclearreactorfacilities;and PlotM, a 150 ft x 140 ft area used for

the burial of radioactivewaste. These locationsare shown in Figures1.1

and 1.2. To assist in understandingthis report,referenceshouldbe made

to the previous comprehensivereports on this subject,I'2which provide

greater detail and illustrationson sampling locations and descriptive

material and give the resultsthrough 1981, and to the ar!nualreports for
1o 1990 11 and 1991 121982,31983,4 1984,51985,61986,7 1987,a1988,91989, ,

Earlierdatawill not be repeatedin this report,but referencewill be made

to some of the results.

Operationsat Site A began in 1943 and ceased in 1954. Among .he re-

searchprogramscarriedout at Site A were reactorphysicsstudies,fission

product separations,tritiumrecoveryfrom irradiatedlithium,and studies

of the metabolismof radionuclidesin laboratoryanimals. Radioactivewaste

and radioactively-contaminatedlaboratoryarticlesfrom these studieswere

buried in Plot M. At the terminationof the programs,the reactorfuel and

heavy water, used for neutronmoderationand reactorcooling,were removed

and shippedto Oak Ridge NationalLaboratory. The biologicalshieldfor the

CP-3 reactor,togetherwith variouspipes,valves,and buildingdebris,were

buried in place in 1956.

Burial of radioactivewaste at Plot M began in 1943 or 1944 and was

discontinued in 1949. Waste was buried in six-foot deep trenches and

coveredwith soil until 1948, after which, burialtook place in steel bins.
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Figure 1.1 Location of Palos Forest Preserve on Chicago-Area Map





The steel bins were removed in 1949 and sent to Oak Ridge National

Laboratoryfor disposal,but the waste buried in trencheswas allowed to

remain in place. Both the Site A and Plot M areas were decommissionedin

1956. Concretesidewalls,eight feetdeep,were pouredaroundthe perimeter

of the burialarea and a one-footthick reinforcedconcreteslab was poured

over the top. The concrete slab was covered with soil and seeded with

grass.

In 1973, elevated "levelsof hydrogen-3(as tritiatedwater) were de-

tected in two nearby hand-pumpedpicnic wells (#5167 and #5159) and the

hydrogen-3was found to be migratingfromthe burialplot intothe surround-

ing soil and aquifers. As a result, a radiologicalsurvey of the entire

Palos Forest Preservesite was conductedwith specialemp.hasison the Site
I

A and Plot M areas.

The terminologyused in previousreportsis continued. A hole drilled

and completedinto the glacialtill is called a borehole. The soil samples

obtained from the boreholeare calledsoil cores. Some boreholeshave been

cased and screened to form monitoringwells. Water from such wells is

called borehole water. Test wells drilled into the dolomite bedrock are

called dolomiteholes or deep holes. Water from suchwells is calleddolo-

mite water. The hand-pumpedpicnicwells,which are completedintoor close

to the dolomitebedrock,are calledwells or picnicwells. They are iden-

tified by a locationname or well number. Exceptfor well #5160,thesewere

in existencebeforethis radiologicaland hydrologicalstudyof the areawas

begun.

The resultsof radioactivitymeasurementsare expressedin this report

in terms of picocuriesper liter (pCi/L)and nanocuriesper liter (nCi/L)

for water, picocuriesper cubic meter (pCi/m3) for air, and picocuriesper

gram (pCi/g)of the oven-dried(110°C)weight for sedimentsamples. Radia-

tion effective dose equivalent calculationsare reported in units of

millirem (mrem) or millirem per year (mrem/y). The use of the term dose

throughoutthis rep(:rtmeans effectivedoseequivalent. Other abbreviations

of units are defined in the text.



1.2 Site Characteristics

Geologically,Plot M is constructedon a moraineuplandwhich is dis-

sected by two valleys, the Des Plaines River valley to the north and the

Calumet Sag valley to the south. The {Iplandis characterizedby rolling

terrainwith poorlydevelopeddrainage. Streamsare intermittentand drain

internallyor flow to one of the valleys. The area is underlainby glacial

tillor drift,dolomite,and other sedimentaryrocks. The uppermostbedrock

is Siluriandolomite,intowhich both the picnicwells and someof the moni-

toringwel_,sare placed,as describedin the text. The dolomitebedrockis

about 200 feet thick. The overlyingglacial till has a thicknessthat

rangesfrom 165 feet at Site A to zero at the Des PlainesRiver and Calumet

Sag Canal, and some of the monitoringwells terminatein this layer. The

depth to bedrock at Plot M is about 130 feet. Hydrologically,the surface

water consistsof ponds and intermittentstreams. When there is sufficient

water, the intermittentstream that drains Plot M flows from the highest

point near Site A, past PlotM, then continuesnear the Red Gate Woods well

(Fig. 1.2)and dischargesintothe Illinoisand MichiganCanal. The ground-

water in the glacialtill and dolomiteformstwo distinctflow systems. The

flow in the drift is controlledprincipallyby topography. The flow in the

dolomite,which is rechargedby groundwaterfrom the glacialtill, is con-

trolledby two dischargeareas, the Des PlainesRiver to the north and the

CalumetSag Canal to the south. Water usage in the area is confinedto the

hand-pumpedpicnic wells. These are open to the dolomite and are princi-

pally used in the warmer seasons.

The climate is that of the upper MississippiValley, as moderatedby

LakeMichigan,and is characterizedby coldwintersand hot summers. Preci-

pitation averages about 33 inches annually. The largest rainfallsoccur

betweenApril and September. The averagemonthlytemperatureranges from

21°F in January to 73°F in July. Approximately7.9 million people reside

within 50 miles of the site; the populationwithin a five-mileradius is

about 150,000. The only portionof the Palos ForestPreservein the immedi-

ate area of Plot M and Site A that is developedfor public use is the Red

Gate Woods picnicarea (Fig.1.2), althoughsmallnumbersof individualsuse

the more remote areas of the Palos ForestPreserve.

I
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2,0 SUMMARY

The results of the ongoingenvironmentalmonitoringand surveillance

programat the Palos Forest Preservesite for CY 1992are presentedin this

report. Sample collection and analyses for radioactivesubstances were

conductedon air, surfaceand subsurfacewater, and bottomsediment,and for

nonradioactivesubstances in subsurfacewater. Water-vaporsamples were

collectedover the stroambedat two locations,one upstreamand one down-

streamof the waste burial Plot M, and analyzedfor tritium. Above ambient

tritiumconcentrationswere founddownstreamof the Plot and are attributed

to tritiatedwater leachingfrom the Plot and evaporatingfrom the stream.

The maximumdose from tritiumin air to a hypotheticalindividualwho spends

all of his time at the downstreamlocationwould be 0.008 mrem/y,or 0.008%

of the applicableU. S. Departmentof Energy (DOE) Radiation Protection
13

Standardof 100 mrem/y for the generalpublic.

Surfacewater samplescollectedfromthe streamthat flows around Plot

M showedthe same tritiatedwater concentrationpatternseen in the past.

Concentrationswere at the ambientlevel (< 0.1 nCi/L)upstreamof the Plot,

increasedto 180-1095nCi/L at the seep adjacentto the Plot, then decreased

to 10-40 nCi/L furtherdownstream. Other radiochemicalanalysesof water

and stream-bed sediment collected above and below Plot M indicatedthat

there are slightlyelevated concentrationsof strontium-90and uranium in

water and cesium-137and plutonium-239in sedimentdownstreamfrom Plot M.

For both the water and sedimentsamples;,the upstream concentrationswere

comparableto ambientor falloutlevels.

The tritiatedwater concentrationsin the boreholeand dolomite hole

water follow a pattern consistentwith that observed in the past. The

tritium concentrationwas highest in those boreholes nearest Plot M and

downgradientof the Plot. Water from nine of 17 boreholes analyzed for

strontium-90containedconcentrationsgreater than the detectionlimit of

0.25 pCi/L. The elevated strontium-90levels (up to 9.58 pCi/L) found in

some boreholes are probably from the Plot, since concentrationsabove

0.25 pCi/L have not been observed in the groundwaterdue to atmospheric

falloutfrom previousnuclearweaponstesting,and no other sourceis known.

'!



Strontium-90is a relativelymobile radionuclideand its presence in the

boreholewater is not unexpectedand is probablydue to migrationthat oc-

curred beforethe Plot was capped. The strontium-90resultsare consistent

with those measured in the past.

Samplingof the forestpreservepicnicwells shown in Figure1.2 conti-

nued. In July 1988, the Red Gate Woods North (#5160)well was installedas

a replacementdrinking water supply for the Red Gate Woods (#5167)weil.

The maximum and averageconcentrationsfor the last few years for the Red

Gat_ Woods North well (#5160)and the Red Gate Woods well (#5167)are pre-

sented in Table 2.1 and illustratedin Figure 2.1. The maximumconcentra-

tion (0.13nCi/L) and the annualaverage(0.04nCi/L) in the Red Gate Woods

well (#5167)are significantlyless than in earlieryears. The maximumand

averageconcentrationsof the well oppositeRed Gate Woods (#5159)were 2.3

nCi/L and 1.15 nCi/L,respectively. The other wells were all less than 0.1

nCi/L. The previouspattern of high tritiumconcentrationsin the winter

and low concentrations(less than the detectionlimit of 0.1 nCi/L) in the

summer is not readilyapparentfor the Red Gate Woods well (#5167). In the

calculationof annual averages,all data as measuredwere retained in the

data base and used to compute the average.

If water equal to the Red GateWoods Northwell (#5160)averageconcen-

trationof 0.25 nCi/L were the sole sourceof water for an individual,the

annual dose from tritiumwould be 0.011 mrem using the DOE dose conversion

factor. Although not applicable, compared to the U. S. Environmental

ProtectionAgency (EPA)drinkingwater limit,14this concentrationis about

I% of the annual limit of 20 nCi/L. Consumptionof one liter of this water

would producea dose of 2 x I0"smrem. Table 4.3 providesa relativecom-

parisonof this calculateddose to naturalor acceptedsourcesof radiation.

The resultsof this program show that the radioactivityremainingat

Site A, Plot M, and the Red Gate Woods areadoes not endangerthe healthor

safetyof the publicvisitingthe siteor those living in the vicinity. The

potentialradiationdoses are very lew relativeto the relevantstandards.

............ III............



TABLE 2.I

Annual Maximumand Average Hydrogen-3Concentrations
in the Red Gate Woods Wells

(Concentrationsin nCi/L)

5167 (OriginalWeil) 5160 (ReplacementWeil)*
Year Maximum Annual Average Maximum Annual Average

1982 9.2 4.8
1983 3.0 2.2
1984 2.7 1.2
1985 2.5 1.0
1986 , 3.4 I.3
1987 3.3 1.6
1988 0.48 0.18 0.30 0.19
1989 0.46 0.30 0.41 0.27
1990 0.25 0.12 0.52 0.22
1991 0.21 0.05 0.80 0.35
1992 0.13 0.04 0.54 0.25

*Thereplacementwell (#5160)was installedin July 1988.

1983 '1984 t9_ 1986 1_i') lOCi 19_ 100(] 1001 19D2
YEARS

_xlmum m Av_e_

Figure 2.1 Trends in TritiumConcentrationsin Red Gate Woods
Well (#5167). (Concentrationsin nCi/L)

.... H' , .... _Ir,,,
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3.0 MONITORINGPROGRAM

The program is designedto monitor the elevatedhydrogen-3(as triti-

ated water) concentrationsin some of the picnic wells in the Palos Forest

Preserve,determinethe migrationpathwayof water from the burialgroundto

the wells, establish if other buried radionuclidesor waste constituents

have migrated,and characterizethe radiologicaland non-radiologicalpol-

lutant environmentof the area. This is accomplishedby analyzingwater

vapor samples and water from wells, deep holes, boreholes, and surface

streams in the area. Samples are collected from biweekly to annually,

dependingon past results and proximityto Plot M. During CY 1992, 333

sampleswere collectedand 443 radiochemicalanalyseswere performed. For

the most part, individualresultsare presentedin the tables,and compared
\

to control, off-site,or Ul_streamresults. Where applicable,results are

comparedto the U. S. Departmentof EnergyRadiationProtectionStandardof

100 mrem/y.13 The SiteA/PlotM programfollowsthe guidancefor monitoring

at DOE facilities.Is Although it is recognizedthat Site A/Plot M is not a

DOE facility,the same monitoringprinciplesare applicableto this site.
"_ql,

The uncertaintiesassociatedwith individualconcentrationsgiven in

the tables are the statisticalcountingerrors at the 95% confidencelevel.

A few tables of tritiumdata do not contain these uncertainties. In such

cases, the followinguncertaintiesapply:

Concentration(nCi/L) Uncertainty(% of Conc.).

0.1-1.0 40-5%

I-I0 5-1%

> 10 I%

The sensitivityfor the measurementof tritium in water has been improved

due to new instrumentation.The currentdetectionlimit is 0.1 nCi/L. The

detectionlimit for tritiumin air is 0.1 pCi/m3.

,I IT , .....
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Water vapor sampleswere collectedover the surfaceof the streamnext

to Plot M, since this stream drainstritiatedwater leachedfrom the Plot,

and were analyzedfor tritiumto estimatethe potentialexposurefrom the

atmosphericpathway. Sampleswere collectedupstreamand downstreamof Plot

M and the resultsare given in Table 3.1. The concentrationswere higher

below PlotM than above,where the levelswere similarto ambientconcentra-

tions of tritiumin air of 0.20 pCi/m3.16The spring and fall averagesare

calculatedusing the actualmeasuredvalues even though in many cases, the

resultsare below the detectionlimit.

Althoughwater was not flowing in the stream during some of the sam-

pling periods,above-ambienttritiatedwater vapor concentrationswere ob-

servedbelow the Plot. As was also observedlast year, the downstreamair

concentrationsin the fall were lower than the springvalues and are due to

generallylower tritium stream concentrationsin the fall. The dose to a

hypotheticalindividualwho breathedair continuouslyfor one year at the

maximum concentrationof 14.3 pCi/m3 would be 0.008 mrem or 0.008% of the

applicableDOE environmentaldose limit of 100 mrem/y. This dose was calcu-

lated using the methodologyspecifiedin the DOE Order13 for determining

radiationexposuresto members of the public in uncontrolledareas. The

total quantityof a radionuclideinhaled,in microcuries(#Ci),is obtained

by multiplyingthe air concentrationby the generalpublicbreathingrate of

8400 m3/y.17 This annual intakeis thenmultipliedby the 50-yearCommitted

EffectiveDose Equivalent(CEDE)factor to obtain the dose.TM The CEDE for

tritiatedwater vapor is 6.3 x 10.5rem/#Ci (remper microcurie).

3.2 SurfaceWater

Three setsof sampleswere collectedfrom the streamthat flows around

Plot M. The samplinglocationsare shown in Figure 3.1. The sampleswere

analyzed for tritiatedwater and the results are in Table 3.2. The same

concentrationpatternin the water flowingaround Plot M was observedthis

year as in the past. Concentrationswere low upstream of the Plot, in-

creased as the stream flowed past the Plot, where it received tritiated
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TABLE 3.I

Concentrationsof ],'itiatedWater Vapor Above the
StreambedAdjacentto ?lot M, 1992

(Concentrationsin pCi/m3)

Location#I* Location#9*
Sampling Period (Upstream) (Downstream)

March 23 to March 26 0.3 + 0.2 6.7 ± 0.4

March 30 to April 2 < 0.1 8.1 ± 0.3

April 6 to April 9 0.2 ± 0.3 14.3 ± 0.5

April 13 to April 16 < 0.1 6.1 + 0.5

April 20 to April 23 < 0.1 11.8 ± 0.6

Spring Average 0.1 + 0.2 9.4 + 3.2

September28 to October I < 0.1 3.7 + 0.5

October 5 to October8 < 0.1 2.1 + 0.6

October 13 to October 16 0.5 + 0.6 0.8 ± 0.6

October 20 to October23 < 0.1 1.2 ± 0.5

October 27 to October30 0.5 + 0.4 1.0 + 0.4

Fall Average 0.2 + 0.3 1.8 + 1.1

*See Figure 3.I
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Figure 3.1 Surface Water Sampling Locations Near Plot M
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TABLE 3.2

Tritiatedwater Contentof Stream Next to Plot M, 1992

(Concentrationsin nCi/L)

Date Collected
Location
Number" January2 March 18 December 15

I < 0.2 < 0.1 < 0.1

2 0.3 ± 0.01 0.3 ± 0.1 16.7 ± 0.1

3 31.2 ± 0.2 41.8 ± 0.3 31.8 ± 0.2

4 38.1 ± 0.3 38.3 ± 0.3 48.3 ± 0.3

5 38.0 ± 0.3 35.0 ± 0.3 49.7 ± 0.3

6 (Seep) 180.2 ± 0.6 1095.0± 1.6 271.9 ± 0.8

7 42.7 ± 0.3 101.7 ± 0.5 92.3 ± 0.4

8 54.0 ± 0.3 52.9 ± 0.3 43.5 ± 0.3

9 43.8 ± 0.3 91.3 ± 0.4 78.7 ± 0.4

10 30.7±0.2 59.3±0.3 34.5±0.2

11 17.6±0.2 36.3±0.3 12.4±0.1

Outfall** 1.2 ± 0.1 2.2 ± 0.1 3.0 ± 0.1

*See Figure 3.1

I&MCanal
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water that leachedout of the burial site,then decreaseddownstreamdue to

dilution. The outfallsamplewas collectedprior to dischargeinto the I&M

Canal.

Using the methodologyprescribedin the DOE guidance,13the committed

effectivedose equivalentfor consumptionof water can be calculated. The

total quantityof an ingestedradionuclideis obtainedby multiplyingthe

water concentrationby the generalpublicwater ingestionrate of 730 L/y.17

This annual intake is then multipliedby the 50-year CommittedEffective

Dose E&uivalent(CEDE)factor.TM The CEDE for tritiumin water is 6.3 x I0S

rem/_Ci. If a hypotheticalindividualused water with the same tritium

concentrationas found in the seep (Location#6) as his sole source of

water,the annualdose based on the maximum1992concentrationof 1095nCi/L

would be about 50 mrem/y and the dose based on the annual averageseep con-

centration of 516 nCi/L would be 24 mrem/y. The DOE dose limit to the

public is 100 mrem/y. Using the same calculationsfor concentrationsat

Location #9, the maximum concentrationof 91.3 nCi/L would produce 4.2

mrem/y and the 1992averageconcentrationof 71.3 nCi/L would give a dose of

3.3 mrem/y. Consumptionof one liter of water with the same:annualaverage

concentrationas at Location#9 would producea dose of 0.004 mrem/y.

Large volume (20 liter) water sampleswere collectedon December 15,

1992, from this stream above Plot M at Location#I and from below Plot M at

Location#9. These sampleswere analyzedfor the very low concentrationsof

other radionuclidesthat may be present to determine if any detectable

amountshad migrated out of Plot M and entered this surface stream. The

results are given in Table 3.3. In addition to hydrogen-3,there are

slightly elevatedconcentrationsof strontium-90and uraniumat the down-

stream location. Strontium-90has been found in the past in Borehole#6 in

Figure 3.2, between Plot M and the stream,and its presencein the stream

would be anotherindicatorof possiblemi_grationof this radionuclide. The

=levateduraniumconcentrationsare most likelydue to surfacecontamination

in the swale area northwestof PlotMI°and may have been due to poor house-

keepingduring burial operations.



16

TABLE3.3

RadioactivityContentof StreamNext to Plot M, 1992

(Concentrationsin pCi/L)

Date Location#I* Location#9"
Constituent Collected (Upstream) (Downstream)

Total Alpha" December 15 0.7 ± 0.2 2.1 ± 0.3

Total Beta" December 15 4.2 ± 0.2 7.1 ± 0.3

Hydrogen-3 December 15 < 100 7.87xi04± 371

Strontium-90 December 15 0.43 ± 0.03 1.39 ± 0.04

Uranium-234 December15 0.16 ± 0.05 ].11 ± 0.13

Uranium-238 December15 0.21 ± 0.06 1.12 ± 0.13

Neptunium-237 December 15 < 0.001 < 0.001

Plutonium-238 December 15 < 0.001 < 0.001

Plutonium-239 December 15 < 0.001 < 0.001

Americium-241 December 15 < 0.001 < 0.001

Curium-242and/or December15 < 0.001 < 0.001
Californium-249

Curium-244and/or December 15 < 0.001 < 0.001
Californium-252

*See Figure 3.1

"*Non-volat±le



17

/

8• ,b22
/

!

LOT

oo
I

I
E'

8• / N13.

i 0 I00 200ft

CONTOUR ELEVATIONS / I I _ I I

GIVEN IN FEET 0 50m
I = I I t I

•21

Figure 3.2 Map of Plot M Palos Site Showing Topography,
Intermittent Stream, and Borehole Locations

!



18

Surfacewater sampleswere collectedfrom five surfacewater bodies in

the vicinityof Site A on December4, 1992. These are: the pond northwest

of Site A; the pond southeast of Site A; Horsecollar Slough; Tomahawk

Slough;and Bull Frog Lai_e. Most of these locationscan be identifiedin

Figure 1.2. These sampleswere all analyzed for tritiatedwater an_!the

concentrationswere all less than the detection limit of 0.I nCi/L. The

results indicate that there has been no surfacemigrationof radioactive

materialsfrom Site A.

3.3 SubsurfaceWater

3.3.1 BoreholeWater

A number of the boreholesdrilled in the Plot M area (Fig. 3.2) were

casedwith plasticpipe and screenswere installed(piezometers)to serve as

samplingpoints within the glacialtill. Water sampleswere collectedand

water level measurementswere made in these boreholesapproximatelybi-

monthly,weatherpermitting. Eachboreholewas emptiedof water and allov#ed

to rechargebefore sampling. The shallowboreholesrespondedto the spring

precipitationas indicatedby an increasein water,levelsfollowedby a drop

during summerand fall when moisturewas used for plant growth. The water

levels in the deeper boreholes(> 100 ft) were relativelyconstantthrough-

out the year. As in past years, some boreholeswere occasionallydry.
,,

All the water sampleswere analyzedfor tritiatedwater and the results

are collectedin Table 3.4. Borehole#11 containsa nest of piezometersat

three depths;39 feet, 68 feet, and 124 feet. The principalpurposeof this

arrangementis to obtain water level measurementsat differentdepths to

determinethe verticalgradientof the hydraulichead.

The tritium concentrationsvaried widely as in past yeaY_s. In 1988,

tritiumconcentrationin Borehole#2 increasedby about a factorof ten near

the end of the year. The concentrationremainedat this level throughthe

first two samplingperiodsin 1989 and then decreasedto the former level.

About the same time the tritiumconcentrationin Borehole#2 was decreasing,

the concentrationin Borehole#4 was increasingby about a factor of four.

l
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During 1990, 1991, and 1992, the concentrationin Borehole #4 remained

elevated, but the concentrationin Borehole #5 did not consistentlyin-

crease.

In the 40-foot deep boreholes,low tritium concentrationscorrelate

with high water levels, apparently a dilution phenomenon. The measured

water levels in the boreholesare in Table 3.5. Since the measurementof

the water levels is made relative to a benchmarkat the top of the well

casing,a decrease in numericalvalue indicatesa rise in water level and

dilution of the tritiatedwater. Higher tritiatedwater concentrations

correlatewith highertritiumconcentrationsin the soilcores obtainedwhen

the boreholeswere constructed.

A DOE Tiger Team that evaluatedthe Argonne National Laboratory-East

environment,safety,and healthprograms in the fall of 1990 also reviewed

the Site A/Plot M monitoringprogram. The Tiger Team found that the sample

collectionmethod for the boreholeswas inconsistentwith the ZPA guidance.

The EPA protocols require that a monitoringwell be purged and a sample

collectedwithin the first two hours or the samplemay not be representative

of the groundwater.

Geologicalconditionsat Plot M make it very difficultto follow the

EPA guidance. Many of the monitoringwells at Plot M have been placed in

clay-richunits with very low permeability. Rechargeto these monitoring

wells over a two-hourperiodwill be insufficientto obtain an appropriate

volume (up to one gallon)of water to conductthe analyticaltests. The EPA

criteriaappliesto situationswhere sensitiveconstituentssuch as _,olatile

organicchemicalsare of concern. Groundwateranalysesat Plot M are for

radioactiveconstituents,especially tritium which is less sensitive to

chemical or physical loss from the groundwaterthan the volatile organic

chemicals. However,the EPA samplingprotocolwas appliedfor all sampling

during 1992.

As part of a search for radionuclidesother than tritium in the bore-

holemonitoringwells, sets of large volumewater sampleswere collectedto

[ obtain greater sensitivity in the analysis. One set of samples was

M lr, fBI.......
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TABLE 3.5

Water Level Measurementsin BoreholesNear Plot M, 1992

(Unitsof feet below the benchmarkat the top of the weil)

Date Measured

Borehole Depth
Number (ft) January31 March 17 May 20 August 31 December 11

I 40 35.33 34.01 29.27 35.63 36.90

2 40 22.83 19.87 20.82 28.71 24.30

3 40 33.08 32.07 29.35 32.36 32.70

4 40 13.35 10.54 9.75 19.14 15.00

5 40 22.35 22.44 20.76 24.41 23.80

6 40 9.44 8.52 11.84 32.02 11.71

8 40 35.42 34.21 32.43 35.83 35.58

11 39 21.68 18.30 19.83 27.94 23.50

11 68 57.07 51.01 41.48 47.30 60.00

11 124 104.58 104.29 I04.42 104.46 104.45

24 125 111.34 81.36 81.54 113.19 81.36

26 60 44.06 42.36 40.13 44.29 45.25

28 60 56.39 56.25 54.90 56.46 57.15

35 110 93.54 93.12 93.31 93.37 93.50

36 127 103.86 100.43 103.71 105.80 104.91

40 25 0.94 0.00 2.20 * *

Pluggedby vandals.
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collectedin May 20, 1992, and anotherset was collectedDecember15, 1992.

Sampleswere collectedfrom all boreholesthatyielded sufficientwater for

analysis. All sampleswere analyzedfor strontium-90and the resultsare

shown in Table 3.6. Strontium-90concentrationsgreaterthan the detection

limit of 0.25 pCi/L were found in nine of the 17 sampledboreholes. Bore-

hole #40 was unavailablefor samplingthis year due to vandalism. Levels

above 0.25 pCi/L would not be expectedin this water from fallout,and no

other source is known. The higheststrontium-gOconcentrationswere found

in water from Borehole#11 at 68 ft (9.58pCi/L). The highestconcentration

found in 1991 was 10.7 pCi/L in Borehole#11 (68'). This boreholewater

also has the highesttritium concentrations, lt should be noted that the

boreholewith one of the higherstrontium-g0concentrations(Borehole#6) is

between the buried waste and the streamthat flows around Plot M. These

data indicate small but measurableamounts of strontium-90have migrated

from the waste into the surroundingglacial till. As seen in Table 3.3,

measurable strontium-90concentrationswere also found in the streamwater

below the Plot.

3.3.2 DolomiteHole Water

At the present time, ]7 wells are cased into the dolomite zone to

monitor the movement of any radionuclidesin this aquifer. Most of the

dolomite holes are locatednorth of Plot M and east of the Red Gate Woods

wells (#5160 and #5167), as shown in Figures 1.2 and/or 3.3. Water was

collectedfrom the dolomiteholes quarterly. All sampleswere analyzedfor

tritiatedwater and the resultsare in Table 3.7. Water levelswere also

measured in the dolomiteholes and these measurementsare in Table 3.8. Two

of the wells, DH 13 and DH 14, were not availablefor samplingduring most

of the year. The DH 13 well was vandalizedand filledwith debris,while DH

14 containedUSGS equipmentthat made the well inaccessiblefor sampling.

Severalother dolomiteholes were unavailablefor samplingdue to an inabil-

ity to accessthe wells.

The resultsof the tritiatedwater analysisof the dolomiteholes are

consistentwith concentrationsmeasured in the past. In all, nine of the

dolomite holes had elevated tritiatedwater concentrations. The highest

1
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TABLE 3.6

Radiochemical Analyses of Borehole Water Samples Near Plot M, 1992

(Concentrations in pCi/L)

Date
Borehole" ColIected Strontium-90

I (40') May 20 < 0.25
December 15 < 0.25

2 (40') May 20 0.32 + 0.04
December 15 0.80 +_0.25

3 (40') May 20 0.38 +_0.03
December 15 2.97 + 0.21

4 (40') May 20 3.73 + 0.07
December 15 0.74 + 0.13

5 (40') May 20 < 0.25
December 15 < 0.25

6 (4G') l,_ay 20 5.78 + 0.07
December 15 4.48 + 0.18

8 (40') May 20 < 0.25
December 15 0.33 + 0.26

9 (40') May 20 4.96 + 0.09
December 15 4.46 +_0.18

10 (40') May 20 < 0.25
December 15 < 0.25

11 (39') May 20 3.38 + 0.08
December 15 3.22 + 0.21

II (68') _iai,'201 9.58 + 0.10
December 15 5.43 _+0.22

11 (124') May 20 < 0.25
December 15 < 0.25

24 (125') May 20 < 0.25
December 15 < 0.25

26 (60') May 20 0.51 + 0.03
December 15 0.43 _+0.15

28 (60') May 20 < 0.25
December 15 < 0.25

35 (110') May 20 0.36 + 0.03
December 15 0.45 _+0.14

36 (127') May 20 < 0.25
December 15 0.33 + 0.13

I *See Figure 3.1.
' ' ' ' " Ill
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TABLE3.7

Tritium in Site A/Plot M DolomiteHoles, 1992

(Concentrationsin nCi/L)

omite Date ColIected
Hole
Number February11 June 19 September25 December 16

1 < 0.1 < 0.1 < 0.I < 0.1

2 < 0.1 < 0.1 < 0.1 < 0.1

3 1.6 - - <0.1

4 <0.1 - - -

5 < 0.1 < 0.i < 0.1 < 0.1

6 1.5 1.4 1.1 1.5

7 < 0.1 < 0.1 < 0.1 < 0.1

8 < 0.1 < 0.1 < 0.1 < 0.1

9 2.7 2.0 1.7 2.1

10 4.4 - - 2.6

11 3.9 4.0 3.9 1.2

12 5.5 5.4 5.0 1.3

13 ....

14 - - 5.1 2.9

15 2.9 3.1 2.1 0.4

16 <0.1 <0.1 <0.1 <0.1

17 1.2 1.1 1.1 <0.1
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TABLE 3.8

Water Level Measurementsin DolomiteHoles Near Plot M, 1992

(Unitsof feet below the benchmarkat the top of the weil)

Dolomite Date Measured
Hole
Number February11 June 19 September25 December16

1 - * 162.05 161.05

2 - * 140.41 139.62

3 - * * 88.15

5 78.40 78.51 79.11 78.30

6 75.44 75.52 74.37 73.65

7 - 81.56 82.25 81.65

8 - 73.91 74.47 74.05

9 73.28 72.52 73.24 72.90

10 64.95 * * 64.15

11 76.04 76.10 76.51 75.75

12 76.04 76.10 77.66 76.80

13 76.04 Dry Dry Dry

14 76.04 76.10 72.67 72.00

15 79.81 79.90 80.30 79.50

16 76.00 76.08 76.55 75.64

17 75.04 75.12 75.54 74.80

Unable to open well cap.
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tritium levels are ',ithe eight dolomite holes, DH 9 to DH 15 and DH 17,

which are the furthestnorth and near the surfacestreamthat flows next to

Plot M (see Section 3.2). The distributiunof tritium in these wells

supportsthe USGS interpretation19that a large tritiumplume underliesthe

stream. The plume has spreaddownwardas well as downgradientresultingin

the current configurationof the tritiumconcentrationsin the dolomite.

Four of the dolomiteholes have collapsedand water levels in them

indicatethey are open to glacialdrift or till, nut dolomite. These wells,

which shouldnot be consideredas dolomiteholes are" DH 6, DH 7, DH 8, and

DH 9. However,DH 6 and DH 9 do provideuseful tritiumconcentrationdata

for the glacialdrift just above the dolomitecontact. The other dolomite

hole with elevatedtritium is DH 3, which is immediatelydowngradientfrom

Plot M. Previousanalysesof soil core samplesindicatedthe presence of

tritiumdown to the till-dolomiteinterfaceat DH 3.

A studywas conductedto determineif any chemicalconstituentsused or

generated at Site A and/or buried at Plot M entered the environmentand

migrated into the dolomitewater. Sampleswere collecte,Ieach quarterfrom

DH I, DH 2, DH 3, and DH 4 (see Figure 1.2). These sampleswere analyzed

for volatileoroaniccompounds. The onlyquantifiedconstituentsidentified

were acetoneand methyl ethyl ketone in DH I. The resultsare:

Quarter Acetone (ppb) Methyl E.thylKetone (Dpb)

First 84 14

Second 78 21

Third 77 19

Fourth < 5 < 5

These resultsare almosta factorof ten lower than the one sample obtained

in 1991 and were below the detectionlimit by the end of the year. Since

the concentrationschanged rapidlyand no hydrogen-3was ever observed in

this dolomitewater, it may imply a recent additionof acetone,accidental

or deliberate,to thiswater. There are no USEPA drinkingwater limitsfor

either of these compounds.

i
lt

....... ell PR
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3.3.3 Well Water

In July 1988, a well was installedin the Red Gate Woods picnic area

(#5160)to replacethe existingwell (#5167)as a drinkingwater supplyfor

visitorsto this area. This will be referredto as the Red Gate Woods North

well (#5160). This well was to be cased 20 feet into the dolomite to seal

off fracturesassumedto containtritiatedwater. Previousexperimentshad

indicatedthat the tritiummoved at the till-dolomiteinterfaceand in the

uppermostfracturesin the dolomite. Extendingthe casing 20 feet intothe

dolomiteand cementingthe void betweenthe casingand dolomitewas expected

to prevent tritium from entering the new well via these fractures. In

addition,placementof a new pump mechanismon the new well was expectedto

eliminatethe elevated lead concentrationsfound occasionallyin the old

well that resulted from corrosionof the old pump mechanism. The pump

mechanismwas removedfromthe old Red Gate Woods well to preventits use by

the public;however,the well was maintainedas a samplinglocationfor this

monitoringprogram. In addition,the lower portionof the Red Gate Woods

well (#5167)was filled with grout to seal the lower fracture and prevent

communicationof water with the new weil.

Sampling was conducted throughout the year at the forest preserve

picnic wells locatednorth of Plot M and shown in Figure 1.2. These wells

are locatedin the samedolomiteas the previouslydiscusseddolomiteholes.

Although sampling at the Guard Post well (#5215)was terminated in the

middle of 1988, samplingwas reinstatedin May 1989 since this location

providesa western limit on the tritiumplume. Samplingfrom the well at

95th and Archer (#5157)was not conductedduring CY 1992 or in the future

since this well was pluggedby the Palos Forest Preserve. All the samples

were analyzedfor tritiatedwater and the resultsare listed in Table 3.9.

The tritiumconcentrationsin wells #5160 and #5167 have decreasedto

the levelwhere the earlierpatternof highconcentrationsin the winter and

low concentrationsin the summer is not readilydetectable. This decrease

over the past few years is illustratedin Figure3.4, which is a plot of the

tritium concentrationsin wells #5160, #5167, and #5159 for the past six

years. The maximum tritium concentrationsin the Red Gate Woods well
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TABLE 3.9

TritiatedWater Contentof Wells Near Site A/Plot M, 1992

(Concentrationsin nCi/L)

Red Gate Opposite 330 yds East Guard
North Red Gate Red Gate Red Gate Post
5160 5167 5159 5158 5215

January8 0.54 < 0.1 2.13 0.13 < 0.1

January 22 0.37 < 0.I I.77 - -

February5 0.36 < 0.1 1.34 < 0.1 < 0.1

February19 0.38 < 0.1 1.59 - -

March 4 0.32 < 0.I I.23 < 0.I < 0.I

March 18 0.31 < 0.1 1.21 - -

April I 0.16 < 0.1 1.54 0.11 < 0.1

April 15 0.34 < 0.1 1.84 - -

May 6 0.23 < 0.1 2.20 0.12 < 0.1

May 20 0.16 < O.] 2.29 - -

June 3 0.15 < 0.1 2.22 0.11 < 0.1

June 17 0.19 < 0.I I.50 - -

July I 0.22 < 0.1 1.33 < 0.1 < 0.1

July 15 0.22 < 0.1 1.19 - -

August 5 0.27 0.13 1.17 < 0.1 < 0.1

August 19 0.34 < 0.1 1.05 - -

September2 0.26 < 0.I 0.74 0.14 < 0.I

September16 0.20 < O.I 0.20 - -

October 8 0.15 < 0.1 0.16 < 0.1 < 0.1

October21 0.16 < 0.1 0.18 - -

November4 0.20 < 0.1 0.13 < 0.1 < 0.1

November 18 0.17 < 0.I 0.15 - -

December 2 0.20 < 0.1 0.17 < 0.1 < 0.1

December15 0.18 < 0.I 0.34 - -

Average 0.25 0.04 1.15 < 0.1 < 0.1

I
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(#5167)dropped from 3.3 nCi/L in 1987 to 0.13 nCi/L in 1992, while the

averageconcentrationdroppedfrom 1.6 nCi/L in 1987to 0.04 nCi/L in 1992.

The magnitudeof the tritiumconcentrationsin well #5159may be relatedto

precipitation,with higher concentrationsoccurringduring years of low

rain.

The annual averagetritium concentrationsare slightlyhigher in the

new well (#5160)compared to the old well (#5167),see Table 2.1. lt is

speculatedthat the higher concentrationsof tritiumin the Red Gate Woods

North well (#5160)comparedto the Red Gate Woodswell (#5167)is due to the

fact that it is drilleddeeper and interceptslower fracturesin the dolo-

mite that are connectedto some of the dolomiteholes near the intermittent

stream,specificallyDH 11 throughDH 14. The other dolomiteholeswere not

drilleddeep enough to interceptthis lower fracture. Flow in the dolomite

holes is generallydownwardfrom the weatheredzone to the bottommostfrac-

tures. Most of the flow exits the dolomite hole into the major fracture

(96-98feet below the surface),but some bypassesit and flow also occursat

lower fractures (157 feet). This lower fracture is interceptedby well

#5160 but not #5167 since this lower fracture (157 feet) was grouted in

1988. The upper fracture(96-98feet) has been cased off in #5160. There-

fore, the tritiumpresent in the lower sectionsof the deepholes 11 to 14

moves throughthe lower fracture (157 feet) and is measuredin well #5160.

The other wells,althoughalso downgradientfrom Plot M, are evidently

too far from the Plotto showmeasurabletritiumconcentrations.Two of the

picnicwells, #5159 and #5158,were not availableto the public during the

year. The Forest PreserveDistrict of Cook County had removed the pump

handlesdue to high fecal coliformconcentrationsin the well water. A set

of picnic well water sampleswas collectedon April 6, 1992, and November

13, 1992, from the wells on the east and south sides of the Palos Forest

Preserve. The sampledwells were #5162,#5031,#5188, #5153,#5154, #5226,

#5021,#5193, #5232,and #5148 in Figure1.2. All the tritiumresultswere

less than the detectionlimit of 0.1 nCi/L.

The Red Gate Woods North well (#5160)is the locationwhich provides

the greatestpotentialradiationexposureto the public in 1992. If water
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equal to the Red Gate Woods North well averageconcentrationof 0.25 nCi/L

were the sole source of water for an individual,the annual dose from the

tritiumwould be 0.011 mrem. If an individualconsumedone liter of this

water, the dose would be 2 x I0"smrem.

In additionto tritiatedwater measurements,one set of water samples

from the picnic wells were collectedon May 6, 1992, and analyzedfor iso-

topic uranium, total alpha, total beta, strontium-gO,and the transuranic

nuclides. The total alpha (0.1 to 1.5 pCi/L) and total beta (2.6 to I0.0_

pCi/L)activitieswere in the normalrange of concentrationsfound in nther

wells completedinto the dolomite. The strontium-gOresultswere all less

than the detectionlimit of 0.25 pCi/L and the transuranicnuclideswere all

less than the detection limit of 0.00] pCi/L. The uranium results are

presentedin Table 3.10. The range of concentrationsis similarto that

found previouslyand are consistentwith concentrationsof uraniumfound in

well water away from Site A/Plot M.

Samples were collected quarterlyfrom the Red Gate Woods North well

(#5160)and analyzedfor a number of inorganicconstituents. The results

are found in Table 3.11. Because this picnic well is used as a drinking

water supply,the limits used were the State of Illinoisconcentrationsof

chemicalconstituentsin drinkingwater.2° The constituentsin Table 3.11

that do not have a specificlimit are providedfor completeness. Although

the limits are exceededfor sulfateand manganese,this is probablydue to

naturallevels. These concentrationsare not unusualfor dolomitewater in

northeast Illinois. Elevatedlevels of iron, lead, zinc, and some trace

metals may be related to the decompositionof the well pump materials.

These concentrationsare the highestearly in the year, note the lead re-

sults, when the pumps have receivedvery littleuse. There is no evidence

that the sourceof the elevatedinorganicconstituentsis from PlotM, since

these metals are not found in the deepholesbetweenPlot M and the Red Gate

Woods wells.
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TABLE3.11

InorganicConstituentsin Red Gate Woods North Well Water (#5160),Igg2

(Concentrationsin mg/L)

Inorganic
Constituent February May August November Limit'"

Arsenic < 0.004 < 0.004 < 0.004 < 0.004 0.05

Barium 0.026 0.019 0.018 0.035 1.0

Beryllium < 0.005 < 0.005 < 0.005 < 0.005 -

Cadmium < 0.0002 < 0.0002 < 0.0002 < 0.0002 0.01

Chloride 11.0 12.0 g.o 11.0 250

Chromium < 0.01 < 0.01 < 0.01 < 0.01 0.05

Cobalt < 0.015 < 0.015 < 0.015 < 0.015 -

Copper 0.910 0.217 0.041 0.021 -

Fluoride O.070 O.226 O.190 O.180 -

Iron 34.60 7.66 8.74 25.90 -

Lead O.068 O.031 O.033 O.014 O.05

Manganese 1.066 O.924 O.557 O.782 O.15

Mercury" < 0.1 < 0.1 < 0.1 < 0.1 2.0"

Nickel < 0.02 < 0.02 < 0.02 < 0.02 -

pH 7.1 7.3 7.2 7.0 -

Silver < 0.01 < 0.01 < 0.01 < 0.01 0.05

Sulfate 590 710 757 766 250

Thallium < 0.004 < 0.004 < 0.004 < 0.004 -

Vanadium < 0.05 < 0.05 < 0.05 < 0.05 -

Zinc 2.38 6.01 2.01 2.53 -

*Concentrationsin /ig/L.

"State of Illinoisconcentrationsof chemicalconstituentsin drinking
water. See text.
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3.4 Bottom Sediment

Bottom sedimentsampleswere collectedfrom the streamnext to Plot M

at Location#I and Location#9 on June 3, 1992, and on December 15, 1992

(see Figure 3.1). Various radiochemicalanalyses were performedon these

samplesand the resultsare found in Table 3.12. The resultsare similarat

all locations except that the cesium-137and plutonium-239are slightly

elevated downstream. The concentrationsare very low and in some cases

similarto falloutlevelsof these radionuclides.For comparisonto concen-

trationsmeasured in the area away from the impactof any nuclear facili-

ties, see the ANL-E Site EnvironmentalReport for CY 1990.16

4.0 SUMMARYOF POTENTIALRADIATIONDOSE ESTIMATES

If a hypotheticalindividualwere exposedcontinuouslyto tritium at

variouslocations,the dose could be estimated. Assuminga personbreathed

the air at Location#9, drank water from Location#9 or the seep, or drank

water fromWell 5160 or 5167, the dose from exposurefor all of 1992 at the

maximum and annual averageconcRntrationsis collectedin Table 4.1. The

exposureto air, drinkingwater, and surfacewater employsthe DOE method-

ology and limits.

A more meaningfulestimationis for the occasionalvisitorto the Plot

M area. Assuming a visitor spends one hour at Location#9 or drinks one

liter of water from the surfacestreamor picnic walls, the dose from this

exposure is estimatedand presentedin Table 4.2. The maximum total dose

receivedby an occasionalvisitoris the combinationof the separatepath-

ways, breathingair at Location#9 and drinking water from the Red Gate

Woods North We'll(5160). Thismaximumdosewould be 0.00003mrem per visit.

In order to put the doses intoperspective,comparisonscan be made to

annualaveragedoses receivedby the publicfrom naturalor acceptedsources

of radiation. These are listed in Table 4.3. lt is obviousthat the mag-

nitude of the doses potentiallyreceivednear Plot M from residual radio-

activesubstancesremainingfromwork conductedin this area are insignifi-

cant compared to these sources. Therefore,the monitoringprogramresults

!
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have establishedthat radioactivityat Plot M is very low and does not

endangerthe health or safety of those living in the area or visitingthe

site.

TABLE 4.3

Annual AverageDose Equivalent
in the U. S. Population

Source (mrem)

NaturalSources
Radon 200
Internal(4°Kand Z26Ra) 39
Cosmic 28
Terrestrial 28

Medical
DiagnosticX-rays 39
NuclearMedicine ]4

ConsumerProducts
DomesticWater Supplies, 10
BuildingMaterials,etc.

Occupational(medical I
radiology,industrial
radiography,research,etc.)

NuclearFuel Cycle < ]

Fallout < ]

Other MiscellaneousSources < I

Total 360

*NCRPReport No. 93.21

' ' '' " , i
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6.0 APPENDICES

6.1 QualityAssuranceProgram

All nuclearinstrumentationis calibratedwith standardizedsourcesob-

tainedfromthe U. S. NationalInstituteof Standardsand Technology(NIST),

if available. IfNIST standardswere not availablefor particularnuclides,

standardsfromthe AmershamCorporationwere used. The equipmentis checked

prior to the samplemeasurementswith secondarycountingstandardsto insure

properoperation. Sampleswere periodicallyanalyzedin duplicateor with

the addition of known amounts of a radionuclideto check precision and

accuracy. Intercomparisonsamples distributedby the Quality Assurance

Branch of the EPA are analyzed regularly. In addition, our laboratory

participatesinthe DOE EnvironmentalMeasurementsLaboratoryQualityAssur-

ance Program,a semi-annualdistributionof four differentsamplematrices

containingvariouscombinationsof radionuclides. The resultsof our par-

ticipationin both programsfor 1990 are publishedin ANI_-91/3.16

Many factorsenter intoan overallqualityassuranceprogramother than

the analyticalqualitycontroldiscussedabove. Representativesamplingis

of prime importance. Appropriatesamplingprotocolsare followedfor each

type of samplingbeingconducted. Water samplesare pre-treatedin a manner

designed to maintain the integrityof the analytical constituent. For

example,samplesfor trace radionuclideanalysesare acidifiedimmediately

-I-
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after collectionto preventhydrolyticloss of metal ions and filtered to

reduce leachingfrom suspendedsolids.

6.2 ApplicableStandards

The standard that is relevantto this study is the DOE Order 5400.5

which establisheda dose limit of 100 mrem/y.I_ The dose limit and dose

calculationmethodologyis applicableto all media: air, surfacewater, deep

holes, boreholes,and drinkingwater. The EPA drinkingwater standard14is

not applicableto the picnic wells since they do not meet the definitionof

a publicwater system. However,the EPA standard of 20 nCi/L for tritium

may be useful for some comparisonpurposes.

6.3 AnalyticalMethods

The analyticalmethods used to obtainthe data in this report are the

same as those describedin ANL-gl/3.16
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