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Notice

This report has been reviewed in accordancewith the U.S. EnvironmentalProtectionAgency's peer and
administrative review policiesand approved for publication. Mention of trade names or commercial
productsdoes not constituteendorsementor recommendationfor use.



Abstract

This reportdescribesthe Offsite Radiation Safety Programconductedduring 1991 By the Environmental
ProtectionAgency's(EPA's) EnvironmentalMonitoringSystems Laboratory-LasVegas. This laboratory
operates an environmentalradiationmonitoringprograminthe regionsurroundingthe Nevada Test Site
(NTS) andat formertestsitesinAlaska,Colorado,Mississippi,Nevada,and New Mexico. The surveillance
program is designed to measure levels and trends of radioactivity,if present, in the environment
surroundingtestingareas to ascertainwhethercurrentradiationlevelsandassociateddosesto thegeneral
publicare incompliancewithexistingradiationprotectionstandards.The surveillanceprogramadditionally
has the responsibilityto take action to protectthe healthand well being of the publicin the eventof any
accidentalreleaseof radioactivecontaminants.Offsite levelsof radiationand radioactivityare assessed
bysamplingmilk, water,andair;bydeployingthermoluminescentdosimeters(TLDs)and usingpressurized
ion chambers (PICs); and by biologicalmonitoringof animals,food crops,and humans. Personnelwith
mobile monitoringequipment are placed in areas downwindfrom the test site prior to each nuclear
weapons test to implement protectiveactions, provide immediate radiation monitoring, and obtain
environmentalsamplesrapidlyafter any occurrenceof radioactivityrelease.

Comparisonof the measurementsandsampleanalysisresultswithbackgroundlevelsandwithappropriate
standardsand regulationsindicatedthat there was no radioactivitydetectedoffsiteby the various EPA
monitoringnetworksand no exposureabove naturalbackgroundto the populationlivinginthe vicinityof
the NTS that couldbe attributedto current NTS activities. Annualand long-term(10 year) trends were
evaluated in the NobleGas, Tritium, Milk Surveillance,Biomonitoring,TLD, PIC networks,and the Long-
Term HydrologicalMonitoringProgram. Allevaluateddata wereconsistentwithpreviousdata history. No
radiationdirectlyattributableto currentNTS activitieswas detected inany samples. Monitoringnetwork
data indicatethe greatestpopulationexposurecame fromnaturallyoccurringbackgroundradiation,which
yielded an average exposure of 123 mrern/yr. Worldwidefallout accounted for about 0.05 mrem/yr.
Calculationof potentialdoseto offsite residentsbasedononsite sourceemissionmeasurementsprovided
bythe Departmentof Energy(DOE) resultedina maximumcalculateddoseof 0.009 totem/yr. These were
insigt_ificantcontributorsto total exposureas comparedto naturalbackground.
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1 Introduction

The U.S. Atomic Energy Comfilission used the • Verifying compliance with applicable
Nevada Test Site (NTS), between January 1951 radiationprotectionstandards,guidelines,
and January1975, forconductingnuclearweapons and regulations.
tests, nuclearrocketenginedevelopment,nuclear
medicinestudies,and for other nuclear and non- • Assuring the health and safety of the
nuclear experiments. Beginningin mid-January peoplelivingnear the NTS.
1975, these activitiesbecame the responsibilityof
the U.S. Energy Research and Development Offsite levels of radiation and radioactivityare
Administration. Two years laterthis organization assessed by gamma-ray measurements using
was mergedwith otherenergy-relatedagenciesto pressurizedion chambers(PICs) and thermolumi-
form the U.S. Departmentof Energy(DOE). nescentdosimeters(TLDs);bysamplingair, water,

milk, food crops, other vegetation,soil, animals;
Atmospheric weapons tests were conducted and by human exposure and biological assay
periodicallyat the NTS fromJanuary 1951through procedures.
October1958, followedbya testmoratoriumwhich
was in effectuntilSeptember1961. Sincethenall Beforeeachnucleartestat the NTS, EPA radiation
nuclear detonationsat the NTS have been con- monitoringtechniciansarestationedinoffsiteareas
ducted underground,with the expectationof con- mostlikelyto be affectedbyan airbornerelease of
tainment, except the above-groundand shallow radioactivematerial. These tE'hniciansuse trucks
undergroundtests of Operation Sunbeam and in equippedwith radiationdetectors, samplers,and
crateringexperimentsconductedunder the Plow- suppliesand are directed by two-way radio from
share program between 1962 and 1968. the controlcenterat the NTS.

Prior to 1954, an offsite radiation surveillance 1 1 Program Description
program was performedby personnelfromthe Los

Alamos Scientific Laboratoryand the U.S. Army. The EPA, EMSL-LV, Nuclear Radiation Assess-
Beginningin 1954, and continuingthrough1970, ment Division (NRD) provides scientific and
this program was conducted by the U.S. Public technicalsupport to the DOF's nuclear weapons
Health Service (PHS). When the U.S. Environ- t6sting program at the NTS and other nuclear
mental Protection Agency (EPA) was formed in testingsites throughan lAG. The primaryobjec-
December 1970, certain radiationresponsibilities tive of EPA's activitiesis protectionof the health
from several federal agencieswere transferredto and safety of the offsiteresidentpopulation. This
it, includingtheOffsiteRadiologicalSafetyProgram objectiveis accomplishedthroughmonitoringand
(ORSP) of the PHS. Since 1970, the EPA, Envi- documentationenvironmentallevelsof radiationin
ronmental Monitoring Systems Laboratory-Las the areas aroundthe NTS, monitoringof people in
Vegas (EMSL-LV) has conductedthe ORSP, both the offsite area, calculating comm_ed effective
in Nevada and at other U.S. nuclear test sites, radiationdose to the most potentiallyexposed of
under interagency agreements (lAGs) with the the offsite population, maintaining emergency
DOE or its predecessoragencies, response capaoilities, and fostering community

involvement and education in radiation-related
Since 1954, the three major objectives of the issues.
ORSP have been:

Emergencyresponsecapabilitiesare maintainedin
• Measuring and documenting levels and readinessfor each nuclearweaponstestconduct-

trendsof environmentalradiationorradio- ed at the NTS. Monitoringtechniciansare de-
active contaminants in the vicinity of ployed for each test and senior EPA personnel
atomic testing areas, serve on the Test Controller's Scientific Advisory

Panel. Tests are only conductedwhen meteoro-
logicalconditionsare such that any release would
becarriedtowardssparselypopulated,controllable



areas. Should a release occur, EPA monitoring surface and groundwater is conducted under the
technicianswoulddeploymobilemonitoringinstru- LTHMP at sitesof previousnuclearweaponstests
ments,assiststateand localofficialsinimplement- in Alaska, Colorado, Nevada, New Mexico, and
ing protective actions, and collect samples for Mississippi. Resultsobtainedfrom these networks
promptanalysis. Hoursbefore eachtest, Weather are used to calculatean annual radiationdose to
Service Nuclear Support Office personneland, if the offsiteresidents.
requested,an instrumented aircraftgather meteo-
rological data for use by the Test Controller's Anotherfunctionof the ORSP is to conductdairy
AdvisoryPanel in judgingthe safety of executing animalandhumanpopulationcensuses. Thistype
the test. A second aircraftcarriesradiationdetec- of informationwouldbe necessaryin the unlikely
tors. In the unlikelyevent of a significantrelease event of a release from the NTS. A dairyanimal
of radioactivityfollowinga nuclear weaponstest, and populationcensusis continuouslyupdated for
the equipmenton the aircraft wouldenable rapid areas within 240 miles north and east, and 125
samplingandanalysisof a radioactivecloud. Data miles south and west of the Control Point One
gathered by the aircraft are used to assist in (CP-1). The locationof CP-1 is shownin Figures
deployingfield monitoringtechnicianstodownwind 3 and6, Chapter2. The remainderof the Nevada
areas, to help determine appropriate protective countiesand the western-mostUtah countiesare
actions, and to perform radiationmonitoringand scheduledfor dairyanimaland populationcensus
environmentalsampling(EPA, 1988a). updates every other year. The next complete

censusis scheduledfor Fall 1992. The locations
The lAG also requiresEPA monitoringtechnicians of processingplantsandcommercialdairy herdsin
to conduct monitoringduringtestsconducted at the Idaho and the remainder of Utah are obtained from
LiquefiedGaseousFuelsSpillTeat Facility(LGFS- the milkand food sectionsof the respectivestate
TF) locatedon the NTS. These spillsinvolvenon- govemments.
radioactivehazardousmaterials.

Communityinformationprogramsare an integral
Environmental radiation levels are continuously componentof the EPA activities. Town hallmeet-
monitoredand documentedthroughan extensive ings or presentationsare held at the request of
environmentalsurveillanceprogramconductedby variouscivicgroups. These meetingsandpresen-
EPA in the offsite areas surroundingthe NTS. tationsprovidea forumfor increasingpublicaware-
This program is an outgrowthof environmental ness of NTS activities, disseminating radiation
surveillanceactivitiesconductedbythe PHS before monitoringresults, and addressing concerns of
1970. The original PHS surveillanceprogram, residentsrelated to environmentalradiation and
initiatedin 1954, was limitedto offsitesurveillance possible health effects. In addition,tours of the
dudng testingactivities. Since 1954, the program NTS are arranged for interestedparties. In nine-
has grownand evolvedto its presentconfiguration, teen of thecommunitiesaroundthe NTS, Commu-
Many historical sampling locations have been nityRadiationMonitoringProgram(CRMP) stations
retained, resultingin a continuousdata recordof have been established. The CRMP stationsare
three decades or longer, established in prominent locationsin the offsite

communitiesand includesamplers for several of
The ORSP consistsof several networkstomonitor the surveillance networks (PIC, TLD, and air
concentrationsof radioactivematerials (radioiso- samplers;manyalsoincludenoblegas andtritium-
topes) in air, atmospheric moisture, milk, local in-air samplers). At each CRMP, a local resident
foodstuffsand surface andgroundwater. Ambient serves as the stationmanager. The CRMP is a
radiation levels are continuouslymonitored at collaborativeeffort of EPA EMSL-LV, the Desert
selected locationsusing PICs and TLDs. Atmo- Research Institute(DRI), the Universityof Utah,
sphericmonitoringincludesair samplers,noblegas and DOE.
samplers,andatmosphericmoisture(tritium-in-air)

samplers. Milk, wildlife, domestic animals, and 1.2 Report Description
fruits and vegetables are routinelysampled and

analyzed. Some residents in the offsite areas BeginningwithoperationUpshot-Knotholein1953,
participateinTLD and internaldosimetrynetworks, a reportsummarizingthe monitoringdata obtained
Groundwateron and in the vicinityof the NTS is from each test series was publishedby the U.S.
monitoredin the Long-Term HydrologicalMonitor- Public Health Service. For the reactor tests in
ing Program (LTHMP); additional monitoringof



1959 and the weapons and Plowshare tests in discussed in Chapter 7. Each of ihe monitoring
1962, data were published only for the tests in network sections includes a d_,scription of the
which detectable amounts of radioactivity were network design, a discussion of the procedures, a
measured in an offsite area. Publication of the presentation of the results, and a section on quality
summary data for each six-month period was assurance/quality control methods. Chapter 8
initiated in 1964. In 1971, the Atomic Energy contains a calculation of potential radiation dose to
Commission implemented a requirement (AEC71), residents living in the off-site area. Chapter 9
subsequently incorporated into Department of contains a discussion of the support the ORSP
Energy Order 5484.1 (DOE85), that each agency or provides for weapons testing and iiquified gaseous
contractor involved in major nuclear activities fuels spill tests. Chapter 10 describes the CRMP
provide an annual comprehensive radiological and lists the town hall meetings and NTS tours
monitoring report. In 1988, DOE Order5484.1 was conducted in 1991. A detailed description of the
supemeded by the General Environmental Protec- Quality Assurance (QA) program including a
tion Program Requirements (Order 5400.1) of the discussion of data quality objectives and of QA
DOE (DOE, 1988). Each annual report sumrnariz- data analysis is provided in Chapter 11. Chapter
es the radiation monitoring activities of the EPA in 12 contains a discussion of the sample analysis
the vicinity of the NTS and at former nuclear procedures. Chapter 13 contains radiation protec-
testing areas in the United States. This report tion standards for external and internal exposure.
summarizes those activities for calendar year 1991. Chapter 14 contains the summary andconclusions.

Chapter 2 of this report contains a physical de- Although written to meet the terms of the lAG
scriptionof the NTS and the surroundingareas, between the EPA and the DOE as well as the
Chapter3 discussesthe externalambientgamma requirementsof DOEOrder5400.1, thisreportalso
monitoringnetworksincludingthe TLD Network, should be of interest and use to the citizensof
the PIC network and a comparisonof the two Nevada, Utah, and California. State, federal, and
monitoringtechnologies. Chapter4 discussesthe local agencies involved in protectingthe environ-
atmosphericmonitoringnetworksincludingthe Air ment and the health and well-beingof the public,
SurveillanceNetwork, the Tritium in Atmospheric and individualsand organizationsconcernedwith
Moisture Network, and the Noble Gas Sampling environmentalquality and the possiblerelease of
Network. Chapter 5 addresses foodstuffs that radioactivecontaminantsinto the biosphere,alsoi
couldbe consumedbyresidentslivingcloseto the may findthe contentsof this reportof interest.
NTS. This includesthe MilkSurveillanceNetwork,
the AnimalInvestigationProgram,anda discussion
of fruits and vegetables. Chapter6 discussesthe
InternalDosimetry Program. The LTHMP is
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2 Description of the Nevada Test Site
The principalactivityat the NTS is the testing of in length(north-south). This area consistsof large
nuclear devices to aid in the development of basinsor flats about 2,970 to 3,900 feet (900 to
nuclear weapons, proof testingof weapons, and 1,200 m) abovemean sea level (MSL) surrounded
weapons safety and effects studies. The major bymountainrangesrisingfrom5,940 to 7,590 feet
activityof the EPA's ORSP is radiationmonitoring (1,800 to 2,300 m) above MSL.
around the NTS. This sectionprovidesan over-
view of the climate, geologyand hydrology,and The NTS issurroundedonthree sidesbyexclusion
land uses in this generally arid and sparsely areas, collectivelynamedthe NellisAir ForceBase
populatedarea of the southwesternUnite_ States Range Complex, which provides a buffer zone
(Figure 1). The informationincludedshouldpro- betweenthetest areas andprivatelyownedlands.
vide an understandingof the environmentinwhich This bufferzone varies from 14 to 62 miles (24 to
nucleartestingandmonitoringactivitiestakeplace, 104 km) between the test area and land that is
the reasonsfor the locationof instrumentation,the open to the public. In the unlikely event of an
weatherextremesto whichbothpeopleand equip- atmosphericrelease of radioactivity(venting),two
mentare subjected,and the distancestraveledby to morethan sixhourswouldelapse,dependingon
field monitoringtechniciansin collectingsamples wind speed and direction,before any release of
and maintainingequipment, airborneradioactivitywouldreachprivate lands.

2.1 Location 2.2 Climate

The NTS is located in Nye County, NV, with its The climate of the NTS and surrounding area is
southeastcornerabout54 miles(90 kin)northwest variable, due to its wide range in altitude and its
of Las Vegas (Figure 2), It occupiesan ar(Jaof ruggedterrain. Most of Nevada has a semi-arid
about 1,350 square miles (3,750 square kin), climate characterized as mid-latitude steppe.
varies from 28 to 35 miles (46 to 58 kin) in width Throughoutthe year, there is insufficientwater to
(east-west)and from 49 to 55 miles (82 to 92 kin) supportthe growthof commonfood cropswithout

irrigation.

no

F)'gure 1. Typical mid-latitude steppe climatological zone in Nevada.
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Climate may be classified by the types of vegeta- The wind direction, as measured on a 98 ft (30 m)
tion indigenous to an area. According to Nevada tower at an observation station approximately 7
Weather and Climate (Houghton et el., 1975), this miles (11 km) north-northwest of CP-1, is predomi-
method of classification developed by K_ppen is nantly northerly except during the months of May
further subdivided on the basis of "...seasonal through August when winds from the south-south-
distribution of rainfall and the degree of summer west predominate (Quiring, 1968). Because of the
heat or winter cold." Table 1 summarizes the prevalent mountain/valley winds in the basins,
characteristics of climatic types for Nevada. south to southwest winds predominate during

daylight hours of most months. During the winter
According to Quiring (Quidng, 1968), the NTS months, southerly winds predominate slightly over
average annual precipitation ranges from about 4 northerly winds for a few hours during the warmest
inches (10 cm) at the lower elevations to around part of the,day. These wind patterns may be quite
10 inches (25 cm) at the higher elevations. During different at other locations on the NTS because of
the winter months, the plateaus may be snow- local terrain effects and differences in elevation.
covered for a period of several days or weeks.

Snow is uncommon on the flats. Temperatures 2,3 Hydrology
vary considerably with elevation, slope, and local

air currents, The average daily temperature Two major hydrologic systems shown in Figure 3
ranges at the lower altitudes are around 50 to 25°F exist on the NTS (U.S. Energy Research and
(10 to -4°C)in January and 95 to 55°F (35 to 13°C) Development Administration, 1977). Ground water
in July, with extremes of 120°F (49°C) and -15°F (- in the northwestern part of the NTS or in the
26°C), Corresponding temperatures on the pie- Pahute Mesa area flows at a rate of 6.6 to 600 feet

teaus are 35 to 25°F (2 to -4°C) in January and 80 (2 to 180 m) per year to the south and southwest
to 65°F (27 to 18°C) in July with extremes of 115°F toward the Ash Meadows discharge area in the
(46°C) and -30°F (-34°C). Amargosa Desert. Ground water to the east of the

Table 1. Characteristics of Climatic Types in Nevada (from Houghton et el. 1975)
= IIIII I IIIJl II [1'1 .......... . Ill'l I _ IIII II II I III I|111 - IIM - I ..... J

Mean Annual
Temperature Precipitation

°F inches Pement
(_C) (cm) Dominant of

ClimateType Winter Summer Total* Snowfall Vegetation Area

Alpinetundra 0 to 15 40 to 50 15to 45 Mediumto Alpinemeadows --
(-18 to .9) (4 to 10) (38 to 114) heavy

Humidcontinental 10 to 30 50 to 70 2Gto 45 Heavy Pine-firforest 1
(-12 to -1) (10 to21) (64 to 114)

SubhumJdcontinental 10 to 30 50 to 70 12to 2G Moderate Pineor scrub 15
(.12 to -1) (10 to21) (30 to 64) woodland

Mid-latitudesteppe 20 to 40 65 to 80 16to 15 Lightto Sagebrush,grass, 57
(.7 to 4) (18 to27) (15 to 38) moderate scrub

Mid-latitudedesert 20 to 40 65 to 80 3 to 8 Light Greasewood, 20
(.7 to 4) (18 to27) (8 to 20) shadscale

Low-latitudedesert 40 to 50 80 to 90 2 to 10 Negligible Creosotebush 7
(-4 to 10) (27 tu32) (5to 25)

........... I ___!_ 't!lJll = --- rlml ! iu .... i'r ' _ ,..... ._ ._=v=,.=s.=_

' Limitsof annualprecipitationoverlapbecauseof variationsin temperaturewhichaffectthewaterbalance
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NTS moves from north to south at a rate of not 2.5 Population Distribution
less than 6.6 feet (2 m) nor greaterthan 730 feet

(220 m) per year. Carbon-14 analyses of this Knowledge of population densities and spatial
eastern ground water indic:ate that the lower distributionof farm animals is necessaryto assess
velocityis nearerthe truevalue. At MercuryValley protectivemeasures required in the event of an
in the extreme southern part of the NTS, the accidental release of radioactivityat the NTS.
eastern groundwater flow shifts to the southwest, Figure 5 showsthe currentpopulationof counties
towardthe Ash Meadowsdischargearea. surroundingthe NTS based on 1990 Bureau of

Census (BOC) count (BOC, 1990). Excluding
2.4 Land Use Of Nevada Test ClarkCounty,the majorpopulationcenter(approxl-

Site Region mate_ 741,459 in 1990), the populationdensityof
countiesadjacentto the NTS is about 0.7 persons

Figure 4 is a map of the off-NTS area showinga per squaremile(0.4 personspersquarekilometer).
wide varietyof land uses,suchas farming,mining, For comparison,the populationdensity of the 48
grazing, camping, fishing, and huntingwithin a contiguousstates was 70.3 persons per square
180-mile (300 km) radius of the NTS operations mile (27 persons per square kilometer) (BOC,
controlcenter, locatedat CP-1 (the locationof CP- 1990). The estimatedaveragepopulationdensity
1 is shownon Figures3 and 6). West of the NTS, for Nevada in 1980 was 1.1 persons per square
elevationsrangefrom 280 feet (85 m) below MSL mile (0.4 persons per square kilometer) (BOC,
in Death Valley to 14,600 feet (4,420 m) above 1986).
MSL inthe Sierra Nevada Range. Portionsof two
major agriculturalvalleys (the Owens and San The offsite area within 48 miles (BOkin) of CP-1
Joaquin) are included. The areas south of the (the primP.ryarea in which the dose commitment
NT$ are more uniformsince the Mojave Desert mustbe determinedfor the purposeof this report)
ecosystem (mid-latitudedesert) comprisesmost of ts predominantlyrural. Several smallcommunities
this portion of Nevada, California,and Arizona. are located in the area, the largestbeing in Pah-
The areas east of the NT$ are primarily mid- rumpValley. Pahrump,a growingruralcommunity
latitudesteppe withsomeof the olderrivervalleys, witha populationof 7,425 (BOC, 1990), is located
such as the Virgin River Valley and the Moapa 48 miles (80 km) south of the NTS CP-1. The
Valley, supporting irrigation for small-scale but small residentialcommunity of Crystal, Nevada,
Intensivefarmingof a varietyof crops. Grazingis also located in the Pahrump Valley, is several
aiso commonin thisarea, particularlyto the north- miles northof the town of Pahrump. The location
east, The area north of the NTS is also mid- of Crystal, Novada, is shown in Figure 3. The

latitudesteppe,wherethemajoragriculturalactivity Amargosa farm area, which has a populationof
about950, is located30 miles (50 km) southwestis grazing of cattle and sheep. Minoragriculture,

primarilythe growingof alfalfa hay, isfound inthis of CP-I. The largesttown inthe near offsitearea
portion of Nevada within180 miles(300 km)of the is Be,:,,,y,which has a populationof about 1,500
CP-1. Many of the residents have access to end is located approximately39 miles (65 km) to
locally grownfruits and vegetables, the westof CP-1.

Recreational areas lie in all directionsaroundthe The Mojave Desert of California, which includes
Death Valley National Monument, lies along theNTS (Figure4) and are used for such activitiesas

hunting, fishing, and camping. In general, the southwestern border of Nevada. The National
campingand fishingsitesto the northwest,north, Park Service(NP$) estimated that the population
and northeastof the NTS are closedduringwinter within the Monument boundaries ranges from a
months. Camping and fishing locations to the minimumof 200 permanentresidents duringthe
southeast, south, and southwest are utilized summer months to as many as 5,000 tourists
throughout the year. The peak of the hunting includingcamperson any particularday duringthe
season is from Septemberthroughjanuary, majorholidayperiodsinthe winter months,and as

many as 30,000 during"Death Valley Days" inthe
monthof November(NPS, 1990). The next largest
town and contiguouspopulated area, about 40
squaremiles(about11! squarekin) inthe Mojave
Desert,Barstow,California,located159 miles(265
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km) south-southwestof the NTS, with a 1990 The largesttownsinthearea are BullheadCity,99
populationof 21,472. The largestpopulatedarea miles(165 km)south-southeastof the NTS, witha
is the Ridgecrest, California area, which has a 1990 populationof 21,951 and Kingman, located
populationof 27,725 and is located114 miles(190 168 miles (280 km) southeastof the NTS, with a
kin) southwest of the NTS. The Owens Valley, populationof 12,722 (BOC, 1990).
where numeroussmall townsare located, lies 30
miles (50 km) west of Death Valley. The largest Figures6 through 9 show the most recent esti-
town in the Owens Valley is Bishop, California, mates of the domesticanimal populationsin the
located 135 miles (225 km) west-r,orthwestof the countiesnearthe NTS. Domesticanimalnumbers
NTS, witha populationof 3,475 (BOC, 1990). are updated through interim survey as part of

routine monitoringand by resurvey periodically.
The extreme southwestemregionof Utah is more The numbersgiven in Figure6, showingdistribu-
developedthan the adjacentpart of Nevada. The tionof family milkcowsand goats,are determined
largestcommunityis St. George,located 132miles from these interim surveys. The numbers in Fig-
(220 km) east of the NTS, witha 1990 population ures 7 to 9 were compiledfor Nevada and Utah
of 28,502. The next largesttown,Cedar City, with fromthe NevadaAgriculturalStatistics1992 report
a populationof 13,443, is located 168 miles (280 (NevadaAgriculturalStatisticsService, 1992) and
km) east-northeastof the NTS (BOC, 1990). from the 1992 Utah AgriculturalStatistics report

(Utah AgriculturalStatisticsService, 1992). The
The extreme northwesternregion of Arizona is numbersin Figures7 to 9 pertainingto countiesin
mostly range land except for that portion in the Californiawere receivedverballyfrompersonnelat
Lake Mead RecreationArea. In addition, several the CaliforniaAgriculturalStatisticsService.
small communitieslie alongthe ColoradoRiver.
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3 External Ambient Gamma Monitoring
External ambient gamma radiation is measured by accidentrangeandincludedboth"pure"and mixed
the ThermoluminescentDosimetry(TLD) network radiationfields. The purposeof these blindexpo-
and also by the PressudzedIon Chamber (PIC) sures was to test the accuracy, precision, and
network. The primaryfunctionof the two networks long-termconsistencyof overall laboratoryperfor-
is to detect changes in ambientgamma radiation, manoe. The performance testing phase was
In the absence of man's activities(e.g,, nuclear followedbya rigorouson-siteappraisalof labomto-
testing), ambient gamma radiationrates naturally ry operations,procedures,andqualitycontrolboth
differ among locationsas ratesvary with altitude from the perspectiveof routineoperationsand to
(cosmicradiation)and with radioactivityin the soil ensurethat operationsas conductedwere appro-
(terrestrial radiation). Ambient gamma radiation priate to the overall EMSL-LV radiation safety
will also vary slightly at a locationdue to weather managementmission.
patterns,

3.1.1 Design
3.1 Thermoluminescent

Doslmetry Network During 1991, 130 offsite stations (excluding the
Nevada Low Level Waste Site station)encircling
the NTS and 72 offsiteresidentswere monitored

The TLD networkisdesignedprimarilyto measure bythe TLD program. Locationsmonitoredin 1991
totalambient gammaexposuresat fixed locations, are shown in Figure 10, This network allows
A secondaryfunctionof the networkis the lea- estimationof average backgroundexposuresas
surementof exposuresto specificindividualsliving wellas detectionof any increases.within and outside estimated fallout zones from

past atmosphericnucleartests at the Nevada Test The personnelTLDsare sensitiveto beta, gamma,
Site (offsiteresidents), Measuringenvironmental neutron,and to lowand high energy x-ray radia-
ambient gamma exposures at fixed locations tions. Allpersonnelexposuresare presumedto be
provides a reproducible index which can then due to gamma or high energy x-ray radiation.
easily be correlatedto the maximum exposurean Exposuresof this type are numerically equivalent
individualwould have received were he continu- to absorbeddose. The TLDs usedto monitorfixed
ouslypresent at that location. Monitoringof indi- environmentalstationsaresensitiveonlyto gamma
viduals makes possiblean estimate of individual and high-energyx-ray radiations.
exposures and helps to confirm the validity of

correlating fixed-site ambient gamma measure- The personnelTLDsare providedin holderswhich
melts to projectedindividualexposures, are designedto be wornon the frontof an individ-

Since1987, environmentaland personnelmonitor- ual'sbody,betweenthe neckandthe waist. When
worn in this manner, the TLD may be used to

ing for ambient gamma exposures has been estimate not only ambientgamma radiationexpo-
accomplishedusing the PanasonicTLD system, sure but to characterize the absorbed radiation

This system providestissue equivalencefor per- dose an individualmay have received. Figure 11
sonnelTLDs which facilitatescorrelatingindividual illustratesa typical personnel TLD holder as it
measured exposureswiththe absorbedbiological wouldbe issuedto a monitoredindividual. TLDs
dose equivalent, issuedto individualsare normallydeployed and

collected monthly.
During 1991, the EMSL-LV TLD Laboratory was

awarded accreditation as a processor of personnel Each fixed environmental station has a custom
TLDs by the Department of Energy Laboratory designed holder that can hold from one to four
Accreditation Program (DOELAP). This accredita- TLDs, Normal operations involve packaging two
tion was the culmination of a process extending TLDs in a heat-sealed bag to provide protection
over a period of approximately one year. The from the environmental elements and placing the
accreditation process began with three rounds of dosimeter packet into the fixed station holder,
blind exposures to a variety of radiation types and Fixed environmental monitoring TLDs are normally
levels ranging from occupational levels through the
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Figure 11 Typical personnel thermolumh_escentdosimeter.

deployed for a period of approximately three The Panasonic Model UD-710Aautomaticdosime.
months (one calendar quarter), ter reader consists of a badge transport and

insertion mechanism, a heat source, a carbon-14
3.1.2 Procedures ("c) activated reference light source, a light

measurement system, and a microprocessor
The EPA TLD program utilizes the Panasonic controller, Up to 500 TLDs may be loaded in 50-
Model UD-802 and UD-814 thermolurninescent dosimetermagazines into the automatic sample
dosimetersand ModelUD-710A automaticdosime- ctlanger attachedto each reader, Each magazine
ter reader is automaticallyadvancedto admitdosimetersinto

the reading mechanism In the mechanism, the

Monitoring of offsite personnel is accomplished dosimeter portioncontaining the four phosphors is
with the Panasonic UD-802 dosimetedUD-874A withdrawn from the holder. Each element is then
hanger combination. This dosimeter badge con- heated and its light output measured, When all
rains two elements of Li_B,OT:Cu and two of four elements have been read, the card is re-
CaSO4:Tmphosphors. The use of different filtra- inserted into itsholder, the holder is returned to the
tion elements makes possible a close estimation of magazine, and the process is repeated for the next
the type of radiation to which the dosimeter was dosimeter, Figure 12 illustrates the general mech-
exposed, data that are essential to assess the anism of the dosimeter reader.
absorbed dose equivalent for the individualwearing
the dosimeter. Monitoring of offsite environmental 3.1.3 Results of TLD Monitoring
stations is accomplished with the Panasonic UD-
814 dosimeter, This dosimeter contains a single A portionof the 199i TLD data are not included in
element of Li_B,O_:Cu and three replicate this report due to a data retriewl problem with the
CaSO4:Tm elements, The first element is filtered network software. Tile problenl affects only the
by 17 mg/cm_ of plastic and the remaining three ability to retrieve data, not the quality of the data
are filtered by 1,020 mg/cm_ of plastic and lead. reported. The measurement p_riod dates given in
The use of three replicate phosphors provides
greater precision of the measurement,
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the tablesinthissectionindicatewhichdataare mR,witha medianof87 mR. Resultsobtainedat
notincluded.The1992reportwillir_ludeall1991 eachof thefixedenvironmentalstationsmonitored
datathatarenotpresentedinthisreport, withTLDsaresummarizedinAppendixA, TableA.

1. Thedataarepresentedalphabeticallybystate.
As statedabove,theprimaryfunctionof thefixed During1991,themaximumnetannualexposureof
environmentalstationTLDa is to characterize 377mR wasmeasuredatWarmSprings,Nevada,
backgroundgammaradiationfields. Dailyexpo- locatedeast of Tonopahon Highway6. This
sureratesareobtainedbydividingthetotalexpo- exposure,at WarmSprings#2, wasdeterminedto
surefromeachTLD bythenumberof daysinthe be due to elevatedlevelsof naturallyoccurring
monitoringperiod, Annual adjustedambient radioactivematerialpresentin a hot springs-fed
gammaexposuresat fixed stations(mR in one streamadjacenttothemonitoringlocation,Radia-
year)arecalculatedbymultiplyingthemeandaily ttonlevelsmeasuredina nearbyparkinglot(Warm
rateforeachindividualstationby365,25. Individu- Springs#1) indicatedan annualnetexposureof
al measurementscan be comparedto historical 116 mR, A detailedevaluationof the Warm
datato evaluatewhetherthatmeasurementvaries Springs#1 and Warm Springs#2 monitoring
significantlyfromthehistoricalbackgroundforthat locationswasincludedinthe1989AnnualReport
location. (EPAg0), Thesevaluesrepresentgrossambient

gammaradiationlevelsmeasuredattherespective
Annualexposuresmeasuredat fixedenvironmental locations,
TLD stationsduring1991 rangedfrom47 to 377
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Figure 13 shows 10 years of TLD exposuredata Of the 72 individuals monitored, 52 (73,2%) re.
exprs_ed as annual means of all stations, The ceived exposures varying from the associated
figureshowsthe mean ± two standarddeviations, referencebackgroundlocationby lessthan 20 mR
The range of exposuresobservedat fixed environ, in oneyear. Sixty.eightof the 72 (94,4%) received
mental monitoring locations during 1991 was exposures varying from associated reference
similarto that observed in the previousten years, backgroundby lessthan50 mR inone year. In no
The range of exposures was consistentwith that case did any individualor cumulative exposure
expected from backgroundradiationin the United exceed regulatoryor as lowas reasonablyachier.
States with the exception of Warm Springs #2, able (ALARA)investigationlimits. The distribution
disused above, of personnelexposuresas comparedto associated

reference background exposures is shown in
For each residentparticipatinginthe TLD Network, Figure 14, The resultsof offsite personnelTLD
the measured exposure can be comparedto an monitoringfor 1991 are summarized in Appendix
as_lmed referencebackground,An avera2e for A, Table A-2. Annual equivalentdoses ranged
all offsite stationTLDs is not an appropriaterefer- from 31 mrem in an individualfrom St, George,
enos backgroundbecauseenvironmentalambient Utah to 167 mrem in an individual from Stone
radiationlevelsvary markedlywithnaturalradioac- CabinRanch,Nevada, The medianvalue was 76,
tivity in the soil,altitude,and other factors. There. Absorbedradiationdoseto personneliscalculated
fore, results obtained at the fixed environmental at three depths in tissue: 17rag/ore;_,300rag/oreR,
station closest to that individualare the most and 1,000mg/cm2. These are by convention
appropriatereferencepoint. Daily dose rates are referredto as "shallow,""eye,"and "deep." Appen.
obtainedby dividingthe totaldose from eachTLD dix A, Table A-2 lists the deep absorbed dose
by the numberof days in the monitoringperiod, equivalentin mrembecause this is mostrepresen-
Annualadjustedambientgammadoses to person- tative of the dose to the wholebody, includingthe
nel (torero in one year) are calculatedby muh!ply- dose to bloodformingorgans,
ing the mean daily rate for each individualby
365,25.
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3.1.4 QualltyAuurance/Quallty Pana_nk_UD-800dosimetersexposedby these
Control irrsdiatorsere usedto _librate the TLD readers

endtoverifyTLDreaderllnearity,Controldosime-
tersofthesametypeas fielddosimeters(UD-802

During 1991, two oallbrationinstrumentswere orUD-814)areexposedandreadtogetherwiththe
availableto supportthe program. One usesa fielddosimeters,Thisprovidesdailyon-llnepro-
panorsmlostyleIrradiatoroontslninga '3TCssouroe oeu qualityoontrol¢hecksintheformofirradiated
whiohdeliversan exposurerateof approxlrnatelv controls,87 mR/hourat 100omfromthe_c;..ue. _,e other

is a 10 CI weti-iypw'"'Ca Irradiator,delivering EsahmagazinecontainingTLDs to be read nor.
approximately60 mR/minutest 100 om, Expo. rnally¢ontalnsthreeirradiatedcontrolTLDs thataurasgivento irradiatedcontrolTLDsare moni.
totedusingVk3toreenmodel#570 or Viotoreen havebeenexposedtoa nominal200 mR at least24 hourspriortothereading,Afterthe irradiated
Radocon-lllelectrometerswithappropriateionize, controlshave been read, the ratioof recordedtlonohsmbershavingoalibratlonatraceableto the
NationalInstituteof Standardsand Technology exposuretodeliveredexposureiscalouiatedendrecordedfor each of the four elementsof the
(NIST), The ionizationohamberis placedin the dosimeter,Thisratioisappliedto all rawelement(:enteroftheradiationfield.Theexposureratesof
bothirmdlatorshavebeenconfirmedbymeasure, readingsfromfieldandunlrradiated(x:)ntroldesire.
mentusingprecisionelectrometersandionization stere to sutomsti_!ly compensatefor reader
chambershavingcalibrationstraceableto NIST, variations.

[ I I ___ 2 • III ] IIIg I : .... _. ...... .---_ J l I ._JL_L],I ....... ii III LL .J] IIIIIIIII __ '11'11 J_ I III [._ --- _t ..... . .... _' j __

Distribution of Personnel Exposures
Compared to Associated Reference Bacl<ground

mR In one year ==Dove Iss=oclated reference Deckground

FigUrei4- Oistr;'butionof personnelexposure8c_mNmd ioa-ssooiat;d-referOncebackground,"
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Priorto beingplacedin service,elementcorrection A study conducted by the Nuclear Regulatory
factors (ECFs) are determinedfor all dosimeters, Commission (NRC-1991) indicated an average
Whenever a dosimeter is read, the mean of the total net field exposure uncertaintyacross fixed
three most recentECF determinationsis appliedto environmentalstationTLDs deployed for a period
each elementto compensatefor normalvariability of 90 days of 21.1% relative standard deviation
(caused primarilyby the TLD manufacturingpro- (RSD). A review of fixed environmentalstation
case) in individualdosimeterresponse. TLD resultsobtainedby the EPA networkin 1991

showed an average of 21,6 % RSD across all
In addition to irradiated controls, each group of stations,virtuallyidenticaltothe resultsreportedby
fielddosimetersnormallycontainsthreetransitand NRC. Also, the NRC reportedan averagenet field
three unlrradlatedbackgrounddosimeters. Thus, exposureof 22.8 mR in 90 days, Results oh-
each magazineof 50 dosimetersmay containup to served in the EPA monitoringnetwork averaged
nlne QC dosimeters. Field dosimeters receive 21.6 mR when adjusted to the same lengthmoni-
exposurewhilein transit as wellas whiledeployed toring period. Net field exposure uncertainty for
at the monitoringlocation. To determinethe field exposuresat the occupationaland accident range
exposure, it is necessary to estimatethisadditional of 30 mR to 500 R would be slgnifioantlylower
exposure,which is designated "transitexposure", when compared to naturalbackgroundor transit
Transit control dosimetersare shippedwith each exposure levels,
batch of field dosimeters, Exposures received
while In storage are determined by using Accuracy of the overall TLD deployment and
unlrradlatedbackgrounddosimeters. Unirradlated processing cycle has been evaluated via the
backgrounddosimetersare held in shielded ator. DOELAP accreditation process. This process
age at the EPA TLD processinglaboratory, The concludedthatproceduresandpracticesutilizedby
exposure whileintransit is estimatedbytakingthe the EPA EMSL-LV TLD Laboratoryare adequate
difference between the exposures measured on to detect exposures to individualsgreater than 3
transitdosimetersandthosemeasuredon unirradi, mrem above backgroundat the 95% confidence
ated backgrounddosimeters, The exposure to level. This is referred to as the lower limit of
unirradiatedbackgrounddosimetersis essentially detectability, Tests usingdosimeters exposed to
due only to the cosmicray componentof the local known radiation levels both in-house and by
natural backgroundradiation, Likely sources of externalorganizationshaveconfirmedthattheTLD
transitexposureincludeshipmentsof medicaland readersexhibitlinearperformancefromthe lower
otherradioisotopesinthe mailandnaturalterrestri, limit of detectabilitythrough the accident range
al and cosmic radiation. (500 rads).

An assessment of TLD data qualityisbasedonthe 3.1.5 Data Management
presumption that exposures measured at an

individual fixed locationwill remain uubstantially TheTLD data base resideson a DigitalEquipment
constant over an extended period of time, A Corporation(DEC).MicroVAXII, directlyconnected
numberof factorswillcombineto affectthe certain, to the two PanasonicTLD readers. Samples are
ty of measurements, The total uncertaintyof the trackedusingfield data cards and an issue data
reported exposures is a combinationof random base trackingsystemincorporatedinto the reader
and systematiccomponentsof uncertainty, The controlsoftware, Two major software packages
random component is primarily the statistical are utilized by the TLD network The first, a
uncertaintyin the reading of the TLD elements proprietary package written and supported by
themselves,Basedon repeatedknownexposures, InlernationalScienceAssociates(ISA),controlsthe
this random uncertainty for the calcium sulfate TLD readers, tracks dosimeter pedormance,
elements used to determine exposure at fixed completes necessary calculations to determine
environmentalstationsis estimatedto be approxi- absorbed dose equivalent, performs automated
mately ± 3 to 5%. There are alsoseveralsystem. QA/QCfunctions,andgeneratesrawdata filesand
aticcomponentsof exposureuncertainty,including reports, The second software package, locally
energy-directionalresponse, fading, calibration, developed, maintainsprivacyact informationand
and exposuresreceived while in storage. These the identifyingdata, generatesreportsina number
uncertaintiesare estimated according to estab- of predefinedformats,and providesarchival stor-
lishedstatisticalmethodsfor propagationof uncer, age of TLD resultsdatingto 1971.
tainty,
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3.2 Pressurized Ion Chambers Dataare retrieved from the PICs shortly after
measurements are made, The near real-time

The Pressurized Ion Chamber (PIC) network telemetry-baseddata retrieval is achieved by the
continuouslymeasuresambient gamma radiation connectionof each PIC to a Data CollectionPlat-
exposurerates,andbecause of itssensitivity,may form(DCP) whichcollectsand transmitsthe data.
detect low-level exposuresnot detected by other Gamma exposuremeasurementsare transmitted
monitoringmethods, via the GeostationaryOperational Environmental

Satellite(GOES) directlyto a receiverearth station

3.2.1 Network Design at the NTS and from there to the EMSL-LV bydedicatedtelephone line. Each station routinely
transmitsdata every four hours (t.e., 4-hour aver-

Excludingthe Nevada Low Level Waste Site, 29 age, 1-mtnutemaximum,and 1-mlnute minimum
PressurizedIon Chambers(PICa) are stationedin values) unlessthe gamma exposurerate exceeds
communitiesaroundthe NTS. The PICa provide the currently establishedthreshold of 50 I_R/hr.
near real-timeestimatesof gammaexposurerates. When the 50 I_R/hris exceeded'for two consecu-
The locationsof the PICa are shownin Figure 15 tire 1-minutesamples, the system goes into the
Nineteen of the PICa are locatedat Community alarm modeand transmitsa stringof nine conseo-
RadiationMonitoringProgramStations(CRMPS), uttve 1-minute value3 every 2 to 15 minutes.
which are discussed in Se_ion 10.1. Additionally,the locationandstatus(i.e., routineor

alarm mode)of each stationare shownon a map
To expandthe network,EPA added PICa to tenof display in the Control-Point-One(CP-1) control
the Remote AutomaticWeather Stations (RAWS) roomat the NTS and at the EMSL-LV. Thus, the
in the springof 1991. The PAWS are ownedand PIC network is able to provide immediate doau-
operated bythe Bureauof LandManagementand mentation of radioactivecloud passage in the
the U,S. ForestServiceand are maintainedbythe unlikelyevent of an accidentalrelease from the
Boise interagencyFire Center. The IoGationsof all NTS.
the PICa, Includingthe RAWS PICa, are shownin

Figure 16. Parameters affecting the physical status of the
stationequipmentare alsotransmittedalong with

Two PICa were relocatedduring1991. The PIC at exposurerates. This allows staff in EMSL-LV to
Holloway'sRanah(near Scotty'sJunctton,NV) was identify equipment problems (e.g., low battery,)
relocatedaboutone-halfmileto Terrelrs Ranchon with the PICs soon after they occur. All data
June 24, !991. The resultsdiscussionin Section transmittedvia the telemetrysystemare storedon
3.2.3 combines the results from Holloway'sand a DEC microVAXII computerwhichismanagedby
Terrell's Ranches and refers to the station as LosAlamosNationalLaboratory.
Terrell's Ranch. The station in St. George, Utah

was relocatedon September4, 1991 approximate- In additionto telemetryretrieval,PIC data are also
ly one-half mile from the high school to Dixie recordedon both magnetic tapes and hard-copy
College. strip (_hartsat 27 of the 29 EPA stationsand on

magnetic cards for the other two EPA stations.
3.2 Procedures The rnagnetio tapesandcards,whichare collected

weekly,providea backuptothe telemetrydata and
The networkutilizesReuter-Stokesmodels 1011, are alsousefulforinvestigatinganomaliesbecause
1012, and 1013 PICs, The PIC isa sphericalshell thedata are recordedinsmallerincrementsof time
filledwithargongas to a pressure25 timesthatof (5 minuteaverages). Summarizeddata fromthe 5-
atmospheric. In the center of the (_hsmberis a minuteaveragesare storedon a personalcomput-
spherical electrodewith a charge oppositeto tho er in dBASE files. Raw 5-minute averages are
outershell. When gammaradiationpenetratesthe storedinASCII f;13son floppydiskettes. The PICs
sphere, ionizationof the gas occursand the ions also contain a liquid crystal display, permitting
are collectedby the center electrode. The electri- interestedpersonsto monitorcurrentreadings.
Palaurrentgeneratedis measured,and theintensi.

ty of the radiation field is determined from the The data are evaluated weekly by EMSL-LV
magnitude of this current. Figure 17 shows a personnel. Trendsand anomaliesare investigated
typical PIC unit inthe field, andequipmentproblemsare identifiedand correct-

ed. Weekly averages are stored in Lotusfiles on

24



"_mlll|l |11111 I|1 Ill 1111IIIIII l i i illl i | i / l | i i i iiit i ii
I NEVADA nUTAH wI •

I _ _O I
I ; _ salt I
| I Lake I
I • u
- i_ PYRAMID _I City II __ I. "_ : I

I Austin• ! I
" I Delta• '.

A_ I = i

Stone I IMilford
Cabin Rn. Nyala I

• [] [] = ,

Twin Piths ! I
"lonopah• SpringsRn, []

Uhaldes I u
GoldfleldO |__ Rn. = I

% _r__ • ComplexI • Caliente • CedarCity J
:=. _l___Medlln_ Rn. i I

Terrells Rn.n E__ ,Alamo I I
% %L_.:i!il"'::_ii!/:..

I ,,..zo.,.
Amargo__

FurnaceCreek== _i_.•- - if Overton•,,o I
AmargosaCenter IndianSprings =CenterJ%. !ndlanSprl I

Pahrump• _ _)LAKEMEAD

Shoshone• '_, Vegas _ _"t_ f

"V N

Scale in Miles

, 0 50 100

1 CommunityMonitoringStations(19) I
• OtherPICLocations(10) o so lOO 15o

, ,, Scale inKilometers

Figure 15 Locationsof Pressurizedion Chambernetworkstations.

25



lllllll

ScaleinMiles
O 100 300 500

.=, ,.#._.m,,
100 300 500

ScaleinKilometers • EPA PICS (29)
O BLM PICS (10)

Figure 16. Pressurized Ion Chamber Network, including remote automatic weather stations operat,_d b,,
the Bureau of Land Management.

a PC. These weekly averages are compiled from averages were compiled for every station, for every
the 4-hour averages from the telemetry data when week during 1991 with the exception of the weeks
available and from the 5-minute averages from the listed in Table 2. Data were unavailable during
magnetic tapes or cards when the telemetry data these weeks due to equipment failure. Data are
are unavailable. Computer-generated reports of not presented for the RAWS PICs. The RAWS
the PIC weekly average data are issued weekly for data are not yet processed and maintained with the
posting at each station, These reports indicate the data from the other stations. Data from the RAWS
current week's average gamma exposure rate, the will be included in future reports.
previous week's and year's averages, and the
maximum and minimum background levels in the Table 3 contains the number of weekly averages
U.S. available from each station and the mean, standard

deviation, minimum, maximum, and median of the

3.2.3 Results weekly averages. The mean ranged from 5.9
_R/hr at Las Vegas, NV to 17.6 _P,/hr at Stone

The Pressurized Ion Chamber data presented in Cabin Ranch, NV. For each station, this table also
this section are based on weekly averages of shows the total mR/yr (calculated based on mean
gamma exposure rates from each station. Weekly of the weekly averages) and the average gamma

exposure rate from 1990. Total mR/yr measured
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Table 2, Weeksfor whichthere were no Pressur- insidetheboxrepresentsthe 50th percentileor the
ized Ion Chamber Data collected for medianvalue. The horizontallinesextendfromthe
givenstations, box to the minimumand maximumvalues, The

data fromAustin,NV showthe greatestamountof
Station Week Ending variability.

The variabilityseen at Austinis probablydue to
Austin June 6 seasonal differences in gamma exposure rates

June 26 which have historicallybeen seen at this station.
July2 Weekly averagesreportedfor Austinfrom January

1988 to December 1991 are given in Figure 19.
FurnaceCreek June 26 The figureshowsa consistentdecrease ingamma

July2 exposure rates during the winter months. This
trend is possibly due to snow cover shielding

Salt Lake City December4 radiation from the ground or to frozen ground
preventing radon emanation from the soil. In

St. George September11 contrast to the Austin data, Figure 20 shows
December4 increasinggammaexposureratesduringthe winter

monthsat Twin Springs,NV. The reason for the
Shoshone November13 increasinggamma exposure rates during winter

months is currently under investigation. Time

Terrell's Ranch January 16 seriesgraphsfor all the EPA stationsare givenin
December17 AppendixA, FigureA-1.

Uhalde's Ranch October1 3.2.4 Quality Assurance/Quality
-- Control

Severalmeasuresare takento ensure thatthe PIC
by this network ranged from 52 mR/yr at Las

data are of acceptablequality:
Vegas, Nevada, to 154 mPJyr at Stone Cabin

Ranch, Nevada. U.S. backgroundlevelsof envi- • The PICsare calibratedat leastonce every
ronmentalgamma exposure rates (fromthe com-
bined effects of terrestrial and cosmic sources) two years and usuallyonce a year. The
vary between49 and 247 mR/yr(Committeeonthe DOE requiresthat the PICs be calibrated
BiologicalEffectsof IonizingRadiation,1980). The everytwoyears,However,the calibrationis
annual exposure levels observed at each PIC usuallydone annually,
stationare wellwithinthe U.S. backgroundlevels. • Radiation monitoringtechnicians place a

radioactivesourceof a knownexposureonThe PIC data from 1991 are consistentwith data
the PICs weeklyto checkthe performance

from previousyears. The greatest difference in of the units.
averages between 1990 and 1991 was seen at

Goldfield, NV. This was probably because the • Source check calibrationand background
sensor unit, whichwas exchangedin Februaryof exposure rate data are evaluated weekly
1992, was slightly underestimatingthe gamma and comparedto historicalvalues.
exposure rate. The 1992 exposureratesat Gold-
field are expectedto resemblethe levelsseen in • Data transmitted via the telemetry system1990.

are comparedtOthe magnetictape data on

Figure 18 shows the distributionof the weekly a weeklybasisto check that bothsystems
averages from each stationarrangedby ascending are reportingthe same numbers. Whenev-
means (represented in figure by filled circles). The er weekly averages from the two sets ofnumbers are not in agreement, the cause
left and right edges of the box on the graph repre- of the discrepancy is investigated and
sent the 25th and 75th percentiles of the distribu- corrected.
tion of the weekly averages (i.e., 50% of the data
falls within this region). The vertical line drawn
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Table 3. Summary of weekly Gamma Exposure Rates as Measured by Pressurized Ion Chambers, 1991

, ,',,',_ , r , , ', ,' ,, , , ,, ,,.,,,,f,,,,,,,,J............. , J_", ,..... , , i,. ....... ',', ,, ,,-,, '¸_ ...... ',"' ' ','J', - ,, , "

Number GammaExposureRate (l_R/hr) 1990
of Weekly Mean

Station Averages Mean Std.Dev. MinimumMaximum Median mR/yr (l_R/hr)

Alamo,NV 52 13.4 0.39 12.9 14.1 13.3 118 13

AmargosaCenter,NV 52 11.0 0.18 10.0 11.4 11.0 96 11

AmargosaValley,NV 52 14.0 0.24 13.2 14.5 14.0 122 14
Austin,NV 49 17.4 2.19 12.4 20.0 18.1 152 19

Beatty,NV 52 16.3 0.38 15.6 17.0 16.0 142 17
Callente,NV 52 14.3 0.29 13.7 15.1 14.4 128 14

Cedar City,UT 52 10.6 0.43 9.9 11.4 10,8 93 10
ComplexI, NV 52 15.9 0.42 15.1 18.6 18.0 139 16

Delta, UT 52 11.9 0.33 11.0 12.4 12,0 104 11
Ely, NV 52 12.3 0.57 11.2 13.3 12.4 108 13

FurnaceCreek,CA 50 10.1 0.26 9.8 11.0 10.0 89 10

Goldfield,NV 52 12.8 0.52 11,7 14.0 12.8 112 15

IndianSpdngs,NV 52 8.7 0.38 8.0 9.7 8.8 76 9
LasVegas, NV 52 5.9 0.23 5.0 6.2 6.0 52 8

MedlinsRanch,NV 52 15.8 0.33 15.0 18.5 16.0 139 16
Milford,UT 52 17.4 0.49 ! 5.8 18.2 17.4 152 17

Nyala, NV 52 12.4 0.39 11.7 13.4 i2.5 109 13
Overton,NV 52 8.9 0.31 8.2 9.6 9.0 78 9

Pahrump,NV 52 7.9 0.27 7.0 8.1 8.0 89 8

Pioche,NV 52 11.8 0.35 11.0 12.5 12.0 104 12

Rachel,NV 52 15.9 1.23 13.7 18.0 16.2 139 16

Salt LakeCity, UT 51 10.9 0.48 10.0 13.1 11.0 96 11

Shoshone,CA 51 11.8 0.40 11.0 12.9 11.8 103 12

St. George,UT 50 8.9 0.44 7.6 9.8 9.0 78 9

StoneCabinRanch,NV 52 17.6 0,66 16.3 18.8 17.4 154 17

TerrelsRanch,NV 50 15.2 0.43 14.2 16.0 15.1 133 NA

Tonopah,NV 52 16.7 0.39 15.7 17.4 16.8 146 16

TwinSprings,NV 52 16.7 0.64 15.4 18.3 16.8 146 17

UhaldesRanch,NV 51 17.0 0.38 16.0 17.8 17.0 149 17
...... , , , ,,,,,,, '_ H ,, ,, ....... ,, .......... ,, i, ,, '', , , , _ _ _

Note: Multiply I_R/hrby2.6 x 10"1°to obtainC kg'lh"1.
NA = Not available.
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Figure 18. Distribution of weekly averages from the Pressurized/on Chamber Data. Figure shows
minimum, 25th percenti/e, mean, median, 75th percenti/e, and maximum va/ues.
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AdataqualityassessmentofthePlCdataisgiven (2) The PIC units are calibratedby the
inSection11. QualityAssuranoe. manufactureragainste°Co.while the

TLDs are calibratedusing_37Ce. No

3,3 Comparison of TLD Results adjustmentIs madeto accountfor the
differingenergiesat whiohthetwoaye-

to PIC Measurements ternsarecalibrated.

When cak_ulatedTLD exposuresare compared (3) The PIC isan exposurerotemeasuring
with resultsobtainedfrom oollo_ted PICa (see devloe, samplingeveryfive seconds,
Figure21),a uniformunder-responseofTLDswas whiletheTLDas anintegratingdcalme-
noted. Thisdifferenoe,whlohhas beenobserved terisanalyzedapproximatelyerie eaoh
in previousyears, Is attributedpdmadlyto the quarter.SomereduotioninTLD results
diffedngenergyresponseofthetwosystems.The maybe dueto a smallamountof loss
PICa have a greatersensitivityto lowerenergy dueto normalfading(studiesbyPans-
gammamdlatlonthan the TLDs and henoewlll sonlohaveshownthislossto be mini-
normallyrecorda higherapparentexposure.This realoverthesamplingperiodused). A
differenceis attributedto threeprimaryfaotors: slx-monthfadestudywas_nducted by

the EMSL-LVTLD Laboratory. This
(I) PICaare moresensitiveto lowerenergy studyconflrmedthat,over the normal

gammaradiationthanaretheTLDe. A samplingperiod,fadingIs negligible.
reviewof rnanufaoturer'sspeolficatlons
for the PIC and TLD systemsshows Althoughthese known systematic:differenoes
their responsesto be olose to linear ooour,boththeTLD andPIC networksserveas
above approximately80 and above valuable_mponentsof an overallenvironmental
approximately150 keV, respeotively; mdlatlonmonitoringprogram,eaoh with unique
and capabilities.
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Figure21, ComparisonOf_ermoluminescentDoslmetryData to PressurizedIon ChamberData.
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4 Atmospheric Monitoring
The inhalationof radioactiveairborneparticlescan Hoiloway'sRanch approximatelyone-half mile to
be a majorpathway for humanexposllre to radia- Terrell's Ranch on June 24. This station, the
tion, The atmospheric monitoringnetworks are Amargosa Valley Community Center Station
designed to detect environmentalradiattc,n from (AmargosaValley,Nevada), and the G. L, Coffer-
NTS and non-NTS activities. Data fronl atmo- Fleur-de-LisRanch (Beatty, Nevada) were reas-
sphedomonitortngcandeterminetheconcenltatton signed to the Yucca Mountain Project ASN on
andeoumeof airborneradioactivityandcanproject December 1, 1991. High-volume air samplers
the fallout patterns and durationsof exposure to were also installedand operatedin May at Amar-
man. AtmosphericmonitoringnetworksIncludethe gosaValley,Nevadaand fromMay 28 throughJuly
Air Surveillance, Noble Gas, and Atmospheric 8 at Rachel, Nevada. The highvolume air sam.
Moisture(Tritium-in-Air)networks, piers were evaluated as part of a special study.

The resultsfromthe high-volumeair samplersare
The atmospheric monitoringnetworks were de- presentedin conjunctionwith the results fromthe
signed to monitorthe areas within350 kilometers routineair samplers.
(210 miles) of the NTS. These continuously
operatingnetworksare supplementedby standby The air samplerat each stationwas equipped to
networkswhichcoverthe contiguousstateswestof collect particulate radionuoltdeson fiber prefllters
the MississippiRiver. and gaseous radtoiodineoin charcoal cartridges,

Preflltersand charcoalcartridgescollectedfromall
Many of the data collected from the atmospheric ASN andprefllterscollectedfromall SASN stations
monitoringnetworksfall belowtheminimumdetect- receivedcompleteanalyses at EMSL-LV. Char-
able concentration (MDC). Averages of data coal cartridgesare collected from the SASN sta-
presented inthischapterwerecalculatedincluding tions and wouldbe available for analyses should
measured results below MDCs. All of the data the need arise.
collectedfromthe atmosphericmonitoringnetworks
resideon a VAX computer in the Sample Tracking 4,1.2 Procedures
Data Management System (STDMS).

At each ASN station,samplesof airborneparticu.
4.1 Air Surveillance Network lares are collectedas air is drawn through5 cm

(2.1 in) diameter, glass-fiberfilters (prefilters)at a

4.1.1 Design flow rate of about80 m3 (2800 ft3)per day. Filters
are exchangedafter sampleroperationperiodsof

In 1991, the Air Surveillance Network (ASN) aboutone week (approximately560 m3 or 20,000
consisted of 33 continuouslyoperating sampling ft3),
stationslocated inareas surroundingthe NTS (see
Figure22 for samplinglocations). Complementing Activatedcharcoalcartridgesplaceddirectlybehind
the ASN, the Standby Air Surveillance Network the filters to collect gaseous radioiodines are
(SASN) consistedof 76 samplers located inoontig- exchangedat the same time as the filters.
uous states west of the MississippiRiver (see
Figure 23 for standby station locations). Each Duplicateair sampleswere obtained weekly from

various stations. Four air samplers, which arestate had at leastone standbysamplerwhichwas
operated continuouslyfor one week each quarter identicalto the ASN stationsamplers,were rotated
by local residents or state and municipalhealth between ASN stations for three to four week
departmentpersonnel. Locationsof stationswere periods, The resultsof the duplicatefield sample
dependentupon the availabilityof electricalpower analyses are given in Chapter 11 as part of the

data qualityassessment.and the willingnessof a local residentto operate
the equipmentat stationsdistantfromthe NTS,

The samplers used at the standby stations are

Changes to the ASN during 1991 includedthe identicalto thoseused at the continuouslyoperat-
relocation of the Scotty's Junctionstation from ingstations, Resultswere notprovidedfor Oregon
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Figure 22, Air Surveillance Network stations, 1991.
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for the 1991 second quarter because the two station)was 0.0176 X I0 ''a pCi/mL. As a comparl-
SASN samplers in thisstate were not operated, son,the 1990 averagewas 0,0224 X 1012t_CVmL.

At EMSL-LV, both the prefittereand the charcoal Figures24, 25, and 26 show thedtstdbutlonof the
oartrtdgesare initiallyar_lyzed by highrnotution grossbeta valuesfromeach ASN stationfor 1989,
gamma spectrometry, Eachof theprefllterais then 1990, and 1991 resp_._ttvely. The stations are
analyzed for groM beta activity. Grou beta ordered by ascendingmeans of the data values.
analysis is pelforrnedon the prefiltere7 to 14 days The mean values are represented by the filled
after imple oolleotlonto allowtime for the decay ctroles(blackdots), The leftand rightedgesof the
of naturallyoccurringrsdon-thorondaughterprod. box on the graph represent the 25th and 78th
uotso Gro_ beta analysis is used to detesttrends peroenttlesof the distributionof the values (i.e,,
in stmosphedo radioactivitysince tt Is moresensi- 50% of the data falls within this region), The
live than gamma l_oectrometryfor this purpoN, vertical llne drawn inside the box representsthe
Selected prefiltersare theneomposited(oomblned) 50th percentileor the medianvalue, The horizon-
andanalyzed for plutoniumIsotopes. Detail8of the tel lines extend from the box to the minimumand
analyticalproceduresare providedIn Ch_ter 12, maximumvalues, The averages of the quarterly

gross beta values from the SASN stations, ar-
In 1991, prefllters from five ASN stations were rangedby ascendingvalues,are shownInAppen-
oomposltedmonthly:Alamo,AmargoM Valley,Lns dlx B, Figure B-I,
Vegu, and Raahel, Nevada; and Salt Lake City,
Utah. Preflltersfrom Alamo were composlted for Figure 27 shows the distribution of the mean
plutonium analysis beginning in January 1991 monthlygross beta averages from 1989 through
beoauee this station Is located in the prevailing 1991 for Alamo, Arnargosa Valley, Beatty, Gold-
downwinddlreatlonfromareas on the NT8 under- field, Indian8prlngs, Raohel,and Tonopah,Neva-
going or eoheduled for remedlatlon aotlvltles, de combined. The distributionof the data Is
Plutoniumanalysis will no longerbe performedon presentedby the same conventionsas in Flgure
the prefllterafrom Salt Lake City effsotlveJanuary 24, Thesestationswere selectedforthe graphas
t992. they are located in close proximityto the NT8.

The figureIndicateslittleohangetn regionalgross
For the thirteen states which contain two $ASN beta activityoverthe lastseveralyears, The mean
stations, the preflitera from the two stations are quarterly gross beta averages for the SASN sta-
compostted quarterly, These states are Arizona, lions divided into three regions are provided In
California, Colorado, Idaho, Missouri, Montana, Figures 28, 29, and 30. The Mid-West region
New Mexk;o,NorthDakota, Oregon,Texas, Utah, included Louisiana,Texas, Arkansas, Oklahoma,
Washingtonand Wyoming. Missouri, Kansas, Iowa, Nebraska, Minnesota,

South and North Dakota. The Mountain region
4,1.3 Results included New Mexiao, Arizona, Colorado, Utah,

Wyoming, Idaho and Montana. The Western

The majorityof all ASN and SASN prefiltersand region included California, Nevada, Washington
aartrtdgesanalyzed by gamma spectrometrywere and Oregon, The gross beta data from 1991 are
gamma-spectrum negligible (i.e., no gamma consistentwith data from previousyears,
emitting radtonuclideswere detected). Naturally
o_urrtng _Beaveraging 0.23 X 10'12I_Cl/mLwas The _Pu and _°a°Pu results from January
the only radtonuclideoccasionallydetected, The through December 1991 for the ASN and the
principalmeansof _BeproduGtionts fromspaliation SASN are listed in Appendix B, Table B-2. The
(splitting) of _°O and _4Nby cosmic rays in the collectiondate associatedwiththe resultsrefersto
atmosphere, the collectiondate of the last(most recent) sample

included in the composite, The plutoniumresults

As Inpreviousyears, the majorityof thegross beta fromfourof the samples exceededthe MDC, Two
resultsexceeded the MDC. Grossbeta resultsfor of these were veryclose to the MDC: _SPuresults
the ASN and the SASN are summarized in Table from Las Vegas, Nevada for February 25; and

4 and Appendix B, Table B-1 respectively, The r_Pu resultsfromLoganand Vernal,Utah forJune
average grossbeta activity in 1991 (calculatedas 27, 1991, The other two values exceeding the
an average of the average activity from eaQh MDC were the _:_';_'°Puresultsfrom the high-
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Table 4, Gross Beta resuh for the Air SurvelllanoeNetwork,1991

Gross BetaConcentration
Number x 10'2 pCi/mU'_
of days

SamplingLocation Sampled(= Maximum Minimum Mean Std. Day.

Death Valley Junction,CA 365 0,036 0.004 0.017 0,009
Furnace Creek, CA 365 0,I00 0,003 0,026 0,019
Shoshone,CA 365 0,056 0,005 0,019 0,010
Alamo, NV 365 0.027 -0.011 0,015 0,006
Amargosa Valley, NV 364 0.036 0,007 0,017 0.007
Amargosa Valley

CommunityCenter, NV 336 0,042 0.004 0.019 0.008
Austin, NV 365 0,035 0,001 0.014 0.007
Beatty, NV 359 0036 0.008 0,018 0.006
Beatty, NV

Coffer-Fleur-de-LisRanch 335 0,032 0,001 0,013 0.007
Caliente, NV 365 0.039 0,002 0,018 0.007
Clark Station,NV

Stone Cabin Ranch 365 0,033 0.006 0.016 0.006
Currant,NV

Blue Eagle Ranch 365 0,050 0.006 0.018 0,009
Ely, NV 365 0,023 0,004 0,014 0,004
Goldfield,NV 358 0,032 0,007 0,017 0.006
Groom Lake, NV 345 0,033 0,006 0,017 0,006
Hiko, NV 358 0.032 0,003 0,017 0.006
Indian Springs,NV 365 0,037 0,009 0.019 0,006
Las Vegas, NV 360 0.100 0,008 0.022 0.014
Nyala, NV 358 0,041 0,007 0.013 0.007
Overton, NV 365 0.042 0,008 0.021 0.009
Pahrump, NV 365 0043 0.005 0.018 0.008
Pioche, NV 364 0.036 0,005 0.017 0,005
Rachel, NV 365 0.053 0.005 0.019 0,009
Scotty'sJunction,NV

Ho!ioway'sRanch 175(_ 0.039 0.006 0,018 0.008
Scotty's Junction,NV

Terrelrs Ranch 161¢'_ 0.037 0,003 0,022 0.008
Sunnyside,NV 365 0.040 0.002 0.015 0,008
Tonopah, NV 365 0,027 0.006 0.015 0.005
Tonopah Test Range, NV 365 0.039 0.000 0.016 0.008
Twin Springs,NV

Fallini'sRanch 365 0,104 0.010 0.022 0,015
Cedar City, UT 365 0.034 0,007 0.016 0.006
Delta, UT 365 0.066 0,010 0,021 0.012
Milford,UT 365 0.059 0.003 0,021 0.011
St, George, UT 364 0.043 0.005 0.019 0.009
Salt Lake City, UT 365 0,037 0.008 0,017 0,006

*'_ 10 _z_CVmL = pCVm_;multiplyI_CVmLresultby 0.037 to obtainBq/m_.
(_ Days sampledare determinedfromfilterchangedates,
_°)Stationmovedto Terrell's Ranch on June 24, 1991,
<'_)Stationmoved from Holloway'sRanch on June 24, 1991
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RouUneAirSamplingStations- 1989
: L --:" L i , III II , Iil ,,1,11 T_ :C ,G, .... : - : " jl j , : i - ,_ .........

Nyale,NV -

Ely,NV -
TTR, NV -

StoneCabinRanch,NV - _-----'CJ[__

Sunny=Ida,NV - _-_

BlueEagleRanch,NV - _ ,_
TwinSpringa,NV - __

Pioahe,NV -

Rachel,NV - _ ................... _---_

Goldfield,NV -

AmargoaaValley,NV -
Auatin,NV -

Pahrump,NV - ,

Tonopah,NV - _-------_
Callente,NV - ' .......

GroomLake,NV - =...............

Beatty,NV - _.-.-{3[__

CedarCity,UT - _'---{_--'_
Hlko,NV " _-"_"

IndianSprings,NV _ __
SaltLakeCity, UT -, _

Shoshone,CA _ {_[_--'--_

Alamo,NV _ 4

Overton,NV _--L_--_

LalJVegas,NV ,........_ ..........

Holloway'_JRanch,NV - _---_--_
DeathValleyJct,,CA - _ _ ........_

Milford,UT " _---_

St, George,UT - _-----'{_._ ,
Delta,UT - _---_ 4

Furnac;eCreek,CA - , [__..-_................................................................................................'

1 "1" T F....
-0,02 0,02 0.06 O.10 O,14

Betain Air (1,0E-12I_CVml)

Figure 24 Di,,_tributionof gross beta values from air surveillance network stations, 1989, Figure shows
minimum, 25th percentile, mean, median, 75th percentile, and maximum values,
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RoutineAir Sampling Stations- 1990

Nyala, NV - _

Coffer Ranch, NV -

Cedar City, UT - _

Stone Cabin Ranch, NV -

Sunnyside, NV - _ J

Blue Eagle Ranch, NV - _[33 =

TTR, NV - F---------EEl ,

Groom Lake, NV -

Tonopah, NV -

AmargosaValley, NV - _ "' q
Austin, NV - P-EE}

Ely, NV -

Death Valley Jct., CA -

Rachel, NV -

Pahrump, NV -

Goldfield, NV - F--[3E]

Indian Springs, NV -

Pioche, NV -

Hiko, NV - _

Salt Lake City, UT -

Twin Springs, NV - J i--Irl

St. George, UT - _

Amargosa C(.,nter,NV - _ =

Holloway's Ranch, NV - F--EEl '

Beatty, NV '

Shoshone, CA - _ i

Caliente, NV - _-EE]

Milford, UT _ _

Las Vegas, NV - _ '

Alamo, NV - _ t

Overton, NV - F----E]E]

Delta, UT - _

Furnace Creek, CA - _

I I I I

-0.02 0.02 0.06 0.10 0.14

Beta in Air (1.0E-12 pCVml)

Figure 25. Distribution of gross beta values from air surveillance network stations, 1990. Figure shows
minimum, 25th percentile, mean, median, 75th percentile, and maximum values.
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Routine Air Sampling Stations- 1991

Coffer Ranch, NV - _---[_[}----_

Nyala, NV - H]_ t

Ely, NV -

Austin, NV - _ e

Sunnyside, NV - _

Alamo, NV - I

Tonopah, NV -

TTR, NV - _----E[} ...... -_

Stone Cabin Ranch, NV -

Cedar City, UT -

Pioche, NV - _ ;

Hiko, NV -

Death Valley Jot,, CA -

Amargosa Valley, NV

Groom Lake, NV

Goldfield, NV

Salt Lake City, UT

Holloway's Ranch, NV - _

Caliente, NV - _" ,

Pahrump, NV - _ ,

Blue Eagle Ranch, NV - _ ,

Beatty, NV -

Rachel, NV - _

Indian Springs, NV -

Amargosa Center, NV - _ -,

Shoshone, CA - _

St. George, UT - _-----_

Overton, NV - _ . . ,

Delta, UT - _Z[]_ ,

Milford, UT - _

Las Vegas, NV - _{[]_

Terrell's Ranch, NV - _---_--_

Twin Springs, NV - _{Z3_ ...................................,
Furnace Creek, CA _---L-q * i.......................................

I I I "[

-0.02 0.02 0.06 0.10 0.14

Beta in Air (1.0E-12 #Ci/ml)

Figure 26. Distribution of gross beta values from air surveillance network stations, 1991. Figure shows
minimum, 25th percentile, mean, median, 75th percentile, and maxirnum values.
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Figure27, Distributionof themeanquarterlygrossbetaaveragesforsevenstationssurroundingtheNTS.
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Figure28. Distributionof the meanquarterlygrossbeta averagesfromstandbystationsin the midwest
region.
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Figure29. Distributionof the meanquarterlygrossbetaaveragesfromstandbystationsin the mountain
region.
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Figure30. Distributionof the meanquarterlygrossbetaaveragesfromstandbystationsin the western
region.
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volume air samples collected from Amargosa 4.2.3 Results
Valley on May 28; and from Rachel, Nevada on

July8, 1991. The MDCs associatedwiththe high- Of the 957 samplescollected in 1991, 23 were of
volumeair samplesare very lowcomparedto the insufficientvolumeto permit analysis. Six of the
MDCs associated with the routine air samplers 934 analyses performed exceeded the MDC.
because of the larger volume of air collected. Three of these six resultswere very close to the
Equipment problems (e.g., motor failure at high MDC: Shoshone,CaliforniaforJanuary28 through
temperatures) with the high-volume samplers February4 was 1.70 X 1012 _Ci/mL with a two
precludedany furtherhigh-volumesampling. The sigma value of 1.02 and an MDC of 1.64; Gold-
use of other, more d_;_._!e high-volumesamplers field, Nevada for June 18 through June 26 was
is currently being investigated. The plutonium 4.53 X 1012p.Ci/mLwitha two sigmavalue of 2.43
results from 1991 are consistentwith data from and an MDC of 3.91; Rachel, Nevada for June 17
previousyears, throughJune 24 was 2.43 X 1012 _CVmL with a

two sigmavalue of 1.38 and an MDC of 2.22.
4.2 Tritium In Atmospheric

Moisture of the otherthree resultsabove MDC, onesample
wascollectedfromthe Salt Lake City,Utah,station
for the week of March 11 throughMarch 18 and

4.2.1 Design had a result of 10.2 X 1012 I_CVmLwith a two
sigma value of 2.57 and an MDC of 3.99. This

At the beginning of 1991, the tritium network station is adjacent to the engineering nuclear
consisted of 20 continuouslyoperated and two reactorcomplex. A telephone conversationwith
standby stations. A number of changes were personnel at the reactor complex verified that
made to the tritiumnetworkin 1991: the stationat tritiumwaspresentatthe timeof samplecollection.
Pioche, Nevada, was discontinuedNovember12; The two other results above MDC were from
a new station at Fallini's Ranch, Twin Springs, samplescollectedfrom the Las Vegas, Nevada,
Nevada, was activatedNovember19; and the St. stationfor the weeks of June 24 through July 1
George, Utah, sampler was relocatedSeptember and July19 throughJuly 22. These sampleshad
4 from the high school to Dixie Junior College. resultsof 15.0 X 1012 p.Ci/mLwith a two sigma
The following six stations were converted from value of 6.78 andan MDC of 10.80, and 8.46 X 10
routineto standby status effectivewith their last 12i_Ci/mLwitha two sigmavalue of 4.07 and an
sampling collection periods in November, 1991: MDC of 4.07 respectively. The highest value of
Shoshone, California;Salt Lake City and Cedar 15.0 x 1012_Ci/mL is approximately0.01% of the
City, Utah;and Austin,Ely,and Caliente,Nevada. concentrationguide. This stationis adjacentto the
The two standbystations(Deltaand Milford,Utah,) EPA RadioanalysisLaboratory. The HTO average
were not activatedduring1991. Figure31 shows concentrationfor the Las Vegas, Nevada, station
the locations of the tritium network sampling was 1.69 X 10"12_Ci/mL as comparedto the !990
stationsin conjunctionwiththe noblegas sampling average of 0.42 X 10"12i_Ci/mL. (Note: Averages
networkstations, includeresults which are less than MDC). The

overall HTO network average concentration,
4.2.2 Procedures including values below MDC, was 0.496 X 10"12

p.Ci/mLas comparedto the 1990 averageof 0.591
A columnfilledwithmolecularsievepelletsis used X 1012l_Ci/mL.
to collect moisturefrom the air. Approximately6
m3 (212 ft3) of air is drawn throughthe column The HTO data are summarizedin Table 5. The
duringa typical 7-day samplingperiod.The water distributionof the HTO data from each stationis
absorbedin thepelletsis recoveredand measured shownin Figure32. The graphispresentedusing
and the concentrationof3His determinedby liquid the same conventionsas in Figure 24. The 1991
scintillationcounting. The volume of recovered tritiumdata appearto be consistentwithdata from
water and the 3H concentrationis then used to previousyears.
calculatethe concentrationof HTO, the vaporform
of tritium. HTO isthe most commonform of tritium
encounteredin the environment.
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routinely operated stations and between 1 and 4
4.3 Noble Gas Sampling tir.,,, during the year from the standby stations.

Network Samples collected were analyzed for 86Kr and
l=Xe. The locationsof the noble gas sampling

4.3.1 Design stations are shownin Figure31.

Noblegasesmay be releasedintotheatmosphere
At the beginningof 1991, the NobleGas Sampling from research and power reactor facilities, fuel
Networkconsistedof 16 continuouslyoperatedand reprocessing facilities,and from nuclear testing.
three standbystations. Noblegas samplerswere Noble gases may also be released during drill-
added to the Amargosa ValleyCommunityCenter backs and tunnelpurgingswhichtake place after
and to the Twin Springs, NV (Fallini's Ranch), nucleartests. Environmentallevelsof the xenons,
Station in May of 1991, increasingthe numberof withtheirvery shorthalf-lives,are normallybelow
routinelyoperated stationsto 18. Sampleswere
collected approximatelyonce a week from the

Table 8, Atmospheric TritiumResults, 1991
_ _:1 ;i I I I _ ..... II ii Ij i I ii ] i _1 i iii .... _1,1111111_1ilrlll Jllllllll i i ;]i II i I i i I I _ ; ii ....... ; ..... _ ' i II _ , i ,_, i _ _

Concentration
Number of (10"12_Ci/mL)I'l Percent of the
Samples Concentration

Sampling Location Analyzed Maximum Minimum Mean Std, Dev. GuideIbl

Shoshone, CA 45 2.9 -4.6 0.12 1.51 <0.01
Alamo, NV 52 7.2 -4,3 0,79 2.24 <0.01
Amargosa Center, NV 51 6,1 -9.2 0.47 2.20 <0.01
Amargosa Valley, NV 49 2.7 -3.0 0.27 1.24 <0.0!
Austin, NV 46 4.0 -2,0 0.50 1.26 <0.01
Beatty, NV 51 3.8 -1.0 0.60 1.07 <0.01
Caliente, NV 46 9.7 -10.2 0.42 3.27 <0.01
Ely, NV 45 4.4 - 4.3 0.50 1.74 <0.01
Goldfield, NV 53 14.3 -7.0 0.42 2.98 <0.01
Indian Springs, NV 48 9.2 -3.7 0.86 2.37 <0.01
Las Vegas, NV 53 15.0 -2.9 1.69 2.92 <0,01
Overton, NV 53 2.8 -3.9 0.40 1.,34 <0.01
Pahrump, NV 52 5.9 -3,0 0.26 1.67 <0.01
Pioche, NV 46 8.4 -3.1 0.61 2.14 <0.01
Rachel, NV 50 2.4 -4.6 0.40 1.21 <0.01
Tonopah, NV 52 11.6 -6.1 0.79 2.95 <0.01
Twin Springs, NV 6 2.2 -1.6 0.14 1.63 <0.01
Cedar City, UT 45 3.9 -7.0 0.11 1.68 <0.01
St. George, UT 51 5.2 -2.6 0.36 1.59 <0.01
Salt Lake City, UT 41 10.2 -3.3 0.97 2.16 <0.01

i,,_ 10"_2I_Ci/mL= pCi/m3; multiply I_Ci/mL result by 0.037 to obtain Bq/m3.

Ib_ The concentration guide referenced is calculated from the dose conversion factors for inhalation as
listed in DOE Order 5400.5 (DOE, 1988b), adjusting to 10 mrem effective dose equivalent as
required by 40 CFR 61 (CFR, 1989) for nonoccupational exposure to radionuclides in air.
Concentration guides are listed in Chapter 13,
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Figure 32. Distribution of HTO data, 1991. Figure shows minimum, 25th percentile, mean, median, 75th
percentile, and maximum values.

the MDC. Krypton-85 disperses more or less comparability. The results of the comparison
uniformlyover the entireglobebecauseof itshalf- testingare discussedin Section11.4.4.
life, 10.7 years, and the lack of significantsinks
(NCRP, 1975). For these reasons,86Krresultsare 4.3,2 Procedures
expected to be abovethe MDC.

Noble gas samples are collectedby compressing
A numberof changes were made to the network air intostoragetanks (bottles). Air is continuously
during 1991 in addition to installingnoble gas sampled over a 7-day period, collectingapproxi-
samplers at two stations. In November, the fol- mately 0.6 m3 (21.2 ft3) of air. The tanks are
lowingfive stationswereconvertedfromroutineto returned to the Radioanalysis Laboratory for
standbystatus: Austin,Caliente,and Ely,Nevada; analysis. The oldnoblegas samplersconsistedof
Shoshone,California;and Cedar City, Utah. Allof a two-bottlesystem;bothbottleswere filledsimul-
the existingnoblegas salnplers,used since 1974, taneouslyduringthe entire samplingperiod (i,e.,
were replaced with newly designed samplers onebottlewas a duplicateof the other). The new
during1991. The firstreplacementwascompleted noblegassamplersconsistof a four-bottlesystem.
at the Las Vegas stationin March. After a suc- One bottleis filledover the entiresamplingperiod,
cessfulevaluationperiod,replacementwas initiated The otherthreebottlesare filledconsecutivelyover
at the remainingstationsin May. An essentialpart the same samplingperiodin 56-hour increments.
of the development includedcomparisontestingof The bottle containingthe sample from the entire
the old and new modelsystemsto ensuredata
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sampling period is the only sample which is rou- , Maintaining a current calibrationdecal on
tinely analyzed. If xenons or abnormally high all field sampling and laboratory instru-
levels of 85Krwere detected in thissample, then ments.
the other three samples wouldbe analyzed, For
the analysis, samples are condensed at liquid , Maintaining a file of calibration records,
nitrogentemperature. Gas chromatographyis then controlcharts, and logbooks.
used to separate the various radionuclides, The
radioactivegasesare dissolvedinliquidscintillation • Assigninguniquesamplenumbers.
"cocktails,"then countedto determineactivity,

• Obtaininglaboratorysupervisorapprovalof
4.3.3 Results all analyticalresultsbeforetheyare entered

intothe permanentdata base.
Table 6 summarizesthe a6Krand l_Xe resultsfor
all routineand standby samplinglocations. The , Maintainingfilesof QA data, whichincludes
table contains the number of samples analyzed raw analytical data, intermediate caloula-
and the minimum,maximum,mean, andstandard tions,and reviewreports,
deviationof the concentrationsmeasuredat each
station. The number of samples analyzed is , Performinganalysisof blanksto verify that

method interferences caused by contami-frequently less than 52 because samples are
occasionallylost inanalysis,lostdue to equipment nants in solvents,reagents,glassware,and
failure,or the sample volume collectedis insuffi- other sample processing hardware are
cientto permitanalysis. Some of the data losses knownand minimized,
were due to problems experiencedwith the new
noble gas sarnplers. These problems are dis- , Estimatinganalyticalaccuracywith perfor-
cussedfurther in Section 11, mance evaluationsamples. Forthe gamma

analysis of fiber filters, spiked samples
All of the a_Krresultsexceededthe MDC andwere shouldbewithin± 10% of the knownvalue,
withinthe rangeanticipated,Activitiesrangedfrom Gross beta analysis should be within :t:
20.5 to 32.3 pCi/m3, This activityrangeis virtually 20% Plutoniumanalysisof internalspikes
identicalto that observed in 1990. All of the t33Xe shouldproduceresultswithin± 20% of the
results were below the MDC The MDC for 13_Xe known value. For the noble gases, spiked
varied but was generallyabout 14 pCVm3. Figure samples should be within ± 20% of the
33 shows the distributionof the 85Krdata from knownvalue,
each routine sampling location arranged by as-
cending means, Those stations for which the • Estimatingprecisionof laboratoryanalytical
status changed from routine to standby in Novem- techniques and total precision for the entire
ber are includedin the graphas theywere routine- system (bothanalyticaland samplingerror)
ly sampled throughout tt_e majorityof the year, usingreplicates Field duplicateair sam-
The graph is presented usingthe same conven- piesas wellas internallaboratoryreplicates
tions as in Figure 24, The graph shows that _Kr are analyzed for the ASN, Only internal
results are very consistent among stations. Figure laboratory replicates are analyzed for the
34 shows the annual average 85Krvalue from 1972 noble gas and the HTO samples.
through 1991. The graph shows that the levels of
8_Krhave remained consistent over the past sever- • Determining bias (the difference between
al years, The results for _:_3Xeare not graphed as the value obtained and the true or refer-
all the values were below the MDC, ence value) by participating in intercom-

parison studies,

4.4 Quality Assurance/ Further discussion of the QA program and the data
Quality Control quality assessment is given in Chapter 11.

General qualityassurance/quality control guidelines
for the atmospheric monitoring networks are as
follows:
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Table O, Noble Gas SamplingNetwork- "Kr and t=Xe Results, i991

Station Name # of Samples Mtnimum Maximum Mean Std, Dev,

"Kr Concentration(pCi/m3)
Alamo, NV 44 22.4 30,7 26.28 1.99
Amargosa Center, NV 24" 24.0 31.0 27.48 2.16
ArnargosaValley,NV 42 23.5 30,2 26.55 1.73
Austin,NV 32= 22,3 30,9 2t._.52 2.25
Beatty, NV 52 22.2 30.9 26.32 1.92
Callente, NV 37_ 21,9 29,7 25.85 1,85
Cedar City, UT 33b 22.4 29,2 25.96 1.82
Delta, UT 4° 25.0 30.0 27,28 1,92
Ely, NV 38b 21,3 31,1 26.30 2.03
Goldfield,NV 51 22,6 31,1 26.99 1.96
Indian Springs,NV 48 20.8 31.0 26.78 2,02
La8 Vegas, NV 45 22.3 31.0 26.83 1,98
Milford,UT 30 22,5 28,3 26.17 3 19
Overt=n, NV 53 21.2 32,3 26.44 2.08
Pahrump, NV 46 21,3 30.7 26.50 2.14
Rachel, NV 45 21,6 30,5 26.82 1,95
Salt Lake City, UT 1= 23.8 23.8 23.80 N/A
Shoshone, CA 38b 20.5 289 25.86 200
St, George, UT 46 21,1 30.2 26.16 2.26
Tonopah,NV 46 20.9 306 26.22 2,15
Twin Springs,NV 28" 21,5 30,1 26.76 190

l=Xe Conoentratton(pCVm3)
Alamo, NV 45 -12,40 12.70 -1.14 5.65
Amargosa Center, NV 26* -13.00 16,00 -2.37 6.51
Amargosa Valley, NV 41 - 7,29 4,10 -1,36 3.03
Austin,NV 32=' -19.20 950 -2.06 602
Beatty, NV 52 -13,60 7.06 ,0.88 4.33
Caliente, NV 37_ -20,90 13.40 -2.51 7,21
Cedar City, UT 33b -1390 5.52 -2.23 497
Delta, UT 4= 6,2 10 8.50 1.46
Ely, NV 384 -18.90 12.40 -1.39 664
Goldfield,NV 51 -1140 9,75 -0.86 4.26
Indian Springs,NV 49 -6.88 5.29 -0.64 3 12
Las Vegas, NV 47 -7.55 13.90 -0.64 3.71
Milford, UT 3= -6.68 8,93 - 1,15 8,74
Overt=n,NV 53 -9.70 13,40 -1,48 4,30
Pahrump,NV 47 -7.88 4.30 -1.42 3,14
Rachel, NV 46 -15,00 15,00 -1.08 5.72
Salt Lake City, UT 1= -1.63 -1.63 -1.63 N/A
Shoshone,CA 39b -9.18 3.81 -1.48 3.44
St. George, UT 49 -12,40 14.40 -2.16 449
Tonopah, NV 46 -13.80 7.20 -141 4.64
Twin Springs,NV 27' -15.30 591 -256 572

' Installed in May 1991
='Standbystatusas of November1991
=Standby Stations
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5.0 Foodstuffs

Ingestionis one of the crltt,',.,altransportpathways milkor milkproducts. It isone of the most univer-
for radtonuclidesto humans. Food crops may sallyconsumedfoodstuffsand certainradionuclid.
ab_tb mdionuc!tdesfrom the soil in whk_hthey es are readily trticesble throughthe food chain
are grown. Radionualidesmay be found on the from feed or forage to the consumer. Because
surface of fruitsand vegetablesfrom atmospheric: dairyanimalsconsumevegetationrepresentinga
deposition, resulpeneton, or In partiales of soll large area of ground cover and because rrmny
adhedngto vegetablesurfaces. Weatht)rpatterns, radtonuolidesare transferredto milk, analysis of
especiallypreatpttatton,can affect soil Inventories milksamplesmayyield informationon the deposl.
of radionuclidN. Grazing animals ingest radio, lion of small amounts of radionualidesover a
nuoUdeswhichmay havebeen depositedonforage relativelylarge area. Accordingly,milk is closely
grasses and, whilegrazing, ingestsoilwhk_hmay monitoredby EMSL-LV throughthe MSN and the
contain radionuclides, 8MSN.

Cerlatn organsinthe grazinganimal, suchas liver §o1.1 Dellgn
and musote, may bioaooumuknteradtonuolides.
These radionualldesare transportedto humansby As inothernetworks,MSN oolleatlon!ooattonsare
consumptionof meat and meat products. In the dtstflbutedaround the NT8 in those pisses that
case of milk¢:attle,ingestedrsdionuoltdesmaybe havefamilydairycows or goatsor wherecommer.
transferred to milk. This is partiou!arlytrue of otaldairiesexist. MSN stationsare IoGstedwithin
mdiolodine isotopes,which, when consumed by li 180 mileradiusof the NT8, Figure35 showsthe
ahildren, can cause signtfk3antimpairment of 23 M8N stationsfor whtohmilk was collected in
thyroid funQtion. Water is another significant i991. Samplesfromthese stationswere collected
ingestion transport pathway of radtonualtdu to monthly,
humans.

8ampln were not collected from the Susie 8oo11
To monitor the ingestionpathways, milk surveil- and the Jane Frayne ranches neal_ Goldfield,
ianoe and btomonitorlngnetworksare operated Nevada in 1991 bimause the goats were dry,
within the Offsite Radiologk_alSafety Program These two rancheswill remainin the MSN. Three
(ORSP). Drinking water is monitoredunder the ranches were deleted from the network dudng
Long-Term Hydrologic,el Monitoring Program 1991: MoKsys Rahab, Ely, Nevada (deleted in
(LTHMP), discussed in Chapter 7. The Milk January); Twin Springs Ranch, Warm Springs,
SurveillanceNetwork (MSN)Includes commercial Nevada (deleted in DeQember); and Blue Jay
dairies and family.owned milk cows and goats Springs Ranch, Blue Jay, Nevada (deleted in
representingthe majormllkshedswithin180 miles September). Of these three ranches, only Blue
(300 kin) of the NTS. The MSN is supplemented Jay Springs Ranch providedmilk in 1991. Four
by the StandbyMilk SurveillanceNetwork(SMSN) MSN stationswere added to the networkin 1991:
which includesall states west of the Mississippi. John Deer (in March) and Bar-B-Cue (in july)
The biomonitoringnetwork includes the animal Ranches,AmargosaValley,Nevada; KarenHarper
investigationprogram and monitoringof radio, property (in October), Tonopah, Nevada; and
nualides in locally grown fruits and vegetables. Brsdshaw's Ranch (in November), Duckwster,
The biomonitoringnetwork also includesspecial Nevada. The SMSN consistsof 115 dairies or
studies,such as collectionand analysisof forage processingplantslocated in all states west of the
and groins. No suchspecialstudieswereconduct- MississippiRiver and is activated annually to
ed in 199t. monitortrendsand ensureproperoperationof the

networkin aase of an emergency. The SMSN is
5.1 Milk Surveillance Network aativated by a written request for samples from

EMSL-LV, The requestis sent to the five federal
Milk is particularlyimportantit"_ssessinglevelsof Food and Drug Administration (FDA) regional
radioactivityin a given area and, especially,the offlaes coveringthe western states and to state
exposureof the populationas a resultof ingesting representativesfor eaQhstate. The FDA regulates
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the dairy industry, The state representativesare Table 7, Summaryof Radionuclides Detected
responsibleforthecollection,thepreservation,and in Milk Samples
the shipment of the samples to EMSL-LV for
analysis, The kx_ationsof the SMSN stationsare # of
shownin Figure 36, Stations

Radio- Avg.Conc. withresults
Six stations in Texas were added to the SMSN nuclideYear (pCi/L) > MDC
during 1991, Prior to i991, Texas had not been ................................................................................................
part of the SMSN Samples were not received Milk SurveillanceNetwork
fromthe Lompo¢,CaliforniaSMSN stationin 1991,

3H 1990 129 0
5.1.2 Procedures 1991 152 2

_Sr 1990 o,179 0

Raw milk is collected in 1.gallon (3.8 L) collapsible 1991 0,303 1
Cubitainers and preserved with formaldehyde, _°Sr 1990 0585 4
Routine sampling is conducted monthly for tile 1991 0,546 4
MSN and _nnually for qle SMSN, or whenever
local or worldwide radiatioti everlts suggest l:_ssi- Standby Milk Surveillance Network
ble radiatiosl concerns, such as the Cherrlobyt
incident or nuclear testing by foreign ilation._ :_H 1990 i59 1

1991 153 1

All samples are analyzed by high resolution garn- _"Sr 1990 -0,161 0
rna spectroscopy to detect gamma-emitting radio- 1991 0.420 3
nuclides. Orte sanlple per quarter frorneach MSN _"_Sr 1990 1.324 17
location and the armuat sarnple_ from !we of the 1991 1.236 17
SMSN k_,atiort_ in each westerrl state (excluding ............. ................._.........................._.......... ..........
Nevada) are evaluated by radiochernical analysis.
These _l_pte,,_ are analyzed for :_H by liquid within or very close to one siandard deviation of
scintillation cour_ting and for "_Sr and _"_Srby the analysis indicating the result is within expected
radiochemical purification and beta counting statistical variation. For _Sr, one result from the

David Hafen Ranch, Ivens, Utah was the only

5.1.3 Results value which exceeded the MDC. Tl'le MDC for this
resultwas alsowithin one standard deviation of the

For both MSN afld SMSN samples, only naturally analysis result. For _Sr results, two samples from
occurring '_-Kaveraging 2 17grrVLwas detected by the Harbecke Ranch, Shoshone, Nevada and two

samples from the Karen Harper Ranch, Tonop-h,gamma spectroscopy. Appendix C, Table C-1 .....
contains the :"H,_'Sr, and _-'Srquarterly results for Nevada exceeded the MDC. Vatue,_above MDC
the MSN samples.The _H,"_Sr,and _Sr resultsfor have been observed at the Harbecke Ranch in
the SMSN are provided in Appendix C, Table C-2. previous years. The higher values have generally

occurred during the summer months, indicating
A list of the SMSN station samples which received those values rnay be associated with feedinggamma spectroscopy analysis only is provided in
Appendix C, Table C-3 patterns during those months. The Karen Harper

' Ranch has notbeen sampled in previous years so
there is no historicalrecordfrom that ranch. One

The rnajorrtyof the 3H, _Sr, and _Sr resultswere _H result three 8_Srresults, and 17 ='St resultsbelow the MDC. Table 7 summarizes the number
of values which exceeded the MDC for '_H _Sr, were above the MDC for samplesfromthe SMSN

' stations, This is consistent with the nurnber of
and _Sr analysisfor 1991 and comparesthem to valuesexceedingthe MDC in 1990.the 1990 data for both MSN and SMSN stations.

The valuesexceedingthe MDC are alsoannotated Time series of the _S, and _H data for 1982

in the tables listingthe data in AppendixC. For through1991 are providedinAppendix C, Figuresthe MSN, one sample result from the June Cox
Ranch, Ca!iente,Nevada and one fromthe Harbe- C-1 and C-2 for those MSN stations for which

there are historicaldata. The graphs show theeke Ranch,Shoshone,Nevada exceededtheMDC
for 3H, For bothof these results,the MDC falls result, the standarddeviation, and tile MDC for

each analysis, The distributionof the past ten

53



• • • • • •
• •

• •
DO

O

• • OO, oO O oOo •
O

_o •
• o%

Oo • • • • •
O

• • OO •

• • QO
O

• •

, "

• Standby Milk Surveillance
Network Station

Scale In Miles

0 100 300 500

100 300 500 700
Scale inKilometers

Figure 36. Standby Milk Surveillance Network stations, 1991.

54



years of g°Srand 3Hdata for the SASN stationsare 5.2,1 Network Design
provided in Appendix C, Figures C-3 to C-8. The

stations were divided into three regions for the The objective of the animal investigation program
graphs: the Mid-West region including Louisiana, is to determine whether there is any potential for
Texas, Arkansas, Illinois, Oklahoma, Missouri, radionuclides to reach humans through the inges-
Kansas, Iowa, Nebraska, Minnesota, South and tion pathway. To that end, the program is based
North Dakota; the Mountain region including New upon what is considered to be a worst-case sce-
Mexico, Arizona, Colorado, Utah, Wyoming, Idaho nado. Mule deer are migratory; the ranges of the
and Montana; and the Western region including herds which inhabit the NTS include lands outside
California, Nevada, Washington and Oregon. It the federal exclusionary area in which hunting is
should be noted that the data presented in these permitted. Therefore, it is theoretically possible for
graphs include many values which are below the a residentto consume meat from a deer which had
MDC. Values below the MDC were reported as become contaminated with radionuclides during its
measured, inhabitation of the NTS. During the years of

atmospheric testing, fission products were carried
In conclusion, th", MSN and SMSN data are con- outside the boundaries of the NTS and deposited
sistent with previous years and are not indicativeof in the offsite area. Longer-lived radionuclides,
increasing or decreasing trends. No radioactivity particularly plutonium and strontium isotopes, are
directly related to current NTS activities was still detected in soil in the area. Some of these
evident, radionuclides may be ingested by animals residing

in those areas. Cattle are purchased from ranches
5.1.4 Quality Assurance/Control where atmospheric tests are knownto have depos-

ited radionuclides. The continuedmonitoringof
Procedures for the operation, maintenance and bighorn sheep provides a long-term history for
calibrationof laboratory countingec,uipment,the examinationof radioactivitytrendsin largegrazing
controland statisticalanalysis of the sample and animals.
the data review and recordsare documented in
approvedSOP's. Externalandinternalcomparison The collected animals are not selected to be
studies were performed and field and internal representativeof average radionuclide levels in
duplicate samples obtained for precision and animals residingin the offsite area, nor are they
accuracy assessments. Analytical results are designedto be necessarilyrepresentativeof the
reviewed for completeness and comparability, herd fromwhichthey are drawn. However,selec-
Trends are identifiedand potentialrisksto humans tion is not random. There is an inherent nonran-
and the environmentare determinedbased on the dom selectionin huntingand the ranchersselect
data. The data quality assessment is given in the cattleto be sold. Because the programis not
Chapter 1i. statisticallybased,noconclusionscan orshouldbe

drawn regardingaverage concentrationsof radio-

5.2 Animal Investigation nuclides in animals in the offsite area, nor should
any conclusions be drawn regarding average

Program radionuclideingestionby humans. The collection
sites for the bighornsheep, deer, and cattle ana-

The primary purpose of the animal investigation lyzed in 1991 are shownin Figure37.
program is monitoring of the ingestion transport

pathway to humans. Therefore, animals which are 5.2.2 Sample Collection and
likely to be consumed by humans are targeted by
the program. These are bighorn sheep, mule deer, Analysis Procedures
and beef cattle. Occasionally, other animals are
analyzed. In 1991, tissue samples from a moun- During the bighorn sheep season in November and
tain lion shot in Area 12 of the NTS were analyzed. December, licensed hunters in Nevada are asked

to donate one leg bone and one kidney from each

A veterinarian retained through EPA EMSL-LV bighorn sheep taken. The location where the
investigates any claims of damage to animals sheep was taken and any other available informa-

tion are recorded on the field data form. The bonecaused by radiation, No such claims were re-
ceived in 1991. and kidney samples are weighed, sealed in labeled

sample bags, and stored in a controlled freezer
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untilprocessingtakesplace. Weightsare recorded withthe bighornsheep and mule deer, sampling
on the field data form. After completionof the informationandsampleweightsare recordedon a
huntingseason, a subsetof the samples is select- field data formand samplesare sealed in labeled
ed to representareasaroundthe NTS. The kidney sample bags, Samplesof bloodand soft tissues
is dividedintotwosamples. One kidneysampleis (lung,muscle,liver, thyroid,and kidney)are ana-
delivered to the EPA EMSL-LV Radioanalysis lyzed for gamma-emittingradionuclides;blood is
Laboratoryfor analysisof gamma-emittingradio- alsoanalyzedfor tritiumactivity. A second kidney
nuclides, The secondkidneysampleand all bone sample and bone samples are sent to a contract
samplesare shippedina singlebatchto a contract laboratoryfor ashing. Ashed kidney samplesare
laboratoryfor ashing. Uponcompletionof ashing, analyzed forplutoniumisotopes;boneashsamples
both the kidney and the bone samples are ana- are analyzed for plutoniumisotopesand strontium.
lyzed for plutoniumisotopesandthe bonesamples
are additionallyanalyzed for strontium. All results On occasion,other animalsbecome available for
are reported in units of pCi/g of ash. The ash analysis. Suchwasthe casewhen a mountainlion
weight to wet weight ratios(percentash) are also whichhad been menacingthe NTS Area 12 camp
reported, to permit conversion of radionuclide was shot in March 1991. As with the other ani-
activity to a wet weight basis for use in dose mais,selectedsoft tissueand bloodsamples were
calculations, analyzed for gamma-emitting radionuclidesand

blood samples were additionally analyzed for
Each year, attemptsare madeto collectfour mule tritium. Selected soft tissue and bone samples
deer fromthe NTS, on a one per quarterschedule, were ashed bya contractlaboratoryand analyzed
If a deer is killedon the road, that animal is used. for plutoniumisotopes;bone samples were addi-
If road killsare not available, a deer is huntedby tionallyanalyzedfor strontium.
personnel with a special permit to carry weapons

on the NTS. The deer is usuallydressed inthe 5.2.4 Sample Results for Bighorn
field, with precautions taken to minimize risk of Sheep
contamination. The locationof the deer, weight,

sex, condition,and otherinformationare recorded LicensedhuntersinNevada donateda kidneyand
on a field data form. Organs are removed,
weighed, and sealed in labeled sample bags. Soft leg bone frombighorn sheep collected in Novem-
tissue organs, includinglung, liver, muscle, and ber and Decemberof 1990. From these, a subset
rumen contentsare divided intotwo samples,one was selectedrepresentingareas aroundthe NTS.
for analysis of gamma-emittingradionuclidesand The kidney samples were analyzed for gamma-

emittingradionuclidesand for tritium. The bone
one which is ashed prior to analysisfor plutonium sampleswereashed priorto analysisof 9°Sr,Z_Pu,
isotopes. Thyroid and fetus (when available), z_.240pu"
because of their small size, are analyzed onlyfor and The resultsobtainedfrom analysis

of bighornsheep bone and kidneyare shown in
gamma-emittingradionuclides.Samplesof blood Table 8. The numbersin the first columnof the
are analyzed forgamma-emittingradionuclidesand
tritium. Bone samplesare ashed andanalyzedfor table refer to the numbered sample locations
plutonium isotopesand strontium. The samples shownin Figure37. Otherthan naturallyoccurring
requiringashingare shippedina singlebatcheach "°K, neither gamma-emitting radionuclides nor

tritiumwere detected at activitiesgreaterthan the
quarter to a contract laboratory. Analyses are MDC inany of the kidneysamples. Allof the bone
completed in the EPA EMSL-LV Radioanalysis
Laboratory. Resultsforashed samplesare report- tissue samples, however, yielded 9°Sr activities
ed in units of pCi/g ash; the percent ash is also greaterthan the MDC of the analysis. The rangeand medianvalues for 9°Sr,shownin Table 9 and
reported to permitconversionto wetweightactivity in Table 10, were similar to those obtained lastfor calculationof dose assessments.

year. The average g°Sr levels found in animal
bone ash since 1956 are shown in Figure 38.

Four cattle are purchased from ranches in the None of the bone samples yielded _Pu results
offsite area around the NTS each spring and
another four are purchased each fall. Generally, greater than the MDC of the analysis and only one
two adult cattle and two calves are acquired in sample (Bighorn sheep No. 5) yielded a z39*a°Pu

result greater than the MDC. This animal was
each purchase. The facility at the old EPA farm on collected in Area 287, south of Searchlight, Neva-
the NTS is used for the slaughter. This facility is da Medians and ranges of plutonium isotopes,designed to minimize risk of contamination. As
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Table 8. RadionuclideConcentrationsin Desert BighornSheep Samples taken in Winter 1990
I I1[ I I[ II - IIII II IIIII IIIIII IIII III ......... ,;, n........... ...................

Bone Bone Bone Kidney(')
Btghom =°Sr _Pu =_*=4°Pu 3H
Sheep Concentration Concentration Concentration Concentration
Identifl- Percent :1:1 s ± 1 s + 1 s ± 1 s

cation # Ash pCVgAsh) (10_pCVg Ash)r°) (10"=pCVgAsh)*=') (pCVL)*_)

1 33 "1.8 :i: 0.1 -1.3 :t: 0.9 0.7 ± 15 -50 ± 140
2 34 "1.7 ± 0.1 0.0 + 0.6 0.4 ± 0.7 130 ± 140
3 32 "2.0 + 0.2 -1.3 :t: 1.8 0.6 ± 1.4 -30 ± 140
4 27 "1.2 + 0.2 1.0 + 1.3 0.0 ± 1.0 30 ± 140
5 30 "2.0 :1: 0.2 -0.4 :t: 0.4 "4.5 ± 1.6 220 :t:140
6 36 "0.5 :t: 0.1 0.0 :1: 1.i -1.0 ± 0.8 100 ± 140
7 33 "1.1 + 0.1 0.6 + 2.1 -0.6 + 1.1 170 ± 140
8 34 "1.4 ± 0.1 0.7 + 1.7 0.7 ± 1.7 -80 ± 140
9 32 "1,2 + 0.1 -1.1 + 1.1 4.5 ± 2.8 60 ± 140
10 36 "1.0 ± 0.1 0.8 + 1.0 -0.4 + 0,7 110 ± 140
11 34 "1.2 ± 0.1 -0.4 ± 0.4 -0.4 ± 0.4 -10 ± 140
12 35 "1.8 + 0.1 -0.6 + 1.8 -0.6 + 1.0 -50 ± 140
13 34 "1.7 ± 0.1 0.0 + 1.0 2.5 ± 1.5 NC

14 Bone sample not collected -30 ± 140
15 Bone sample not collected -10 ± 140
16 Bone sample not collected 150 ± 140

Median 34 1.4 0.0 0.4 30

Range 27 to 36 0.5 to 2.0 -1.3 to 1.0 -i.0 to 4.5 -80 to 220
_11 I iiiiiii I III IIIIII II I II I I I .............. I ..... I

(') Aqueous portion of the kidney tissue.
_) To convert pCVg to Bq/kg, multiply the concentrationby 37.
(=) To convert pCVL to Bq/L, multiply the concentration by 0.037.
NC = Not collected.

= greater than minimum detectable concentration.

given in Table 9 and in Table 9, were similar to been contaminated by radioactivity, as shown in
thoseobtained inthe previousyear. Appendix C, Table C-4. No gamma-emitting

radionuclidesother than naturally occurring4°K

5.2.5 Sample Results for Mule Deer were detected in soft tissues;however, 23g.24°Pu
was detected in all of the ashed soft tissue sam-

One mule deer was obtained,eitherby hu_'ltingor pies, rangingfrom 0.008 ± 0.003 pCVgash in the
road kill, each quarter from areas on the NTS, liver sample to 1,2 ± 0.1 Pci/g ash in the muscle
Collectionsitesare shownon Figure37, numbered sample. Concentrationsof 2:_Pugreaterthan the
by quarter of collection. Blood samples were MDC of theanalysiswere alsoobtainedinthe lung
analyzed for gamma-emitting radionuc!idesand and rumen contentssamples. The bone sample
tritium. Soft tissue samples (lung, muscle, liver, also yielded 0.9 + 0,2 pCVg ash of 9°Sr. The
thyroid,rumencontents,and fetus, whenavailable) tritiumactivityin the bloodsample was 420,000 ±
were analyzed for gamma-emittingradionuclides. 1000 pCVL, indicatingthe animal probablydrank
Additionally,samples of soft tissues and bones from the NTS Area 12 ponds. The area 12 con-
were ashed and then analyzed for plutonium tainmentpondsare catchmentbasinswhichcon-
isotopes;ashed bonesampleswerealsoanalyzed tain impoundedwatersfrom tunneltest areas, All
for 9°Sr. Samplesof thyroidand fetus tissuewere active containmentponds are restricted access
not ashed due to theirsmall size. areas postedwith radiologicalwarningsigns.

The muledeer collectedin the first quarterof 1991 The muledeercollectedinthe secondquarteralso
was a pregnant female in poorconditionobtained showedindicationsof contamination(see Appendix
by hunting in Area 12. Analysis of blood, soft C, Table C-4). This animalwas obtainedas a road
tissue,and bonesamplesindicatedthe animalhad kill inthe southeastportionof the NTS (see Figure

37). Althoughthe bloodsample was negativefor
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Figure 38. Average Strontium levels in bighorn sheep, deer, and cattle, 1956 - 1991.
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Figure 38. Continued,
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Figure 38. Continued.

tritiumand no gamma-emittingradlonuclidesother those reportedfor mule deer collectedin 1990 for
than 4°Kwere found in the soft tissuesarnp!e8,all bone tissue analyses and _Pu analyses in all
of the ashedsofttissuesamplescontained_"'+_°Pu tissues. The average g°Sr levels found in animal
at concentrationsgreater than the MDC of the bone ash since 1955 are shown in Figure 38.
analysis. The z39*_'4°Puactivities in ashed soft Markeddifferencesbetweenyearsare observedin
tissues ranged from 0.09 ± 0.01 pCVgash in the the mediansof tritiumactivityinbloodandz_*_Pu
rumen contents to 0.8 ± 0.1 pCi/g ash in the in ashed soft tissues. These differencesare due
musclesample. Inaddition,Z_Puwas detectedat to the fact that two contaminatedanimals were
activitiesgreaterthan the MDC of the analysisin collectedin 1991. In past years, noneor,at most,
the lung and liver samples. The bone sample one of the mule deer have shown evidence of
resultswere less than the analysisMDC for pluto- radioactivecontaminationand, thus,a contaminat-
nium isotopesand 0.5 :!:0.1 pCVgash for _°Sr. ed sample had no impacton the median.

The othertwo muledeer, obtained inthe thirdand 5.2.6 Sample Results for Cattle
fourth quartersof 1991, yielded results less than

the analysis MDC for most analyses, with the FourcattlewerepurchasedfromtheCourtneyDahl
exceptionsof a tritiumactivityof 1000 ± 150 pCVL ranch in Delamar Valley (near Alamo, Nevada) in
inthe bloodsamplefrom mule deer No. 3, a Z_Pu the spring of 1991 and another four were pur-
activity of 0.012 :t:0.002 pCVg ash in the rumen chasedfromthe WilliamAgee ranch near Rachel,
contents of mule deer No. 4, and greater-than- Nevada in the fall of 1991. Figure 37 showsthe
MDC _.U°Pu activities in the rumen contentsof locationsof theseranches. Bothadultandjuvenile
both animals. Mule deer No. 3 was collectedin cattlewere purchased. The animalswere slaugh-
Area 12, and may have drunk from the Area 12 tered and necropsiedat the EPA farm facility on
ponds. Mule deer No. 4 was obtained near Echo the NTS. Blood and soft tissues (lung, muscle,
Peak on the NTS. liver,thyroid,and kidney)were analyzed for

gamma-emitting radionuclides;blood was also
The medians and ranges of the 1991 mule deer analyzed for tritiumactivity. Samples of kidney
analyses, presented in Table 10, are similar to
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Table 9. SummarizedRadiochemioalResultsfor AnimalSamples 1991

9OSr Z_pu _9._Opu 3H
Number % ash Median Median Median Median

of Median Range Range Range Range
Sample Samples Range (pCi/g) (lO'3pCi/gash) (lO3pCVgash) (pCi/I.)

Cattle Blood 8 241
(120 to 360)

Cattle Liver 8 1,3 2.4 35
(1.0 to 1.4) (-0.0001 to 60) (-0.0001 to 3400)

Deer Muscle 4 1.0 7.2 402
(1.0 to 1.1) (-1,1 to 18) (-0,7 to 1200)

Deer Lung 4 1.0 1.3 10.7
(0.9 to 1.0) (-17 to 10) (-0.8 to 350)

Deer Liver 4 1.3 2.4 5.2
(0,9 to 1.4) (0.7 to 6.0) (2.2 to 170)

Deer Rumen 4 3.9 5.0 73
Content (1.7 to 21) (2.0 to 12) (17 to 110)

Deer Blood 4 504
(-28 to 420,000)

Deer Bone 4 33 0.7 0,5 0.7

(30 to 35) (0.5 to 0,9) (-0.7 to 2,1) (-0.0002 to 5,9)

Cattle Bone 8 34 0,8 -0.5 0.0
(19 to 47) (0,3 to 1,3) (-3.1 to 0.7) (-0.7 to 5.1)

Sheep Bone 13 34 1.4 -0.0001 0.4
(27 to 26) (0.5 to 2,0) (-1.3 to 1.0) (-1.0 to 4.5)

Sheep Kidney 15 30
(-80 to 220)

Mr. Lion Muscle 1 1,2 -3.0 18

Mr. LionBone 1 20 1.1 i,1 -3.3 2,6

Mt. LionBlood 1 71,300
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and bone were ashed and analyzedfor plutonium contraotlaboratory,Analysisof samplescollected
isotopes; bone samples were also analyzed for in 1991 was completed by the EPA EMSL-LV
°°Sr. Duplicatekidneyandbonesamplesfromone RadioanalysisLaboratory. Althoughthe methods
animal in each group of four were prepared and usedbythe twolaboratoriesare similarand should
analyzed, producecomparabledata, the possibilityof labora-

tory biascannotbe eliminated. This possibilityis
All four of the cattle pumhasedfromthe Courtney unlikely,however, since medians and ranges for
Dahl ranch (Bovine 1 to 4) yielded detectable othertissuesand otheranimal types were similar
concentrationsof g°Srin boneash samples, rang- for 1990 and 1991 data,
ing from0.29 ± 0.04 pCVgashto 1.00 ± 0.07 pCVg

ash, as showninAppendixC, Table C-5. Noneof 5,2.7 Sample Results for the
the four cattle purchased from the William Ages Mountain Lion
ranch yielded concentrationsof =°8r greater than
the MDC; however, the MDC of the analysiswas
higherforthese analyses(approximately1,4 pCi/g A mountain llon which had been menacingthe
ash as comparedto approximately0,13 pCVgash Area 12 camp was killed by an NTS-authorized
for the springsamples)l The averageg°Srlevels hunterinthespringof 199i, Kidney,lung,muscle,

' blood,and liversampleswere analyzed for gam-
found inanimalbone ash since 1956 are shownin ms-emittingradionuclides;only naturallyoccurring
Figure 38. All of the liver ash samples, with the 4°K was detected, A blood sample analyzed for
exceptionof the sample fromBovineNo. 4, yielded
greater-than-MDC concentrations of _*Z*°Pu, tritium activityyielded a result of 71,300 ± 400

pCi/L, indicatingthe animal probablydrank from
rangingfrom 0.0i5 ± 0.C37pCi/g ash to 3.4:1:0.2 the Area 12 ponds. Muscle and bone samples
pCi/g ash_. Bovine No. 4 was a young oalf, ap-
proximatelyseven monthsinage andstillreceiving were ashedand analyzed for plutoniumIsotopes;
milk as a part of itsdiet. Absorbed plutoniumis the bone sample was also analyzed for =°Sr.

Resultsare given in Table 10. The only results
ooncentratedinthe liverof cattleingestingplutoni- greaterthan the MDC of the analysiswere _°Srin
um oxide (EPA 1980). The only bone ash sample bone, with a resultof 1.09 :t:0.07 pCi/g ash, and
witha z_'=4°Puresultgreaterthan the MDC of the _Pu in muscle,witha resultof 0.018 ± 0.009
analysiswas inthe samplefromBovineNo. 6, with
a value of 0.005 :t:0.002 pCi/gash, pCi/gash,

Medians and ranges,giveninTable 10, are similar 5.2,8 Quality Assurance
to those reported for animals collected in 1990,
withthe exceptionof cattle liver. The 1991 cattle Standard operating procedures (SOPs) detail
liver median is greater than the upper end of the sample collection,preparation,storage,analysis,
range in 1990. It shouldbe noted that in 1990, anddata reviewproceduresto ensurecomparabili-
cattle were purchasedfrom the Agee Ranch and ty among operators, Field personnelcompletea
the MedlinsRanch andnot fromthe CourtneyDatll standardizednecropsyprotocolformto ensurethat
Ranch. An investigationwas conducted of all all relevantinformationis recorded,such as date
procedures from sampl;ngthroughdata reporting, and locationof collection,historyand conditionof
No evidence of uniform contaminationcould be the animalsand tissues,and sample weightsand
found, either in sample preparationor analysis, assigned identificationnumbers. Standardized
Results of QA/QC samples analyzed with the formsaccompanyeach shipmentof samplessent
animaltissuesampleswere withinspecifiedcontrol to the contractlaboratoryfor ashing and are also
limits, with the exception of the duplicate pair used for analysesconductedin the Radioanalysis
discussedin theprecedingfootnote. The posaibili- Laboratory, All informationentered into the data
ty of sample contaminationoccurringduringthe base managementsystemby Sample Controland
ashing process could not be ruled out, although the radioanalysischemistsischecked and verified
othertissuesand mule deer samplessubmittedfor bythe GroupLeaderand assignedmedia expert,
ashing inthe same batch yieldedresultssimilarto
thoseobtainedin previousyears, and any source An estimateof systemprecisionis obtainedfrom
of contaminationwouldhaveto haveaffectedtwo resultsof duplicatesamples Matrixspikesamples
different batches of cattle samples submitted at are used to verifyanalytical accuracy, Matrix blank
differenttimes. Priorto 1991, plutoniumanalyses samplesmonitorany contaminationresultingfrom
of ashed tissue samples were completed by a sample preparation and analysis. The entire
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sample set analyzed in any given year is quite Therefore, monitoringis limited to fruitsand vege-
small (usuallyfouror fivesample batches)and, as tablesgrownin local gardensfor familyoonsump-
a consequence, the quality assurance/quality tion. Inthe event of a releaseof radioactivityfrom
control(QNQC) sample resultsset containsfewer the NTS, monitoringofproducewouldbeextended
values than is considered minimal for statistical to includealfalfa, forage grasses, and feed grain
uses. Therefore, tile results of QA/QC samples supplies. No such extensive monitoring was
are considered to provide only an indicationor requiredin 1991.
estimate of true precisionand accuracy. This is

consideredadequatebecausetheanimalinvesttga- 5,3,1 Network Design
tion program itself is not statisticallybased.

Like the animal investigationprogram, fruit and
Prior to 1991, analyses of animal tissue samples vegetable monitoringis based on a worst.case
wereperformedbya contractlaboratory.The EPA scenario, Local residentslivinginareas knownto
EMSL-LV Radloanalysts Laboratory assumed have receivedfalloutfrompast atmospherictesting
responsibilityfor sample analysis beginningwith are asked to donate produce from their family
the resultscontainedin this report. The change of gardens. These areas which received fallout are
laboratoriesraisedconcernsaboutcomparabilityof also the areas inthe preferreddownwinddirection
analyses, so a special QA review was conducted, during current undergroundtesting. As sample
The procedures used by each laboratory are collectionis not statisticallybased, no Inference
comparable, as are resultsof matrix spike sam- shouldbe drawnregardingthe representativeness
pies. Generally,the resultrangesobtainedin 1991 of the sampled materials to concentrations of
were similarto those obtained in previousyears radionuclidesin produce as a whole, nor should
when samples were analyzed by the contract any conclusionsbe drawn regardingthe average
laboratory. Finally,resultsof QA/QC samples,with consumptionof radionuclidesfromproduce.

i the exception of one routine.duplicate pair, were

i withinestablishedcontrollimits. Althougha direct 5.3.2 Sample Collection and
comparability study was not undertaken (i.e,,
analysisof replicatesamplesbybothlaboratories), Analysis Procedure==
the results of the QA review indicate the data
obtainedfor 1991 analysesare comparabletodata Samplecollectionisa strictlyvoluntarycontribution
obtained in previousyears, by the offslte residents. Sampling is done only

once per year, in the late summer. Fruits and
The QA review also resultedin recommendations vegetablesharvestedat that timegenerallyinclude
for some changes in the animal investigation rootcrops(onions,carrots,potatoes), melonsand
program to be implemented in 1992. These squash, and some leafy vegetables (e.g., cab-
recommendationsincluded preparationof a large bage). A uniquesample numberis assigned and
stock of matrix spike and blank sample material pertinent information,such as date and place of
and addition of a systemblank. The singlestock collection,is recordedon thesamplecollectiontag,
of matrix spike sample material will permit an Followingreceipt in Sample Control, the available
additionalestimateof precision,inthiscase analyt- informationisenteredintothe sampletrackingdata
ical precision,to be obtained. The system blank managementsystem(STDMS),
will be a bone sample knownto containno detect-
able concentrationsof radionuclides (with the Processingof the samples includeswashingthe
possible exceptionof strontium)processedwith materialas it wouldbe washed by residentsprior
each tissue sample batch to provide a check of to eating or cooking. This washing procedure
possible contamination during the ashing and introducesan element of variability,as the thor-
sample preparationprocesses, oughnessof washing varies by individual. Pota-

toes and carrotsare not peeled. Furtherprocess-

5.3 Fruits And Vegetables ing generally includes cutting the matedal intosmall pieces and/or blending in a mixer or food
Monitoring processor. Splits are prepared for analysis of

gamma-emittingradionuclidesand tritium. Other
Anotherpossiblepathwayof radionuclideingestion sample splits are ashed and analyzed for _Sr,
is throughproduce: fruits,vegetables,and grains. _Pu, and _+24°Pu
Commercial farming, other than alfalfa, is not a
major industryin the offsite area around the NTS,

63



5.3.3 QualityAssurance residentsinUtah,Arizona,andNevada,Fruitsand
vegetablessampledInaludedcabbage, _nta-

Ttle fruitsandvegetablesare consideredto bea Ioupes,zucmhtnland summersquash, onions,
batchwithintheanimalInvestigationprogram,The carrots,beets,andpotatoes, All sampleswere
sameQA/QCsamplesareused,includingmatrix, analyzedfor gamma-emittingradtonualidesand
spikesandmatdxblanks(NOTE:animalboneash only naturallyoccurring*°K was detected, All
tsthe matrix), If sufficientmaterialis received,at sampleswerealsoanalyzedfortdtlum;no results
least one of the samplesmay be analyzedIn greaterthan the MDC of the analysiswere ob-
duplicate,however,in manyyearsnotenoughof tained, Ashedsampleswere analyzedfor =°Sr,
anyonetypeof materialIs receivedfromanyone mPu, andm'_Pu. Noneof the=°Srresultswere
soumetopermitpreparationof replicates,As with greaterthantheMDCof theanalysis.Concentre-
the animal investigationprogram,the QA/QC tionaofmPu greaterthantheanalysisMDCwere
samplesprovideonlyan estimateor Indicationof found!ntwosamples,bothfromFailleRanchnear
theanalyti_l precisionandaccuracy, Rachel,Nevada,and concentrationsof _=4°Pu

greaterthan the analysisMDC were found In

5.3.4 8ample Results sevensamples, Theseresultsare giveninTable10, No oonslstmntcorrelationsof greater.than.
MDCresultswithsamplelocationorwithvegetable

Inthefallof 1991,fifteensamplesof locallygrown modeof growth(i.e,,surfacegropeas opposedtofruitsandvegetablesweredonatedbyoffsite rootcrops)wereevident.

Table10, DetectablePlutonlumConoentratlonsinVegetable1991

Collection ==_'_°Pu± la _4°Pu _Pu ± 10 _Pu
Vegetable Lomztton (pCi/g)ash MDOI'_ (pGt/g)ash MDC"°

Onions BeaverDam,AZ 0,004± 0.002 0.002
(MeddibowFarms)

Zu¢chlnlSquash Enterprise,UT 0.006± 0.003 0.005
(DewardTerry)

SummerSquash Rachel,NV 0.029± 0.006 0.005 0.008± 0.003 0.005
(Yel!ow) (FallisRanch)

SummerSquash Rachel,NV 0.010± 0.005 0.008
(PenoyerFarms)

Potatoes Rachel,NV 0.06! ± 0.005 0.002 0.008± 0,002 0.003
(FailleRanch)

Beets Rauhel,NV 0,007:t:0.003 0.005
(PenoyerFarms)

RedandGreen St. George,UT 0,002± 0.001 0.002
Cabbage (JeffLayne)

_'_MDC= minimumdet_table concentration,
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1. Reanalysis wasoonduotedon the Ages Ranah samplesdue to the highMDC, The highMDC was tile
resultof 1 g ratherthen 10 g of sample beingusedinthe firstanalysis, The rsanalysisresultswere nearly
identk_l to thoseobtainedin the firstanalysis, Allwere _ve the MDC, whichwas about0,7 pCi/g ash
for the second analysis,

2. The highestresultobtainedin BovineNo, 2, 3,4 pCl/g ash, is suspect. A duplicatesample prepared
from the same liver yieldeda @reater-than-MDCresultof 0,04 ± 0,01 pCVgash for_°_°Pu. Additionally,

i this sample yieldedthe only mPu resultgreater than the MDC of the analysis,a resultof 0.059 ± 0,007
pCI/g ash, while the duplk_atosample _Pu resultwas less than the MDC. Repeated analyses yielded
similar results. However, an investigationof the sample aouidnot identifya souraeof oontamination,
Additionally,the possibilityof differingaativittesinNpamte liverlobesoouldnotbe ruledout as a possible
explanationfor the observeddifferenae in analyticalresults, Therefore,the value oannotbe invalidated,
but shouldbe regardedas suspect,

65



.................................. III 111 I ............... ll/I]lllIIiilill/_L IIIIIII........................ __ ..... __ -- -" ....... _ _

6.0 Internal Doslmetry
InternalexposureIscaused by ingested,absorbed, obtainemp!oymenl, The geographical locationsof
or inhaled rsdionuolideslhal remain in lhe body the participatingfamiliesare shownin Figure 39.
either temporarily or for longer periods of lime Althoughmost familiesare able Is come into the
because of storage in tissues. At EMSL.LV, two laboratory as scheduled, some are unable to
methodsare used to dete_ bodyburdens: whole- participatein a particular year due to distance,

i bodyoountingand urtnalysis_These two methods weather, or family commitments All families
oonstltutethe internalDosimetryProgram ourrenllyin residencewouldpresumablybe avail-

able followinganyaocidentalreleaseof radioaotivi-

6.1 Network Design

The Internal DosimetryProgram consists of two Individualswithpotentialfor occupationalexposure
oomponents, tile Offsite Internal Dosimetry Pro- are countedat the request of their empk,_;_rsas
gram and the RadiologicalSafety Program, The partof the RadiologicalSafety Program, Cuunting
Offsite Internal Do:dmetryProgramis designedto: is done routinelyfor DOE contractors EPA per-
(1) measure radtonucltde body burdens in a sonnel in radiationprograms or who work with
representative number of families who reside in radioactivematerialsundergoa wholebodycount
areas Ihatwere subjectedto falloutduringtheearly and a urinalysisarmually.
years of nuclear weaponstests,and (2) providea
biological monitoringsystem for present nuclear 6.2 Procedures
testing activities A few families who reside in
areas notaffecled bysuchfalloutwereselectedfor The whole-bodycounting facilityhas been main-
comparativestudy Membersof lhe generalpublic tainedat EMSL-LV since 1966 and Is equippedto
conoemed about possible exposure to radio- determine the identity and quantity of gamma-
nuclidesare also countedperiodicallyas a public emittingradionuclidesthatmayhavebeen inhaled,
service_ 'r'he Radiological Safety Program is absorbed, or ingested, Routine examinations
designed to assess internal exposure for EPA consistof a 2,000 secondcountin eaoh of the two
employees, DOE contractoremployees,and, by shieldedexaminationvaults Inone vault,a single
special request, for employees of companiesor intrinsicgermanium coaxial detector positioned
government agencies who may have had an ovelan adjustablechairaltowsdetectionofgamma
accidentalexposureto radioactivematerial radial!onwithenergiesrangingfrom60 keV to 2,0

meV in the whole body The other vault contains
The Offsite Internal Dosimetry Program was an adjustable chair with six intrinsic germanium
initiatedin December 1970 to determine levelsof semi-planardetectors mounted above the chest
radionuclidesin some of the families residingin area. The semi-planar array is designed for
communities and ranches surroundingthe NTS. detection of gamma and X-ray emitting radio-
For these families,biannualcountingis performed nuclideswith energy ranges from 10 to 300 keV
in the springand fall of each year, This program Specially designed software allows individual
startedwith34 families(142 individuals)in 1991, detector spectra to be analyzed to obtain a
15 of thesefamilies(35 individuals)werestillactive summationof left- or right-lungarrays and of the
in the program. When the CRMP network was total lung area. This provides much greater
started in 1981, the familiesof the stationmanag- sensitivityfor the transurantcradionuclideswhile
ers interestedin participatingwere added to the stillmaintainingthe ability to pinpoint "hot spots."
program, As additionalstation managersjoined Custom-designeddetectormountsallowmaximum
the program,the numberof familiesinthe program flexibilityfor the placementof detectors in various
in 1991 has increasedto 58. Althoughthere are configurations for skull, knee, ankle, or other
58 familiesinthe program,only34 of themactually geometries
participatedin 1991. These familiesare counted
in the winter and summer of each year. The Individualstravelto EMSL-LVwhere a whole-body
numberof individualsparticipatinginthe program count and a lung count of each person are per-
varies as childrenleave home to attendschoolor formed, A urinesample is collectedfor _Hanaly-
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sis. Not all participants of the Radiological Safety generally healthy population. The blood examina-
Program submit urine samples for 3Hanalysis, tions and thyroid profiles showed no symptoms

which could be attributed to past or present NTS
Results of the whole-body and lung counts are testing operations.
available before the Offsite Internal Dosimetry
Program participants leave the facility and are Of the 87 bioassay samples obtained from individu-
discussed with the subjects. Results of the urine als with potential for occupational exposure, five
3H analysis are submitted later if the result is were over the MDC. The MDCs for all of these
abnormal. At 18-month intervals, a physical exam, results were within one standard deviation of the
health history, and the following are performed: a result. The highest vahJe,3,6 x 10.7I_Ci/mLis less
complete urinalysis, complete blood count, serolo- than 0.001 percent of the annual limit for occupa-
gy, chest x-ray (3-year intervals), sight screening, tionally exposed individuals. The bioassay results
audiogram, vital capacity, EKG (for individualsover for occupationally exposed individuals are given in
40 years old), and thyroid panel. The individual is Appendix D, Table 2.
then examined by a physician. The results of the
examination can be requested for use by the Some members of the general public request
individual's family physician, whole body counts because they are concerned

about possible radiation exposure. Such was the
6.3 Results case of two men using heavy equipment in the

vicinity of a mine thought to have a high percent-
age of thorium in the ore. One of the men had

During 1991, a total of 2,800 gamma spectra were returned home from work after dark and removed
obtained from wl,ole-body counting of 350 persons
(including those individuals who were counted a fluorescent tube from the trunk of his car. The
twice). One hundred and six of the counts wereon tube glowed when he picked it up by the end. He
participants of the Offsite Internal Dosimetry thoughtthe glowing was caused by radiation in his
Program. All spectra were representative of body. He had demonstrated this to his partner and
normal background and showed only naturally other people who all became convinced that he
occurring 4°K. No transuranic radionuclides were was contaminated. He brought the tube with him
detected in any lung-counting data. No internal to EMSL-LV, along with a soil sample. It was easy
exposure above applicable regulatory limits was to demonstrate how the tube would glow from a
detected in either occupationally exposed individu- static charge. He had inadvertently rubbed the
als or members of the general public who partici- tube across the carpet in his truck and upon his
pated in the Internal Dosimetry Program at EMSL- trousers, causing the tube to glow. The soil did not

contain enough thorium to be detectible. Although
LV. the incident that caused their anxiety was easily

Bioassay results for the Offsite Internal Dos;metry explained scientifically, they were concerned
Program showed that the concentration of tritium in enough to seek assistance and relieved that they
single urine samples collected at random periods were not contaminated.
of time (i.e., whenever the individual was able to
come to EMSL-LV) varied from below the MDC Another man was referred to EMSL-LV by his
average value of 2.7 x 10.7 I_LCi/mLto 3 8 x 10`7 employer after his wife became upset when she

' learned he had been checking equipment on the
t.tCi/mL. The average value for 9_] samples
analyzed for tritium in urine was 8.9 x I0 8 I_Ci/mL. NTS during a nuclear event. Although he had
The bioassay results for the Offsite Internal been working in the vicinity, he was not in the
Dosimetry Program are listed in Appendix D, Table exclusion zone and was a number of miles away
i. Two values were slightly above the MDC, The from the event. He had not been notified by his
MDCs for these values were within one standard employer of the pending event and became con-

cerned when his wife heard that there had been an
deviation of the result. The highest value of 3.8 x

event. When he was counted, no internally depos-
10.7LLCi/mLis only 0.01 percent of the annual limit
of intake for the general public. As no accidental ited radioactive material was detected. No release
or planned releases from NTS ,,._,,:,:ereported in of radioactivity had occurred and he had actuallybeen in his car headed off the site at the time of
1991, no additional bioassay sampling was
performed. As reported in previous years, medical the event.
examinations of the offsite families revealed a
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Numerous employees of DOE contractors were The following MDAs were calculated following
counted as part of the RadiologicalSafety Pro. recalibrationof the lungcountingsystemin Febru-
gram. All of these were routinecountswith the ary, 1992: 241Am,0.2 i._Ci;_Pu, 18 i_Ci;arid z_Pu,
exception of two employees who were flown in 130 I_Ci. There were no significantdiffere,_.ces
after separate incidents.One was_ mechanicwho from previousMDA's. These were calculated for
had been workingon forklifts. T_e forkliftshad a standard chestwall thickness of 3 cm. The
been contaminatedwith uraniumpriorto procure. MDAsforthewhole-bodycountingsystemfor 1991
ment from excess property. No uraniumor other were as follows:r'°Co, 10 nCi; 137Cs,14 nCi; Cs-
radionuclides,except naturallyoccurring pot_ssi- 134, 11 nCi; and 1311,13 nCi.
um, were detected. The minimum detectible
activity(MDA) for Z_U in the lungsis 1.8 I_Ciand All efficiencycurvesare generatedby the vendor-
for z_U, is 0.12 l_Ci. The other person was in- supplied whole-bodycountingand lung cour,ting
volved in a filter incidentat Rocky Flats, a DOE software. Daily performance and background
facility in Colorado. He had been givenchelation routinesare completed. QA software is used to
therapy after having a positive nasal swipe, monitorthe systems by performingout-of-range
Subsequenturine sampleshad tested positive for tests for predeterminedparameters. Resultsare
Z_Pu and 24_Am.He had been counted at Rocky plottedand reportsare generateddaily and month-
Flatsbut had requestedanothercountbysomeone ly. All data are stored inthe computer. Replicate
else to verifythe negativeresults. Lungand whole countingof the standard BOMAB phantom pro-
body counts at this facility detected no radio- videsa measureof consistency. Replicatecounts
nuclides other than naturally occurringCK. The of ulind intercalibrationphantomsand of people
IV_DAfor his chestwallthickness is 0.35 _Ci of countedpreviouslyin other facilitiesprovideaddi-
_An',. The annual limit of intake (ALl) for 241Amis tional measurements of precision and accuracy.
5.4 t_Ci. Verification and validationare completed before

resultsare entered intoa data base. Calculation

6.4 Quality Assurance/Quality of internaldose isdone utilizingsoftwarebased on
the International Commission on Radiological

Control Protection (ICRP) methodology (ICRP, 1979).
Dosecalculationit verifiedusingICRP and Nation-

Quality Assurance procedures consist of daily al Councilof RadiationProtectionand Measure-
equipment operationschecks usingQA software ment (NCRP) guidelines(NCRP, 1989). Preven-
obtainedspecificallyfor thisprogram. Someof the tive maintenanceand repair of analytical equip-
parametersmonitoreddailyincludeenergycalibra- ment are done by the vendor service representa-
tion of each detectorusinga NIST-traceablepoint tive. Data are retained permanently. Subject
source to check for zero, gainshift, and resolution confidentialityand data security are maintained
over a wide range of energies. A background throughwell-establishedprocedures. EPA whole-
measurement is also taken once or twice daily bodycountingtechniciansparticipatein DOE and
dependingon the countschedule. EPA QA trainingprograms.

The whole-body detector efficiencyis calibrated
annually using a Bottle Matlnequin Absorber
(BOMAB) phantom containinga NIST-traceable
mixed radionuclidesource. The lung counter is
also calibratedannually with a male realisticlung
phantom. A separate set of efficiencycalibration
data is kept for each combination of sample
shape/organ geometry.

70



IIIFIII I IIIIII II II II I IIIIIII .....

7.0 Long-Term Hydrological Monitoring Program
One of the concerns of underground nuclear • Document compliance with existing fed-
weapons testing is the possibilityof radionuclide eral,state,andlocalantipollutionrequire-
contamination of groundwaters. Underground ments.
nuclearweaponstestsarecurrentlyconductedonly
on the Nevada Test Site (NTS). Between 1961 Anotherobjectivewhichhas beenincorporatedinto
and 1973, eleven tests were conductedin eight the LTHMP is to, where possible,detect trends in
other locationsin the United States. The initial radionuclideactivitieswhich may be indicativeof
groundand surface watermonitoringprogramwas migrationfromthe test cavity.
established by the U.S. Public Health Service
(USPHS) inthe early 1950s. Pretestand posttest The primaryradionuclideanalyzed in the LTHMP
monitoringfor the locationsoff the NTS were istritium.Asa productof nuclearweaponstesting,
conductedby USPHS, the U.S. GeologicalSurvey high levels of tritium are found in test cavities.
(USGS), and Teledyne Isotopes,Inc. In 1972, the Because tritium can be incorporated into water
Long-Term Hydrological Monitoring Program molecules,itis expectedto bethe first radionuclide
(LTHMP) was establishedby the Nevada Opera- to migrate from a test cavity. Therefore, tritium
tionsOffice(NV) of theAtomicEnergyCommission servesas an indicatorof radionuclidemigration,
(AEC), a predecessor agency to DOE. Through an Atmospheric tritium may also be deposited into
interagencyagreement betweenAEC (later DOE) water, primarily by precipitation scavenging.
and EPA, responsibilityforoperationof theLTHMP Tritiumarisingfromthissourceis primarilyfoundin
was assigned to the U.S. EPA's Environmental surface waters, sufficial aquifers, and springs
Monitoring Systems Laboratory in Las Vegas, closelyconnectedto surficialaquifers.
Nevada (EMSL-LV). The LTHMP is only one

componentof the total surface and groundwater 7.1.1 Sampling Locations
monitoring program conducted under the auspices
of DOE/NV. In order to meet the objectiveof assuringpublic

safety, monitoringis conductedof drinkingwater
Underthe LTHMP, routinemonitoringisconducted supplywells and springsaround the NTS and in
of specificwells on the NTS and of wells,springs, the vicinityof surface groundzero (SGZ) at the
and surface waters in the offsitearea aroundthe other locations. The majorityof these sampling
NTS. Inaddition,LTHMP samplingisconductedat sitesare privatelyowned and participationin the
the eightotherlocationsinthe U.S. where nt,clear LTHMP is voluntary. Municipal drinking water
weapons tests have been conducted. These suppliesare also represented. Regardlessof the
locationsincludesites in Nevada, Colorado,New numberof individualsserved bya particularwater
Mexico,Mississippi,and Alaska. supply,the NationalPrimaryDrinkingWater Regu-

lation_ (NPDWR) pertaining to radioactivity is

7.1 Network Design usedas _e compliance standard.2

The LTHMP was institutedbecause AEC (later Allof thenuclearweaponstestedat locationsother
DOF_./NV) acknowledged its responsibility for than the NTS were emplacedat depths of greater
obtainingand disseminatingdata acquiredfromall than 1200 feet. Nuclearweapons tested on the
locationswherenucleardeviceshavebeen tested. NTS are also ernplacedat great depths, with the
The three objectivesoriginallyestablishedfor the exception of some shallow underground tests
LTHMP were to: conductedinthe early 1960s. Most of the drinking

water supply wells tap shallow aquifers and,

• Assurepublicsafety, consequently,do not representgroundwaterin the
geologicstratacontainingthe tL:stcavities. There-

• Inform the public, news media, and fore, whereverpossib,._,deep wells are includedin
scientificcommunityaboutany radiologi- the monitoringprogram.These wellsincludesome
cal contamination, whichwerespecificallydrilledsoonafter a nuclear

test to monitoractivitiesin or near the test cavity
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and others which can be considered only as At least one ofthe 3.8-L samplesfrom each site is
"targets of opportunity";e.g., existing wells for analyzed by gamma spectroscopy. One of the
which sampling permission has bee=aobtained. 500-mL samples from each site is analyzed for
Most of the deep wells tap nonpotable water tritium. Two tritium analysis methods are era-
sources. Monitoringdesign standards, such as ployed inthe LTHMP: the standardorconvention-
those inthe ResourceConservationand Recovery al method and an enrichmentmethod developed
Act (RCRA), did not become available until long by EMSL-LV. In the enrichment method, the
after the LTHMP deep wellshadbeen drilled. Cost sample is concentrated, resulting in an MDC of
has delayed emplacementof new wells,although approximately7 to 10 pCi/L, as compared to the
a program to drill more than 90 new wells on the MDC forthe conventionalmethodof approximately
NTS was initiatedin 1990. The samplinglocations 250 to 700 pCi/L. Mostof the LTHMP samplesare
not associatedwiththe NTS are defined by DOE analyzed by the enrichmentmethod, unlesspast
as inactivehazardouswaste sitesand, therefore, years' data have indicatedactivitiesare withinthe
exempt fromthe RCRA monitoringdesignrequire- detectable range of the conventional method.
ments. Additionally,semiannuallysampledwellson and in

the vicinityof the NTS are analyzed once per year
7.1.2 Sampling and Analysis by the enrichmentmethodand once per year by

Procedures the conventional method.

At nearlyall LTHMP locations,the standardoperat- 7.1,3 Quality Assurance/Quality
ing procedure is to collect three samplesfromeach Control Samples
source. Two samples are collected in 500-mL
glassbottlestobe analyzedfortritium.The results Sample collectionand analysis procedures are
fromanalysisof oneof thesesamplesare reported described in standard operating procedures
whiletheother sampleservesas a backupin case (SOPs). Data base managementand data analy-
of lossor as a duplicatesample. The thirdsample sis activitiesare described in the Quality Assur-
is collectedina 3.8-L plasticcontainer(Cubitainer) ance Plan (EPA, 1992). Use of standardized
for gammaspectroscopyanalysis. At LTHMP sites procedures ensures comparabilityof operations
other than the NTS and vicinity, two Cubitainer and data among monitoringlocationsand across
samples are collected. One isanalyzedbygamma temporalintervals.
spectrometryand the other is stored as a backup
or for duplicate analysis. At a few locations, Annual data quality assessments of precision,
because of limited source of water supply, only accuracy, and comparabilityare based on the
500-mL samples for tritiumanalysisare collected, resultsof qualityassurance/qualitycontrolsamples.

The data qualityassessmentresultsfor 1991 are
For wells with operatingpumps, the samples are givenin Section11.0. Overallsystemprecisionis
collectedat the nearest convenientoutlet. If the estimatedfrom the resultsof field duplicates. A
well has no pump, a truck-mountedsamplingrig is field duplicateis a secondsamplecollectedfrom a
used. With this rig it is possibleto collectthree- samplinglocationimmediately followingcollection
liter samples from wells as deep as 1800 meters, of the routinesample usingidenticalprocedures.
At eachsamplecollectionsite,thepH, conductivity, Field duplicates are collected from sampling
water temperature, and samplingdepth are mea- locationson the NTS and inthe vicinityof the NTS
sured when the sample is collected, accordingto a scheduleestablishedby the LTHMP

TechnicalLeader. Generally,_11samplesfrom the
The first time samplesare collectedfrom a well, other locations are collecte(t 6n duplicate; the
89Sr,9°Sr,226Ra,and plutoniumand uranium iso- secondsample may be usedas a duplicateor may
topes are determinedby radiochemistryas time be used as a replacementfor the routinesample,
permits. Prior to 1979, the first samples from a if necessary.
new locationwereanalyzedfor 15 stableelements;
anions, nitrates, ammoniacal nitrogen, silica; Accuracyisestimatedfromresultsof intercompari-
uranium, plutoniumand strontium isotopes;and sonstudysamples. These intercomparisonstudy
226Ra.Most of these analyses can still be complet- samples are spiked samples (i.e., a water sample
ed by special request, to which a known amount of particular radio-

nuclide(s) have been added). Intercomparison
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studypmgrarnsmanagedby EMSL-LVand DOE's permanentdata base, i.e., furtherchanges may be
EnvironmentalMonitoringLaboratory(EML) both made only by authorizedpersonnel.
include water matrix samples. The EMSL-LV
intercomparisonstudy samples are also used as On a periodicbasis, the assigned media expert
an estimate of comparability. Generally,sixty to reviewedthe data base and checkedforcomplete-
more than 100 laboratoriesparticipateina given ness of sample collection, transcriptionerrors,
intercomparisonstudy, Resultsfor each laboratory completionof analysis of samples and QA/QC
are reported, as are pooled results(mean, stan- samples, and accuracyof informationinput. All
dard deviation). Comparisonof the Radtoanalysis discrepancieswere resolvedand corrected. Once
Laboratoryto the mean for alllaboratoriesprovides the data base was complete for a given location,
an estimateof the comparabilityof results, time seriesplotswere generated. Anydiscernable

trends were discussedat an annual data review
In additionto the above-describedQA/QCsamples attendedby managementandscientificpersonnel.
which are used in annual data quality assess- Anotherdata reviewof the LTHMP was held with
ments, the RadioanalysisLaboratory employs a DOE andDesert ResearchInstitute(DRI) hydrolo-
numberof internalQC samplesand proceduresto gypersonnel. The time seriesplotswhichindicat-
ensuredata qualityona day-to-daybasis. Internal edconsistentdatatrendsart:,includedas figuresin
QC samples include blanks, regular calibrations, the subsectionswhichfollow. The filledcircleson
matrix spike samples, and duplicate analyses the time series plots represel;tthe resultvalues,
(gamma spectroscopy only). If resultsof these the errorbarsindicate+ one stc,_ndarddeviationof
internalQC samplesfall outsideprescribedcontrol the analysis, and the (x) represents the MDC
limits,correctiveactionsare implemented;analysis value.
is stoppeduntilthecause of the discrepantdata is
found and resolved. 7.2 Nevada Test Site

7.1.4 Data Managementand Monitoring
Analysis The present makeup of the LTHMP for the NTS

onsite network is displayed in Figure 40. The
In the springof 1991, the LTHMP was selectedas onsite network includessample locationson the
the pilot program to test the use of bar code NTS or immediatelyoutside itsbordersonfederally
sample labels. Bar code labels were prepared owned land. In 1991, samples were collected
prior to each sampling excursion,based on the monthly frorr, 14 onsite wells and semiannually
samplingscheduleprepared bythe LTHMP Tech- from 15 others. An additionalfive wells could not
nicalLeader. Upon receiptof samples inSample be sampled at any time in 1991 and one well
Control, the bar code label was read and the becameinoperativemidwaythrough1991. These
informationtransferredinto the Sample Tracking are listedin Table 11. Two new wells were added
Data Management System (STDMS), along with in 1991; Well 6 located in the immediate offsite
informationfrom the field data card. This pilot area nearwells3, 4, and5 andWell UE6D located
program was extremely successfuland is being in Area 6. Well 6 has been sampled monthly,
continuedfor the LTHMP and expandedto other beginningin September. Radionuclideanalysis
monitoringnetworks, completedon the first sample collectedfrom this

well indicateddetectableactivitiesof 2_U,z_U, and
Analysisdata were enteredintoSTDMS after they _U. These resultswere: 1.6 ± 0.2 pCi/L of _U,
had been generated and reviewedby the analyst 0.063 _+0.027 pCi/L of z36U,and 0.51 ± 0.08 pCi/L
and Group Leader. Special software written in of _U, Attemptsweremadeto s_mI:,leWell UE6D
Fortran (referred to as "ChemistryPrograms")is inMarchandSeptember,but itwas notpossibleto
used for _ majority of the radiochemicaldata ,-ollect a sample due to insufficientwater in the
reduction. The ChemistryProgramsare used for well.
calculating final data such as activity per unit

volume,MDC and 2-sigma errorterms. All hand- AllLTHMP samplesare analyzedfor grossgamma
entereddata werecheckedfortranscriptionerrors, and tritium, All of the gross gamma resultswere
Once data had been entered and checked, they negligible, Of the samplescollectedsemiannually,
were transferred from a "review" data base to a one sample is analyzed for tritiumby the conven-

tional method and the other is analyzed by the

73



Table 11. Inoperativeand ClosedLTHMP Wells
i_: : : :: :: : ,i, r ",,,: ..... ---- : :: _ :::: _::_j _ _: :'::: t_ ._'Jt_ " _J:il f''' " _ '" " ' "_:'"' :': '" _ ,,,,',,,,_-_'_ !' ................. '

Well Identification SamplingSchedule Last Sampled

Well 2 monthly December 1990
Well 5B semiannually July 1988
Well 20 monthly April 1991
Well A monthly October 1988
Well U3CN-5 monthly December 1981
Well UE7NS semiannually September1987

enrichment method. All of the monthly samples sampling history indicates a slightly decreasing
are analyzed for tritiumbythe enrichmentmethod, trendconsistentwith tritiumdecay.
None of the samples analyzed bytheconventional
tritium method in 1991 exceeded the MDC, The Tritium activities greater than the MDC of the
greatest tritium activity measured in the LTHMP enrichmentmethodwere also found in Well C-1,
NTS samplingnetwoik in 1991 was 156 :t:3 pCVL Test Well D, and wells HTH-1, UE15D, UE16D,
in the Septembersample from Well UE18T. This UE16F, and UE18T in the semiannuallysampled
activity is 0,8 percent of the NPDWR. sites. The 1991 tritiumactivityfor Well C-1 was 22

:t:4 pCVL and was the first time a result greater
Twelve of the fourteen onsite wellssampled on a than the MDC had been obtained since 1983,
monthly basis did not exhibit tdtlum activities althoughthe long-termsamplinghistory indicates
exceedingthe MDC of the enrichmentanalysisat greater-than-MDCtritiumactiviti_s haveoccasion-
any time during 1991, These includedWell 6, ally been observed. The result for Test Well D
added to the sampling directory in September was 7.6:1:2,3pCVL,whichwasonlyslightlygreater
1991, and Well J-12 which has never yielded a than the MDC of 7.4 pCVL. Like Well C-1, Test
detectabletritiumactivity;the remainingwellshave Well D resultshad not exceeded the MDC of the
been samplec for a periodof years and haveonly tritium enrichmentanalysis since '_83, although
on rare occasions exhibited tritium activity at greater-than-MDCresults had oc. ;ionallybeen
detectable levels(greaterthan approximately7 to obtained in the years prior to 19_ Bothof the
10 pCVL). Five of th:_ 15 other wells sampled samplescollectedfromWell HTH-1 were analyzed
semiannually also did not exhibit tritium activity by the enrichmentmethod, The June sample was
greater than the MDC of the enrichmentmethod, belowtheMDC andthe Decembersamplewas 35
Like the monthlysampled wells, these five wells + 2 pCi/L, Samplingof this well was initiatedin
have rarely exhibited detectable tritium activity 1989; tritiumactivityinthe June 1990 samplewas
using the enrichmentanalysis method. Another similar to that observed in the December 1991
three of the semiannuallysampledwells wereonly sample, althoughthe number of data points is
analyzedbythe conventionalmethodin 1991, with insufficientto discern any trend. The May 1991
all results less than the MDC. Of these, Well tritiumresultforWell UE16D was 31 :t:3 pCVLand
UE6E had showntritiumactivitiesof 33 to 48 pCi/I, was the first time that this well has displayeda
in 1989 and 1990, Test Well 7 had only been d:,iectabletritiumactivitysince samplingbegan in
sampled twice, in 1989 and 1991, with bothsam- 1982. The second samp;,, from Well UE16D,
pies analyzed by the conventionalmethod. Well collectedinNovember1991, was also analyzedfor
UE4T was sampled for the first time in 1991. tritiumbythe enrichmentmethodwitha resultless

than the MDC. Bothsamplescollectedfrom Well
Tritium activities greater than the MDC of the UE16F in 1991 were analyzed for tritiumby the
enrichment method were observed only in Test enrichmentmethod, yielding resultsgreater than
Well B and Well C in the monthlysampled sites, the MDC, The May 1991 sample showed tritium
Test Well B averaged115 pCVLfor 1991 (range of activity of 11 ± 3 pCVL and tritium activityin the
99 to 128 pCVL);the Iong-tenn trend for this site November1991 samplewas 10 ± 2 pCVL, These
indicates the tritium activity is decreasing, as were the firstdetectabletritiumactivitiesobserved
shown in Figure 4!. The average for Well C for at Well UE16F sincesamplingbegan in 1989. The
1991 was 23 pCVL (range 9 to 62 pCi/I.); the sample collectedinAprilfrom Well UE15D yielded
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Figure 40. Long-Term Hydrological Monitoring Program sampling locations on the Nevada Test Site.
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Figure 41. Tritium results ± standard deviation for Nevada Test Site Test Well B, January 1976
through December 1991. The X indicates the MDC value.

a tritium activity of 76 ± 3 pCI/L; the sampling the sampling locations represent drinking water
history for this well indicates high variability in sourcesfor rural residentsin the offsite area and
tritium activity, rangingfrom below the MDC to publicdrinkingwater suppliesin mostof the corn-
greater than 100 pCL/L. Samplingat Well UE18T munitlesin the area. The samplingsites include
has only been conductedsince 1989, thus, only 22 wells, seven springs,and two surface water
three analysesof tritiumbythe enrichmentmethod sites, Twenty-nine of the locationsare routinely
have been completed. The 1991 resultwas 156± sampledevery month. Samplesare collectedeach
3 pCi/L.,the highesttritiumactivitymeasuredinany month for gamma spectroscopyanalysis. The
of the LTHMP samplesfrom the NTS onsite net- remainingtwosites, PenoyerWell 13 and Penoyer
work in 1991, This result is approximately0,8 Wells 7 and 8, are in operation only part of the
percentof the NPDWR. year;samplesare collectedwheneverthewellsare

in operation. Allof the grossgamma resultswere
Analyticalresults for all samples are providedin negligible.Samplesfortritiumanalysisare collect-
AppendixE. ed on a semiannualbasis. One of these semian-

nual tritiumanalyses is done by the conventional

7.3 Offsite Monitoring In The tritium analysis method, the other is analyzed by

Vicinity Of The Nevada the enrichmentmethod.

Test Site Few of the sites have yielded detectable tritium
levels (greaterthan approximately7 to 10 pCi/L)

The monitoringsites located in the offsite area over the last decade. Only three sites have evi-
aroundthe NTS are shownin Figure 42. Most of denced detectable tritium activity on a relatively

consistentbasis. Thesethree sitesare LakeMead
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Intake(BoulderCity,NV), Adaven8pdngs(Ads. were69 + 3 pCVLand65:1:2pCi/LforSeptember
van,NV), andSpecieSpdngs(Beatty,NV). Inall and October,respectively.Theseresults,whioh
threeoases,thetritiumaotivltyhasbeengenerally are0,3 percentoftheNPDWR,weregreaterthan
deoreasingovertime.The1991sampleresultsfor resultsobtainedIn1990,as lndloatedin Figure48.
SpeoieSpringswerelessthantheMDC,asshown Thissurfaoewatersitemaybe Impaotedbyrainfall
in Rgure43. eontainlngsoavengedatmosphertotritiumto a

greaterextentthanthewellandspringsites inthe
In 1991, onlyfour of the samplesanalyzedfor offaltenetwork.
tritiumby the enriohmentmethodyieldeddsteot-
able tritiumactivities. Thesewerethe January Analyttoalresultsforall samplesareoontainedin
samplefromAdavenSpdng,theFebruarysample AppendixE.
fromShoshoneSpdngs,CA,andtwosamplesfrom

the LakeMeadIntakecolleotedinSeptemberand 7,4 Hydrological Monitoring AtOotober.TheAdsvenSpdngresultof27 :I:4 pCi/L
(0.I pementof theNPDWR)wasooneistentwith Other Unlted States
the generallydeoressingtrendobservedat this Nuclear Weapons Testing
site, as shownin Rgure44, Tritiumhaso(x_slon- Locationsally been observedat dete(_tab!eactivitiesin
Shoshone8pdngs,CA,samples,buta oonsistent
trendts notevident.The 1991resultwas33 ± 3 Inadditiontothegroundwatermonitoringoonduot-
pCi/L, whiohis less than 0.2 peroentof the ed on andinthevtoinityoftheNTS, monitoringis
NPDWR. The resultsfor the LakeMead Intake oonduotedunder the LTHMP at sites of past

nuoiearweaponstestinginotherpartsof theU.S,

SpecieSprings
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Figure43. Tritiumresults± 1 standarddeviationfor SpecieSprings,January1972throughDecember
1991. Thex indicatesthe MDC va/ue.
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Annualsamplingof surfaoeandgroundwatersIs waterflow Is generallyfromthe highlandsto the
oonduotedat the ProjectsSHOAL.and FAULT- valleyand throughthe valley to Twin 8prlngs
LEa8 sitesin Nevada,the ProjeotsGASBUGGY RandlandRailroadValley(ChapmanandHokstt,
and GNOME sitesin New Mexloo,the Projeots 1991).
RULISONand RIO BLANCOsites in Colorado,
and the ProjeotDRIBBLE site In Mlssisslppl. 8ampUngwas _ndLK_tedon Mamh 19, 1991.
Addltlonally,samplingIs oonduotedevery two 8ampllng locationsare shown in Figure 46.
yearson Arr_hitleisland,Alaska,sits of Projects RoutlnesamplinglocationsInoludeonesprlngand
CANNIKIN,LONG 8HOT, and MILROW, The five wellsof varyingdepths, All of thesampllng
primarypurposesofthisportionofthe LTHMPare locatlonaare belngusedas, or are suitablefor,
to ensurethe safetyof publloddnkingwatersup- ddnklngwatersupplies.Atleasttwowells(HTH.I
plies and, where suitablesamplingpointsare and HTH-2) are positionedto Interoeptcavity
available,tomonitoranymigrationofradionudldes migration,shouldit oocur(Chapmanand Hokstt,
from the test cavity. The followingsubsaatlons 1991), All samplesyieldednegligiblegamma
summarizeresultsof samplingeonduotedIn1991; spectraandtritiumaotlvltleswere lessthan the
analyticalresultsforall samplesare providedIn MDC and lessthan0.01 percentof the NPDWR,

AppendixE. Theseresultsareeonsistentwithresultsobtalned
in previousyears. The oonslstentlybelow.MDC

Thesamplingproaedureis thesameas thatused resultsfor tritiumindioatethat,to date,migration
forsitesontheNTSandoffsiteareas(de_ribedin intothesampledwellshas noto_urred and no
Section7.1.2), withthe exceptionthat two3,8.1.. event-relatedradiationhas enteredarea drinklng
samplesareoolleotedInCubitalnera.Thesecond watersupplies.
sampleservesas a baokupor as a duplioste
sample. Becauseof the variabilitynotedin past 7,4.2 Project SHOAL
yearsin samplesobtainedfromtheshallowmoni-
toringwellsnear ProjectDRIBBLEgroundzero ProjectSHOAL,a 12kilotontestemplaeedat i200
(GZ), the samplingprooedurewas modified.A 11,was eonduotsdon October26, 1963, In s
secondsampleis takenafterpumpingfora speoi- sparselypopulatedareanearFrenohrnanStation,
fled periodof time or after the well has been Nevada. The test,a partof the Vela Uniform
pumpeddryandpermittedtorefillwithwater.Both Program,wasdesignedto investigatedetectionof
samplesareanalyzed.Thesecondsamplesmay a nuoleardetonationinanaaUveearthquakezone.
be morerepresentativeof formationwater,where- Theworkingpointwasin graniteand no surfaoe
as the firstsamplesmay be moreindicativeof oraterwas orsated.Sampleswere collectedon
recentarea rainfall.The grossgammaresultsfor February12and13, 1991. Fiveofthesixroutine
alltheprojeotsdiseussedinthe followingsaotions samplinglocationsshownin Rgure47 weresam-
were negligiblewith the exceptionof Project pied. No samplewas eolleotedfrom Well H-3
GNOME. The resultsfor ProjectGNOME are becausethe pumpwas not operational. The
di_usaed inSection7.4.5. routinesamplinglocationsincludeonespring,one

windmill,andfourwellsofvaryingdepths.At least
7,4,1 Project FAULTLESS one location,Well HS-1, shouldIntemeptcavity

migration,shouldit occur(ChapmanandHokett,
ProjectFAULTLESSwas a "calibrationtest' son- 1991). A tritiumresultof 67 :I:3 pCVLwasdetect-
dupedon January19, 1968,ina sparselypopulst- ed inthewatersamplefromSmith/JamesSpring;
ed area near Blue Jay MaintenanceStation, all of the remainingsamplesyieldedtritiumresults
Nevada. The test had a yieldof less than 1 leasthantheMDC. The resultfor Smith/James
megatonandwasdesignedtotestthebehaviorof Springsis consistentwith values obtainedin
salamiowavesandtodeterminetheusefulnessof previousyears,asshowninFigure48. It isunlike-
the site for high-yieldtests. The emplacement ly that the tritium8ourceis the ProjectSHOAL
depthwas 3200ft. A surfaaecraterwasareated, cavity;themostprobablesourceisassumedto be
but as an irregularblockalonglocalfaultsrather minwsterinfiltration.The 1991tritiumresultsare
thanas a saucer-shapeddepression,Theareais 0.3 pementoftheNPDWRforSmith/JamesSpring
chamoterizedbybasinandrangetopography,with andlessthan0.01 pementof theNPDWRfor the
alluviumoverlayingtuffaoecussediments. The remainingsamplinglocations.
workingPointof the testwasintuff. Theground-
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7,4.3 Project RULISON sites inthe vicinityof SGZ, includingone test well,
a surface-dischargespring,anda surfacesampling

Cosponsoredby AEC and Austral Oil Co. under locationon BattlementCreek. An analysisof the
the Plowshare Program, Project RULISON was samplinglocationsperformedbyDRI indicatedthat
designed to stimulatenatural gas recoveryin the none of the samplinglocationsare likelyto detect
Mesa Verde formation. The test, conductednear migration of radionuclidesfrom the test cavity
Rifle,Coloradoon September10, 1969, consisted (Chapman and Hokett, 1991). Most of the sam-
of a 43 kilotonnuclearexplosiveemplacedat 8426 piinglocationsdrawwaterfromthesurficialaquifer,
ft depth. Productiontesting began in 1970 and composedof Quaternarydeposits. This aquiferis
was completedin April1971. Cleanupwas initiat- separatedfromthe test cavity"by greatthickness-
ed in 1972 andwells were pluggedin 1976. Some es of lowpermeabilityformations,makingtransport
surfacecontaminationresultedfromdecontamina- of contaminationthrough the yeologic medium
tion of drilling equipment and fallout from gas unlikely" (Chapmanand Hokett, 1991). Migration
flaring. Soil was removed during the cleanup up the emplacementhole or drillbackwell is also
operations, thoughtto be unlikelydue to a zone of low pres-

sureat 7200 feet (Chapman and Hokett, 1991).

Samplingwas completedon June 11, 1991, with
the collectionof ninesamples inthe area of Grand Tritium has never been observed in measurable
Valley and Rulison, CO. Routinesampling Ioca- concentrationsin the Grand Valley City Springs.
tions, depicted in Figure 49, include the Grand Allofthe remainingsamplingsitesshowdetectable
Valley municipal drinldng water supply springs, levelsof tritium,whichhaveexhibiteda decreasing
water supplywellsfor five localranches,andthree trend over the last two decades. The range of

Smith/JamesSpring
90

{ {
{

3O

10 x x ×
01101/86 01101188 01101/90 01/01/92

SampleCollectionDate

Figure 48. Tritium results :_ 1 standard deviation for Sm#h/James Spring, January 1986 through
December 1991. The x indicates the MDC va/ue.
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tritium activity in the 1991 samples was 56 :t:3 upstream and downstream of the cavity area.
pCi/L at BattlementCreekto 187 :!:4 pCi/Lat Lee Figures 52a and 52b depict tritium data for two
Hayward Ranch. These values are 0.3 to 0.9 Fawn Creek sites, one located more than a mile
percent of the NPDWR. Tritium results for all upstreamof surface ground zero and the other
samples are providedin AppendixE. An ana;ysis located500 ft downstreamof surface groundzero.
by DRI indicated that most of the sampling Ioca- The threemonitoringwellsall yielded nodetectable
tions draw water from the surficial aquifer which is tritium activity, indicating that migration from the
unlikely to become contaminated by any radio- test cavity has not occurrod. Tritium analysis
nuclides arising from the Project RULISON cavity results for each sample are contained in Appendix
(Chapman and Hokett, 1991). Figure 50 displays E.
data for the last 20 years for Lee Hayward Ranch.

The low value obtained in 1990 was attributedto 7.4.5 Project GNOME
analytical bias and was observedconsistentlyfor

all Project RULISON samplinglocations. Project GNOME, conducted on December 10,
1961, nearCarlsbad,New Mexico,wasa multipur-

7.4,4 Project RIO BLANCO pose test conducted ina salt formation. A slightly
more than three kiloton nuclear explosive was

Like ProjectRULISON, ProjectRIO BLANCOwas emplaced at 1216 ft depth in the Salado salt
a jointgovernment-industrytestdesignedto stimu- formation. Oil and gas are produced from the
late natural gas flow conducted underthe Plow- geologic units below the working point. The
share Program. The test was conductedon May overlyingRustler formationcontains three water-
17, 1973, at a location between Rifle and Meeker, bearing zones: brine located at the boundary of
Colorado. Three explosives with a total yield of 90 the Rustler and Salado formations, the Culebra
kt were emplaced in a 7000 ft hole. The explo- Dolomite which is used for domestic and stock
sives were emplaced at 5838, 6229, and 6689 ft supplies, and the Magenta Dolomite which is
depths in the Ft. Union and Mesa Verde forma- above the zone of saturation (Chapman and
tions. Production testing continued to 1976; Hokett, 1991). The groundwater flow is generally
tritiated water produced during testing was injected to the west and southwest.
to 5600 ft in a nearby gas well. Cleanup and
restoration activities were completed by November Radioactive gases were unexpectedly vented
1976. during the test. In 1963, USGS conducted a tracer

study involving injection of 20 Ci tritium, 10 Ci
Sampling was completed on June 12 and 13, 137Cs,10 Ci _°Sr, and 4 Ci 1311in the Culebra
1991, with the collection of thirteen samples. One Dolomite zone; wells USGS 4 and 8 were used for
routine sampling location, Brennan Windmill, was this tracer study. During remediation activities in
not sampled because the windmill was inoperative. 1968-69, contaminated material was placed in test
The sampling sites, shown in Figure 51, include cavity and shaft up to within seven ft of the sur-
two shallow domestic water supply wells, six face. More material was slurried into the cavity
surface water sites along Fawn Creek, three and drifts in 1979. There is a potential for dis-
springs, and three monitoring wells located near charge of this slurry to the Culebra Dolomite and to
the cavity. At least two of the monitoring wells Rustler-Salado brine. This potential may increase
(wells RB-D-01 and RB-D-03) are suitable for as the salt around the cavity will compress, forcing
monitoring possible cavity migration. All of the contamination upward and distorting and cracking
springs had tritium activities of approximately 60 the concrete stem and grout.
pCi/L (range 60 to 62 pCi/L). These values are 0.3
percent of the NPDWR. Of two shallow domestic Sampling in the area of Project GNOME was
wells located near the Project RIO BLANCO site, completed between June 22 and 25, 1991. A total
one could not be sampled in 1991 and the other of 11 samples were collected from routine sam-
yielded no detectable tritium activity. All of the piing locations in Cadsbad, Loving, and Malaga,
sampling sites along Fawn Creek yielded tritium NM. One location, Well 1 at the Pecos Pumping
activities of approximately 30 pCi/L (range 27 to 34 Station, was not sampled because access could
pCi/L), equivalent to 0.1 to 0.2 percent of the not be obtained. The routine sampling sites,
NPDWR. There is no statistically significant differ- depicted in Figure 53, include nine monitoring wells
ence observed between results for sites located in the vicinity of surface GZ, the municipal supplies
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Figure50. Tritiumresults± 1standarddeviationfor Lee HaywardRanch,January1972through
December1991. Thex indicatesthe MDCvalue.

at LovingandCarlsbad,NM,andthePecosRiver than0.1 percent,respectively,of theNPDWR. In
PumpingStationwell. As in previousyears,the all cases,thetritiumactivitiesexhibita decreasing
municipalwatersuppliesindicatedno detectable trend,as showninFigures54a,54b,54cand54d.
tritiumactivity.AnanalysisbyDRI(Chapmanand
Hokett,1991) indicatesthe LovingandCarlsbad Thefiguresshowthenormaltritiumdecaycurveas
municipalsupplywells, locatedon the opposite wellasthetritiumvalues. Notritiumwasdetected
sideof the PecosRiverfromtheProjectGNOME intheremainingProjectGNOMEsamples,includ-
site, are notconnectedhydrologicallyto the site ingUSGSWell1, whichtheDRI analysis(Chap-
and,therefore,can notbecomecontaminatedby manandHokett,1991) indicatedis positionedto
PrcjectGNOMEradionuclides, possiblydetectcavitymigration,shoulditoccur.

TritiumresultsgreaterthantheMDCweredetected 7.4.6 Project GASBUGGY
in water samplesfrom six of the ninesampling
locationsinthe immediatevicinityof GZ. Inaddi- ProjectGASBUGGY,likeProjectRULISON,wasa
tionto tritium,detectableconcentrationsof 137Cs PlowshareProgramtestcosponsoredbythe U.S.
andg°SrwereobservedinWellDD-1whichsam- governmentandElPasoNaturalGas, Conducted
pieswater in the test cavity, WellLRL-7 which nearGobernador,NewMexicoon December10,
samplesa sidedrift,and wellsUSGS 4 and 8, 1967, the testwas designedto stimulatea low
whichwereused inthe radionuclidetracerstudy productivitynaturalgas reservoir. A nuclear
conductedbyUSGS. Theremainingtwowellswith explosivewitha 29-ktyieldwas emplacedat a
detectabletritiumconcentrationswerePHSwells6 depthof 4240ft intheLewisShaleformation,with
and 8, withresultsof 41 ± 3 pCi/Land 13 ± 3 the resultantcavityextendingintothe overlying
pCi/L,respectively.Thesevaluesare0.2andless
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Figure 52a. Tritium results for Fawn Creek - 6800 ft upstream of surface ground zero, January 1976
through December 1991.
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Figure 52b. Tritium results for Fawn Creek - 500 ft downstream of surface ground zero, January 1976
through December 1991.
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Figure 54a. Tritium results plotted with normal tritium decay curve for Gnome We//DD. 1, January 1980
through December 199I.
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Figure 54b. Tritium results :t 1 standard deviation plotted with normal tritium decay curve for Gnome
We//LRL-7, January 1980 through December 1991, The x indicates the MDC value.
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Figure 54c. Tritium results plotted with normal tritium decay curve for Gnome USGS Well 4, January
1972 through December 1991. The x indicates the MDC value.
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Figure 54d. Tritium results plotted with normal tritium decay curve for Gnome USGS Well 8, January
1972 through December 1991. The x indicates the MDC value.
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PaintedCliffsSandstone. Neitherof these forn_- from the testcavity intothe DiD Alamo Sandstone
tions are major water producers. Production groundwater. Communicationbetween the DiD
testing was completed in 1976 and restoration Alamo Sandstone and the test cavity has been
activitieswere completedinJuly 1978. documented (Power and Bowman 1970) and is

probablydueto concretefailure. It isalso "unlikely
The principalaquifers are the DiD Alamo Sand. but remotelypossible" that fracturing around the
stone, an aquifer containing nonpotable water test cavity extends to the DiD Alamo Sandstone
located above the test cavity, and the San Jose (DOE, 1986). Representativesof DOE, DRI, and
formationand Nacimientoformation,bothsurfk_lal EPA are currentlyworkingon a sampling plan for
aquiferscontainingpotablewater. The flow regime thiswell to furtherinvestigatethe increasedactivi-
of the San Juan Basinis not wellknown,although tyo
it is likelythat the OjoAlamo Sandstonediacharg.

es to theSan Juan River50 milesnorthwestof the 7.4,7 Project DRIBBLE
Gasbuggysite. Hydrologicgradientsinthe vkdnity

are downward,but upwardgas migrationis posai. ProjectDRIBBLEwas comprisedof four explosive
ble (Chapmanand Hokett,1991). tests,two nuclearand two gas, conducted in the

Tatum Salt Dome area of Mississippiunder the
Thirteensamples were collectedbetweenJune 17 Vela Uniform Program. The purpose of Project
to 19, 1991. Well 300.3.32.343 (North) has been DRIBBLEwas to studythe effectsofdecoupllngon
removedand, therefore, hasbeendeleted fromthe seismicsignalsproducedbyexplosivestests. The
routinesamplinglocationdirectory. A samplewas first test, SALMON, was a nuclear device with a
(;ollectedfrom the Old School House Well at the yieldof about5 kt,detonatedon October22, 1964,
request of the State of New Mexico. This was at a depth of 2710 ft. This test created the cavity
intendedto bea one-timesampleonly,but thesite used for the subsequent tests, includingSTER-
is being considered for addition to the routine LING, a nuclear test conducted on December 3,
samplingdirectorydue to its locationinthe probe- 1966, with a yieldof about 380 tons, and the two
ble downgredient direction from the test cavity, gas exploGions,DIODE TUBE, conducted on
The routinesamplir,g locationsincludesevenwells, February2, 1969, and HUMID WATER, conducted
one windmill,three springs,and two surfacewater onApril19, 1970. The groundsurface andshallow
sites, depictedin Figure55. The two surfacewater groundwateraquifers were contaminatedby dis-
samplingsites yielded tritium activitiesof 40 :t:2 posal of drillingmuds and fluids in surface pits.
pCi/L and 46 ± 2 pCi/L; these values may be Theradioactivecontaminationwas pdmadlylimited
indicativeof concentrationsin rainfalland are 0.2 to the unsaturatedzone and upper aquifers con-
percentof the NPDWR. The threespringsyielded taining nonpotablewater. Shallowwells, labeled
tritiumactivitiesrangingfrom 48 ± 3 pCVLto 71 ± HMH wells on Figure57 have been added to the
3 pCVL,whichis 0.2 to 0.4 percentof the NPDWR. area near surface GZ to monitorthis contamina-
Tritiumactivities in shallowwellsvaried from less tion. In additionto th,_monitoringwells surround-
than the MDC to 50 :t:2 pCi/L, which is less than ing GZ, extensive sampling is conducted in the
0.1 to 0.3 percentof the NPDWR. nearby offsite area. Most privatedrinkingwater

supply wellsare included,as shown in Figure 58.
Well EPNG 10-36, a former gas well located435

ft northwestot thetest cavitywitha samplingdepth Samplingon and in the vicinityof the Tatum Salt
of approximately3600 ft,yieldeda tritiumactivityof Dome was conducted between April 21 and 24,
484 ± 4 pCi/L in 1991. Prior to 1984, all tritium 1991. A totalof 104 sampleswerecollected;eight
activitiesmeasured in this well were less than 45 of these were from new sampling Iocatior_sin
pCi/L, a value whichmay be consideredthe back- Columbia and Lumberton, MS. Eight routine
groundactivity forthis location. In 1984 andevery sampling locationswere not sampled. In two
year since then,withthe exceptionof 1987,tritium cases, the residents (Rita Smith and Donald
activities have been between 100 and 560 pCi/L, Beach) have movedand the well is not in opera-
with wide variability sometimes noted between tion. These samp!Inglocationswillnot be sampled
consecutiveyears, in each of the lastthreeyears, again unless new residents reopen the well.
the activityinthiswell has approximatelydoubled, Anotherresident(M. Lowe) switchedto ruralwater
as shown in Figure56. The proximityof the well and is no longerusinga well, thuseliminatingthe
to the test cavity suggeststhe possibilitythat the need to sample at this location. The other five
increased activitymay be indicativeof migration
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Figure56. Tritiumresultsfor GasbuggyWellEPNG10-36,January 1972throughDecember i991.

sampleswere nottakenthis yeareitherbecause onsitewells. Followingcollectionofa firstsample,
the site was inaccessibledueto localfloodingor the well is pumpedfor a set periodof timeand
becausetheresidentwas nothome. permittedtorefillanda secondsampleiscollected,

The secondsamplesare thoughtto be more
Of the47 samplescollectedfromoffsitesampling representativeof the formationwater, Thirty-two
locations,tritiumactivitiesrangedfromlessthan locationsweresampledinthevicinityof GZ;23 of
the MDC to 48 :t:4 pCi/L,equivalentto lessthan these yieldedtritiumactivitiesgreaterthan the
0.01to0.2 percentof theNPDWR.Theresultsdo MDCineitherthefirstorsecondsample.Overall,
notexceedthenaturaltritiumactivityexpectedin tritiumactivitiesrangedfromlessthantheMDCto
rainwaterinthearea. Resultsforeachsampleare 1.44x 10'L:t:1.95x 102pCi/L.Thelocationswhere
providedinAppendixE. Uranium-238wasdetect- thehighesttritiumactivitiesweremeasuredgener-
edat concentrationsgreaterthantheMDCinthree allycorrespondto areasof knowncontamination.
of thewatersamplescollectedfromtheeightnew Noneof the samplesindicateany migrationof
samplinglocationsand _U wasgreaterthanthe radionuclidesfromthe testc_vity. Resultsfor all
MDCinonesample.Thehighest_U was0.0705 samplesare providedin AppendixE. Resultsof
± 0.0191pCi/Landthehighest_U was0.0537:1: samplingrelated to ProjectDRIBBLEare dis-
0.0163pCi/L,bothinthe watersamplecollected cussed in greaterdetail in Onsite and Offsite
fromthe pondon the HowardSmithpropertyin Environmental Monitoring Report: Radiation
Lurnberton,MS. Theseactivitiesareextremelylow Monitoring around Tatum Salt Dome, Lamar
andprobablyof naturalorigin. County, Mississippi,April 1991 (Thom_et al, in

press).
Due to the highrainfallin the area, the normal
samplingprocedureis modifiedfor the shallow
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7.4.8 Amchitka Island, Alaska deleted from the routinesampling directory prior to
the initiationof sampling. These were the Decon

Three nuclear detonations were conducted on Pump and Decon Sump which were eliminated
Amchltka Island in the Aleutian Island chain of becausepastdata indicatesno potentialfor detec-
Alaska. Project LONG SHOT, conducted on tion of radioactive contaminants. Background
October 29, 1965, was an 85-kt yield test ern- sampling locationsare shown in Figure 59, for
placed at 2359 ft depth. It was a Vela Uniform ProjectsLONG SHOT and MILROW in Figure60,
Program test, designed to investigatethe travel and for ProjectCANNIKIN in Figure61.
times of seismic waves. ProjectMILROW, con-
ducted on October2, 1969, was an approximately Sample resultsare consistentwith the sampling
1-Mt "calibrationtest"of seismicandenvironmental historyfor the area. Samples collectedfrom the
response to the detonationof large-yieldnuclear four new sampling locationsyielded gross alpha
explosives. The emplacement depth of Project and gross beta resultsgreater than the MDC for
MILROW was 3990 ft. Project CANNIKIN, con- thosescans. The highestvalues were 2.9 _+0.7
ducted on November6, 1971, was a proof test of pCi/L alpha and 7.3 ± 0.8 pCi/L beta for the Con-
theSpartanantiballisticmissilewarheadwitha less stantine Spdng Pump House. In general, while
than5-Mr yieldemplacedat 5875 ft depth. Project mostsamplescontaintritiumconcentrationsdetect-
LONG SHOT resultedinsome surface contamina- able bythe enrichmentmethodof analysis (mini-
tion, even thoughthe chimneydid not extend to mum detectableconcentrationapproximately7 to
the surface. 10 pCi/L),the levelsare extremelylowand contin-

ue to evidence the decreasing trend observed

Amchitka Island is cc._mposedof several hundred throughoutthe samplinghistory. With the excep-
feet of permeable tundra overlayingtertiary vol- tion of five of the Project LONG SHOT sampling
canics. The groundwatersystem cor,sists of a locations,all tritium results were less than 50
freshwater lensfloatingon seawater;estimatesof pCi/L. Samples from the three Mud Pits and the
the depth to the saline freshwater-interfacerange streameast of LONG SHOT yielded tritiumactivi-
from 3900 to 5250 ft (Chapmanand Hokett,1991). ties of approximately225 pCi/L (range 190 ± 3
It is likelythat any migrationfromthe testcavities pCi/i, to 282 ± 3 pCi/L). Of these,only the stream
would discharge to the nearest salt water body, east of LONG SHOT has the potentialto be used
ProjectMILROW to the PacificOceanand Projects as drinkingwater. The measured 3Hactivity for
LONG SHOT and CANNIKIN to the BeringSea this site was 190 ± 3 pCi/L, which is less than 1
(Chapman and Hokett, 1991). The sampling percentof theNPDWR. Well GZ No. 1, located in
locationson AmchitkaIslandare shallowwellsand or near the Project LONG SHOT cavity, had a
surface samplingsites. Therefore, the monitoring tritium activityof 1128 ± 99 pCi/L. All of these
networkfor AmchitkaIslandisrestrictedto monitor- samplinglocationshave showna decreasingtrend
ing of surface contamination and drinking water over time. Analyticalresults for all samples are
supplies, containedinAppendixE.

Samplingon AmchitkaIsland,AK, was conducted 7,5 Summary
between September21 and 24, 1991. Four loca-

tions were sampled for the first time. These four None of the domesticwater suppliesmonitoredin
new samplingsitesare ConstantineSpringPump the LTHMP in1991 yieldedtritiumactivitiesof any
House,RX-Site PumpHouse,TX-Site Springs,and healthconcern. The greatesttritiumactivity mea-
TX-Site Water Tank (House). Of the routine sured in any water bodywhichhas potentialto be
sampling locations,nine were notsampled. Army a drinkingwatersupplywas lessthan one percent
Well 3 and the Site D HydrologicalExploratory of the NPDWRs. In general, surface water and
Hole are plugged and, therefore,are being elimi- spring samples yielded tritium activities greater
nated from the routinesampling directory. The than those observed in shallowdomesticwells in
Site E Hydrological Exploratory Hole was not the samearea. Thisis probablydue to scavenging
sampled due to the presence of oil in the hole. of atmospheric tritium by precipitation. Where
Five EPA wells were not sampled because the suitable monitoring wells exist, there were no
wells were in the lake (flooded);these were EPA indicationsthat migrationfrom any test cavity is
wells 9, 12, 16, 17, and 19. Anotherwell, EPA 4, affectingany domesticwatersupply.
was dry. In addition,two samplinglocationswere
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In most cases, monitoringwells also yielded no This well is a former gas well located 435 feet
radionuclideactivityabove the MDC. Exceptions northwestof SGZ. The samplingdepthof thiswell
include wells into test cavities, wells monitoring is approximately3600 ft in the Ojo Alamo Sand-
known areas of contamination,and one well at stone, an aquifer containing nonpotable water.
GASBUGGY. Knownareas of contaminationexist The tritium activity in 1991 was 484 ± 4 pCVL,
at Project GNOME where USGS conducted a approximately10 times the historicbackground
tracer study experiment, some areas onsite at activity. An increase in tritium activity was first
ProjectDRIBBLE, and a few surface areas near observedin 1984, seventeen years after the test
Project LONG SHOT. The 1991 resultsfor these wasconducted. In everyyear sincethen, with the
monitoringwells are consistentwith decreasing exception of 1987, tritium activities have been
trendsobservedovertime. Monitoringwell EPNG between 100 and 560 pCVL, with wide variability
10-36 at Project GASBUGGY was a notable sometimesnotedbetweenconsecutiveyears.The
exception to wells evidencingdecreasingtrends, proximityof the wellto the test cavitysuggeststhe

possibility that the increased activity may be
indicativeof migrationfromthe test cavity.

1. The NPDWR statesthat the sum of all beta/gammaemitterconcentrationsindrinkingwater cannot
lead to a dose exceeding4 mrem/year,assuminga personwere to drinktwo litersper day for a year
(40 CFR 141). Assumingtritiumto be the onlyradioactivecontaminantyieldsa inaximumallowable
concentrationof 2 x 104pCi/L

2. The NPDWR appliesonlyto publicsystemswith at least 15 hookupsor 25 users. Althoughmanyof
the drinkingwater suppliesmonitoredinthe LTHMP serve fewer usersand are thereforeexempt, the
regulationsprovidea frame of referencefor any observedradionuclideactivity.
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8. Dose Assessment

There are four pathways of possible radiation have been continuouslypresent at Spdngdale,
exposure to the populationof Nevada that were Nevada, 72 kilometers(45 miles) west of CP-I.
monitoredby EPA's offsite monitoringnetworks The maximumpossibledoseto that individualwas
during1991. The four pathwayswere: 8.6 x 10"smrem (8.6 x 10"smSv). Data from the

PIG monitoringnetworkindicateda 1991 dose of
• Backgroundradiationdueto naturalsouro- 143 mrem from background gamma radiation

es suchas cosmicradiation,naturalradio- occurringin the Beattyarea near Springdale. The
activityin soil,and 7Bein air. collectivepopulationdose within 80 km (50 mi)

fromthe airborneemissionsourceswascalculated
, Worldwide distributionsof radioactivity, to be 4,2 x 10"2person-rem(4.2 x 104 person-Sv).

such as =°Sr in milk, "Kr in air, and plu- Activity concentrationsin air that would cause
toniumin soil. thesecalculateddosesare too small to be detect-

ed by the offsite monitoringnetwork. Table 13
. Operationalreleases of radioactivityfrom summarizesthe annualcontributionsto the CEDEs

the NTS, includingthose from ddllback due to 1991 NTS operationsas calculatedby use
and purgingactivities, ofCAP88-PC andthereleased mdionuclidoslisted

in Table 12.

• Radioactivity that was accumulated in
migratorygame animalsduringtheir resi- Input data for the CAP88-PC model include rne-
dence on the NTS, teomlogical data from Weather Service Nuclear

SupportOffice(WSNSO) and effluentreleasedata
8.1 Estimated Dose From reported to DOE by organizations conducting

operationsat the NTS. The effluentrelease data
Nevada Test Site Activity are known to be estimatesend the meteorological
Data data are mesoscale;e.g., representativeof anarea

approximately40 km (25 mi) or less around the

The estimatedCommittedEffectiveDose Equiva- point of collection. However, these data are
lent (CEDE) to the offsite populationdue to NTS considered sufficient for model input, primarily
activitieswas based on the total release of air- becausethe model itself is not designed for com-
bome radioactivityfrom the NTS in 1991. Onsite plex terrainsuch as that on and aroundthe NTS.
source emission measurements,as providedby Errorsintroducedby the use of the effluent and
DOE, are listed in Table 12. Because no radio- meteorologicaldata are small compared to the
activityof recentNTS originwas detectableoffsite errorsinherentin the model. Resultsobtainedby
by the various EPA monitoringnetworks,no mea- usingthe CAP88-PC model are consideredesti-
surable exposure to the populationlivingaround matesonlyof the dose to offsiteresidents.
the NTS was expectedfrom the sources listedin
Table 12. To confirmthisexpectation,a calcula- 8,2 Estimated Dose From
tion of estimateddosefromNTS effluentestimates ORSP Monitoring Networkwas performed using EPA's CAP88-PC model
(EPA 1992). A populationtotaling21,752 individu- Data
als living within a radius of 80 km (50 mi)of any of
the sources was included in the calculation. PotentialCEDEs to individualsmay be estimated
ExcludingClark County,the populationdensityof from the concentrationsmeasured by the EPA
countiesadjacentto the NTS is about0.7 persons monitoringnetworksduring 1991. Actual results
per squaremile(0.4 personspersquarekilometer) obtainedinanalysisare used;the majorityof which
(BOC, 1990). Section2.5 of thisreportdetailsthe are less than the reportedMDC. Precisionand
populationdistributionin areas surroundingthe accuracyDQOs are, bynecessity,lessstringentfor
NTS. The resultsof the model indicatedthat a values near the MDC and consequently,confi-
hypothetical individualwith the maximum calcu- dence intervalsaround the input data are broad.
lated dose from airborne NTS radioactivitywould Table 14 and Table 15 describesthe concentra-

103



Table 12. NTS Radionuclide Emissions 1991

AlPine Eff!uen,t Fleteuee

Eventor Faollity Curies(')
Name (Airborne
Releases) =H STAr mAr MKP) '=TXe 'a)Xe IS'Xe '_(e '_Xe t3tl

Area 6, RWMS S.0x10"
Area3,

LUBBOCK 8.3xI0 "=

Area 12,
P Tunnel 1.4xi0.= 4.5xI0" 2.1x104 6.6xI0.= 6.6)(10"e 5,2xI0.= 7.0xI04 2.7x10" 3.8xI0"s

Area 19,
BEXAR 6,0x10"1 1,0X10"4

TOTAL 5.0x10" 4,5x10"1 2.1x10"4 6.BX'tO4 6.6x10.= 5,2)(10"6 7.0x104 8,5x10" 3.8x104 1.0x10"4

UqutdEffluentRelease=

ContainmentandRadio- Cudee(')

nuclideMigration

(RNM) Ponds Grou Beta =H °°Sr 1_Ce ==_U =r_=_Pu

Area6, U6eRNM28 1.2 x 10=
Area 6, Deoontamination

Pad Pond 2.6 x 10.= 1.8 x 10.= 1.0 x 104 2.7 x 10'7 3.0 x 10"T
Area12, ETunnel 1.9 x 104 5.0 x 10_ 1.1 x 10"4 2.7 x 10.= 1.7 x 10.= 1.4 x 104
Area 12, N Tunnel 1.3 x 10.= 1.9 x 10' 1.8 x 10.= 1.4 x 10_
Area 12, TTunnel 3.7 x 10= 1.7 x 10= 4.4 x 10"4 1.0 x 10.= 7.7 x 10.= 1.3 x 10_

TOTAL 4.0 x 10.= 1.8 x 10= 5.6 x 10"4 !.3 x 10.= 2.7 x 10"8 2.7 x 104

-- _ III . IIIIIIII I I Ijlljl I] IIMIIII ....... III II L I . I j

(') Multiplyby 3,7 x 10'oto obtainBq.
0D) EnvironmentalmonitoringInArea20 deteotedan averageNKrof8 l)Ci/msabovethe networkaverage. Probablydue

to seepageu soumeterm 18Indeterminate.A personstanding8t thesampler!oostlonall yearwouldhavereoeived
8 (:beeof only2.7 x I0"4mrem.
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Table 13. Summary of CommittedEffectiveDose EquivalentsfromNTS Operationsduring1991

CollectiveCEDE to
MaximumCEDEat MaximumCEDEto Populationwithin80 km
NTS Boundary(') an Individual°_) of the NTS Sources

Dose(°) 9.4 x 10a mrem 8.6 :t:0,8 x 10.2mrem 4.2 x 10"2person-ram
(9.4 x 106 mSv) (8.6 x 10.6rnSv) (4.2 x 104person-Sv)

Location Site boundary42 krn Springdale,NV,56 krn 21,700 peoplewithin
WSW of NTS Area i2 WSW of NTS Area 12 80 km of NTS Sources

NESHAP* 10 mremperyear 10 mremper year
Standard (0.1 mSvper yr) (0.1 mSv peryr) .....

Percentage
of NESHAP* 9.4 x 10"2 8.6 x 10.= .....

Background 143mrem 143 mrem 1660perso_
(1,4 mSv) (1,4 mSv) (16.6personSv)

Percentageof
Background 6,6 x t0.3 6 x 104 2,5 x 10"_

(a) The maximumboundaryCEDE isto a hypotheticalindividualwhoremainsintheopencontinuouslyduring
the year at theNTS boundarylocated42 km WSW fromthe Area 12 tunnelponds.

(b) ThemaximumindividualCEDE isto a personoutsidetheNTS boundaryat a residencewhere thehighest
dose-rateoccursusingNTS effluentslistedinTable 13.

(c) MaximumCEDEsarecalculatedusingCAP88-PC(Version1.0), Thecalculationsassumealltrittatedwater
inputto the area 12 containmentpondswasevaporated.

" NationalEmmissionStandardsfor HazardousAirPollutants.

tions from the monitoring networksused in the • Water consumption= 2 L/day (ICRP 1975).
calculationof potentialCEDEs.

• Fresh vegetable consumption= 516 g/day
The dose to an individualthen is estimatedfrom (1.1 Ib/day)for a four-monthgrowingseason
the concentrationsgiven inTable 14 and Table 15 (ICRP 1975).
by using the assumptionsand dose conversion
factors described below. The dose conversion The CommittedEffectiveDose Equivalent(CEDE)
factors assume continuouspresence at a fixed conversion factors are derived from
location and no loss of radioactivityi, meat and EPA-520/1-88-020 (Federal Guidance Report No.
vegetablesthroughstorageand cooking, 11). Those usedare:

, Ad_Jltrespirationrate = 8400 m3/yr (ICRP • 3H: 6.4x 10"Smrem/pCi(ingestionorinhala.
1975). tion).

, Milk intake for a normal child = 164 L/yr • _Sr: 1.4 xl0 4 mrem/pCi(ingestion).
(ICRP 1975).

• _Kr: 1.5 x 106 mrem/yrper pCi/m3 (submer-
, Consumptionof beef liver = 0.5 Ib/wk (11.5 sion).

kg/yr).
• _'z_9*2'°Pu:5.0 x 10'5mrem/pCi(ingestion).

, An averagedeer has 100 Ib (45 kg) of meat, 3.1 x 10"_mrem/pCi (inhalation).
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Table 14. Concentrationsfrom MonitoringNetworks1991

Medium Radionuclide Concentration Comment

Animals
Beef Liver _'z'Je*2_Pu 4.4 x 10_ pCVg Concentrationsare the maximum

(1.6 xlO"3Bq/g) concentrationsobservedforeach
animal tissuetype.

Deer Muscle _,_.24°Pu 1,2 x 10.2pCi/g
(4,4 x 10" Bq/g)

Deer Blood 3H 4.2 x 105pCi/L

Deer Liver _,_*2'°Pu 2.2 x 10.3pCi/g
(8.2 x 10.5Bq/g)

Milk 9°Sr 0.6 pCi/L Concentrationis the average of
(2,2 x 102 Bq/L) allstrontiumresultsfromnetwork.

:'H 152 pCi/L Concentrationis the average of
(5.6 Bq/L) all tritiumresultsfrom network,

DrinkingWater 3H 3.4 pCi/L Concentrationis the average of
results from Coffee's, Spicer's,
Younghans'andBeattyCitywells,
all of whichare near
Springdale,Nevada.

.....

Vegetables
Potatoes z_"'_°Pu 6 x 10.4pCi/g Concentrationsare from

vegetablesfromRachel;allother
vegetablesrangeqfrom

Summer Squash _e'2'=°Pu 2 x 10,4pCi/g approximately4 x 10 6to ! x 10"4
pCi/g.

Air 3H 0.5 pCi/m_ Concentrationis the average of
(1.8 x 102 Bq/m3) all tritiumresultsfrom network.

8bKr 26.4 pCVm3 Concentrationis theaverage of
(1 Bq/m3) all Kryptonresultsfrom network.

z'_°'=4°Pu 1.1 x 106 pCi/m_ Concentrationisthe highestresult
(4 x 108 Bq/m3) from High-volume sampler at

Amargosa Valley station. Used
as it is the highest detectable
result near Springdale, Nevada.
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Table 15. Dose Calculations from the Monitoring Networks

Routeof
Medium Exposure Radionuolide Calculation Dose (CEDE)

Milk
Ingestion g°Sr (0,6 pCi/L) x (164 L/yr)

x (1,4 x 10.4nirem/pCi) 1.3Bx 10=mrem/yr

3H (152 pCi/L) x (164 L/yr)
x (6,4 x 10.8mrem/pCi) 1.6 x 10.3mrem/yr

Total from milkconsumption 1.5 x 10.2mrem/yr

Water
Ingestion 3H (3.4 pCi/L) x (730 L/yr)

x (6,4 x IO e mrem/PCi) 1,6 x 10.4mrem/yr

Animals
(Beef Liver) Ingestion _, _+Z4_pu (4.4 x 10"_pCi/g)

x (11.5 x 103g/yr)
x (5,0 x 10.6mrem/pCi) 2,5 x 10"=mrem/yr

Vegetables
(at Rachel) Ingestion _'_4°Pu (6 x 10.4pCi/g)

x (6,2 x 104g/yr)
x (5,0 x 10.6mrem/pCi) 2 x 10"_mrem/yr

Vegetables
(other Ingestion z=';_°Pu (1 x 10"4pCi/g)
locations) x (6.2 x 10' g/yr)

x (5.0 x 10_ mrem/pCi) 3 x 10,4mrem/yr

Air
Submersion 8SKr (26.4 pCi/m3)

x (1.5 x 10'_mrern/yr
per pCi/m3) 4,0 x 104 mrem/yr

Air
Inhalation _+_Pu (1,1 X 10 .6 pCi/m3)

x (8400 m3iyr)
x (3.1 x 10 _mrem/pCi) 2.9 x 103 mrern/yr

Inhalation& 3H (0,5 pCi/m_)x (8400 m3/yr)
Absorption x (6.4 x 10a mrem/pCt)x 1.5 4,0 x 10̀ 4mrem/yr

Total from inhalationand absorptionof air 3,3 x 10_ mrenJyr
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As an example calculation, the following is the occurringradionucltdesin soil (e.g,, 4°K,uranium
result of breathing backgroundlevelsof tritiumin andthoriumdaughters),thereisa contributionfrom
air: 7Bethat is formedintheatmospherebycosmicray

Interactionswithoxygenand nitrogen.The annual
* (0.5 pCi/m3) x (8400 m3/yr) x (6.4 x 10.8 average_Beconcentrationmeasuredbytheoffsite

mrem/pCi)= 2.7 x 10.4mrem/yr. .urveUlancenetworkwas 0,23 pCi/m3. Witha dose
OR conversion factor for inhalation of 3.2 x 10;'

(concentration)x (volume/unittime) x (CEDE mrem/pCi,thisequatesto a dose of 6 x 10_ mrem.
conversionfactors) = CEDE This is a negligiblequantitywhen comparedwith

the PIC networkmeasurementsthat vary from 52
However, in calculatingthe inhalationCEDE from to 154 mR/year,dependingon location.
all, the value is increasedby 50% to accountfor

absorptionthroughthe skin, The totaldose in one 8.4 Summary
year, therefore, is 4.0 x 10.4mrem. Dose oalcula-
tton= from the monitoringnetworksare given in The extensive offsite environmentalsurveillance
Table 16. system operated around the NTS by EPA

EMSL-LVmeasurednoradioiogicalexposuresthat
The individualCEDEs from the variouspathways could be attributed to recent NTS operations.
can be added togetherfor a totalof 5 x 10"=mrem Calculationwiththe GAP88-PC model resultedin
including the vegetables from Rachel, Total a maximuminhalationdose of 8.6 x 10_ mrem (8.6
CEDEs can be calculated based on different

x 10.5 mSv) to a hypothetical resident of
combinationsof data. If Rn individualwere inter- Sprtngdale,NV, 72 kilometers(45 miles)west of
ested in justone area for example,the concentra- the NTS CP-I, The calculateddoseto this individu-
tiona from thosestationsclosest to that area could al from worldwidedistributionsof radioactivityas
be substitutedintothe equation, measuredfromsurveillancenetworkswas5 x 10"=

mrem (includingvegetables from Rachel), if this
The highest measured concentrationsof radio- individualwereto additionallycollectand consume
nuclides intissue occurredIndeer collectedonthe an NTS deer such as the one discussedabove,
NTS, The highestdeer musclesamplemeasured theestimatedCEDE wouldincreaseby another1.2
1.2 x 10"=pCVgof _'="_Pu. In the eventthat one
such deer were collectedand eaten by a resident mrem to a totalpossibleCEDE of slightlyover 1,2mrom. Allof these maximumdose estimatesare
in an offsite area, the consumer's dose can be approximately1% of the InternationalCommission
estimated. Assuming45 kg (100 Ib) of meat with on RadiationProtection(ICRP) recommendationof
these plutoniumconcentrations,the CEDE from an annualeffectivedose equivalentnot to exceed
plutoniumwouldbe: 100 mrern/yr(IGRP 1985). Thecalculatedpopula-

. (1.2 x 10.=pCi/g) x (45 x 103g) x (5 x 10.6 tion dose (collective committed effective doseequivalent)to the approximately21,752 residents
mrem/pCi) = 2.7 x 10"=mrem, living within80 km (50 mi,) of each of the NTS

airborne emission sources was 4,2 x 10"2
The tritiumconcentrationinthe bloodof the same person-rem(4.2 x 104 person-sievert).
mule deer was 4.2 x 105pCi/L, If oneasumes that

the 3H concentration in tissue equals that of the Data fromthe PIC gamma monitoringindicateda
bloodand that the densityof tissue equalsthat of 1991 doseof 143 mremfrombackgroundradiation
blood, i,e. 1 g/ml, then 45 kg of tissue equals 45 occurringin the Beattyarea near Springdale. The
liters. The CEDE from tritiumwouldbe: 143 mrem backgroundvalue is derived from an

average PIC fieldmeasurementof 16.3 HR/hr,The
, (4,2 x 106pCi/L) x (45 L) x 1,2 mrem CEDE calculated from the monitoring

(6.4 x 10"amrem/pCi)= 1.2 mrem networksdiscussedabove is a negligibleamount
comparedto the backgrounddose of 143 mrem.

The sum of the doses from_a0 Pu and 3His 1,2 Boththe NTS and worldwidedistributionscontrib-
mrem showingthatthe total is completelydomtnat- ute a negligibleamountof exposurecomparedto
ed by the 3 H cor_entration, naturalbackground,

8.3 Dose from Background
Radiation

In addition to external radiationexposuredue to
cosmic rays and gamma radiationfrom naturally

108



.................. i..... I III 11! IIIIII__ IIIIIII IIII II IIIIIIII II II1! ...... __ _ II III ilI/!IIIIIIIIIIIHHIIHIlilII i __ J ........

9.0 Weapons Test and Llquefled Gaseous Fuels Spllls
Facility Suppod

The EPA participates in the execution of every release of radioactivity, the techniciansare pre-
nuclear testconductedat the NTS. Foreachtest, paredto initiateall mannerof protectiveactionsto
the EPA performsa pre-testcensus of the offsite assurethehealthand safetyof thosepeople inthe
area population,is directlyinvolvedinthe nuclear offsiteareas. They are also prepared to conduct
test itself, and is prepared to take protectiveac- a radiologlcalmonitoringand samplingprogramto
tions in the event they are necessary. The EPA documentthe radiationlevels in the environment.
alsoprovidesoffsitesafetymonitoringinsupportof The mdiologtcalsafetycriteria,or protectiveaction
chemical spill tests conducted at the Liquified guides, used by the EPA are based on thooe
Gaseous FuelsSpillTest Facilily(LGFSTF) onthe specifiedin NVO-176 (EPA, 1991a).
NTS. For each test, the EPA performsa pre-test
inspectionof the routes to samplinglocations,is If an undergroundnuclear test is expected to
directly involvedwith the test itself, and collects cause detectable ground motion offslte, EPA
samples, monitoringtechnicians are stationedat locations

where hazardoussituationsmight occur, such as

9.1 Weapons Tests Support underground mines. Atthese locations,occupants
are notifiedof potentialhazards so they can take

Two days priorto each nucleartest, mobileteams precautionarymeasures. Miners,for example,are
of radiationmonitoringtechniciansare dispatched broughtabove groundbefore such a test,
to the counties surroundingthe NTS, These
techniciansperforma censusofthe offsiteareas to Remedial actions that EPA could recommend or
determinethe locationsand numbersof residents, implementto reduceexposures include:evaoua-
work crews, and domestic animal herds. This tion, shelter, access control, livestock feeding

practicescontrol,milkcontrol,and food and water
informationwould be essentialto providingprotec-
tive actionsinthe event ofa radiationreleasefrom control. Which action would be appropriatede..
a test. Additionally,the technicians monitorthe pends largely upon the type of accident and the
seasonal populationsuch as huntersand shep- magnitudeof the projectedexposuresand doses,
herds to ensure that they too can be notifiedif the response time available for carryingout the
necessary. After the census is completed, the action, and local constraintsassociated w_h a
informationis presentedby the EPA to the Test specificsite.
ControllersScienceAdvisoryPanel,

An importantfactor affectingthe effectivenessof

Senior EPA personnelserve as members of the the remedial actions is the degree of credibility
Test Controller'sScienceAdvisoryPanelto provide EPA personnel maintain with offsite residents.
advice on possible public and environmental Credibility is created and maintained by routine
impact of each test and on feasible protective personalcontactsmadewithlocalofficialsand law
actions in the event that an accidentalrelease of enfomementpersonnelas well as withthe ranch-

ers, miners, and others livingin the offsite areas
radioactivityshouldoccur, close to the NTS.

At the time of eachtest, approximately20 md!ation
monitoring technicians are positioned in the To determine the feasible remedialactionsfor an
downwindareas of the test. Each technicianis area, EPA usesitsbest judgmentbasedon experi-
equipped witha variety of radiationsurvey instru- ence gained during atmospherictests and from
ments, dosimeters, portable air samplers, and those tests conductedin the 1960s that contami-
suppliesfor collectingenvironmentalsamples.The hated offslte areas. No remedial actions have
techniciansare inconstantradiocontactwithCP-1 been necessarysince 1970, so there is no recent
whichenablesthemto providemonitoringinforms- experiencebywhichto testthisjudgment, Howev-
tionand to receiveoperationalinstructionsfromthe er, throughroutine contact with offsite residents

and throughcontinuingpopulationand road sur-EPA staff, In the unlikely occurrence of any
veys, EPA maintainsa sense of the degree to
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whichit could implementremedialactionsand the Centeruntilthe AdvisoryPanelauthorizesinitiation
kind of cooperationthat would be provided by of the test. The EPA AdvisoryPanel representa-
officialsand residentsof the area. tive thendispatchesthe technicianto the sampling

location,as close as accessibleto the downwind
During 1991, EMSL-LV personnelwere deployed trajectory. When the spilltest is in progress, the
for all nucleartestsconductedat the NTS, noneof EPA representative,in coordinationwiththe Advi-
which releasedradioactivitythat couldbedetected sory Panel meteorologist,determines the travel
off,site, time of gases from the spillto the samplingloca-

tion of the monitor. The EPA representativethen

9.2 Liquefied Gaseous gives the technicianspecificclocktime(s)to collect

Fuels Spills Test Facility gas samples.

Support Samples are collected using a Model 31 Drager
handpumpintowhichis inserteda Drager tubefor

The EPA provides offsite safety monitoringin the type of chemicalgases to be detected. The
support of chemical spill tests conductedat the technician remainsat the samplinglocationuntil
LGFSTF on the NTS. This is one of the few non- the AdvisoryPanel determinesthat further offsite
nuclear relatedactivitiesconductedat the NTS. A monitoringis no longer required for that day's
scientistfrom the EPA is a member of the Spill testing.
Test AdvisoryPanel for each test. For each test,
the EPA alsoconductsmonitoringinthe downwind Testing during1991 occurredon May 1, and May
directionat the boundaryof the NTS. 7, and involvedhydrogenfluoride (HI:) protective

suit evaluations.The testswere conductedbythe

Priorto the initialtest of any given seriesof tests, lawrence Livermore National Laboratory. The
EPA monitorwas positionedapproximately4.7 kmand duringoperationaltrials by the spillsponsors,

an EPA technicianinspectsthe unmaintainedjeep- (3.5 miles)downwindof thepointof release,at the
trail mutes to the predeterminedsamplinglocation borderbetweenNTS and Air Forceproperty. The
to assurereadyaccess. Since eachtest is contin- resultsof air monitoringindicatedthat HF was not
gent on compatibletechnicaland ambient condi- detected at the NTS boundary. In addition, no
tions, including wind direction and speed, the odois attributableto test chemicalswere notedby
technicianremainsat the Test FacilityControl field monitoringpersonnel.
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10. Public Information and Community Assistance
Programs

In additionto its many monitoringand data anal- moisture samplers for tritium analysis were on
ysis activities, the EPA EMSL-LV conducts a standbyand the noblegas samplerswere placed
comprehensive program designed to provide on standbyfollowinginstallationin July 1991. All
informationand assistanceto individualcitizens, the equipmentis mountedon a standat a promi-
organizations,and local governmentagencies in nent locationin each communityso the residents
communitiesnear the NTS. Activitiesin 1991 are aware ofthe surveillanceand, ifinterested,can

included: participationin public hearings, "town havereadyaccessto the PICand barometricdata.
hall= meetings,continuedsupportof the Commu- The locationsof the CRMP stationsare shown in
nity Radiation MonitoringProgram(CRMP) and a Figure3.7, Chapter 3. The data from these sta-
varietyof tours, lectures,and presentations, tionswere discussedin Chapters3 and 4.

10.1 Community Radiation Computer-generated reportsfor each station are
issuedweekly. These reportsindicatethe current

Monitoring Program weekly average gamma exposure rate as mea-
suredby the PICs, the average over the previous

Beginningin 1981, DOE and EPA establisheda week, and the averagefor the previousyear. For
network of CRMP stationsin the offsiteareas to comparisonthese reports additionally show the
perform radiologicalsamplingand monitoringto maximumandminimumbackgroundconcentrations
increasepublicawareness,andto disseminatethe in the U.S. These reportsare distributedto each
results of radiation monitoring activities to the CRMP stationfor publicdisplay.
public. These stations continued operation in

1991. The DOE, through an interagencyagree- 10.2 Town Hall Meetings
ment with EPA, sponsors the program. The EPA
provides technical and scientific direction, main-
tainsthe instrumentationandsamplingequipment, Ninety-fourtownhallmeetingshavebeen conduct-
analyzesthecollected samples,and interpretsand ed since 1982. These meetings provide an
reportsthe data. The Desert ResearchInstituteof opportunityforthe publicto meetdirectlywithEPA,
the Universityof Nevada System administersthe DOE, and DRI personnel, ask questions, and
program by hiringthe localstationmanagersand expresstheir concernsregardingnucleartesting.
alternates,securingrights-of-wayandutilitymeters, Duringa typicalmeeting,theproceduresused and
and by providing QA checks of the data. The the safeguardsin place duringevery nuclear test
University of Utah provides in-depthtrainingfor are described. The EPA's radiologicalmonitoring
stationmanagers and alternatestwice a year on and surveillancenetworksare explainedand the
issues related to nuclear science, radiological proposedHigh Level Waste Repositoryat Yucca
health,and radiationmonitoring.In each commu- Mountainis discussed.
nity, EPA andDRI workwithcivicleadersto select
and hirea localmanagerand an alternate. When- Similar presentationsand presentationsdevoted
ever possible, they choose residentswith some solelyto EPA's ORSP were presentedto various
scientifictraining,such as a highschoolor univer- groupssuch as chambersof commerce, schools,

Rotaryclubsandprofessionalworkshops. A town
sityscienceteacher, meeting was held in Baxterville, Mississippito

All of the 19 CRMP stationscontainone each of explainthe resultsof EPA's annual monitoringon
the samplersfor the Air, Noble Gas, and Tritium and aroundthe Tatum Dome Nuclear Test Area
networksdiscussedinthe previouschapters. Each locatedin Lamar County, Mississippi. The Tatum
station also contains a TLD and a PIC with a Dome Nuclear Test Area was the site of two
recorderfor immediatereadoutof externalgamma nuclearandtwo non-nuclearexperimentaldetona-
exposure,and a recordingbarograph. Figure 3.9 tionsconductedin the Tatum Salt Dome between
shows the layout of the equipment at a typical 1964 and 1970. This meeting was held in re-
CRMP. At Milford and Delta the atmospheric sponseto concernsexpressed by residents about

111



possiblehealth effectsoriginatingfromthe Tatum 10.3 Nevada Test Site Tours
Dome site. The locationsof the 1991 meetings

were as follows: To complementthe town hall meetings and to
familiarize citizens with both the DOE testing

Location Dat.....!e program at the NTS and the Environmental
Radiologtcal Monitoring Program conducted by

Las Vegas, NV - GilbertSixth 01/91 EPA, toursof the NTS are arrangedfor business
Grade Center and communityleadersand individualsfromtowns

Las Vegas, NV- Clark County 03/91 around the NTS, as well as for government
Science Teachers employeesand for the news media. During1991,

Boise, ID - Workshopon 05/91 the followingtourswere sponsoredby the EPA:Low-LevelRadiation

Ely, NV - Chamber of Commerce 08/91 EPA ProgramHeadquarters 02/07/91
Denver, CO - Radiation 11/91 Directorand Staff

MonitoringWorkshop EPA RegionalDirectors,Office 04/05/91
Overton, NV - RotaryClub 12/91 of Pesticides& ToxicSubstances
Baxterville,MS 12/91 EPA HeadquartersOffice of The 05/20/91

Comptroller
EPA HeadquartersStaff 06/04/9_
Residentsof Rachel, NV 06/18 &

19/91
NRD Employees 10/22 &

23/91
EPA Employeesand Dependents 10/29/91
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11 Quality Assurance

11.1 Policy

One of the majorgoals of the U.S. Environmental tivenessandcomparabilityare generallyqualitative
ProtectionAgency (EPA) is to ensurethatall EPA assessmentswhile completeness,precision,and
decisions whichare dependent on environmental a_umcy may be quantitativelyassessed. In the
data are supported by data of known quality. ORSP, representativeness,comparability, and
Agency policy initiated by the Administratorin completeness objectives are defined for each
memorandaof May 30, 1979, and June 14, 1979, monitoringnetwork. Precision and accuracy are
requires participation in a centrally managed definedfor each analysistype or mdionuolide.
Quality Assurance (QA) Program by all EPA
Laboratories, Program Offices, Regional Offices, Achieved data quality is monitoredcontinuously
and those monitoringand measurement effods throughinternal QC checks and procedures. In
supportedor mandatedthroughcontracts,regula- additionto the internalqualitycontrolprocedures,
tions,or otherformalizedagreements. Further,by NRD participates in external intercomparison
EPA Order 5360.1, Agency policyrequirespartici- programs. One such tntercompadsonprogram is
pationin a QA Programby all EPA organizational managed and operated by a group within EPA
unitsinvolvedin environmentaldata collection. EMSL-LV. Theseexternalperformanceauditsare

conductedas described in and accordingto the
The QA policiesand requirementsof EPA's Envi- schedulecontainedin "EnvironmentalRadioactivity
ronmental MonitoringSystems Laboratoryin Las Laboratory Intercompadson Studies Program"
Vegas (EMSL-LV) are summarizedin the Quality (EPA,1991). The analyticallaboratoryalso partioi-
Assurance Program Plan (EPA, 1987). Policies pates in the DOE EnvironmentalMeasurements
and requirementsspecificto the OffsiteRadiologi- Laboratory(EML) Quality Assurance Program in
cal SafetyProgram(ORSP) are documentedinthe whichrealorsyntheticenvironmentalsamplesthat
Quality Assurance Program Plan for the Nuclear have been preparedand thoroughlyanalyzed are
Radiation Assessment Division Offsite Radiation distributedto participatinglaboratories. External
Safety Program(EPA, 1992). The requirementsof external systems and performance audits are
these documentsestablisha frameworkforconsis- conducted for the TLD network as part of the
tenoyin thecontinuingapplicationof qualityassur- certification requirementsfor DOE's Laboratory
ance standardsand implementingproceduresin AccreditationProgram (DOELAP) (DOE, 1986a,
supportofthe ORSP. Administrativeandtechnical DOE 1986b). These externalintercomparisonand
implementing procedures based on these QA audit programs are used to monitor analysis
requirementsare maintainedin appropriatemanu- accuracy.
sis or are described in standardoperatingproce-
dures (SOPs). It is NRD policy that personnel 11.2.1 Representativeness,
adhere to the requirements of the QA Plan and all Comparability, and
SOPs applicable to their duties to ensure that all
environmental radiation monitoring data collected Completeness Objectives
by the EPA EMSL-LV in supportof the ORSP are
of adequate qualityand properlydocumentedfor Representativenessis defined as "the degree to
use bythe DOE, EPA, andotherinterestedparties, whichthe data accuratelyand preciselyrepresent

a characteristic of a parameter, variation of a

11,2 Data Quality Objectives property, a process characteristic, or an operationcondition" (Stanley and Verner, 1985). In the
ORSP, representativenessmay be consideredto

Data qualityobjectives(DQOs) are statementsof be the degree to which the collected samples
the quality of data a decision maker needs to representthe radionuclideactivityconcentrationsin
ensure that a decision based on that data is the offsite environment. Collection of samples
defensible. Data qualityobjectivesare definedin representativeof all possiblepathwaysto human
terms of representativeness,comparability,corn- exposureas wellas directmeasurementof offsite
pleteness, precision,and accuracy. Represents-
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resident exposure through the TLD and internal ments for activityconcentrationsbelow the MDC,
dosimetrymonitoringprogramsprovidesassuranoe which by definition,cannot be distinguishedfrom
of the representativenessof the calculated expo- background at the 95% confidence interval.
cures. Controllimitsfor accuracy,monitored with matrix

spikesamples, are requiredto be no greaterthan
Comparability is defined as "the confidencewith :I:20% for all grossalpha, grossbeta, and gamma
which one data set can be compared to another" spectrometricanalyses,dependinguponthe media
(Stanleyand Verner, 1985). Comparabilityof data type.
is assured by use of SOPs for sample collection,
handling,and analysis;use of standard reporting At concentrationsgreaterthan 10 times the MDC,
units; and use of standardizedproceduresfordata precisionis requiredto be within:I: 10% for:
analysis and interpretation. In addition, another
aspect of comparabilityis examined throughlong • ConventionalTritium Analyses
term comparison and trend analysis of various • Uranium
radionuclideactivity concentrations,TLD and PIC • Thorium (all media)
data. Use of SOPs, maintainedundera document ° Strontium
control system, is an important component of
comparability,ensuringthat all personnelconform and within:t:20% for:
to a unified,consistentset of procedures.

• EnrichedTritiumAnalyses
Completeness is defined as "a measure of the , Strontium(in milk)
amount of data collected from a measurement , NobleGases
process comparedto the amountthat was expect- ° Plutonium.
edto be obtainedunderthe conditionsof measure-
ment" (Stanley and Verner, 1985). Data may be At concentrationsless than 10 times the MDC,
lostdueto instrumentmaffunction,sampledestruc- both precision and accuracy are expressed in
tion, lossinshippingor analysis,analyticalerror,or absoluteunits,not to exceed 30% of the MDC for
unavailabilityof samples. Additionaldata values all analysesand all media types.
may be deleted due to unacceptableprecision,
accuracy, or detection limit or as the result of 11.2.3 Quality of Exposure
application of statisticaloutlier tests. The corn- Estimates
pleteness objective for all networks except the

LTHMP is 90%. The completenessobjective for The allowable uncertaintyof the effective dose
the LTHMP is 80%; 3 lower objective has been equivalentto any human receptor is :t:0.1 mrem
established because dry wells or access restric-

annually.This uncertaintyobjectiveis basedsolely
tions occasionallyprecludesample collection, upon the precision and accuracy of the data

producedfromthe surveillancenetworksanddoes
11.2.2 Precision and Accuracy not apply to uncertainties in the model used,

Objectives of Radioanalytical effluent release data receivedfrom DOE, or dose

Analyses conversion factors. Generally, effective dose
equivalents must have an accuracy (bias) of no

Measurements of sample volumes should be greater than 50% for annual exposures greater
accurate to :1:5% for aqueoussamples(water and than or equal to 1 mrembut lessthan 5 mrem and
milk) and to + 10% for air and soil samples. The no greaterthan 10% forannual exposuresgreater
sensitivityof radiochemicaland gamma spectro- thanor equalto 5 mrem.
metric analyses must allow no more than a 5
percent risk of either a false negative or false 11.3 Data Validation
positive value. Precision to a 95% confidence
interval, monitored throughanalysis of duplicate Datavalidationis definedas "A systematicprocess
and blind samples, must be within :t: 10% for for reviewing a body of data against a set of
activities greater than 10 times the minimum criteria to provide assurance that the data are
detectable concentration(MDC) and :1:30% for adequate for their intendeduse. Data validation
activitiesgreater than the MDC but less than 10 consists of data editing, screening, checking,
times the MDC. There are no precisionrequire- auditing, verification, certification, and review"
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(Stanley et al, 1983). Data validationprocedures are reviewedfor reasonableness.Condl-
are documented in SOPs. All data are reviewed tions indicativeof instrumentmalfunction
and checked at various steps in the collection, are reportedto Field and/or Laboratory
analysis, and reportingprocesses. Operations.

The first level of data review consists of sample Once the data base has been finalized,the data
tracking; e.g., that all samples planned to be are compared to the DQOs. Completeness,
collectedale col!actedor reasonsfornoncollection accuracy, and precision statistics are calculated.
are documented, that all collected samples are The achievedqualityof the data is reportedannu-
delivered to Sample Control and are entered into ally, at a minimum. If data fail to meet one or
the appropriatedata base managementsystem, more of the establishedDQOs, the data may still
and that all entered informationis accurate. Next, be used in data analysis;however, the data and
analyticaldata are reviewedby the analystandby any interpretiveresultsare to be qualified.
the laboratorysupervisor. Checks at this stage
include verifyingthat all samples received from Allsample resultsexceedingthe traditional-natural
Sample Controlhavebeen analyzedor reasonsfor backgroundactivityrangeare investigated. Ifdata
nonanalysishave been documented,that data are are found to be associated with a nonenviron-
"reasonable"(e.g., withinexpectedrang_,),andthat mental condition, such as a check of the instru-
instrumentationoperational checks in0icate the ment using a calibration source, the data are
analysis instrumentis withinpermissibletoleranc- flagged and are not included in calculations of
as. Discrepanciesindicatingcollectioninstrument averages, etc. Onlydata verifiedto be associated
malfunction are reported to the Field Operations witha nonenvironmentalconditionare flagged;all
Branch. Analytical discrepancies are resolved; otherdata are usedin calculationof averagesand
individualsamples or sample batches may be otherstatistics,even if the conditionis traced to a
reanalyzed if required, source other than the NTS (for example, higher-

than-normalactivities were observed for several
Raw data are reviewed by a designated media radionuclidesfollowingthe Chernobyl accident).
expert. A numberof checksare madeat this level, When activitiesexceedingthe expected range are
including: observed for one network,the data for the other

networksat the same locationare checked. For

1, Completeness- all samplesscheduledto example,higher-than-normal-rangePIC values are
be collectedhave, in fact, been collected compared to data obtainedby the air, noble gas,
and analyzed or the data base contains TLD, and tritium-in-air samplers at the same
documentationexplainingthe reasonsfor location.
noncollectionor nonanalysis.

Dataare alsocomparedto previousyears'data for
2, Transcriptionerrors- checksare made of the same locationusingtrendanalysistechniques.

allmanuallyenteredinformationtoensure Other statisticalproceduresmay be employedas
that the informationcontainedin thedata warrantedto permit interpretationof current data
base is accurate, as comparedto pastdata, Trendanalysisis made

possible due to the lengthof the samplinghistory
3. Qualitycontroldata - field and analytical which,in somecases, is 30 years or longer.

duplicate, audit sample, and matrixblank
data are checkedto ensurethe collection Data fromtheoffsitenetworksare used, alongwith
andanalyticalprocessesare withinspeci- NTS sourceemissionestimatespreparedby DOE,
fled QC tolerances, to calculateor estimateannualcommittedeffective

dose equivalentsto offsiteresidents. Surveillance
4. Analysis schedules - lists of samples networkdata are the primary tools for the dose

awaiting analysis are generated and calculations.Additionally,EPA'sCAP88-PCmodel
checked against normal analysissched- (EPA, 1992)is usedwithlocalmeteorologicaldata
ules to identify backlogs in analysis or to predict doses to offsite residents from NTS
data entry, source term estimates. An assessment of the

uncertaintyof the dose estimate is made and
5. Unidentifiedmalfunctions-sampleresults reported withthe estimate.

anddiagnosticgraphicsof sampleresults
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11.4 QuelltyAssessmentOf 1991 notwellrepresented. In 1992, effortswillbemade
Data to increasethe level of participation.

Theaohtevedcompletenessof over 93 percent for
Data quality aue_ment is associated with the the LTHMP exceeds the DQO of 80 percent;
regular QA and QC practices within the radio- however,tf the wells which have been shut down
ar_alytioallaboratory,The analyticalqualitycontrol by DOE are included,the achieved completeness
plan, doGumentedin SOPs, describes specific dropsto 75 percent for the LTHMP overalland 54
procedures umd to demonstrate that data are
within prescribed requirementsfor accuracy and percent for sitessampledon the NTS.

precision. Duplicate samples are collected or The completenessachieved overall in the ASN
preparedand analyzedin theexact manneras the
regularsamplesfor thatparticulartype of analysis, was 99.3 percent. There were no data gaps for

twentythree stations(i00 percent completeness).
Dataobtainedfromduplicateanalysesare usedfor Allof the ASN stationshaddata recoveriesgreater
determining the degree of precision for each than 90 pement for 1991, exceedingthe DQO of
individual analysis. Accuracy is assessed by 90 percentcompleteness.Theachievedcomplete-
comparison of data from spiked samples withthe nasa for plutoniumisotopesin air was 97.2 per-
"true' or aucepted values. Spiked samplesare cent, greater than the DQO of 90 percent. All but
either in-house laboratory blanks spiked with three sitesachieveda 100 percentrecovery. The
knownamountsof radionuoUdes,or QC samples standby stationsin Oregon failed to collectsam-
preparedby otherorganizationsin whichdata are pies in the second quarter and one composite
compared between several laboratoriesand as- sample from Amargosa Valley was lost in the
sassedfor accuracy, process of chemicalanalysis.

On a quarterlyand annual basis, achieved data
quality statistic8are compiled. This data quality The achieved completeness for the noble gasnetwork overall was less than the DQO of 90
assessmentis performedas part of the proceu of
data validation,described tn Section 11.3. The pement. A new modelof samplerwas installedat
followingsubsectionsdescribe the achieveddata each station in the springof 1991. These newunitsexhibiteda numberof malfunctionsinthefirst
qualityfor 1991. several months of operation, resulting in low

sample recovery. The only stations to meet or
11.4.1 Completeness exceed the 90 percent DQO on an individual basis

were Beatty, Goldfield, Indian Springs, and
Completeness is calculatedas: Overton, Nevada. The standby stationat Delta,

Utah achieved a 100 percent recovery for the 26
daysit wasin operation.Due to sample lossin the

%C ,, (V) x 100 RadloanalysisLaboratory,the achieved recovery
where; for the St. George, Utah stationwas greater than
%C = _t _ 90 percentfor '_Xe, but less than 90 percent for
V = nulTtbet"of __ts J_ vallk _Kr, Completenesswas less than 75 percentfor
n = totW number of me_utl_nenta noblegases at Austinand AmargosaValley Com-

munityCenter, Nevada and Milfordand Salt Lake
City, Utah; consequently,the samplescannot be
considered representativeof activities at these

The percent completenessof the 1991 data are sitesfor 1991.
given in Table 16. Reasons for sample loss

includeinstrumentmalfunction,inabilityto gainsite Each of the tritium-in-alrstationsachieved sample
access, monitoringtechnicianerror,or laboratory recoveriesof greater than the 90 percent DQO.
error. Completenesswas 100 percent at eight stations:

Shoshone, California and Austin, Caliente, Las
A numberof the familieswho normallyparticipate Vegas, Overton, Pahrump, Pioche, and Twin
in the InternalDosimetry Networkwere unableto Springs,Nevada. The tritium-in-airsampler was
participate in !991 due to schedulingdifficulties, installedat Twin Springsin November; therefore,
As a consequence,the completenessobjectiveof eventhoughsamplerecoverywas i 00 percentfor
90 percentwas notachievedandsome areaswere
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Table 16, Data Completenessof OffelteRadlologloalSafety ProgramNetworks

No. of Sampling Total SsrnpIss Valid Samples Pement
Network Locations Possible Collected Completeness

LTHMP 256" 466' 436 93.6'

Air 33 11,722 cklysb 11,640 99,3
Surveillance 18 (=N'm*_Pu) 109 IG6 97.2

Noble Gas 21 6133 daysb 524.3_Kr) 85,5 ("Kr)
5309 ("Xej 86,8 ('=Xe)

Tritiumin Air 20 6670 ckzye" 6460 96,9

Milk Surveillance 25 277 223 80,5

Animal Investigation 3 12° 12 100,0

PIG 29 1508 weeke_ 1496 99,2

a Does not inoludewells whiohhave been shutdown by DOE (see Section7.2)
b Continuous_mplers withsamples oolleotedat intervalsof _roximstely one week. Days used as

units to account for differencesin sampleintervallength,
° Includes four muledeer fromthe Nevada Test Slte and fourcows from eachof two locations, Does

not inolude bighorn sheep, fruits and vegetables, and other animals whloh arc, "samples of
opportunity,'

the period of operation, the activities cannot be fruitsandvegetables. Becausethesearevoluntary
consideredto be representativeof all of 1991, contributions,no expectednumberof samples sen

be determined for estimation of completene_.
Overall completeness for the MSN was 80.5 Oocaslonally,road killsor other animals from the
pement. Sampleswereobtainedeverymonth(t,e., NTS are included in the Animal Investigation
100 percent recovery)from 14 of the 25 sampling program, such as the mountainlion obtained by
locations, Another two sites had an achieved huntingin 1991, These'targetsof opportunity'are
completeness of greater than the DQO of 90 not included in calculationof percent complete-
pement. Three of the family-ownedcow or goat nasa0
sampling locations yielded no samples in 1991
(i.e., 0 percentcompleteness)andanothertwohad Completenessfor the PiC networkcan be quanti-
an achieved completenessof 50 pement or less, fled by the numberof weeks for which there are
In the majorityof the cases, samplescouldnotbe average gamma exposure rates recorded for the
collected because the cow or goat was unableto 29 PICs. Completenesswould be 100% if there
produce milk. were 1,508 (29 stationsmultipliedby 52 weeks)

recordedweeklyaverages. Usingthismethod, the
Inthe AnimalInvestigationprogram,one muledeer PIC data is 99.2% complete. The stations for
is harvested each quarter from the NTS. Four whichdata were unavailableforspecificweeks are
cows are purchasedinthe spdngandanotherfour listedin Section 3.2.
are purchasedinthe fallfromranches inthe offsite
area around the NTS, Overall completenessfor 11.4.2 Precision
1991 was 100 percent. Hunters in the state of

Nevada donatethe kidneyand one leg bonefrom Precisionismonitoredthroughanalysisof duplicate
bighornsheep harvestedduringthe winterhunting samples. Fieldduplicates(e,g., a secondsample
season andoffsite residentsdonated locallygrown
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collectedimmediatelyaftertheroutinesample)are equaltoorgreaterthan10timestheMDC. Rgure
collectedin the LTHMP and Milk Surveillance 63displays%ReDsforduplicatepairsanalyzedby
networks. Two TLDe, each with threeidentical theenrichedtritiummethod.Onlythree%RSDs
phosphors,are deployedto each fixedstation, exceededtheDQOof 30 percentforvaluesgreat-
providinga total of six replicates. Noblegas erthanorequaltotheMDCbutlessthan10times
samplesaresplitto provideduplicatesamplesfor theMDCandalloftheduplicatepairsgreaterthan
analysis. Animaltissue,vegetable,and human orequalto i0 timestheMDCyielded%ReDslees
urinesamplesarealsosplitafterprocessing.A than the DQO of 20 percent. Two pairs with
secondair samplerIs collocatedwiththeroutine meansof 836 and521 pCVLand %RSDsof 1.0
samptu=toprovidea fieldduplicate.Atotaloffour and6.2 pement,respectively,arenc,tshowninthe
samplersare used;these ascend samplemare figure.
movedto varioussite locationsthroughoutthe
year. In lieuof fieldduplicates,precisionforthe In theASN,fieldduplicatepairaareanalyzedfor
PICs is determinedby thevarianceof measure- grossalphaandgrossbetaandlaboratoryspiked
ments over a specifictime Intervalwhen only samplepairsare analyzedfor =_Pu. Gross
backgroundactivitiesarebeingmeasured,Precl- alphaanalysiswas initiatedlate in theyear and
sionmayalsobedeterminedforrepeatedanalyses only7 setsof duplicateswereanalyzed,onlyone
of laboratoryspikedsamples.TheseQCsamples ofwhichwasgreaterthanorequalto 10timesthe
are generallynot blind to the analyst;e.g., the MDC. The %RSDsweregenerallylessthan
analystboth recognizesthe sample as a QC percent,althoughtherearean insufficientnumber
sample and knows the expected (theoretical) of pointsto drawdefinitive_nclusionsregarding
activityof thesample, achievedprecision.AsshowninFigure64, gross

betaanalysesyielded%RSDsrangingfrom less
Precisionisexpressedaspercentrelativestandard than onepercentto greaterthan95 percentfor
deviation(%RED), also knownas coefficientof duplicatepairsgreaterthanor equalto the MDC
variation,andiscalcuiatedby: butlessthan10 timestheMDC. Withtheexcel>

tlonofonepair,allof the%RSDsforpairsgreater
than10timestheMDCwerelessthan20 percent.
Allofthespikedsamplepairsanalyzedform*_PuRSO. x 100 weregreaterthan or equalto 10 timestheMDC,
All%ReDswerelessthantheDQOof20 percent,

Forduplicatesamplepalm,thestandarddeviation asshowninFigure66.
is equal to the absolutevalue of the difference
betweentheanalyticalresults. The precisionor Allofthenoblegassamplesplitsanalyzedfor_iKr
%RSDIs notreportedforduplicatepairsinwhich hadactivitiesgreaterthanorequaltotheMDCbut
oneor bothresultsare lessthantheMDCof the lessthan10timestheMDC. All%RSDswereless
analysis.Formostanalyses,theDQOsforpreci- than20percent,betterthantheDQOof30 percent
stonare definedfor two ranges: valuesgreater forsamplepairsinthisactivityrange.The%RSDs
thanor equalto theMDC butlessthan10 times for"Kr are showninFtgure66.
the MDCand valuesequalto or greaterthan10
timestheMDC. Only fourof the duplicatepairsanalyzedin the

tritium-in-airnetworkyieldedresultsgreaterthan
Figure62 displays%RSDsfor LTHMPfieldand theMDC. The%ReDsforthesewerealllessthan
spikedsampleduplicatepairs analyzedby the 20 percent,butthenumberof pointsis insufficient
conventionaltritiummethod.Threefieldduplicate to drawdefinitiveconclusionsregardingachieved
pair%RSDsare notincludedinthe figure;these precision.Noneof the duplicatepairsfromthe
three pairs had meansof 5046; 98,470; and MSN analyzedfor tritiumyieldedresultsgreater
144,650pCi/Land%RSDsof 12.3, 0.3, and0.2 thantheMDC. Similarly,becauseonlyfouranimal
percent,respectively.All pairsyielded%RSDsof tissueduplicatepairswereanalyze.d,insufficient
less than 20 percent. Only three pairs were informationwas availableto detern,ineachieved
greaterthan 10 timesthe MDC;the %RSDsfor precision.
these pairs were less than 2 percent. These
resultsarebetterthantheDQOsof 30 percentfor Precisionfor the PIC datawas estimatedby the
valuesequalto or greaterthantheMDCbut less agreementbetweencontinuousbackgroundgem-
than10 timestheMDCand10 percentfor values ma radiationmeasurementsfor givenperiods of
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Figure 62. Preoision results for oonventtonal method tritium tn water.
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Figure 66. Pre<_isionresults for UKr in noble gas,

time. Althoughthis method does not providean variability in the Rachel PIC is currently under
independent assessment of precision (eg, not investigation.
derived from a second collocated PIC), it is a
justifiable estimationof precision because back- In additionto examinationof %RSDs for individual
ground radiationlevelsat each stationare relative- duplicatepairs,an overall precisionestimate was
ly stable, Precisionbetweenthe 4-hour averages determined by calculating the pooled standard
transmittedfrom each PIC locationare examined deviation. To convert to a unitless value, the
weekly and are used as a tool to identifyequip- pooled standard devlatior8 was divided by the
ment problems. The precisionbetweenweeksfor grand mean and multiplied by 100 to yield a
1991 ts expressed as percent relative standard %RSD. Table 17 presents the pooled data and
deviation(%RSD) or coefficientof variation. The estimatesof overallprecision. With the exception
%RSD can be calculated for each station by of grossalpha,theachie,,edprecisionisessentlally
dividing the standard deviation of the weekly equal to or better than the DQO for the analysis
averages by the mean of the weekly averages and activity range. The achieved precision for
(standard deviations and means of the PIC data gross alpha is based on a limited number of
are givenin Section3.2). The %RSD foreach PIC duplicatepairsanalyzedinthe lastquarterof 1991
stationin 1991 was less than5% excepttheAustin

and Rachel stations. The Austin PIC had a be- 11.4,3 Accuracy
tween-week %RSD of 13% and the Rachelstation

had a between-week%RSD of 8%, The variability The accuracyof all analyses is controlledthrough
in the Austin PIC is probably due to seasonal the use of approvedor NIST-traceable standards
differences. The variabilityinthe PIC at Ra(_helis in instrument _librattons. Internal checks of
possiblydue to seasonaldifferencesbutcouldalso instrument accuracy may be periodically per-
be partiallydue to equipmentproblems. The formed, usingspiked and blank matrix samples.
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Tsble 17. Overallt'reoislonof Analysis
"_-i_i ..... _lrll ;_'_ _]P I[I _ " III III Jl_l]/' I t _' . ........ __ ...... I'_'_ " '" '" 'I! _''= ........ '"'_ '"' 'f' ,_, , ' ...... !, _-- _[r _,_;_,;_........... _ _ _

Sample Pooled
Network Analysis Type Range n Std.Dev. %ReD

LTHMP Conv.Tritium Spiked >MDC,<IOx MDC 47 226.62 6.6
Enrich.Tritium Spiked >MDC,<IOx MDC 8 11.21 i4.1
Enrich.Tritium Spiked >lOx MDC 20 6,97 7,0
Enrich.Tritium Field >lOx MDC 18 9,98 5.6

Air Grou Alpha Field >MDC,<IOx MDC 6 0.001 39.9
8urvetl- Grou Beta Field >MDC,<IOx MDC 113 0,003 22,4
lance GrossBeta Field _>lOxMDC 6 0,006 22.0

_Pu Spiked >lOx MDC 9 0.295 6.8

NobleGas UKr Split >MDC,<IOx MDC 33 2.49 9.4

TritiuminAtr HTO Split >MDC,<IOx MDC 4 0.83 10.7
z-Z : i _.__=. " - ..i ...... Jl[ IIII Illll IIII1'1 I J J ' II --?-- . ]_ ............... - '] !1 I g I[[ [ FIi_IZ ..... I ....... .... ..... _Z: :- AIIlt

TheseInternalQCproceduresare theonlycontrol proximately70 to 190 laboratoriesparticipatein
of accuracyfor whole body and lung counts, any giveninteroompsriK)nstudy. In Table 18,
animalandvegetablesamples,and PIGsin 1991, reau!tefor mdlonuolldescommonlymeasuredIn
The whole bodycountingfaoUitypartloipatssin theORSPare given. ResultsforallInteroomparl-
!nterleboretorycomparisonstudieswhenavailable Ion studiesareprovidedinAppendixF. Accuracy,
throughthe DOE tntemompariioncommittee, aspementdifferenceorpercentbias,is_lculeted
Spiked calibration phantomsare periodically by:
exchangedthroughouttheDOEwholebodyoount- /'_ PI

Ing facilities, Nointemomparisonphantomswere %BIA$. (_'r"'_ L'a)x 100
exchangedduring1991. Forspectroscopk:and
mdioohemtoslanalyses,anindependentmeasure- whe_:

mentof accuracyis providedby participationin %B/AS=,,_t
intercomparisonstudiesusingsamplesof known G'm meuured cx_loonl_ll_On
activities. The EPA EMSL-LV Radlosnalysts G'e -/o_wnl_ concewtrat/¢_
Laboratoryparticipatesintwosuchlntemomparlaon
studies,AnIndependentverificationofthea_ura- In most=sees,the achievedaccuracywas well
cyoftheTLDsis achievedthroughparticipationin withintheestablishedDQOsfor theanalysis. In
DOELAP. general,theseDQOsare :!:20 pementforvalues

greaterthantentimestheMDCand:1:30pement
In the EPA EMSL-LV !ntercomparisonStudy forresultsgreaterthantheMDCbutlessthanten
program,samplesof knownactivitiesof selected timestheMDC. TheDQOwas exceededfor one
radlonuclldesaresentto participatinglaboratories alphaintsroomparisonsampleinwaterandoneIn
on a set schedulethroughoutthe year, Water, air, onebeta interoomparisonsamplein air, one
milk,and air filtersare usedas the matricesfor _=tCsIntercomparlsonsamplein water,one =Sr
these samples, Resultsfrom all participating intemompartsonsamplein waterandone inmilk,
laboratoriesarecompiledandstatlatk_computed andonetotalpotassiumintemomparisonsamploin
comparingeachlaboratory'sresultsto the known milk.
valueandto theaverageof all laboratories,The
comparisonto theknownvalueprovidesan lnde- TheotherintemomparisonstudyinwhichtheEPA
pendentassessmentof accuracyfor eachpartici- EMSL-LVRadioanalysisLaboratoryparticipatesis
pastinglaboratory.Comparisonofresultsamongall thesemiannualDOE QA Programconductedby
participatinglaboratoriesprovidesa measureof EMLini_tewYork,NY. Approximately20 laborato-
comparability,discussedin Section1!.4.4. Ap- despartk_ipateinthis intercomparisonstudypro-
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Table 18. Acoumoyof Analysisfrom EPA Intercoml_rison8tudlee

KnownValue Lab Average Peroent
Nuollde Month (pCI/L)' (pCI/L)' Bias

Water Interc_mpa_n Studies
Alpha April (PE) 54,0 87.33 24.7
Alphi Sept 10.0 9,00 -10.0
Alpha Oct (PE) 82,0 97,67 19.I
Beta Sept 20,0 20.00 0,0
Beta Oct (PE) 65,0 61.67 -5,i
lsTCe Feb 8,0 8.33 4.1
llTCe Aprt!(PE) 25,0 20.00 -20.0
iarCe Oct i0,0 10.33 3,3
ltTGe Oct (PE) 11,0 12.00 9.I
aH Feb 4418,0 4613.00 4.4
8H _ 2452,0 2499,33 1,9
USr April (PE) 28,0 22.33 -20.2
mar May 39.0 34.33 .12.0
mar Sept 49,0 39.67 -19,0
mar OCt (PE) 10,0 8,33 -18,7
°°Sr April (PE) 26,0 23.33 .10.3
°°$r May 24,0 24.00 0.0
°°Sr Sept 25,0 23.67 -5.3
°°Sr Oct (PE) 10,0 10.33 3.3
U (Nat) Mar 7,6 7.67 0.9
U (Nat) April (PE) 29,8 30.30 1,7
U (Nat) July 14,2 14.43 1,6
U (Nat) Oct (PE) 13,5 13.17 -2,4
U (Nat) Nov 24,9 23.97 -3.7
_=4°Pu Aug 19,4 18.23 -6.0

Air InteroomparisonStudies
Alpha Mar 5.0 6.00 20.0
Alpha Aug 10,0 14,00 40.0
Beta Mar 31.0 36.67 18,3
Beta Aug 62,0 80.33 29,6

Milk Inter(x)mparisonStudies
a°Sr Apr 32,0 29.67 -7,3
mSr Apr 23,0 18.67 -18,8
_Sr Sept 25,0 22.33 -I 0.7
USr Sept 16.0 12.67 -20,8
Q°Sr Apr 32.0 32,00 0.0
_°Sr Apr 23.0 19.67 -14.5
=°Sr Sept 25,0 25,33 1.3
°°Sr Sept 20,0 18.00 -I0.0

Continued
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Table 18. Continued.
,,,,, _ ,,_, ,,_., , , , .... , , ,,, ,,,.,,,,,: ;_ ...... ,, ,,_

Known Value Lab Average Percent
Nuclide Month (pCi/L)" (pCi/L)" Bias

Milk IntercompadsonStudies

K (tot) Apr 1650.0 1212.67 -26.5
K (tot) Apr 1550.0 1587.33 2.4
K (tot) Sept 1740.0 1710.67 -1.7
K (tot) Sept 1700.0 1754.67 3.2
,,_ , ........J ,, .,,;,, , , . ...... , .... :,.,

" Values were obtained from the individual intercompadson study reports and are reported with the
significantfigures includedinthose reports.

PE = performanceevaluationstudy

gram, although each laboratoryreceives only its ingin each intercomparisonstudy. A grandaver-
own resultsand the EML value. The EML resultis age is computed forall values, excludingoutliers.
assumed to represent the known or true activity A normalizeddeviation statisticcompares each
concentration.Resultsforradionuclidescommonly laboratory'sresult(mean of three replicates)to the
analyzed in the ORSP are given in Table 19; known value and to the grand average. If the
resultsfor allanalysesare giveninAppendixF. In value of this statistic (in multiples of standard
all cases, the EPA resultsdiffered from the EML normaldevia_, unitless)liesbetweencontrollimits
knownactivitiesbya percentbiasof less than± 10 of -3 and +3, the accuracy(deviationfrom known
percent. These resultsare well withinthe estab- value) or comparability (deviation from grand
lished DQO. average) is within normal statistical variation.

Table 20 displaysdatafromthe 1991 intercompari-
In additionto use of irradiatedcontrolsamplesin son studies for the variables most commonly
the processingofTLDs, DOELAPmonitorsaccura- measuredinthe ORSP. The completedata setfor
cy, precision,and bias as partof the accreditation all variables is presentedin Appendix F. Of the
program. As with the intercomparisonstudies, commonlymeasuredvariables, there were three
dosimeters receiving a known type and level instances in whichthe RadioanalysisLaboratory
exposure are submittedas singleblind samples, resultsdeviated from the grandaverage by more
The designation"singleblind"indicatestheanalyst than three standardnormal deviate units. These
recognizes the sample as being other than a were the April intercomparisonsample for total
routine sample, but does not know the radiation potassium in milk, the August sample for beta
type or level to which the dosimeter has been emitterson an air filter, and the Septemberwater
exposed except that dosimetersare identifiedas intercomparisonsample containing89Sr. The first
having been exposed in either the "protection two cJfthesealso exceededthe DQO for accuracy
range" or the "accidentrange". Individualresults (s_e Section 11.4.3, above). The third sample,
are not providedto the participantlaborator;_sby _Sr in water, was withinthe DQO for accuracy.
DOELAP untilthe conclusionof the third roundof Apart from these three, all of the normalized
performancetesting in each test cycle. Issuance deviationsfromthe grandaveragewere withinthe
of the accreditationcertificateindicatesacceptable statisticalcontrol limit range of -3 to +3. This
accuracy, precision, and bias and successful indicatesacceptablecomparabilityof the Radio-
completionof a comprehensiveonsite review by analysisLaboratorywiththe69 to 207 laboratories
independentDOELAP Site Assessors. participatingin the EPA Intercomparison Study

Program.

11.4.4 Comparability

The EPA Intercomparison Study reports (EPA,
1991) provideresultsfor all laboratoriesparticipat-
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Table 19. Accuracyof analysisfrom DOE IntercompadsonStudy
, , , ,',,,= , ,,, ,,' , ,;, ....... ;-

EML (Known) EPA
Value Lab Average Percent

Nuclide Month (pCi/L)' (pCi/L)' Bias

Water IntercornparisonStudies

187Cs Mar 169 163 -3.5
187Cs Sept 46.0 48.3 5.0
3H Sept 100 102 2.0
g°Sr Sept 10.1 9.93 -1.7
U (Nat) Sept 0.940 0.949 1.0
_=4°Pu Sept 0.510 0.480 -5.9

Air intercompadsonStudies

7Be Mar 53.0 47.8 -9.8
7Be Sept 53.8 56.4 4.8
==*=°Pu Sept 0.084 0.087 3.6

VegetationIntercomparisonStudies

_°+Z4°Pu Sept 0.365 0.359 -1.6

Soil IntercomparisonStudies

z=*z*°Pu Sept 7.35 7.22 -1.8

" Values were obtainedfromthe EnvironmentalMeasurementsLaboratory(EML) and reportedwiththe
significantfigures providedby EML.

11.4.5 Representativeness requirements. Guidance or requirements " r
handling, shipping, and storage of radioactiv:,y

Representativenesscannotbe evaluatedquantita- samplesare followed in program operationsand
tively. Rather, it is a qualitativeassessmentof the documentedinSOPs. Standardanalyticalmethod-
abilityof the sampleto modeltheobjectivesof the ology is used and guidanceon the holdingtimes
program. The primaryobjectiveof the ORSP is to for samples, sample processing, and results
protect the health and safety of the offsite resi- calculations are followed and documented in
dents. Therefore, the DQO of representativeness SOPs.
is met if the samples are representativeof the
radiation exposure of the re,._identpopulation. In the LTHMP, the primary objectivesare protec-
Monitoringstationsare located inresidentpopula- tion of drinkingwater supplies and monitoringo_
tion centers. Siteing criteriaspecific to radiation any potentialcavitymigration. Samplinglocations
sensors are not availablefor many of the instru- are primary "targetsof opportunity", i.e., the sam-
mentsused. Existingsiteingcriteriadevelopedfor piing locationsare primarilywells developed for
other pollutantsare appliedto the ORSP sensors other purposes than radioactivity monitoring.
as available. For example,siteingcriteria for the Guidanceor requirementsdevelopedfor CERCLA
placement of air sampler inlets are contained in and RCRA regardingthe numberand locationof
Prevention of Significant Deteriorationguidance monitoringwells has not been applied to the
documents(EPA, 1976). Inletsforthe air samplers LTHMP sampling sites. In spite of these limita-
at the ORSP stationshavebeen evaluatedagainst tions, the samples are representativeof the first
these criteriaand, in mostcases, meet the siteing objective,protectionof drinkingwater supplies. At

all of the LTHMP monitoringareas, includingon
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Table 20. Comparabilityof Analysisfrom EPA IntercomparisonStudies
. ,,, ,, , , '.',' , , , , , .,,,_',,_ , ,, , , ,, ,,, ,,,,_ .... ,,, ,,,, ,, _ ,, _ , _,,,,,,_

No. of EPA Lab Grand Normalized RatioEPA
Participating Average Average Deviationfrom Lab Average/

Nuclide Month Laboratories (pCi/L) (pCi/L) Grand Average Grand Average

Water IntercompadsonStudies

Alpha April (PE) 179 67.33 49.71 2.18 1.35
Alpha Sept 207 9.00 10.36 -0.47 0.87
Alpha Oct (PE) 187 97.67 75.57 1.82 1.29
Beta Sept 207 20.00 20.30 -0.10 0.99
Beta Oct (PE) 187 61.67 55.53 1.06 1.11
13;'Cs Feb 151 8,33 9,06 -0.25 0.92
tSTCs April (PE) 179 20.00 25.49 -1.90 0.78
137Cs Oct 162 10,33 10.86 -0.18 0.95
137Cs Oct (PE) 187 12.00 12.45 -0.15 0,96
3H Feb 150 4613.00 4437.60 0,69 1.04
3H Oct 166 2499.00 2532.00 -0.16 0.99
=Sr April (PE) 179 22.33 25.74 -1,18 0.87
_Sr May 104 34.33 37.43 -1.07 0.92
_Sr Sept 69 39.67 49.57 -3.43* 0.80
_Sr Oct (PE) 187 8.33 9.79 -0.51 0,85
9°Sr April (PE) 179 23.33 23.61 -0.10 0,99
°°Sr May 104 24.00 28.85 0.05 0.83
g°Sr Sept 69 23,67 24.72 -0.46 0,96
g°Sr Oct (PE) 187 10.33 10.09 0.08 1.02
U (Nat) Mar 117 7,67 7.30 0.21 1.05
U (Nat) April (PE) 179 30.30 28.88 0.82 1.05
U (Nat) July 127 14.43 13.38 0,61 1.08
U (Nat) Oct (PE) 187 13.17 13.25 -0.05 0.99
U (Nat) Nov 90 23,97 23.76 0.12 1,01
z_+z4°Pu Aug 61 18.23 19.22 -0.90 0,95

Air IntercomparisonStudies

Alpha Mar 185 6.00 6.25 -0.09 0.96
Alpha Aug 179 14.00 12.21 0.62 1.15
Beta Mar 185 36.67 32.19 1.55 1.14
Beta Aug 179 80.33 64.66 5.43* 1.24

Milk IntercomparisonStudies

=Sr Apr 96 29.67 27.07 0.90 1.10
_Sr Apr 104 18.67 23.14 -!.55 0.81
_Sr Sept 95 22.33 20.95 0.48 1.07
=Sr Sept 98 12.67 13.53 -0.30 0.94
9°Sr Apr 96 32.00 28.02 1.38 1,14
°°Sr Apr 104 19.67 22.33 -0.92 0,88

Continued
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Tablo 20. Continued.

No. of EPA Lab Grand Normalized Ratio EPA
Partkdpating Average Average Deviationfrom Lab Avg./

Nuclide Month Laboratories (pCi/L) (pCi/L) Grand Average Grand Avg.

Milk IntercomparisonStudies

=°Sr Sept 95 25.33 21,09 1.47 1.20
°°Sr Sept 98 18.00 17.57 0.15 1.02
K (tot) Apr 96 1212.70 1653,00 -9.19" 0.73
K (tot) Apr 104 1587.00 1548.00 0.86 1.03
K (tot) Sept 95 1710.70 1667.00 0.86 1.03
K (tot) Sept 98 1754,70 1713.60 0.84 1.02

" Values were obtainedfromthe individualinteroompadsonstudyreportsand are reportedwiththe
significantfigures includedin thosereports.

PE = performanceevaluationstudy.
(Nat) = natural.
* = outsidecontrollimits.

and around the NTS, all potentially impacted the monitoringlocationsfor each LTHMP location
drinkingwatersuppliesare monitored,as are many and the strengthsand weaknessesof each moni-
supply soumes with virtually no potential to be toringnetwork(Chapmanand Hokett,1991). This
impacted by radioactivity resultingfrom past or evaluationis cited inthe discussionof the LTHMP
present nuclear weapons testing. The sampling data in Chapter7.
networkatsome locationsis notoptimalforachiev-
ingthe secondobjective, monitoringof any migra-
tion of radionuclidesfrom the test cavities. An
evaluationconducted by DRI describes, indetail,
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12. Sample Analysis Procedures
The proceduresfor analyzingsamplescolleotedfor analysis,grossbeta onair filters,strontium,tritium,
this report are described in Radiochernical and plutonium, and noble gas analyses. These
Analytical Procedures for Analysis of procedures outline standard methods used to
Environmental Samples (Johns, 1979) and are performgivenanalyticalprocedures.
summarized in Table 21. These includegamma

Table 21. Summaryof AnalyticalProcedures
Jl ii _ ......................... Ill ii I I i i Iii i iii j i1[ F iiiii i ii i Ii ii =

Type of Analytical CounUng Analytical Sample Approximate
Analysis Equipment Pedod (min) Prcx;edurss Size DeteotlonLimit"

HpGe HpGe Air ohamoal Radlonuolideconcen- 560 m=for air For routinemilk and
Gamma_ detector- cartridgesand trationquantifiedfrom filtersand water generally,5 x

oalibratedat individualair gamma _oectraldata oharcoaicar- 10"°_Ci/mL (1.85 x
0.6 keV/ filters,30; 100 by onlinecomputer tddgea;3.5 L 10"_Bq/L) for most
channel for milk, water, program, for milk commonfalloutradio-
(0,04 to 2 suspended and water, nuolides ina simple
meV range) solids, spectrum. Filtersfor
individual LTHMP suspended
detector solids,6x 10.=pCi/mL
effidencies (2.22x 10"_Bq/L). Air
rangingfrom filters and charcoal
15 to 35%. cartlt:::tgss,0,04x 10"1=

14Cl/mL(1.48 x 10"=
Bq/m').

Grou alpha Low-levelend 30 Samples are 560 m= alpha:8.0x 10"
and beta on windows,gas countedafter decay (3.0 x 10"aEWm')
air filters flow pro- of naturallyoccurring

portlonal radlonuclides, b_: 25 x 10_s
counterwith a (9.25 x 10.6 Bq/m=)
5..¢mdiameter
window.

m'=°Sr Low 50 Chemk_Jseparation 1.0 L for milk "Sr=5 x 10.=pCi/mL
background by ionexchange, or water. 0.1 (1.85 x 10"t Bq/L)
thin-window, Separatedsample to 1 kg °°St=2 x 10" pCi/mL
gas-flow, countedsuccos- for tissue. (7.4 x 10.2Bq/L)
proportional sively;sotlvttycalcu-
counter, Isled by simulta-

neoussolutionof

equations.

=H Automatic 300 Sample preparedby 5 to 10 mL for 300 to 700 x
liquid disUIla_lon, water. 10"°pCi/mL
scintillation (11-26 Bq/L)°
counter
with output
pdnter.

Continued
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Table 21. Continued.
I II ................ _ I U IIII III I[11 Ill[HI I I I fl ]1]...........

Typeof Analytioal Counting Analytioal Sample Approximate
Analyds Equipment Pertod(rain) Prooeduree Size DetectionUmit'

=H Automatlo 300 Samplepreparedby 6 to 10mLfor 300to700x
liquid dlotll_tion, water, I0'° p.Ci/mL
solnUlla_n (11-26Bq/L)°
counter
wlthoutput
printer.

'H Enrichment Automatic 300 Sampleconc_n. 250mLfor 10x104I_CI/mL
(LTHMP liquid tratedbyeteotroly=ts water, (3.7x 10"1Bq/L)
_!|mples) =ointlllaUon followedby

counter dletil_tlon.
withoutput
printer.

m'_"_Pu Alpha 1,000 Water=ampleor 1.0 Lfor =='Pu=O.08x 10'°
speotrometer add.digestedfilteror water;,0,1 to I_CI/mL(2.9 x 104
with=Ilk=on tluue samples I kgfor Bq/L),m,_,wPu=O.04
surf=u_e separatedby ion tissue;6,000 x 10"°p.Cl/mL(I,6 x
barrier oxohange,electro, to 10,000m= IO"=Bq/L.)forwater.
deteetore platedonetalnk_= forair, Fortissuesamples,
operatedin steelplanchet. 0.04 pCi(1.6 x 10"°
vaouum Bq)pertotalsample
ohambere, forall isotopes;5 x

10"17to 10x 10"1_'
I_Cl/mL(1,gx 104to
,3.7x 10"=Bq/ms)for
plutoniumonair
filters.

=Kr, lUXe, AutomaUc 200 Separationbygas 0.4 to i ,Om= =Kr, I#Xe, '=Xe,=4x
I=Xe liquidscin- chromatography; forair. 10"1=p,Ci/mL(1,5x

ttllationcounter di=Mbolvedin 10"1Bq/m=)
withoutput toluene'cocktail'for
printer, counting.

IIIII ] III III II II I II IIIII I I I I _ I I!111! !1 Jl I I

' The detectionlimitis definedas the,smallestamountofradioactivitythatcanbe reliablydetected,i,e.,probabilityof TypeI and
TypeII errorat 6 percenteach(DOE81).

b Gammaspectrometryusinga highpurityintdnsiogermanium(HpGe)deteator,
" Dependingonsampletype,
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13, Radiation Protection Standards For External end
Internal Exposure

Design and operation of the ORSP are basedon applicablelegislationand literature A summaryof
requirementsand guidelinescontainedin applicableregulationsand guidelinesfollows

131 Dose Equivalent Commitment

For stochastic effects in members of the public, the following limits are used:

Effective Dose
Dose Equivalent"

mrem/yr mSv/yr

Occasionalannual exposuresb 500 5

Prolongedperiod of exposure 100 1

' Includesbotheffectivedoseequivalentfromexternalradiationandcommittedeffeottvedose equivalent
from ingestedand inhaledradtonuclides

t, Occasional exposure impliesexposureover a few years with the provisionthat over a lifetimethe
average exposuredoes not exceed 100 mrem (1 mSv) per year (ICRP, 1983)

132 Concentration Guides 13.3 U.S, Environmental
Protection Agency

iCRP-30 (ICRP, 1979) listsDerivedAirConcentra-
tions(DAC) andAnnualLimiton Intake(ALl) The Drinking Water Guide
ALl is the secondarylimit and can be used with
assumedbreathingratesand Ingestedvolumesto In40 CFR 141 (CFR 1988), the EPA set allowable
calculateconcentrationguides The concentration concentrationsfor continuouscontrolledreleases
guides (CGs) in Table 22 were derived in this of radionuolidesto drinkingwater soumes Any
manner and yield the committed effective dose singleor combinationof beta and gamma emitters
equivalent(50 year) of 100 mrem/yrfor members shouldnotleadto exposuresexceeding4 mrem/yr

Fortritium,this is 20 x 10"6I_Cl/mL(740 Bq/L)andof the public
for 6°Sris 8 x 10"9_CVmL (0.3 Bq/L).
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Table 22, Routine Monltorlng Guides
IIIjj .......... |11[] III11II flfllME I_1IIIIIImt ........... IIII .............................................

sampling sample Count Conoentmtlonl MDC
Nuollde Frequency Locations 81ze Time Guide' MDC (%CQ)

lr8uNelllanoe Netwo_ (ABN) _ Mlnutee _ __ m_m =e I/wk all 560 30 1700 4,7 x 10 17 1 x 104
=Zr I/wk all 560 30 12 3 x I0 "t° 4.1 4 x i0.=
mNb 1/wk all 560 30 110 3 x 10'° 1.8 2 x 10"=
=_Mo 1/wk all 650 30 110 3 x 10.= 1,5 2 x 10.=
_a_U i/wk all 550 30 58 1,5 x 10.= 1.8 3 x 10.=
tlti I/Wk all _ 30 4 I x 10'_° 1,8 4 X I0 "t
!=I"e I/wk all 580 30 17 5 x 10"_° 1,8 I x 10.=
race lhNk all 660 30 12 3 x 10'1° 1.8 2 x 10.=
'_1t lhNk all 650 30 120 3 x t0"° 4,8 4 x 10.=
Iwt.a 1/wk all 560 30 120 3 x 10"° 2.8 2 x 10.=
race lhNk all 660 30 62 1.4 X 10"° 3.0 6 X 10.=
1"Ca 1/wk all 650 30 1,2 3 x 10'_1 12 1,0
m_U 1/me all 2400 1000 8 x 10"4 1 x 10'" 1,5 x 10"= 0.32
GrossBeta 1/wk all 650 30 2 x 10.= 6 x 10'1= 0.11 0 x 10'i
=H lh_t( 19 5 160 4,6 x 10= 1.2 x 10"T 148 3 x 10.=
_r 1/wk 18 0.4 200 2._ x 104 6,2 x 10"T 148 6 x 10"4
ImXe 1/wk 18 0,4 200 1.8 x 10' 4,9 x 10'y 370 2 x 10.=
ZBXe 1/wk 16 0,4 200 2,3 x 10= 6,2 x 10'° 370 2 x 10=

_ater 8urvell!anoeNetwork(LTHMP)b .J=Lt.t_ Minutes _ wCVmL
_rH .... lime =1i 1 -_- 740 2 x 10"= 12 1,8
=H+ l/too all 0.26 300 740 2 x 104 0.37 5 x 10'=

ndohedtritium)
r let time all 1 50 18 4.4 x 10'1 0,18 1,1

=°ar let time all 1 80 0.8 2.2 x t0.= 0.074 9.2
race 1/me all 1 100 3,3 e,8 x 10.= 0,33 10
mRs 18tUme all 1 1000 1,4 3,0 x 10"= 0.037 2,8
_U 1sttime all 1 1000 8,2 2,2 x 10"I 0,0038 0.04

lit time all 1 1000 10 2,8 x 10"° 0.0036 0,036
mtJ let time all 1 1000 10 2.8 x t04 0,0035 0,035
mpu let time all I 1000 8,2 1.7 x 10.= 0,003 0.05
_u lit time all 1 1000 4,1 1,1 x 10"° 0.002 0,05
Gamma 1/me all 3.5 30 .... O.18 <02

_lk Surv_l!anoe Network _ _ Minuets8 ._1_., _i/me all 3,5 300- 12 x 10 3 x 10_ 12 0.01
I'II 1!me all 3,8 100 41 1 x 10.= 0.18 0.4,4
race 11me all 3,5 100 160 4 x 104 0,33 0.2
USr ilmo all 3.6 50 820 2 x 10.= 0.i8 0.02
War 1/me all 3.6 50 40 1 x i0.= 0.074 0,18

_ltmetry Netwo_ L_t!one Number ExposureGuide _ MDC(%CQ)
TLD 11m0 72 .......i........ I_R- " 3,01torero 2
(Personnel)
TLD 1/quarter 130 3 to6 -- 6,10torero --
(Station)
PIC weekly 29 Continuous -- 21_FI/hr --

' ALl andDACvalu_ fromICRP.30modifiedto 1mSvannualeffectivedoseequivalentforcontinuousexposure,Te and
I dataoorr_ted to2 g thyroid,greatermilkIntake,andsmallervolumeof airbreathedannually(1 year-oldinfant).

t, For tdtlum,St, andCs theoonoentrationguideis basedon DdnkingWaterRet"_,(4 mrem/yr)(CFR, 1988).
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14 Summary and Conclusions
The primaryrunt',ionsof theORSPare toconduct 14.3 Alr Surveillance Network
routine environmentalmonitoringfor radloaotlve
rnaterislsinsreupotentlallytmt._otedbynuolur In i991, the Air 8urvelllaneeNelwork (ASN)
testsand,whenneoemry, to Implementaotloneto sons!stealof 33 continuouslyoperatingsampling
protectthepublicfromradiationexposure.Com- locationssurroundingthe NTS. Thesestations
_nents oftheORSPir_ludesurveillancenetworks werecomplementedby 76standbystationswhtoh
for air, noblegu, atmo_hertotritium,and milk; wereoperatedat leastoneweekeachquader.At
blomonltodngof meat,gamesnlmals,andvegeta- leastonestandby_mpler Is lo¢_atedIneachstate
blu; exposuremonltorlngby the_lumlnesoent westof theMiuluippi Rlver.
doslrnetry,pressurizedionoha_em, andwhole
bodycounting;andlong-termhydrologloalmonitor- In the majorityof _ses, no gammaemitting
Ingof wellsand =pJrfsoewatem. In Ig91, dale mdlonuolidesweredeteotedbygammaspeotrome-
fromall networksandmonitoringaotlvitiesindloat- try(i,e.,theresultsweregamrna-speatrumnegligl-
ed no mdiatlondirectlyattributableto Qurrent ble). Naturallyoccurring7Bewastheonlyradlo-
aotlvltiuconductedat theNT8. Therefore,there nuolldeoc,oulonally detected. As in previous
wasnoneedforanyproteotlveactionstobetaken. years, the majorityof the gross beta results
The followingnotlona summarizethe ORSP exoeKiedtheMDC. The plutoniumresultsfrom
aotivltlesfor 1991. fourof theoomposlte_mples exceededthe MDC

in 1991. Two of these were very close to the
14.1 Thermolumlnescent MDC:_Pu resultsfromLasVegas,Nevadaand

Doslmetry Program "Pu resultsfromLoganandVernal,Utah. Theothertwo valuesexoeedlngthe MDC were the

In 1991, externalexlx_ure wasmonitoredby a =_a°Pu resultsfromthehlgh-volumeair samples
networkof thermolumlnesoentdosimeters(I"LDs) collectedfromAmargou ValleyandfromRachel,
at 130 fixedlocationssurroundingtheNTSandby Newda. Operatlonof theAirSamplingNetworkendthedaleresultswerediscussedinSection4.1.
TLD8wornby 72 offsiteresidents.Noapparent
netexposureswererelatedto NT8 activities.As
di_u_ed in Section3.1, regulatoryor ALARA 14.4 Tritium In Atmospheric
investigationlimits were not exceeded for any Moisture
individualor aumulatlveexposure. Therangeof

exposureswassimilarto thoseobservedinother At the beginningof 1991, the tritiumnetwork
areasofthe U.S. consistedof 20 continuouslyoperatingand two

standbystations,Severalchangesweremadeto
14,2 Pressurized ion Chamber the network in 1991. These are discussedIn

Network Section4.2.1. Of the 957 samplescollectedin
1991, 23 were of insufficientvolumeto permit

The PressurizedIon Chamber(PIC) network analysis,andsixof theresultsexceededtheMDC,
measuresambient gamma radiationexposure Threeof thesesix results,fromShoshone,Gold-
rates. The 29 PICadeployedaroundthe NTSin field,andRachel,Nevadawereverycloseto the
1991 showed no unexplaineddeviationsfrom MDC. Of theotherthreevaluesaboveMDC,one
backgroundlevels, The maximumannualexpo- wasfromSalt LakeCity,Utahand theothertwo
sureof 154 mR/yrwasmeasuredat StoneCabin werefromLas Vegas,Nevada, Theoperationof

the tritiumsamplersand the data resultsareRanch,Nevada;the minimumof 52 mR/yrwas
recordedat Las Vegas,Nevada.Asdiscussedin discussedinSection4.2.
Section3.2 thesevaluesarewithintheU.S.back-
groundrange and are consistentwithprevious
years'trends.
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14.5 Noble Gas 8ampllng one or more tissuesfrom each of the four muledeeroolleoted.Themountainlioncolleatedonthe
Network NTS also evider_eddeteGted:)leoonaentmtionsof

tritium,_'_Pu, endg°Sr.Allbutoneof theoattle
Atthebeginningof 1991,theNobleGasSampling livereampieeyieldeddetectableaor_entmtionsof
Network(NGSN)consistedof16routinelyoperated _Pu. Onlyonebighornsheepboneyieldeda
endthreestandbystations.Severs!ohangeswere ooncentratlonof 2'_Pu greeterthantheMDCof
madeto the networkin 1991. Theseare die- theanalysis.Strontium-g0wasdetectedinall of
cussedinSection4,3.1. Samplescolteotedwere theboneutopias foreaohepeoies,No gamrrm-
analyzedforUKrand_UXe,As inpreviousyears, emittingmdlonuclidesotherthennaturallyooour.
alloftheresultsfor_=XewerebelowtheMDC, All dng 4°K were detectedin any tiuue utopia,
of theUKrwereabovetheMDC lindwerewithin Mediansand rangesof rndionu(:lidesin bighorn
the rangeantiotpatedfrom Nmpllngbnakground sheep tissuesand all analyzed oattle tissues
levels, exceptliverwere generallysimilarto thoseotP

tatnedinpreviousyears,Cattleliveryieldedhigher
14.6 Foodstuffs oor_entratton,of radtonu(:lideethan noted in

previousyears, While ranges of mdlonuollde
Milksampleswerecollectedfrom23 Milk8urveil- concentrationsinmuledeerweresimilarto those
lance Network (MAN) and 1!5 Standby Milk obtalnedin prevlouayears, the medlar_ were
SurveillanceNetwork(8MSN) stationsin 1991. higher,Thisis attributedto colleotlonof _ (out
ForbothMSN andSMSNsamples,onlynaturally of four) animalswith evldenoeof radioactive
occurring'°Kaveraging2,17grrVLwasdetectedby oontaminatlon,As the objeotlveof the animal
gammaspectroscopy,Themajorityofthe:H, USr, investigstk)nprogramIs to detect worst-cue
andg°8r resultswere belowthe MDC, For the conditions,theresultsindloatethattheoornponent
MSN,onesampleresultfromtheJuneCoxRanch, of possiblemdlonuolldeingestionfrom meat is
Caliente,Nevada and one from the Harbeake small(seeChapter8, DoseAssessment).
Ranch,Shoshone,NevadaexceededtheMDCfor
:H, Forbothoftheseresults,theMDCfallswithin Fifteensamplesoflocallygrownfruitsandvegeta.
or very (:loseto one star_ard deviationof the bleswerecollectedinthefallof 1991. Nogamma-
analysisindicting the resu!tis withinexpected emittingmdionualldeswere detectedapartfrom
statisticaivariation.ForUSr,oneresultfromthe naturallyoccurring'°K. Two samplesfromthe
DavidHafenRanch,Ivins,Utahwastheonlyvalue samelocationyieldeddetectableconcentmtlonsof
whichexceededtheMDC. TheMDCforthisresult r_Pu andconcentrationsof z_'_°Pu greaterthan
was also withinone standarddeviationof the theanalysisMDCwerefoundin sevensamples,
analysisresuh.ForQ°Srresults,twosamplesfrom Nocorrelationbetweenmdlonuclideconcentration
theHsrbeckeRanch,Shoshone,Nevadaandtwo and modeof growth(i,e., surfacecropsas op-
samplesfromtheKarenHarperRanc_h,Tonopah, posedto rootcrops)wasevident. Theobserved
NevadaexceededtheMDC. ValuesaboveMDC plutoniummaybec_ontainedinthe fruitor vegeta-
have been observedat the HarbeckeRanchin ble materialor maybe containedin sell or dust
previousyears. Thehighervalueshavegenerally adheringto the vegetablesurfaoe, in the latter
oc(_urredduringthe summermonths,indicating case, residentscould reduaethe potentialfor
those values may be associatedwith feeding radionuclideingestionby thoroughwashingof
patternsduringthosemonths.TheKarenHarper vegetablespriorto eatingandpeelingof potatoes
RanQhhasnotbeensampledinpreviousyearsso and c,armts. The worst-easedose that oould
thereis nohistodaalrecordfromthatranch, One potentiallyresultfrom eating these fruits and
=H result,three=Sr results,_nd 17 =°Srresults vegetablesis discussedin Chapter8, DoseAs-
wereabovetheMDC forsamplesfromtheSMSN seument,
stations. This is consistentwiththe numberof
valuesexceedingtheMDCin 1990, 14,7 Internal Doslmetry

Samplingunder the animal investigationprogram Internaldepositionof radioaotlvematerialis as.
in1991showeddetectableconcentrationsoftritium sessedby wholebodycountingusinga single
in two mule deer collectedfrom the NTS and Intrinslocoaxialgermaniumdetector,lungcounting
det_tableconcentrationsof_"°Pu werefoundin usingsixintrinsicgermaniumsemiplanardetectors,
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and bioassay using radtochemtoalprocedures, any water bodywhich has potentialto be a drink.
During 199i, a totalof 2,800 gammaspectra was ingwater supplywas leu than one pement of the
obtainedfromwhole-bodycountingof 350 persons Interim Primary Drinking Water Regulation, In
(including those individualswho were counted general,surface waterand springsamplesyielded
twice). One hundredand sixofthe countswereon tritium activities greater than those observed in
participantsof the Offsite internal Dosimelry Pro- shallowdomesticwells in the same area. This is
gram. All spectra were representativeof normal probablydue to scavengingof atmospherictritium
backgroundand showed only naturally occurring by precipitation, There were no indicationsthat
'OK. No transuranicradtonucltdesweredetectedin migration from any test cavity is affecting any
any lung-countingdata, No internal exposure domesticwater supply,
above applicableregulatorylimitswasdetected in
either occupationallyexposed Individualsor mere- In most cases, monitoringwells also yielded no
ben=of the general publicwho participatedin the detectableradlonucltdeactivity. Exceptionsinclude
internalDostmetryProgramat EMaL-LV, wells intotestcavities andwells monitoringknown

areas of contamination, Knownareas of contamt-
Btcassay results for the OffsiteInternalDostmelry nation exist at Project GNOME where UaG8
Programshowedthat theconcentrationoftritiumIn conducteda tracerstudy experiment,some areas
single urine samples collectedat randomperiods onstte at Project DRIBBLE, arid a few surface
of time (t,e., wheneverthe individualwas able to areasnear ProjectLONG 8HOT. The 1991 results
come to EMSL-LV) varied from below the MDC for these monitoring wells are consistent with
averagevalue of 2,7 x i0 .7pCi/mL (10 Bq/L) to 3,8 decreasingtrendsobservedover time,
x IO TI_Ci/mL(14 Bq/L), Two valueswere slightly
above the MDC. This can be ac_unted for by Monitoring well EPNG 10-35 at Project GAS-
randomstatisticalflu=uatton. The highestvalue of BUGGY was a notableexceptionto wellsevidenc-
3,8 x 10 7pCi/mL (14 Bq/L) isonly 0.0i pementof ing decreasing trends, This well is a former gas
the annuallimit of intakefor the generalpublic. As well located 435 feet northwest of 8GZ, The
no accidental or plannedreleasesfrom NT8 were samplingdepth of thiswell is approximately3600
reported in 1991, no additionalbtoassaysampling tl tn the Ojo Alamo Sandstone, a nonpotable
was performed. As reported in previousyears, aquifer, The trttiumactivity in 1991 was 484 ± 4
medical examinationsof the offsite families re- pCI/L, approximately10 times the historicback-
vea!eda generallyhealthypopulation The blood groundactivity. An increasein tritiumactivitywas
examinations and thyroid profiles showed no first observedin 1984, seventeenyears after the
symptoms which could be attributed to past or testwas conducted. In everyyear sincethen, with
presentNTS testingoperations, the exceptionof 1987, tritiumactivitieshave been

between 100 and 580 pCi/L, with wide variability

14.8 Long-Term Hydrological =_rnetirn_,anotedbetweenconsecutiveyears, The
proximityof the wellto thetest cavitysuggeststhe

Monitoring Program possibility that the increased activity may be
indicativeof migrationfrom the testcavity.

The Long-Term HydrologicalMonitoringProgram
is discussedin detail in Chapter 7. None of the
domesticwater suppliesmonitoredin the LTHMP
in 199i yielded tritium activities of any health
concern. The greatesttritiumactivitymeasured in
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Glossary of Terms
Definitionsof terms given here are modifiedfrom the U.S. NuclearRegulatoryCommissionGlossaryof
terms (NRC81).

background The radiationin man's naturalenvi- coulomb(C) Unit of electrical charge in the
radiation ronment, includingcosmicraysand MKSA systemof units. A coulomb

radiationfromthe naturallymdioac- is a quantityof a charge equal to
tive elements, both outside and one ampere-second.
inside the bodies of humans and
animals. It is also called natural curie(Ci) The basic unitused to describethe
radiation. The usuallyquotedaver- rate of radioactive disintegration.
age individualexposurefrom back- The cude isequalto 37 billiondisin-
groundradiationis 125 milUremper tegrations per second, which is
year in midlatitudesat sea level, approximatelythe rateof decay of 1

gram of radium; named for Marie
bec_iuerel A unit, in the InternationalSystem and Pierre Curie, who discovered
(Bq) of Units,of measurementof radio- radiumin 1898.

activityequal to one nucleartrans-
formationper second, dosimeter A portableinstrumentfor measuring

and registeringthe totalaccumulat-
beta A charged particle emitted from a ed dose to ionizingradiation.
particle (B) nucleus during radioactivedecay,

witha mass equalto 1/837 thatof a duplicate A secondaliquotof a sample which
proton. A positivelycharged beta is approximatelyequal in mass or
particle is called a positron. Large volume to the first aliquot and is
amounts of beta radiation may analyzed for the sample parame-
cause skinburns,and beta emitters ters. The laboratoryperformsdupli-
are harmful if they enter the body. cate analysesto evaluatethe preci-
Betaparticlesare easilystoppedby sion of an analysis.
a thin sheet of metalor plastic.

haft-life The time in whichhaftthe atoms of

blind A spiked sample, the composition a particular radioactive substance
samples of which is unknownto the techni- disintegrateto anothernuclearform.

clan, which has been introduced Measured haft-livesvary from rail-
into the laboratory as a separate lionths of a second to billions of
sample. These samples are used years. Alsocalled physicalhaft-life.
for the verificationof analyticalac-
curacy. Approximatelyonepercent ionization The process of creating ions
of the sample load shall be blind (chargedparticles)byaddingoneor
samples, more electronsto, or removingone

or more electrons from, atoms or
cosmic Penetratingionizingradiation,both molecules. High temperatures,
radiation particulate and electromagnetic, electricaldischarges,nuclear radia-

originating in space. Secondary tion, and x-rays can cause ioniza-
cosmicrays,formedby interactions tion.
in the earth's atmosphere,account
for about 45 to 50 mUliremof the ionization An instrument that detects and
125 mUlirembackground radiation chamber measuresionizingradiationbymea-
that an average individualreceives suring the electrical current that
in a year. flows when radiationionizes gas in

a chamber.
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isotope One of two or moreatoms withthe determinationof radiation dosage
same numberof protons,but differ- received by means of internal or
ent numbers of neutrons in their externaldosimetrymethods.
nuclei. Thus, 1_C,13Cand 14Care
isotopesof the elementcarbon,the picocurie(pCi)One trillionthpartof a curie. i

numbers denotingthe approximate =
atomicweights. Isotopeshavevery qualityfactor The factor by which the absorbed
nearly the same chemical proper- dose is to be multipliedto obtain a
ties, but often different physical quantitythat expresses,on a com-
properties(for example,1_3and14C monscalefor all ionizingradiations,
are radioactive), the biologicaldamage to exposed

persons. It is used because some
matrixspike An aliquot of a sample which is types of radiation, such as alpha

spiked with a knownconcentration particles,are morebiologicallydam-
of the analyte of interest. The pur- agingthan othertypes.
pose of analyzing this type of sam-
ple isto evaluateto the effectof the rad Acronym for radiation absorbed
sample matrix upon the analytical dose. The basic unit of absorbed
methodology, dose of radiation. A dose of one

rad means the absorption of 100
methodblank A methodblank is a volumeof de- ergs (a small but measurable

mineraUzedwaterfor liquidsamples, amount of energy) per gram of
or an appropriate solid matrix for absorbingmaterial.
soil/sediment samples, carried
throughthe entire analyticalproce- radioisotope An unstableisotope of an element
dure. The volume or weightof the thatdecays ordisintegratessponta-
blank mustbe approximatelyequal neously,emittingradiation.
to the volumeor weightof the sam-
ple processed. Analysis of the radionuclide A radioisotope.
blank verifies that method interfer-
ences caused by contaminantsin rem Acronym of roentgen equivalent
solvents, reagents, glassware,and man. The unitof dose of any ioniz-
other sample processinghardware ing radiation that produces the
are knownand minimized, same biologicaleffect as a unit of

absorbed dose of ordinaryX-rays.
minimum The smallest amount of radio- (See qualityfactor.)
detectable activity that can be reliably
(MDC) detected witha probabilityof Type I roentgen(R) A unitof exposureto ionizingradia-

and Type II error at five percent tion. It is that amountof gamma or
each (DOE81). X-rays required to produce ions

carrying one electrostatic unit of
millirem A one-thousandth part of a rem. electricalcharge in one cubiccenti-
(mrem) (See rein.) meter of dry air under standard

conditions. Named after Wilhelm

milliroentgen A one-thousandthpartofa roentgen. Roentgen, German scientist who
(mR) (See roentgen.) discoveredX-rays in 1895.

noble gas A gaseous element that does not scintillation The combination of phosphor,
readilyenter intochemicalcombina- (dectectoror photomultipliertube,andassociated
tion with other elements. An inert counter) counterelectroniccircuitsfor count-
gas. ing light emissionsproduced in the

phosphorby ionizingradiation.
personnel The determinationof the degree of
monitoring radioactivecontaminationonindivid-

uals using survey meters, or the
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Sievert (Sv) A unit, inthe InternationalSystemof verification/ A preparedsample of known con-
Units (SI), of dose equivalentwhich reference centrationof a purchasedstandard
is equal to onejouleper kilogram(1 standard reference material. These samples
Sv equals 100 rem). are analyzed in triplicate and the

resultsare used to verifyaccuracy
terrestrial The portion of natural radiation and precisionof the procedure.
radiation (background) that is emitted by

naturallyoccurringradioactivemate- X-rays Penetrating electromagneticradia-
rials in the earth, tion (photon) having a wavelength

that is much shorter than that of

tritium A radioactive isotope of hydrogen visiblelight. These raysare usually
that decays by beta emission. It's produced by excitationof the elec-
half-lifeis about 12.5 years, tron field around certain nuclei. In

nuclearreactions,it is customaryto
refer to photons originatingin the
nucleus as gamma rays, and to
thoseoriginatinginthe electronfield
of the atom as X-rays. These rays
are sometimescalled roentgenrays
after their discoverer, Wilhelm K.
Roentgen.
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Table A-1. Offsite Station TLD Results, 1991
II III I III I I [1111111 I I 'I[IIL_ III I IIIIIII IIII I I I1[ III II IIIII III I II UIII IIII I[111[

Number Equiv. Exposure Rate Annual
Start End # of Data (mR/day)' Equiv,

Station Number Date Date Days Points MIn, Max. Ave. Exp. (mR)_'

Adzona
Colorado City 008STA230 10/30/90 11/12/91 378 4 0.17 0.19 0,18 65
Jacob's Lake 008STA452 10/30/90 11/12/91 378 4 0.25 0,28 0.26 96

Page O08STA708 10/31/90 11/12/91 378 4 0.13 0.16 0.15 55

Callfqmla
Baker 005STA035 11/01/90 11/19/91 378 4 0.23 0,30 0.26 95
Barstow 005STA045 11/01/90 11/19/91 378 4 0,28 0,37 0.32 119

Bishop 005STA095 11/03/90 11/20/91 378 4 0,26 0,36 0.31 111
Death Valley Jet. 005STA290 01/09/91 07/03/91 378 2 0.12 0.21 0.16 60
Furnace Creek 005STA340 01/09/91 07/02/91 378 2 0.07 0.18 0.13 47

Independence 005STA445 11/02/90 11/20/91 378 4 0.23 0,32 0.28 101
Lone Pine 005STA545 11/02/90 11/20/91 378 4 0.23 0.33 0,28 103
Mammoth Geothermal 005STA576 11103/90 11/20/91 378 4 0.26 0,38 0.32 117
Mammoth Lakes 005STA575 ! 1103/90 11120191 378 4 0,19 0.38 0.30 109
Olaneha 005STA700 11/02/90 11/20/91 378 4 0.22 0,31 0.26 94

Ridgeerest 005STA765 11/02/90 11/20/91 378 4 0.23 0.33 0.27 98
Shoshone 005STA855 11/01/90 11/19/91 378 4 0.20 0.28 0.22 81

Valley Crest 005STA920 01/09/91 04/02/91 83 2 0.06 0,13 0.10 35

Nevada
Alamo 002STA015 10/30/90 11/12/91 378 3 0.21 0.28 0.23 86

Amargosa Center 007STA825 01/14/9i 07/03/91 378 2 0,15 0.30 0,22 82
Amargosa Valley 007STA490 01/14/91 07/01191 378 2 0.16 0.26 0,21 75
Amedcan Borate 007STA910 01/14/91 07/02/91 378 2 O16 0,31 0,24 87
Atlanta Mine 002STA023 12/04/90 08/28/91 378 2 0,27 0.28 0,27 99
Austin 006STA025 11/07/90 11/18/91 378 4 0.30 0,43 0.36 132
Battle Mountain 005STA055 11/28/90 12/10/91 378 4 0.15 0.28 0,22 80

Beatty 007STA065 01109/91 07/01191 378 2 0,17 0,29 0.23 83
Blue Eagle Ranch 003STA106 01/08/91 10/09/91 378 3 0,02 0.30 0,16 60
Blue Jay 004STA115 01/08/91 10/09/91 378 3 0,19 0.45 0.33 120
Cactus Springs 007STA140 11/01/90 11/18/91 378 4 0.14 0.21 0.17 61
Caliente 002STA155 10/29/90 11/12/91 378 3 0,19 0.26 022 82

Carp 002STA160 10/29/90 11/15/91 378 3 0,14 0,23 0.18 65
Cherry Creek 009STA210 12/05/90 08/28/91 378 2 0.32 0.34 0,33 120
Clark Station 004STA215 01/08/91 10/09191 378 3 0,15 0.38 0,28 102
Coaldale 006STA220 11/06/90 11/13/91 378 4 0.19 0.31 0,27 98

Complex 1 003STA240 10131190 11/15/91 378 3 0.22 029 0.25 93
Corn Creek O01STA2.95 11/01/90 11/18/91 378 4 0,11 0.19 0,14 50

Cortez/Hwy 278 009STA298 03/12/91 12/10/91 378 3 0,27 0,49 0,41 149
Coyote Summit 004STA230 10130190 11/15/91 378 3 0,24 0,37 0.31 113
Crescent Valley 009STA233 11/28/90 12/10/91 378 4 0.14 0,35 0,22 81
Currant 003STA245 01/08/91 10109191 378 3 0,14 0.33 0,26 95
Curds 005STA275 12/05/90 08/28/91 378 2 0.33 0,34 0.34 122
Dtablo Mtc, Sta. 004STA300 01/03/91 10/08/91 378 3 0.21 0.40 0.33 120
Duck'water 003STA305 01/08/91 10/09/91 378 3 0.13 0,29 0,23 84

Elgin 002STA315 10129/90 11/15/91 378 3 0.27 0.34 0.29 107
Elko 005STA320 11/27/90 12/10/91 378 4 0.14 0.35 0,21 75

Ely 003STA326 12/05/90 08/27191 378 2 0.23 0,25 0.24 86
Eureka 006STA333 01/15/91 10/09/91 378 2 0.22 0.31 0.27 97
FaUon 009STA335 11/29/90 12/12/91 378 4 0,13 0.31 0,19 70

Flying Diamond 003STA338 10/31/90 11/15/91 378 3 0.14 0,22 0.17 64
Gabbs 006STA350 11/06/90 11/13/91 378 4 0.11 0,22 0,18 65

Geyser Ranch 003STA370 12/04/90 08/27/91 378 3 0.11 0,30 0.22 82

Continued
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Table A-1. Continued,
II Illill I IIIIII I I I[ .... I]11 III IIII II II II II I I IL II III I '[ IIIIHIII I IIIII I II .... II

Number Equiv. Exposure Rate Annual
Start End # of Data (mR/day)' Equiv.

Station Number Date Date Days Points MIn. Max, Ave, Exp. (mR)b

Goldfield 006STA380 11/13/90 11/13/91 378 4 0.18 0,3! 0.25 91
Groom Lake 004STA400 11/14/90 10/09191 378 2 0.06 0.28 0.17 61
Hancock Summit 004STA420 11/01/90 11/15/91 378 3 0.33 0,45 0,37 136
Hike 0028TA430 10/30/90 11/16/91 378 3 0.14 0,19 0.17 61
Hot Creek Ranch 004STA440 0i/08/91 10/09/91 378 3 0.13 0.25 0.21 75

Indian Springs 007STA450 11/01/90 11/18/91 378 4 0,14 0,25 0,19 70
lone 011STA452 11106/90 11/13/91 378 3 0.24 0.3i 0.28 104

Kirkeby Ranch 003STA390 12/04/90 08/27191 378 2 0.18 0,23 0.21 75
Koyne's Ranch 004STA460 11/01/90 11/15/91 378 3 0.18 0,3i 0,24 89
Lae Vegas Apts. 001STA472 01/02/91 07/02/91 378 2 0.15 0,i7 0.16 58
Las Vegas UNLV 001STA485 01/02/91 07/02/91 378 2 0.08 0.13 0.10 37
Las Vegas USDI 001STA480 01/02/91 07/02/91 378 2 0.12 0.19 0,15 55
Licla 006STA500 11/13/90 11/13/91 378 4 0.18 0,31 0.26 95
Lovelock 0098TA548 11/26/90 12/11/91 378 4 0.15 0,27 0.19 68
Lund 003STA555 12/06/90 08/29/91 378 2 0,21 0.26 0.23 85
Manhattan 006STA585 11/07190 11/14/91 378 4 0.25 0.45 0.34 123
Medlin'e Ranch 004STA943 11/01/90 11/15/91 378 3 0.23 0,35 0.28 104

Mesquite 001STA615 10/29/90 11/15/91 378 4 0.12 0.16 0.14 51
Mina 006STA620 11/06/90 11/13/91 378 4 0.16 0.29 0.24 86

Moapa 002STA757 10/29/90 11/12/91 378 4 0.17 0,21 0.20 72
Mtn Meadows Ranch 004STA185 01/03/91 10/09/91 378 3 0.13 0.19 O,16 68
Nash Ranch 003STA655 10/30/90 11/16/91 378 3 0.16 0,24 0.19 71

Nyala 004STA690 01/03/91 10/08/91 378 3 0.08 0,25 0.18 66
Overton 00iSTA705 10/29/90 11/20/91 378 4 0.13 0.15 0,15 54

Pahrump 007STA720 11/01/90 11/19/91 378 4 0.11 0,18 0.14 49
Penoyer Farms 004STA670 10/31/90 11/16/91 378 3 0.24 0,36 0.28 104
Pine Creek Ranch 004STA730 10131/90 11/15/91 378 3 0.27 0,35 0.30 111
Ploche 002STA740 10/29/90 11/12/91 378 3 0.i7 0.19 0,18 66
Queen City Summit 004STA750 01/03/91 10/08/91 378 3 0.24 0,41 0.33 121
Rachel 004STA773 10131190 11115191 378 3 0.24 0,29 0.26 95
Reed Ranch 004STA760 01/03/91 i0/08/91 378 2 0.34 0.35 0.35 127
Reno 009STA757 11/29/90 12/11/91 378 4 0.14 0,33 0.20 71
Round Mountain 006STA775 11/07/90 11/14/91 378 4 0.21 0.35 0.30 108

Ruby Valley 009STA788 11/27/90 12/10/91 378 4 0,24 0.47 0.31 112
So. Desert Corr. 007STA860 11/01/90 11/18/91 378 4 0.12 0.20 0,14 53
Shurz 009STA805 11/29/90 12/12/91 378 4 0.22 0.47 0.29 107
Silver Peak 005STA857 11/13/90 08/22/91 378 4 0,18 0,20 0,19 70

Spdngdale 007STA885 01/10/91 04/03/91 83 2 O.17 0,31 0.24 88
Steward Ranch 003STA912 1_04/90 03/04/91 90 2 0.29 0.33 0.31 113
Stone Cabin Ranch 004STA915 01/03/91 04/02/91 89 3 0,14 0.33 0.26 94

Sunnyside 003STA930 12/06/90 03/06/91 90 2 0.13 0,16 O,14 53
Tempiute 004STA940 11/01/90 02/05/91 96 3 0.26 0.31 0.28 104
Tonopah Test Range 006STA947 01/02/91 04/10/91 98 3 0.24 0.50 0,36 130
Tonopah 006STA945 11/07/90 02/07/91 92 4 0,29 0,32 0,31 113
Twin Spdngs Ranch 004STA955 01/03/91 04/01/91 88 3 0.09 0,40 0.26 95
Uhalde's Ranch 004STA010 10/31/90 02/05/91 97 3 0.26 0,32 0.29 106

Warm Spdngs #1 004STA975 01/03/91 04/02/91 89 3 0,20 0,39 0,32 116
Warm Spdngs #2 004STA977 01/03/91 04/02/91 89 3 0,94 1,15 1.04 378
Wells 005STA985 11/27/90 03/12/91 105 4 0.17 0.36 0.23 84
Wtnnemucoa 009STA998 11/28/90 03/13/91 105 4 0.12 0.37 0,21 78

Young's Ranch 006STA980 08/22/90 02/06191 168 4 0,07 0.26 0.21 75

Continued
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Table A-I. Continued.
+

Number Equiv.ExposureRate Annual
Start End # of Data (mR/day)' Equiv.

Station Number Date Date Days Points MIn. Max, Ave, Exp, (mR)b

Boulder 010STA116 12/06/90 12/11/91 378 4 0.18 0,29 0,23 85
BryceCanyon 010STA118 12/06/90 12/11/91 378 4 0.18 0,24 0,_1 77
CedarCity 001STA200 11/28/90 12/09/91 378 4 0.16 0,23 0,19 71
Delta 0118TA295 01/30191 01/09/92 378 3 O.15 0,34 0,22 81
Duchesne 0118TA303 01/29/91 01/07/92 378 3 0,12 0,27 O,18 66
Enterprise 001STA326 11/27190 12/09/91 378 4 0.26 0,39 0.32 116
Ferron 008STA337 01/29/91 01/07t92 378 3 0,12 0,30 0.18 87
Garrison 0038TA360 12/06/90 08/28/91 378 2 0,22 0.22 0,22 80
Grantavllle 01ISTA393 01/30191 01/09192 378 3 0.15 0,29 0.20 73
GreenRlver 008STA395 08/07/90 11/12/91 378 4 0.04 0.21 0,15 54
Gunnlson O08STA406 12/06/90 12/10/91 378 4 0,13 0,16 0.15 54
Ibapah 0098TA443 12/06/90 09/28/91 378 2 0,24 0.34 0,29 106
Kanab 008STA463 10/30190 11112/91 378 4 0,11 0.17 0,14 52
Loa 010STA520 12/06/90 12/11/91 378 4 0,28 0,39 0,33 122
Logan 011STA530 01/10/91 07/06/91 378 2 0,16 0,24 0.20 72
Lund 010STA560 1i/26/90 12/09/91 378 4 0,25 0.34 0,28 104
Mifford 001STA620 12/04/90 12/! 0/91 378 4 0.28 0,37 0.32 118
Montloello 008STABS0 10/31/90 11/13/91 378 4 0,22 0,23 0.23 83
Nephi 0118TA660 12/06/90 12/10/91 378 4 0,13 0,18 0,16 58
Parowen 0108TA726 12/04/90 !2/12/91 378 4 0.18 0,20 0,19 70
Price 0116TA743 01129191 01/07192 378 3 0.15 0.30 0,20 74
Provo 0118TA745 01/29/91 01/08/92 378 3 0,13 0,23 0,18 65
Salt Lake City 0OISTAe00 01/30191 01/08/92 378 3 0.12 0,21 0,17 61
St, George 001STA795 11/28/90 03/01191 93 4 0,12 0,14 0.12 45
TroutCreek 009STA948 12/06/90 03/06/91 90 2 0,20 0.23 0.21 78
Vernal 01ISTA973 01129/91 04/09191 70 3 0,13 0,29 0.19 71
Vernon 01ISTA974 01/30/91 04/10/91 70 3 0.17 0,33 0.22 82
Wendover 006STA990 11127190 03/12/91 105 4 0,10 0,30 0,17 64
WillowSpr, Lodge 01ISTA997 01130/91 04/10/91 70 3 0.13 0.26 0,18 66
iiiii ii it i i Ill [ i ,iiii illlnl I i I I ii i n ii n i .......

UNLV - Universityof Nevada,LasVegas
USDI - UnitedStatesDepartmentof Interior

• Dallyexposureratesare obtainedbydividingthe totalexposurefromeachTLD bythe numberof days in the
measurementpedod.

b Annualexposuresare oal_lated bymultiplyingaveragedailyexposurerateby 365.25.
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Table A-2. Offsite Personnel TLD Results, 1991
.... II IJJl_ IIIII JI I I [ I .11 I II II I I[ . II II L " . fll_ [ _J I III IIIII ...... II .......

NumberEquiv,Deep DoseRate Annual
Pemon Background Start End # of Data (mrem/day)' Equiv,
I D. Location Station# Date Date Days Points Min. Max, AwlDose(mrem)b

Ca!Ifomla

304 DeathValley Jot. 0058TA290 01/09/91 07/03/91 175 6 0,18 0,55 0,36 133
369 DeathValley Jet. 0058TA290 01/10/91 07/11/91 182 6 0,06 0,43 0,21 78
80 Shoshone 0058TA855 01/08/91 07/08/91 151 6 0.14 0,52 0,29 105

404 Shoshone 005STA855 01/08/9i 07/08/91 181 6 0.10 0,68 0,34 123

Neva_
22 Alamo 0028TA015 01/03/91 08/05/91 2!4 7 0,03 0,18 0,10 38

427 Alamo 0028TA015 01/03/91 08/06/91 215 7 0,05 0,39 0,18 68
380 AmargosaCenter 0078TA825 01/03/91 07/02/91 180 8 0,15 0,57 0.30 114
426 AmargosaValley 012YCA023 01/03/91 07/02/91 180 8 0,24 0,58 0.37 136
329 Au_n 006STA025 01/16/91 07/09191 174 8 0.19 0,57 0.30 111
21 Beatty 0078TA065 01110191 07/02/91 173 6 0,09 0.44 0,29 105
38 Beatty 0078TA065 01/09191 07/01191 173 8 0,21 0,41 0,28 102

355 Beatty 0078TA065 01/i1/91 07/02/91 172 6 0,!6 0,42 0,30 111
429 Beatty 0078TA065 02/12/91 07/02/91 140 5 0.03 0.36 0.21 78

9 BlueEagleRanah 0038TAI08 01/08/91 07116/91 189 6 0.11 0,31 0.22 79
2 Callente 0028TA155 01/02/91 08/06/91 218 7 0,21 0,36 0,32 117

338 Caliente 0028TA155 01/02/91 08/01191 211 7 0.05 0,27 0,18 58
10 Complex1 0038TA240 01/03/91 08/06/91 215 7 0,11 0.50 0,30 110
11 ComplexI 0038TA240 01/03/91 08/06/91 215 7 0,07 0,38 0,19 89
56 Corn Creek 0018TA295 01/02/91 06/31191 241 8 0.04 0,26 0,15 59
14 Coyote8ummlt 004STA230 01/04/91 08/13/91 221 7 0.12 0,36 0,22 81
15 CoyoteSummit 004STA230 01/04/91 08/13/91 221 7 0,04 0,34 0.18 85
47 Ely 0038TA328 01/02/91 07/12/91 191 6 0,05 0.30 0,18 87
44 Ely 0038TA326 07/10/91 08/06/91 27 1 0.15 0.18 0.18 88

302 Gabbs 0068TA350 01116/91 07110191 176 6 0,04 0,39 0,22 79
7 Goldfield 0068TA380 01117191 07111191 175 6 0.07 0,76 0.35 127

19 Goldfield 0068TA380 01/17/91 07/11/91 175 6 0,04 0,39 0,21 76
40 Goldfield 0068TA380 01/17/91 07/11/91 175 6 0,10 0.28 0,18 66

424 Terrell'sRanch 012YCA810 01110191 07/02/91 173 5 0,05 0,52 0.29 105
232 Hike 0028TA430 01/04/,/91 08/06/91 214 7 0,03 0,19 0,13 46

3 Hot CreekRanch 0048TA440 01/09i91 07/16/91 188 6 0,12 0.29 0,20 73
6 IndianSprings 0078TA450 01/07t91 07/08/91 182 8 0,04 0,62 0.20 72

37 IndianSprings 0078TA450 01/07/91 07/08/91 182 6 0,04 0.44 0,18 64
405 IndianSprings 007STA450 01/07/91 07/08/91 182 6 0.06 0.24 0,15 54
381 lone 011STA462 01/15/91 07/10/91 176 6 0.10 0.50 0.28 102
300 Koyne'sRanch 004STA460 01103,/91 08/06/91 215 7 0,05 0,46 0.17 64
49 I.as VegasUNLV 0018TA485 01131190 04/02/91 426 3 0,03 0,24 0,11 39
25 Las VegasUSDI 0018TA480 01102/91 08/31191 241 8 0,02 0,19 0,09 34

297 Las VegasUSDI 0018TA480 01t02/91 08/31/91 241 8 0.04 0.20 0,11 39
326 Las VegasUSDI 001STA480 01/02/91 05/02/91 120 4 0.11 0,19 0,14 50
376 Las VegasUSDI 001STA480 01/02/91 07/31/91 210 7 0,03 0,44 0.14 50
377 Las VegasUSDI 001STA480 01/02/91 08/31/91 241 8 0,03 0,22 0.10 36
398 Las VegasUSDI 001STA480 01/02/91 08/31/91 241 8 0,04 0,40 0.26 94
399 Las VegasUSDI 001STA480 01/02/91 08/31191 241 8 0,00 0,35 0,20 72
402 Las VegasUSDI 001STA480 01/02/91 08/31/91 241 8 0.04 0,32 0.15 56
403 Lee VegasUSDI 001STA480 01/02/91 08/31/91 241 8 0.04 0,27 0,15 56
423 Las VegasUSD! 001STA480 08/01/91 08/31/91 30 0DOSIMETERNOT RETURNED
428 Las VegasUSDI 001STA480 01/03/91 08/31191 240 8 0,02 0.44 0.24 87
379 Manhattan 006STA585 01/16/91 07/09/91 174 6 0,09 0,46 0,32 116
307 Mina 006STA620 01/15/91 07/10/91 176 6 0,02 0.30 0,18 67

18 Nyala 004STA690 01/03/91 07/16/91 194 6 0.07 0,33 0,18 64

Continued
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Table A-2. Continued.

NumberEquiv.DeepDoie Rale Annull
Pemon Baokground 8tart End # of Date (mrem/dey)* Equiv,
I.D. Looidton 8ilion # Date Date DayI Polnti MIn. Mm. AvK)oI4(mrem_

....... i L ...... L23 .......... . ....... IT " i ill I ..........

299 RoundMountain 0068TA776 0i/16/91 07/09/91 174 6 0.00 0.57 0.2g 107
341 8liver Peak 0058"rA857 01/17/91 07/10/91 174 6 0.06 0.57 0.31 112
29 8tone CabinRsnoh 0048TA916 01/03/91 07/16/91 194 6 0,24 0.66 0.4e 167
42 Tonopah 0068TA945 01/17/91 07/11/91 176 6 0.09 0.54 0.30 110

339 Tonepeh • 0068TA948 01/17/91 07110/91 174 6 0.16 0.60 0.31 113
348 Overton 0018TA705 01/02/91 08/01/91 211 7 0.18 0.29 0.23 U
372 Pshrump 0078TA720 01/03/91 07/01/91 179 6 0,06 0.22 0.18 66
410 Pahnamp 0078TA720 01/08/91 07/08/91 181 0 0,08 0.68 0.26 94
411 Pehrump 0078TA720 01/06/91 07/08/I)1 101 0 0.0_ 0.44 0.26 04
248 PenoyerFarml 0048TN570 01/03/91 06/06/91 216 7 0.16 0.26 0.22 82
293 Pioohe 0028TA7,10 01/02/91 08/08/91 216 7 0,03 0.30 0.18
264 Radlel 0048TA773 01/04/91 08/06/91 214 7 0,13 0.31 0,26 92
334 I:te_et 0048TA7"/3 01/03/91 08/06/91 216 7 0.16 0.26 0.20 76
443 Rlcilel 0948TA773 07110/91 00/06/91 27 1 0.00 0.09 0,09 32
370 Twin 8pdngl Ften_ 0048TA958 01/03/91 07/16/91 194 6 0.21 0.30 0.32 118

44 _ City 0018TA200 01/02/91 08/01/91 211 7 0.00 0.39 0.20 71
344 Delta 011ST,t296 01/02/91 06/06/91 216 7 0.0e 0,ig 0.15 84
348 Delta 0118TA296 01/02/9i 06/06/9i 21e 7 0._ 0.60 0.26 go
346 Milford 0018TN520 01/02/91 0M)K/91 216 7 0,18 0,34 0,24 8g
347 Milford 0018TA620 01/02/91 06/06/91 216 7 0.06 0.61 0.S9 143
52 _ Like City 0018TNI00 01/02/91 08/06/91 218 7 0.0(I 0.26 0,17 63
48 St. George 0018TATO6 01/02/91 08/02/91 212 7 0.03 0.14 0,06 31

- i I I[nllllll[[ I [ " Ill I1[11 IIII ................. ......

USDI . United8tstu Departmenlof Inledor
UNLV. Univermityof Nevldl Lu Vega=

' Dailydole mtw are obtainedbydtvldngthe totaldoeefromuoh TLD by the numberof ¢lsyein the meesurement
pedod.

t, AnnualdoIet are osk:cllstedbymulllplylngIverIge dIb/dose rite by 365.26.
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AppendixB

Atmospheric Monitoring Tables And Figures

Table B.I Gross Beta Resultsfor the StandbyAir SurvelllanoeNetwork, 1991

Table B-2 PlutoniumResultsfor the Air SurvelllanoeNetwork,199!

Figure B-I Dlstdbutlonof grossbeta values fromStandby Alr Burvelilanc_eNetworkstations, 1991
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TableB-1. GrossBetsResultsfortheStandbyAlr8urvelllsnoeNetwork,1991

Gmu BetsConosntmtlon
Number x 10"_"I_CI/mLc'_

Of days V _ ...............

BampllngLo(_tlon Bample¢i(_ M_Imum Mlnlmum Mean Std,Dev,

Globe,AZ 30 0.025 0.013 0.017 0,006
Klngrnan,AZ 28 0,033 0.006 0,019 0,011
Tusoon,AZ 29 0,029 0,022 0.026 0,004
Wlnelow,AZ 26 0,039 0,009 0,024 0.013
Yurnl, AZ 37 0,028 0.006 0.016 0,008
LittleRook,AR 33 0,018 0.008 0.013 0.004
Alturu, CA 21 0,018 0,006 0,010 0,007
Baker,CA 31 0.048 0,019 0.031 0,013
Bishop,CA 36 0,048 0.014 0.013 0.013
Chloo,CA 27 0,018 0,010 0.014 0,004
Indlo,CA 21 0,039 0,020 0.027 0,010
LonePine,CA 8 0,011 0.011 0.011 0.030
Needles,CA 21 0.011 0,006 0,008 0.002
Rldgeoreet,CA 27 0,041 0,005 0,024 0,015
8ants Rosa,CA 28 0,017 0,006 0.009 0.036
Cortez,CO 35 0.025 0.017 0.022 0.004
Denver,CO 27 0.037 0,015 0,025 0,010
GrandJunotion,CO 34 0,088 0,012 0,033 0.037
MountainHome,ID 27 0,031 0,003 0,014 0,013
Nampa,ID 28 0,010 0,000 0.007 0,005
Pooatello,iD 21 0.012 0,009 0,010 0.001
FortDodge,IA 28 0,034 0,016 0.023 0.008
IowaCity,IA 21 0,031 0.014 0,024 0.039
DodgeCity,KS 28 0.022 0.011 0.016 0.006
Monroe,LA 28 0.024 0,018 0.021 0.003
Minneapolis,MN 20 0,026 0,017 0,022 0,004
Clayton,MO 29 0,021 0,038 0.016 0,036
Joplin,MO 28 0.018 0.008 0.014 0.005
St. Joseph,MO 28 0.020 0.016 0.018 0.002
GreatFalls,MT 35 0.019 0.007 0.013 0.005
Ks,spell,MT 28 0.029 0.009 0.017 0.009
MilesCity,MT 21 0.029 0.015 0.020 0.008
NorthPlatte,NE 14 0,024 0,021 0.022 0.002
BattleMountain,NV 26 0.050 0,012 0.027 0,017
BlueJay, NV 29 0,033 0.015 0,023 0.008
ClarkStation,NV 29 0.034 0.003 0.018 0,013
AngleWormRanch,NV 29 0.036 0,014 0.024 0.010
CurrleMatnt.Station,NV 30 0.028 0.006 0,018 0.01!
Duckwater,NV 29 0,024 0.010 0.019 0.007
E!ko,NV 29 0.029 0,008 0.018 0.009

Continued
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TsbleB-l, Continued

G_ BetaConoentratton
Number x I0"t=pOi/mL(')
of days ....._...... ._._.._.,..............._.........................................._........................_._

kmpltng Looallon g4zmplsd(b) Muimum Minimum Mean 8td, Day,

Eureka,NV 20 0,0t6 0,001 0,007 0.009
Fsllon,NV 38 0,068 0,011 0.028 0,023
Geyler Ranoh,NV 28 0.017 0,010 0,014 0.003
Lovelook,NV 29 0,060 0,001 0,021 0.027
Lund,NV 21 0.018 0.007 0,013 0,006
MeKlUlte,NV 20 0,010 0,006 0,008 0,002
Reno,NV 28 0,043 0,004 0,021 0,017
RoundMountain,NV 29 0,019 0,012 0,010 0,003
Uhaide Rsnoh,NV 56 0,040 0,037 0.016 0,010
Wells,NV 23 0,038 0.010 0,020 0,015
Wlnnemuooa,NV 29 0,060 0,012 0.025 0,017
Albuquerque,NM 35 0,025 0,010 0.016 0._
Csdd:_d, NM 27 0,012 0,_ 0,008 0,003
8hlpmok,NM 36 0,039 0,006 0,019 0,012
Blsmarok,ND 28 0,024 0,015 0,019 0.004
Fargo,ND 27 0,026 0,013 0,020 0,006
Williet_n,ND 21 0,029 0,023 0,026 0,003
Muskogee,OK 21 0,019 0,014 0,016 0,00.3
Burns,OR 21 0,011 0.009 0,010 0,001
Medford,OR 20 0,035 0,00e 0.0i9 0,014
RapidCity,8D 21 0,012 0,010 0,011 0.00i
Arnadllo,TX 37 0,022 0,013 0,018 0.004
Austin,TX 29 0,027 0.011 0,019 0.008
Midland,TX 28 0,010 0,003 0.006 0,00.3
Tyler,TX 31 0,022 0,013 0,0i7 0.004
BryoeCanyon,UT 46 0,016 0,000 0,009 0.007
Enterprise,UT 36 0,029 0,0i5 0,019 0.006
Garrison,UT 28 0,040 0,014 0,022 0,012
Logan,UT 29 0.017 0,007 0,013 0,00B
Parowan,UT 21 0.018 0,009 0,014 0,005
Vernal,UT 36 0,060 0,011 0,021 0.016
Wendover,UT 28 0,029 0,006 0,018 0,011
Seattle,WA 37 0.037 0.003 0.005 0,017
Spokane,WA 31 0,036 0,004 0.016 0,014
Rook8prlngs,WY 41 0.021 0,012 0.016 0,003
Worland,WY 29 0,018 0,009 0.014 0.004

......... _ ............................ _....... T" --i- _

('_ 10"1=t.tCi/mL= pCVm=;multiply_CVmLresultby 0,037to obtainBq/m",
(= NumberofdayssampledIsdeterminedbyfilterohangedates,
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Table B.2, PlutoniumResultsfor the Airand 8tandbyAir BurvetilanceNetworks,1991

Oonoentmtton± l e (MDC)('_

Compoltte Co!leotion _Pu _°Pu
Bampllng Loostton Datec_ x 10"' p,Ct/mL x 10"" i_Cl/mL

Arizona
(Wlr_tow&Tuoson) 02/06/9i .23 ± 14 (62) 0 ± 11 (36)

05/06/91 .38 ± 20 (95) .12 ± 20 (77)
08/30/91 .18 ± 13 (6i) -9.2 ± 9,2 (43)
i0/i8/91 0 ± 3,7 (12) 7.8 ± 5,8 (12)

Ca!tfomle
(Blshop& Rldgeornt) 02/13/91 .12 ± 15 (85) 12 ± 12 (28)

06115/91 0 ± 8,2 (27) 0 ± 8,2 (27)
09/I 1/91 .7 ± 5 (23) 11 :I: 7,9 (i6)
12/26/91 6,6 ± 6,6 (18) 0 ± 3,1 (10)

Colorado
(Denver & Cortez) 01/25/91 .11 ± 11 (50) 11 _ 19 (50)

06/24/91 14 ± 11 (_) -9,6 ±: 9,8 (39)
09/16/91 7,3 ± 15 (48) 0 ± 5,2 (!7)
10/24/9i -11 :1:11 (43) 3,8 ± 8,5 (25)

idaho
(Nampa & MountainHome) 01/27/91 -9.4 ± 9,4 (44) -9,4 ± 9.4 (44)

04/24/91 -5,1 ± 8,8 (33) -5,1 ± 5,1 (24)
07/22/91 14 ± 17 (47) 7.1 ± 12 (33)
10/20/91 0 ± 8.8 (28) 0 ± 6,t (20)

Mluoud
(Clayton& joplin) 01/30/91 7,1 :t: 19 (57) 14 ± 14 (33)

06/31/91 -4,5 ± 10 (38) 9 ± 11 (30)
09/16/91 -8,5 :I: 7.9 (30) -3,2 ± 3.2 (15)
10/31/91 4,4 ± 7.6 (20) 13 ± 9,8 (20)

Montana
(Great Falls& MilesCity) 01/31/91 -17 ± 21 (79) -8,4 ± 8.4 (39)

05t24/91 8,4 ± 9,3 (25) -5.4 ± 5,3 (25)
09/06/91 0 :t: 11 (35) 4,3 ± 7,5 (20)
10/3!/91 -6,5 :t: 4,8 (21) 6.5 .t: 6,5 (15)

Alamo, Nevada 01/28/91 1,8 ± 3.5 (10) 1,5 :.f: 2,7 (7,2)
02/25/91 -1,5 ± 2,1 (7,7) 2,2 ± 2 (4,9)
03/25/91 -5,2 ± 2,8 (12) 0 ± 1,8 (6,1)
04/29/91 -0,8:1:0,8 (3,9) -0.8 ± 1,4 (5,5)
05/27/91 -0,8 :t: 0.8 (3.9) 0,8 ± 1,4 (3.9)
06124191 0 :t: 1.8 (5,8) -1,3 ± 1,3 (5.8)
07/29/91 0 :t: 2,3 (7,4) 1,6 ± 2,8 (7,4)

Continued
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Table B-2. Continued
............... ii .............................. il " ..................................... liilfnli ..................... _ 1ll _ ........................................... IHIPN1! ................. "

_noentratlon ± 1= (MDC)('°

_mpoltte Colleotion WPu m'_Pu
81mpllng Looation Date(" x 10"II !4CVmL x 10"tj i_CVmL

08/26/91 -1.5 ± 2.6 (9.9) 0 + 2,1 (7,0)
09/30/91 -2.3 ± 1,8 (7.4) 1,1 ± 1,9 (8.2)
10/26/91 0 ± 5.2 (1.7) 0 ± 3.0 (9.9)
11/25/91 0 ± 9,0(29) 0 ± 5.2 (17)
12/30/91 -i.7 ± 3.0 (11) 0 ± 2.4 (8)

Arr_rgoM Valley,Nevada 01/27/91 .3.1 ± 3.1 (14) 0 ± 4.4 (14)
02/24/91 2.6 ± 5,8 (17) 0 ± 3.7 (12)
03/31/91 -25 ¢ 19 (78) 0 ± 12 (39)
04/26/91 3.9 ± 4,7 (13) 1,9 ± 3.4 (9)
06/26/91 -3.4 ± 7,6 (27) 3,4 ± 5.9 (22)
06/28/91(Hi Vol) -0.1 ± 0,1 (0.4) '1,1 ± 0.3 (0.4)
06/30/91 0 ± 3.3 (11) 7.1 ± 5.3 (11)
07/29/91 -3.9 ± 6.7 (26) 0 ± 5.5 (18)
oe/25/91 .3,o± 6,3(20) .3.o± 3.1(14)
09t29/91 -1.8 ± 3,2 (12) -1,8 ± 1.8 (8,6)
10/27/91 SAMPLE LOST
11/24/91 9.9 ± 6.1 (12) 0 ± 3.6 (12)
12/30/91 -1.2 ± 2.8 (10) -1.2 ± 1.2 (6.e)

LJi Vegas, Nevada 01128/91 0 :I: 9.2 (30) 3,3 ± 6.7 (16)
02/26/91 '17 ± 8,1 (16) 0 ± 3.4 (11)
03/26/91 4.2 ± 4.2 (9.8) 0 ± 3 (9,8)
04/29191 -1.8 ± 4.1 (15) i.8 ± 4.1 (12)
o#/27/9! -2.6± 2.t5(12) -2,6± 2,6(12)
06/24/91 10 ± 6.2 (12) -2.6 ± 6.6 (20)
07/29/91 -4,6 ± 6.6 (20) 4,6 ± 3.5 (7,2)
08/26/91 0 ± 14 (46) -4.9 ± 6.0 (25)
09/30/91 .1,9± 1,9(7,6) .0,9± 0,9(4,4)
10/26/91 -2,3 ± 2,3 (11) 0 ± 3,3 (11)
11/25/91 -2,3 :t: 3.9 (15) -2.3 ± 2.3 t11)
12/30/91 -1.6 ± 1,6 (7,4) 0 ± 2,2 (7,4)

Raohel,Nevada 01!28/91 -2.6 ± 2.6 (12) 0 ± 3.6 (12)
02/25/91 7.8 ± 6,2 (16) -2 ± 2 (9,1)
03/25/91 -3 ± 2.3 (9,4) 1 ± 1,7 (4,7)
04/29/91 4.3 ± 3,2 (6,6) -4.3 ± 2.5 (11)
05/28/91 0 ± 4.1 (13) 4,i ± 4,1 (9,6)
06/24/91 -3 ± e,e(26) o ± e.'l (20)
07/08/91(Ht Vol) 0,3 :t: 0,3 (0,6) '7,4 ¢ 1,1 (0,6)
07/29/91 -2.1 ± 6.7 (20) -2.1 ± 2.1 (9.9)
08/26/91 -11 ± 6.6 (30) 0 ± 6,3 (17)
09/30/91 1,9 ± 3,3 (8,9) 0 ± 2.7 (8.9)

Continued
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Table B-2. Continued
- , , ,;,,,',_ .... , ,, _ ...., , , , , , ,,,,, ,,, , _ _ ,',,, •

Concentration+ ls (MDC)<`1

Composite Collection _Pu z_°Pu
SamplingLocation Date(hI x 10"18I_Ci/mL x 10"18i_Ci/mL

10/28/91 0 ± 3.9 (13) -2.0 + 2.0 (9.2)
11/24/91 1.7 + 2.9 (7,7) -1.7 ± 1.7 (7.7)
12/30/91 -3.8 + 4.6 (17) 2.5 ± 3.1 (8.4)

New Mexico
(Albuquerque& Carlsbad) 03/22/91 -8.4 ± 6,3 (26) 0 :t: 3,9 (13)

06/28/91 35 + 22 (41) -27 ± 15 (71)
09/03/91 -3.2 + 7.2 (26) -3.2 ± 3.2 (15)
10/30/91 -4.2 + 4.2 (19) 0 ± 5.9 (19)

NorthDakota
(Bismarck& Fargo) 03/12/91 5.9 ± 13 (39) 12 ± 12 (28)

06/27/91 0 ± 7,7 (26) 7.8 ± 7.8 (18)
09/22/91 -3.5 ± 3.5 (16) -3.5 ± 3.5 (16)
10/31/91 -15 ± 10 (40) 3.0 ± 6.8 (20)

Oregon
(Burns & Medford) 02/11191 -12 :1:8.4 (39) 0 ± 8.4 (28)

09/16/91 -3.8 ± 2,7 (12) 0 ± 2.7 (8.8)
10/16/91 33 + 25 (52) 11 ± 19 (52)

Texas
(Austin& Amarillo) 03/15/91 -3.2 ± 5.5 (21) -3.2 ± 3.2 (15)

06/28/91 10 ± 17 (47) 0 ± 14 (47)
09/07/91 -6.0 ± 4,3 (20) -3.0 ± 3 (14)
10/18/91 -14 ± 10 (40) -7.0 ± 5.0 (23)

Utah

(Logan & Vernal) 03/11/91 -15 ± 12 (48) -5.1 ± 5.2 (24)
06/27/91 "21 ± 11 (19) -8.3 ± 8.3 (34)
09/09/91 -22 + 26 (96) 0 ± 10 (34)
10/24/91 -14 ± 9.8 (45) -6.9 ± 6.9 (32)

Salt Lake City, Utah 01/28/91 3.7 ± 5.2 (15) 0 +_. 2.6 (8.6)
02/25/91 -1.1 ± 2,8 (9.9) 0 + 1.5 (5)
03/25/91 -2 ± 2 (9.1) 0 ± 2.8 (9.1)
04/29/91 0 ± 2.5 (8,1) 0 ± 2.5 (8.1)
05/31/91 2.9 ± 5 (13) -5.7 ± 5.8 (23)
06/28/91 0 ± 4.1 (14) 2.1 ± 3.6 (9.6)
07/26/91 -13 ± 8.4 (33) 2,5 ± 4.4 (12)
08/30/91 8.4 ± 7.5 (18) 0:1:4.0 (13)
09/27/91 -13 + 6.6 (31) 3,3 ± 5.7 (15)
10/25/91 -5.2 +_ 5.2 (20) -1.7 ± 3.0 (11)
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Table B-2. Continued
,,,_,., r .'_,'.... i ,, ,, ,,,,'c ' '" ;_', ,, , , , ..... ,, r ',,,_, , ,',...... ,............... ':," _,"_ : ,, -t"_:_ ,,', __ , ;';' _ --,

Concentration + ls (MDC)_'°

Composite Collection _Pu z_°Pu
SamplingLocation DateIb) x 10"_8I_Ci/mL x 10_8 I_Ci/mL

11/29/91 -6.6 + 4.7 (22) 0 + 4.7 (15)
12/27/91 -2.2 ± 2.2 (10) -2.2 + 2.2 (10)

Washington
(Seattle & Spokane) 03/22/91 -5.5 + 9.5 (36) -5.5 ± 5.5 (26)

06/29/91 70 ± 44 (82) 0 + 41 (142)
08/26/91 0 ± 6.8 (22) 3.4 ± 59 (16)
11/15/91 0 ± 6.7 (22) 0 ± 6.7 (22)

Wyoming
(Wodand& Rock Springs) 03/30/91 8.7 ± 20 (57) 8.7 ± 15 (41)

05/13/91 8.1 ± 18 (53) 8.1 ± 14 (38)
09/14/91 -v.O ± 6.1 (23) 0 ± 3.5 (12)
10/31/91 -5.4 + 9.3 (35) -5.4 ± 5.4 (25)

__. -; ; , ,, , .: , ,, , . ; ,,... , ._;

<'_MDC = minimumdetectableconcentration.
(t,)Collectiondate of the last (mostrecent) sampleincludedinthe composite.
* Concentrationis greaterthan the MDC.
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Seattle,WA - •

Midland,TX - •

Eureka,NV - •

Nampa,ID - •

Mesquite,NV •

Carlsbad,NM - •
Needles,CA - •

BryoeCanyon,UT - •
SantaRosa,CA - •

Poc,atello,ID - •

Burns,OR - •

Alturas,CA - •

LonePine,CA - •

RapidCity,SD - •
GreatFalls,MT •

Lund,NV •

Logan,UT •

LittleRook,AR - •

GeyserRanoh,NV - •

Chioo,CA - •

Worland,WY - •
MountainHome,ID - •

Parowan,UT - •

Joplin,MO - •
RoundMountain,NV - •

I I I I

0.000 0.007 0.014 0.021 0.028 0.035

BetainAir(1.0E-12IJCVml)

Figure B-1. Distribution of gross beta values from standby air surveillance network
stations- 1991.
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m

Spokane,WA •

Yuma,AZ •

UhaldeRanch,NV •

Clayton,MO •

Albuquerque,NM •

Muskogee,OK •

DodgeCity,KS •

RockSprings,WY •
Globe,AZ •

Kalispell,MT =

Tyler,TX •

St.Joseph,MO •
Currte,NV •

Amarillo,TX •

ClarkStation,NV •

Wendover,UT •

Phillips66, Elko,NV •

Kingman,AZ o

Duckwater,NV •

Bismarok,ND •

Austin,TX •

Enterprise,UT •

Medford,OR •

Shiprock,NM o

MilesCity,MT •

I I I

0.000 0.007 0.014 0.021 0.028 0.035

BetainAir(1.0E-12pCi/ml)

Figure B-1. Continued.
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Fargo,ND - •
Wells,NV - •

Reno,NV - •

Monroe,LA - •

Vernal,UT - •

Lovelock,NV - •

Cortez,CO - •

Minneapolis,MN - •
NorthPlatte,NE - •

Garrison,UT - •

BlueJay,NV - •
FortDodge,IA - •

AngleWormRanch,NV - •
Wlnslow,AZ - •

Ridgecrest,CA - •
IowaCity,IA - •

Winnemuoca,NV - •

Denver,CO - •
Tuscon,AZ - •

Williston,ND - •

BattleMountain,NV - •
Indio,CA •

Fallon,NV •

Bishop,CA •
Baker,CA " •

GrandJunction,CO •
, , ,,

I I I I

0.000 0.007 0.014 0.021 0.028 0.035

BetainAir(1.0E-12pCi/ml)

Figure B-1. Continued.
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Appendix C

Table C-1: Milk SurveillanceNetwork results,1991

Table C-2: StandbyMilk SurveillanceNetworkresults,1991

Table C-3: Samplingkx_tion and collectiondate for StandbyMilkSurvelllar_e Networksamples
receivinggamma spectroscopyanalysisonly.

Table C-4: RadionuclideResultsfor Mule Deer

Table C-5: RadionuGlideResultsfor Cattle

Figure C-1: Time sedes of strontiumresultsfor Milk SurveillanoeNetworkstations.

FigureC-2: Time sedes of tritiumresultsfor Milk SurveillanceNetworkstations.
I

FigureC-3: Time sedes of strontiumresultsfor StandbyMilk SurveillanceNetworkstations,
midwestemregion.

Figure C-4: Time sedes of strontiumresultsfor StandbyMilk SurveillanceNetworkstations,mountain
region.

Figure C-5: Time sedes of strontiumresultsfor StandbyMilkSurveillanceNetwork stations,western
region.

Figure C-6: Time sedes of tritiumresultsfor StandbyMilkSurveillanoeNetworkstations,mid-western
region.

Figure (;-7: Time seriesof tritiumresultsfor Standby MilkSurveillanceNetwork ations,mountain
region.

Figure C-8: Time seriesof tritiumresultsfor StandbyMilk SurveillanceNetworkstations,western
region.

Note: The mid-westregionreferredto in FiguresC-3 and C-6 includesLouisiana,Texas, Arkansas,
Illinois,Oklahoma,Missouri,Kansas, Iowa, Nebraska,Minnesota,and Southand North Dakota,
The mountainregionreferredto in FiguresC-4 and C-7 includesNew Mexico,Arizona,
Colorado,Utah, Wyoming, idaho,and Montana, The westernregion referredto in FiguresC-5
and C-8 includesCalifornia,Nevada, Washingtonand Oregon,
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Table C-1, Milk Survetlk_noe Network Resuhs, 1991
II - _ - _ I IIII I1: • iiiiii iiii [ __ [ iiiii iiiiii iiiiii i II ii iiii ii ii iiii1__ iiiiiii 11111 "

Conoentratlon± Is (MDC)('_

ColleoUon _H USr g°Sr
SamplingLooation Date (10"°_CVmL)_ (10"°_CVmL)I_'l (10"°_CVmL)_b_

Benton,CA 01/03 188 ± 116 (379) N/A 2.4 ± 0,94 (2.6)
IreneBrownRanoh 04/24 44 i go (297) WA 0.59 ± 0.35 (1.4)

07/10 180 ± 98 (308) 0.050 ± 0,85 (1.2) 0,16 ± 0.34 (1.4)
10/24 88 + 111 (363) N/A 0.25 ± 0,33 (1,4)

Hinkley,CA
Dese__qewDairy 01/03 170 ± 114 (372) NLA 0,76 ± 0.49 (i,6)

04/24 86 + 92 (301) N/A 0,39 ± 0.33 (1.4)
07/10 0 ± 93 (308) N/A -0,62 ¢ 0.32 (1,4)
10/23 178 ± 110 (358) WA 0.11 ± 0.32 (1,4)

Inyokem,CA 01/03 81 ± 113 (370) N/A 0.32 ± 0.42 (1,6)
CedareageFarrn 04/24 197 ± 94 (304) N/A 0.1g ± 0.33 (1.4)

07/10 207 ± 94 (303) WA 0.081 ± 0.34 (1,4)
10/23 173 ± 114 (372) N/A -0,080 ± 0.32 (1,4)

Alamo,NV 02/06 183 ± 116 (379) N/A -0.57 ¢ 0.35 (1,4)
CortneyDahl Ranoh 08/06 152 ± 119 (389) WA .0,14 ± 0.52 (1.9)

11/01 352 ¢ 116 (372) N/A 0.29 ± 0,34 (1,5)

AmargosaValley,NV 08/05 190 ± 117 (383) N/A 0,067 ± 0.39 (1.6)
Bar-B-CueRanoh 11/15 213 ± 111 (360) -0,78 ± 0,95 (1,5) 0.37 ± 0.39 (1.6)

AmargoMValley, NV 03/06 236 ¢ 113 (367) 0,15 ± 2,50 (3,3) 0.77 ± 0.72 (2,4)
JohnDeer Ranch 06/13 -40 ± 90 (299) N/A 0,88 i 0,42 (1,6)

09/12 120 ± 111 (364) N/A 0,26 ± 0.30 (1.3)

Au_n, NV 06/05 8,5 ¢ 90 (298) N/A 0,61 ¢ 0.32 (1.3)
Young'eRanoh 09/17 113 ± 108 (352) N/A 0.16 ± 0,32 (1.3)

12/10 230 ± 84 (270) 0.066 ± 0,60 (0,g) 0.63 ± 0,34 (1.4)
BlueJay, NV 05/15 153 ± 94 (306) N/A 0.18 ± 0.34 (1.4)

BlueJay Spdngs 06/05 177 ± 93 (300) N/A 0.68 ± 0,35 (1.4)
Jim _ae Ranch 09/04 -20 ¢ 111 (367) N/A 0.64 ¢ 0.32 (1.3)

Callente,NV 0PJ07 217 ¢ 120 (390) N/A 0.27 i 0,36 (1,5)
JuneCox Ranch 05/01 100 ± g3 (306) N/A -0.77 ± 0.96 (3.2)

08/07 208 ± 121 (392) N/A 0.42 ± 0.31 (1.3)
11/01 *409 ± 115 (368) N/A 0.22 i 0.40 (1.6)

Currant,NV 06/05 113 ± 94 (306) N/A 0,61 ± 0.39 (1.4)
Bue EaSe Ranch 09/18 -31 ± 108 (355) N/A 0,78 ± 0,31 (1.3)

Currant,NV 06/12 154 ± 87 (282) 0,g2 ¢ 0,86 (1,2) 0.86 ± 0,36 (1.3)
ManzonieRanah 0g/0g 103 ± 112 (366) N/A 1,2 + 0,36 (1.3)

12/10 143 ± 83 (270) N/A 1.1 ± 0.36 (1.3)

DudONater,NV 11/20 114 ¢ 109 (355) 0.13 ± 0.84 (1.1) 0.66 ¢ 0.38 (1.4)
Bradsha_feRanoh

Dyer, NV 03/13 21 ¢ 113 (371) 0,66 ± 1,03 (1,4) 0,55 ± 0.38 (1.4)
Ozel Lemon 06/04 219 ± 97 (314) N/A 0,52 ¢ 0,31 (1.3)

09/10 201 ± 110 (366) N/A 0,1g ± 0.34 (1.4)

Continued
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Table C-1. Continued

Conoentratlon± ls (MDC)(.)

Colleotlon SH USr =°Sr
SamplingLocation Date (10414C1/mL)_) (10"=_Ci/mL)_) (10'=_Ci/mL)°')

Legends±e,NV 02/04 241 ± 112 (303) N/A 0,072 ± 0.51 (1.8)
LeonardMamhsll 05/01 -88 ± 8g (295) N/A -0.31 ± 0.42 (1.6)

08/01 192 ± 92 (299) N/A 0,091 ± 0.37 (1,5)
11/01 301 ± 113 (366) N/A 0,54 ± 0.35 (1.4)

Lund,NV 02/06 205 + 115 (372) N/A 0.29 ± 0,43 (1.5)
RondddHor$1eyRanoh 05/07 179 ± 94 (300) N/A 0,047 ± 0.60 (2.2)

08/06 -6 ± 95 (314) N/A 0,37 ± 0.33 (1.3)
11/01 233 ± 112 (303) N/A 0.65 + 0,37 (1.5)

Mesquite,NV 01/04 62 + 115 (378) N/A 1,2 ± 0.66 (1,9)
HafenDairy 04/05 120 ± 115 (377) -0,054 ± 0,60 (0.98)0,23 d: 0,32 (1,4)

07/01 266 z 94 (302) -0,035 ± 0,87 (1.3) 0.30 ± 0.32 (1.4)
10/01 80 + 114 (374) N/A 0,66 ± 0.37 (1,4)

Moapa,NV 01/04 323 ± 119 (384) N/A 1.3 ± 0,9g (3)
RookvlewDairtes,lno 04/05 -37 + 113 (374) -0.33 ± 0,77 (1,2) 0.87 ± 0,40 (1.5)

07/01 -28 + 92 (303) 0.21 :1: 0,8g (!,3) 0.46 ± 0,33 (1.4)
10/01 153 ± 111 (382) N/A 0.11 ± 0.34 (1,5)

Nyala,NV 03/05 103 ± 116 (379) 0,85 ± 1,20 (1,8) 0.74 ± 0,41 (1.5)
Sharp'sRanc=h 06/04 -4.3 ± 91 (301) N/A 1,1 ± 0.38 (1.4)

09/i0 294 ± 115 (371) N/A 0.38 ± 0,34 (1.4)
12/03 199 ± 85 (276) -0.14 ± 0,68 (0,97)0.79 ± 0.34 (1.3)

Pahrump,NV 01/02 162 ± 114 (371) N/A 0.71 ± 0.39 (1.4)
PahrumpDaiw 04/23 70 ± 91 (299) N/A 0,31 ± 0,41 (1.6)

07/09 36 ± 89 (293) WA 0,44 ± 0,31 (1.4)
10121 93 ± 106 (347) N/A 0,69 ± 0.37 (1.6)

Shoshone,NV 02/06 246 ± 117 (379) N/A 1,1 ± 0.55 (1,6)
HarbeckeRanah 05/01 77 ± 94 (308) N/A 1,2 ± 0,61 (1,6)

08106 297 ± 95 (305) N/A "2.6 ± 0,43 (1.3)
11/01 *475 ± 112 (356) N/A "2,0 ± 0,48 (1.6)

Tonopah,NV 10/24 340 ± 126 (406) N/A *2,5 ± 0.43 (1,3)
KarenHarperRanch 12/10 241 _ 86 (277) 0,62 ± 0,71 (0,85) "1.6 ± 0,40 (1,3)

CedarCity, UT 01/03 144 :t:117 (361) N/A 1,0 ± 0,47 (1.7)
BrentJonesDairy 04,/05 97 :t:112 (367) 0,1g + 0,73 (1.0) 0,72 ± 0.37 (1.4)

07/01 46 ± 93 (305) N/A 0.7! ± 0,35 (1.4)
10/02 '165 ± 114 (372) N/A 0.56 ± 0.32 (1,3)

IvJns,UT 01/03 237 ± 112 (364) N/A 0,24 ± 0.48 (1.6)
DavidHafenRanoh 04/05 344 ± 131 (422) 0,69 ± 0,63 (0,97)0,20 ± 0,33 (1.4)

07/01 -40 ± gl (299) "2,0 ± 1,0 (1.4) -0.23 ± 0,36 (1,4)
10/02 239 ± 113 (366) N/A -0,056:1:0,31 (1,4)

-- - ' ............... .i_ '.................... ........ . - I Ill II IIII1|1'11 I'1 - _ I . , .......... !,,,,,, _.

(') MDC = minimumdetestableconcentration.
_') Multiply_CVmLby 3,7 x 107to obtainBq/L.
N/A = Sample.,notanalyzed.
' = Concentra:_onis greaterthanthe
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Table C-2, Standby Milk Surveillance Network Results, 1991
..... j[ ............ I 11111111I 1 - I___ I ii IIII ..... I II II II|li i ii [I ..... i II ii]1 illillll i ii1[11I "'-"_L_:--- " [i_

ConoentraUon± 1==(MDC)(')

Collection SH USr °°Sr
SamplingLocation Date (104pCi/mL)°') (10"g_Cl/mL)_') (10"°l_Ct/mL)_)
,,,,.... -_ __

Taylor,AZ
Sun_e Dairy 07117 228 ± 114 (369) 0.69 ± 0.81 (1.2) 0.049 ± 0.37 (1.5)

Tucson,AZ
UnlvOfArlzona 07126 232 ±115 (3751 -0.42 ± 0,68 (1.i) 0.33 ± 0.30 (1.3)

LitUeRook,AR
Borden's 06/04 62 ± 92 (302) N/A *2,3 ± 0.42 (1.4)

Ruuellville,AR
ArkansasT_h Unlv 06/25 72 ± 91 (299) WA '2,0 ± 0.43 (1.3)

Bakemfleld,CA
FavoriteFoode,lno 07115 i79 + 89 (289) 0.21 ± 0,89 (1.2) -0.21 + 0.31 (1,4)

Ortand,CA
MeadowGlenChee==e 08/21 124 ± 115 (377) N/A -0,011 ± 0,31 (1,3)

Reddlng,CA
MoColl'==Dairy Prod 08/12 57 ± 113 (371) N/A 0,53 ± 0.33 (1,3)

Wlllowe,CA
GlennMilkProducers 08/21 227 ± 113 (367) N/A 1.1 ± 0,33 (1.3)

Delta, CO
MeadowGold Dairy 08/07 131 ± 119 (389) N/A 0.089 ± 0.34 (1,4)

Denver,CO
8afewayDairyPlant 05/20 293 ± 96 (307) N/A 0,22 ± 0,38 (i.4)

Quincy,IL
PrairieFarmsDairy 06/05 94 ± 96 (316) 0,42 ± 1,0 (1,3) "1,4 ± 0,39 (1.3)

Boise,ID
MeadowGoldDalrte== 08/05 134 ± 116 (377) 0,081 + 0,79 (1.1) 0,78 ± 0,38 (1.4)

IdahoFall==,ID
Reed'==Dairy 08/29 130 ± 109 (357) N/A 1.1 ± 0.34 (1.3)

Dubuque,IA
SwlessVaileyFarm== 06/05 19 ± 92 (303) '2,67 ± 1,2 (1,3) "1,34 ± 0,43 (1,3)

Ellis, KS
Mid-AmericaDairymen 06/05 2,8 ± 92 (303) 0.083± 1.1 (1,3) 1,3 ± 0.38 (1.3)

Sabetha,KS
Mid-AmericaDairymen 06/11 228 ± 94 (306) N/A "1,8 ± 0,41 (1.4)

BatonRouge,LA
Borden'== 08119 209 ± 114 (371) N/A "3,1 ± 0,48 (t,3)

Monroe,LA
Borden'==Dairy 09/17 101 ± 109 (357) N/A "1,7 ± 0.42 (1,5)

Continued
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Table C-2, Continued
..... i[lmmmmiIi Illlllll iml Illlmlll Ill I I II!I[ITIII I! I .......... [I IIIIII Illg]llllll .... I!1 J II[IIIIJLLT -- I I ....... _ 1 I [ I IIII

Conoentrstion:I:1s (MOO)I*)

CoUeotlon =H _Sr °°Sr
Sampling Location Date (10"°p,Ci/mL)°') (10"°l_Ct/mL)°') (10"°p,CI/mL)_')

New Orleans,LA
Brown'sVelvetDry i2/11 100 :1:86 (277) N/A 1.3 ± 0.40 (1.4)

FoB=ton,MN
LandO' LakesInc 06/19 234 :t: 97 (313) N/A "2.7 ± 0,51 (1,3)

Rochester,MN
AIsooMilk ProdIno 06/06 174 ± 94 (306) 0,66:1:1.1 (1,3) 1,1 ± 0.38 (1.3)

Aurora,Me
MId.AmsdaaDairylno 07/31 200 :1:117 (381) '1.14 ± 0.97 (1.1)*2.3 ± 0,46 (1,4)

Chilllooths,Me
Mid-Amerlo8Dairymen 06/20 113 :1:g6 (310) N/A *2,4 + 0.44 (1.3)

Billings,MT
MeadowGoldDairy 11116 *404 ± 114 (366) .1,6 ± 0,96 (1,1)*2,6 ± 0,39 (1,3)

Grut Falls,MT
MeadowGoldDairy 08/26 149 ± !10 (357) N/A 1.1 ± 0.37 (1,3)

Norfolk,NE
GilletteDairy 06/17 60 ± 02 (302) WA "I.5 ± 0.43 (1.4)

NorthRatio, NE
Mid-AmericaDairymen 06/27 147 :t: g6 (308) N/A 0,94 ± 0,42 (1,3)

Albuqerque,NM
Borden'eValleyGold 0OK)8 211 ± 112 (365) 0,36:1:0.74 (0.07) 0,64 :t: 0.37 (1.4)

La Plata,NM
RiverEdgeDairy 08/16 346 ± 116 (372) N/A 0,55 ± 0.33 (1.4)

Bismarck,ND
BrldgemanCrsamery 07/31 42 ± 111 (364) 0,13 ± 0.g5 (1.1)*2.3 ± 0,44 (1.4)

GrandForks,ND
MinnesotaDairy 08/14 89 ± 112 (367) N/A 0,33 ± 0.37 (1,4)

Enid,OK
AMPI QoldepotDIv 06/12 167 :t: 96 (314) N/A *2.0 ± 0.43 (1,4)

MoAleeter,OK
JaakleBrannonCorp 06/20 151 :1:g7 (317) N/A "1,5 ± 0,43 (1.3)

Medford,OR
DairygoldFarms 08/07 165 :1:111 (361) 0,36 ± 0.73 (1.0) 0.36 ± 0.36 (1,4)

Salem, OR
Cudy'sDairy 08/20 204 :1:118 (384) N/A 0,95 ± 033 (1,3)

Tillamook,OR
TlllamookCreamery 08/19 165 ± 111 (361) N/A 1.1 ± 0,36 (1.3)

Continued
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Table C-2. Continued
__ ".......... _ II _ ..... IL .................... _ JT_ff.I_L ................................... i...........Iiiil111ILJ_ .....

ConoentraUon:I:Is (MDC)c°_

Colleotlon .......... _=H- _- .....-.....-- -N-at =°sr
8=u'nplln9Looation Date (10"=I_CVmL)a') (10'=_Ci/mL)(b) (10"=V.CVmL)_)

RN_idCtty,8D
GilletteDeery 08/08 269 ± 116 (371) N/A 1,3 :1:0,39 (1.4)

8touxFeel=,8D
LakesideDeery 12/31 116 ± 88 (288) N/A 0.92 ± 0.39 (1.4)

GlenRoee,TX
DaffanFamilyDairy 06/13 -4,6 ± 92 (304) N/A 1.0 :1:0,36 (1,4)

Sulphur8prtng=,TX
TommyPottsDairy 08/06 109 ± 113 (370) '1,2 ± 1,0 (i,0) "2,8 ± 0,5i (1,4)

Windthorst,TX
LloydWolf Didry 06/07 23 ± 90 (296) N/A 0,91 :t: 0.33 (1,3)

Beaver,UT
C,aohe ValleyDeery 05/22 96 ± 96 (314) N/A 12 ± 0.36 (1,4)

Provo,UT
BYUDairyProd=Jot= 05/20 144 :t: 94 (306) N/A 0.80 ± 0.35 (1,3)

Seattle,WA
DadgoldIn(: 09116 60 + 109 (366) N/A 0,24 ± 0.35 (1.4)

Spokane,WA
DadgoldIno 11/12 223 ± 112 (363) N/A "1.7 ± 0,39 (1,3)

Cheyenne,WY
DairyGoldFoods 06/11 !10 ± 91 (297) N/A 1.4 ± 0.38 (1.4)

Sheridan,WY
MydlandDairy 06/10 292 ± 97 (313) N/A 1,2 ± 0.35 (1,3)

(') MDC = minimumdeteotableoonoentraUon,
_) Multtl_yp,CI/mLby 3,7 x 107to obtainBq/L,
N/A = Samplenotanalyzed.
* . Conoentratlonis greaterthanthe MDC.
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TableC-3. SamplingLooationendColleotionDateforStandbyMilk8urvaillanoeNetworkSamples
ReceivingGamma8peotrosoopyAnalysisOnly.

..... __ ..... \_--__ ,,,,= JL ........ i_,, r_ ....... _17 ....... !I- .L_ ...... -_' - .... '_ "'* ' =_!" I_I_ .......... _ _I I ,,_ - ....... ,®L,..... ,,=f ,r!,!, ' .... __ ---_ ...... ilr

Colleotion ColleGtion
SamplingLocation Date SamplingLocation Date

Dunoan,AZ Ruston,LA
LuntDairy 07124 LATeohUnlvDairy 09119

Tempe,AZ Shreveport,LA
UnitedDairymenofAZ 07/24 ForemostDairy 12/18

Bstasvllle,AR FergusFalls,MN
HillsValleyFoods 06/25 Mid-AmericaDairymen 06/25

Fayettevllle,AR Browervllle,MN
Universityof Arkansas 06/20 L.andO'Lakes,Inc. 06/17

Helendale,CA Nloollet,MN
OsterkampDairyNo.2 07/i6 Doug8ohultzFarm 06/27

Chino,CA Jaokson,MO
CA Inst,forMen 07/23 Mid-AmericaDairymenIno 06106

Fembrtdge,CA JeffersonCity,MO
HumboldtCreameryAssn 07119 CentralDairyCo 06/11

Fresno,CA Bozernan,MT
CA StateUnlvCreamery 07115 CountryClasslo-DBA-Dartg09/11

Holtvllle,CA Kalispell,MT
8ohaffner& SonDairy 07/23 EquitySupplyCo 09/11

Manteca,CA Omaha,NE
A & J Foods,Ino 07123 RobertsDairy 06/19

Modeeto,CA MarshallGreen 07131
FosterFarms,JerseyDairy 07122 Chappell,NE

Petaluma,CA LeprlnoFoods 11120
PointReyesSeashoreDairy 07/17 Superior,NE

8an Jose,CA Mid-Amer!oaDairymen 06/11
MarquezBro8MexicanCheese 07/17 Logandale,NV

SanLulsOblgpo,CA NevadaDairy 09117
Cal PolyUnivDaily 07119 Reno,NV M

8augus,CA ModelDairy 07/10
WaystdeHonorRanoh 07128 Yedngton,NV

CresentCity,CA ValleyDairy 07124
RumlanoCheeseCo 07/17 Fargo,ND

Soledad,CA Cass ClayCreamery 07/30
CorrectionTrainingNds, 07112 Minor,ND

Traey,CA BridgernenCreamery 08/15
DeuelVoeInst 07110 Claremore,OK

Mar_heater,CA SwanBrosDairy 07/10
PointAremaDaides 07/17 Stlllwater,OK

ColoradoSprings,CO OKStateUnlvDairy 06/05
SintonDairyCO 05/13 GrantsPass,OR

Greeley,CO ValleyOf RougeDairy 12/03
MeadowGoldDairy 05128 JunctionCity,OR

LookmeadFarmsIno 09116

Continued
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TableC-3, Continued

..... ElL]Ill "- _] .......... _ -'i } ........ _i: _........... .... Ifi .... IL r!....... i11111!i111 -_ _IB_'.1 _ ........ --=--{]_ i] :'_ ;_ LI[ ....... "IL._ ................_...... ............... _f "_7 ...................... _-'''_

Collection Collootton
SamplingLooatlon Data l_.mplingLooatlon Data

FIColllne0CO
PoudrsValleyCreamery 05122 KlamathFalls,OR

Caldwell,ID KlarrmthDalryProduot 08/08
DalrymensCreamery 08/08 NorthPowder,OR
Aeaooistlon ElmerHillDelry 08/05

Pooatello,ID MyrtlePoint,OR
Rowland'sMeadowgold 08/19 SafewayStoresIno 08108
Dairy Portland,OR

TwinFalb, ID DarlgoldFarms 12/24
TrlangleYoung'sDairy 08/30 Redmond,OR

Klmballton,IA Eberhard'eCreameryIno 08/27
A_, MilkPm,lno(AMPI) 06/05 Ethan,SD

LakeMills,IA EthanDairyProduots 11/04
Lake Milit Co-opCreamery 06/24 Volga,SD

Lernars,IA Land O'LakesIno 08/08
WellsDairy 06/12 Canyon,TX

Manhattan,KS WestTexasStateDairy 06/17
Kar_m StateUniversity 06/17 CorpusCh_tl, TX

lafayette,LA PeoplesBgq:_tletChumh 06/05
Borden'a 08/20 Fabena,"IX

New Odeane,LA islandDalry.ElPasoCt 06/07
WalkerRoamerDalry 12/11 Rlohfleld,UT

Riverton,WY idealDairy 05/22
WesternDairymen'sCo-op 05/10 Smlthf!eld,UT

Thayne,WY CaoheValleyDairy 05128
WestemDairymen'sCo-op 05/13 MosesLake,WA

SafewayStoresIno 11/12
E " IJI! 1111111-- "..... IIII I Y '1_11I .................. __J rllll " - . I 11 _j -- ,lllll jlllll I lrl ...............
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T_le C-4, RadlonuolideresultsforMuleDeer
'I[I ............ _ ....... i,_ ],lw........ p .............. ............ [TIll.............i_ I[!I......... _"-_T"_-_ ..... II_ ........... _'_i- _ .......... _............ _i i'-"__" .......... ....... _'__"":' _]'_'_'__ ............................ _ II_

Animal TWue % ASh Radionuoltde Result± !e (MDC) Units

Mule bl_ =H '4.2E+5 ± !,1E+3 (8,6E+2) pCI/L,
Deer
#1a lung i.0 mPu '1,7E-3:1:g,OE-4 (1,6E-3) pCi/gash

m'mPu '1,7E-2 ± 2,8E-3 (1,6E-3)

musole 1,1 mPu 1.3E-2 ± 7.0E-3 (!,7E-2) pCVgash
_Pu '1,2E+0 ± 0,5E-2 (7,0E.3)

liver 1,4 mPu 2.4£-3 ± 2,7E.3 (7,4E-3) pCi/gash
_Pu * -8,OE3 ± 2,8E-3 (3,7E.3)

bone 30 mPu 2.1E-3 ± 1.3E-3 (2.eE-3) pCI/gash
m'_Pu '8.9E-3 :t 1,sE-3 (2,8E-3)
=°Sr 'e,eE.t ± 1,7E-1 (3,gE-1)

rumen 21 mPu '6.9E-3 ± i,6E-3 (1,5E-3) pCVgash
oontenl ='a'aCPu "5.7E-2:1:4,7E-3 (1.5E-3)

Mule blood =H -2,8E+1 ± 1,4E+2 (4,6E+2) pCi/L
Deer
#2 lung O.g mPu '1.0E-2 ± 2,2E-3 (2,0E-3) pCi/gash

m'_Pu '3,8E-1 ± 1,7E-2 (2,0E-3)

mueGle 1,0 mPu 1.8E-2 :t i,lE.2 (2,3E-2) pCt/gash
m_°Pu 'e,OE-1:1:7,5E-2 (2,3E.2)

liver 0,9 mPu '6,0E-3 + 1,7E-3 (1,9E.3) pCi/gash
==_Pu '1,7E-1 ± 1,1E-2 (1,9E.3)

bona 34 mPu G.2E-4 ± 2,1E-3 (8.0E-3) pCVgnsh
m'_Pu -1,8E-7 ± 1,gE-3 (6,0E-3)
mSr "4.8E-1:1:5,5E-2 (1.3E.1)

rumen 1,7 mPu 2,0E-3 ± 1,4E-3 (3,eE.3) pCi/gash
oontent _Pu *e,eE.2 ± 6.5E-3 (1,6E.3)

Mule blood 3H *1,0E+3 :t 1,5E+2 (4.6E+2) pCI/L
Deer
#3 lung 1,0 mPu -1.7E-2 ± 1.4E-2 (5.3E-2) pCi/gash

m'acPu 4,3E-3:1:7,5E-3 (2,0E-2)

muscle 1,0 ==Pu -1,1E-3 ± 1.1E.3 (4,9E-3) pCi/gash
==_a°Pu 3,2E-3 ± 2.4E-3 (4,gE-3)

liver 1.3 =XPu 7.3E-4 :t: 1.3E-3 (3,4E-3) pCl/gash
m'aCPu 2,2E-3 ± 1.7E-3 (3.4E-3)

Continued
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Table C-4. Continued.

Animal Tissue % Ash Radionuclide Result± ls (MDC) Units

bone 31 Z_Pu -1.4E-7 + 1.4E-3 (4.7E-3) pCi/g ash
2"_*="°Pu 7,1E-4 ± 1.3E-3 (3.3E-3)
9°Sr 5.2E-1 ± 4,7E-1 (1.5E+0)

rumen 1,7 2"_Pu 3,1E-3 ± 2.4E-3 (4.9E-3) pCi/gash
content 2=*_'°Pu "1.7E-2 ± 4.6E-3 (4.9E-3)

Mule blood 8H 1.3E+1 ± 1.4E+2 (4.6E+2) pCi/L
Deer
#4 lung 1,0 _Pu 8.3E-4:1:2.5E-3 (7.8E-3) pCi/g ash

za_*_t°Pu -8.3E-4 ± 8.5E-4 (3.9E-3)

muscle 1.0 _Pu 1.4E-3 + 1.9E-3 (5.4E-3) pCi/g ash
z_*24°Pu -6.7E-4 + 7,0E-4 (3.1E-3)

liver 1,3 _Pu 2.3E-3 ± 2.6E-3 (7.3E-3) pCi/g ash
z_*_=°Pu 2.3E-3 + 1,8E-3 (3.6E-3)

bone 35 _Pu -6.9E-4 ± 1.6E-3 (5.6E-3) pCi/g ash
_Pu 6.9E-4 ± 1.2E-3 (3.2E-3)
9°Sr 9.5E-1 ± 4.2E-1 (1.4E40)

rumen 6.1 _Pu "1.2E-2 + 2.2E-3 (2.3E-3) pCi/gash
content _=*="°Pu "1.1E-1 ± 7.0E-3 (1.7E-3)

a Contaminatedanimal,
* Result is greaterthan MDC.
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Table C-5. Radionuclideresultsfor Cattle
_, ,

Animal Tissue % Ash Radionuclide Result± ls (MDC) Units

Bovine blood 3H 1.2E+2 :!: 1.1E+2 (3.6E+2) pCi/L
#1

liver 1.3 Z_Pu 9.4E-4 + 1.1E-3 (2.9E-3) pCi/gash
z_*_*°Pu "3.1E-2 + 3.4E-3 (1.5E-3)

bone 35 Z_Pu -3.1E-3 ± 4 5E-3 (1.6E-2) pCi/g ash
;_"_°Pu -3.1E-7 ± 3.2E-3 (1.0E-2)
9°Sr "9.9E-1 + 7.0E-2 (1.3E-1)

Bovine blood 3H 2.2E+2 + 1.1E+2 (3.4E+2) pCi/L
#2

liver 1.3 _"_Pu "5.9E-2 + 6.5E-3 (6.2E-3) pCi/g ash
z_*_°Pu "3.4E+0 + 1.5E-1 (2.5E-3)

bone 41 Z_Pu 7.3E-4 + 1.7E-3 (4.8E-3) pCi/g ash
z_*_°Pu -7.3E-4 ± 1.3E-3 (4.8E-3)
9°Sr "2.9E-1 :!: 4.3E-2 (1.2E-1)

Bovine blood 3H 3.6E+2:1:1.2E+2 (3.9E+2) pCi/L.
#3

liver 1.3 _Pu 2.4E-3 ± 1.8E-3 (3.7E-3) pCi/gash
z_*u'°Pu "1.3E-1 ± 1.2E-2 (3.7E-3)

hock 32 Z_Pu -5.3E-4 ± 5.5E-4 (2.5E-3) pCi/gash
2"_*_°Pu 5.3E-4 ± 9.0E-4 (2.5E-3)
9°Sr "7.1E-1 ± 5.5E-2 (1.2E-1)

Bovine blood 3H 2.8E+2 ± 1.1E+2 (3.4E+2) pCi/L
#4

liver 1.2 _Pu -1.0E-7 ± 1.5E-3 (4.8E-3) pC;/g ash
z_*_°Pu -1.0E-7 _+1.5E-3 (4.8E-3)

bone 19 Z_Pu -8.3E-8 _+8.5E-4 (2.7E-3) pCi/gash
z_Pu -8.3E-8 ± 8.5E-4 (2.7E-3)
9°Sr "3,8E-1 ± 5.5E-2 (1.4E-1)

Bovine blood 3H 2.4E+2 ± 1.2E+2 (3.7E+2) pCi/L
#5

liver 1.3 Z_Pu 3.6E-3 ± 2.5E-3 (5.8E-3) pCi/g ash
z_z4°Pu "2.0E-2 ± 4.5E-3 (4.1E-3)

bone 45 Z_Pu -1.1E-3 ± 1.9E-3 (6.7E-3) pCi/g ash
_*_°Pu -5.4E-4 ± 5.5E-4 (2.5E-3)
g°Sr 1.3E+0 ± 4.8E-1 (1.6E+0)

Continued
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Table C-5. Continued.
-, , ,: ..... ,, , ,,,,,,...... ,, ,.... , _ ,,,

Animal Tissue % Ash Radionuclide Result± ls (MDC) Units

Bovine blood 3H 1.6E+2 + 1.1E+2 (3.6E+2) pCi/L
#6

liver 1.4 Z_Pu 2.4E-3 + 4.3E-3 (1.1E-2) pCi/g ash
z_+Z_°Pu "1.5E-2 + 7.0E-3 (1.1E-2)

bone 26 Z_Pu -4.0E-4 ± 4.0E-4 (1.8E-3) pCi/g ash
z39*24°Pu '5.1E-3 + 1.6E-3 (1.8E-3)
9°Sr 9.7E-1 + 3.1E-1 (1.2E+0)

Bovine blood 3H 2.5E+2 + 1.2E+2 (3.8E+2) pCi/L
#7

liver 1.0 Z_Pu 3.4E-3 + 3.2E-3 (9.0E-3) pCi/g ash
z_4°Pu "4.7E-2 ± 7.0E-3 (5.7E-3)

bone 26 Z_Pu 4.8E-4 + 1.1E-3 (3.2E-3) pCi/g ash
_*24°Pu 1.9E-3 + 1.2E-3 (2.2E-3)
9°Sr 8.0E-1 ± 4.2E-1 (1.6E+0)

Bovine blood 3H 2.5E+2 ± 1.2E+2 (3.7E+2) pCi/L
#8

liver 1.4 Z_Pu 1.9E-3 + 1.9E-3 (4.3E-3) pCi/g ash
z_*Z_°Pu "3.9E-2 ± 6.5E-3 (6.1E-3)

bone 47 Z_Pu -1.2E-3 ± 1.5E-3 (5.6E-3) pCi/g ash
z_*_'°Pu -6.0E-4 __6.0E-4 (2.8E-3)
9°Sr 4.3E-1 :I: 3.6E-1 (1.5E+0)

* Result is greaterthan MDC.
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FigureC-1. Timeseriesof strontiumresultsfor MilkSurveillanceNetworkstations.
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Station= DavidHafenRanch,Mns,UT
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Figure C-1. Continued.
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Station=HafenDal_, Mesquite,NV
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Station- Irene Brown Retch, Benton,CA
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Figure C-1. Continued.
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Appendix D
_ ,. ....

Table D-1. Tritiumin Urine, Offsite Internal DosimetryNetwork, 1991

Table D-2. Tritium in Udne, Radiological Safety Program, 1991
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Table D-1. Tritiumin Urine, Offsite Internal DosimetryNetwork,1991

Collection Concentration± ls
Sampling Location Date (10.9pCi/mL) i=)(MDC)

Alamo, NV 12/11/90 111 ± 64 (209)
12/11/90 99 + 64 (208)
12/16/90 82 ± 63 (206)
!2/16/90 8 ± 63 (206)
12/16/90 24 ± 62 (205)
12/16/90 88 ± 63 (206)
12/16/90 103 ± 63 (204)

AmargosaFarm Area, NV 07/23/91 -14 ± 91 (301)

Beatty, NV 02/07/91 225 ± 96 (311)
02/07191 246 ± 96 (311)
03/15/91 -56 ± 90 (298)
03/15/91 175 ± 91 (295)
03/19/91 77 + 92 (302)
03/19/91 -50 ± 90 (298)
03/28/91 218 :t: 91 (294)
03/28/91 144 ± 92 (299)
03/28/91 111 ± 91 (296)
03/29/91 28 ± 89 (294)
03/29/91 115 ± 91 (297)
03/29/91 208 ± 93 (302)
03/29/91 168 ± 92 (298)
08/13/91 69 ± 76 (249)
08/13/91 26 ± 75 (247)
08/13/91 -90 ± 75 (248)
12/17/91 60 ± 63 (206)
12/17/91 24 :t: 62 (204)
12/23/91 39 ± 62 (204)
12/23/91 23 ± 62 (205)
12/23/91 26 + 62 (202)
12/23/91 48 + 62 (204)
12/23/91 20 ± 63 (207)
12/23/91 23 + 62 (205)

Currant, NV
Blue Eagle Ranch 02/15/91 153 ± 96 (313)

02/15/91 -23 ± 94 (311)

Ely, NV 06/05/91 136 ± 88 (287)
06/05/91 47 ± 88 (289)
12/12/91 131 ± 64 (206)
12/12/91 144 ± 64 (206)

Continued
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Table D-1. Continued

Collection Concentration+ ls
Sampling Location Date (10° pCi/mL) (=)(MDC)

Goldfield,NV 04110/91 95 + 90 (295)
04110191 -69 ± 88 (291)
04/10/91 88 + 88 (288)

Henderson,NV 03/13/91 127 + 97 (315)
03/13/91 77 + 96 (316)

IndianSprings,NV 06/25/91 -14 + 90 (297)
06/25/91 74 :1:97 (319)
08/28/91 -19 + 75 (248)
08/28/91 -57 ± 74 (245)
08/28/91 19 + 76 (250)

Nyala, NV 01/11/91 126 :t:103 (337)
01/11/91 -30 + 103 (339)
01/18/91 55 + 88 (290)
07118/91 105 ± 95 (310)
07/18/91 -36 :t: 92 (305)
07/18/91 42 + 92 (302)

Overton,NV 01/04/91 161 + 104 (340)
01104/91 83 ± 102 (333)
01104/91 166 + 103 (335)
01/04/91 187 :t: 102 (330)
01/04/91 81 + 102 (335)
01/04/91 232 ± 102 (332)
05/08/91 86 + 88 (286)
05108/91 *375 + 97 (311)
05/08/91 134 + 88 (287)
05108/91 28 + 88 (289)
05/08/91 152 ::1::90 (293)
12/18/91 56 + 63 (207)
12/18/91 -78 + 62 (205)
12/18/91 10 + 62 (205)
12/18/91 114 ± 63 (206)
12/18/91 32 + 62 (205)

Pahrump, NV 03/13/91 166 + 97 (315)
08102/91 -88 + 90 (297)
08/02/91 -93 ± 90 (300)
08/02/91 -66 ± 91 (301)
08/02/91 79 _+ 92 (300)

Pioche, NV 04/05/91 81 ± 91 (289)
04/05/91 4 :t: 88 (289)

Continued
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Table D-1. Continued

Collection Concentration+ ls
SamplingLocation Date (10.9pCi/mL)¢,0(MDC)

04/05/91 12 ± 89 (294)
04/05/91 ,-45 + 87 (289)
05/04/91 112 ± 90 (293)
09/26/91 109 ± 85 (279)
09/26/91 21 ± 84 (278)
09/26/91 181 ± 87 (282)
09/26/91 121 ± 86 (218)
09/26/91 116 ± 85 (278)
10/15/91 58 ± 87 (284)
10/15/91 164 ± 92 (300)

Rachel, NV 04/22/91 78 ± 88 (288)
04/22/91 *357 ± 91 (293)
04/22/91 201 ± 88 (285)
04/22/91 289 + 90 (289)
04/22/91 260 ± 89 (285)
09/10/91 11 ± 76 (249)

Cedar City, UT 12/13/91 108 ± 63 (204)
12/13/91 148 ± 64 (206)
12/13/91 79 ± 68 (222)
12/13/91 92 ± 64 (208)
12/13/91 93 + 63 (206)

__._ , ,, , ,, , ,,,, , ,,,

_'_Multiplyby 0.037 to obtainBq/L.
* Concentrationis greaterthan the minimumdetectableactivity(MDC).
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Table D-2. Tritiumin Urine, RadiologicalSafety Program1991
_"_ '"",',...... '_' ,.............. ' .... "'_ 1= , '"'_,_, _ ,, ' ",_ ,,, ,,_, " .... ,_ ,, ' ' • ,,_,_ ,,,,' , ,, _ ',r,,,, ,,,,,, , ,, _,u,,,,,,, .-_!

Organi-
Collection Concentration± ls zation

SamplingLocation Date (10"gpCi/mL) ('_(MDC) List

Riverside,Ca 06/18/91 -12 + 83 (274) DRI

BoulderCity,NV 07103/91 241 :1:84 (272) EPA

Beatty, NV 04119191 128 + 90 (294) ARCATA

Carson City, NV 07/30/91 58 ± 76 (248) NDEP

Hawthorne,NV 12/06/91 30 ± 63 (208) DRI

Henderson,NV 06/28/91 -121 + 81 (270) EPA
07/17/91 152 ::1:73 (236) NDEP
09/13/91 119 + 77 (252) DRI
09/18/91 -26 + 76 (250) EPA

Indian Spdngs, NV 07/11/91 25 + 80 (263) USG8

Las Vegas, NV 01/09/91 69 :t: 90 (294) EPA
01109191 227 ± 92 (299) EPA
01109191 36 + 90 (294) EPA
01/09/91 71 ± 90 (294) EPA
01110/91 98 ± 86 (282) EPA
01110/91 84 + 87 (286) REECo
01/10/91 75 + 90 (294) EPA
01/10/91 32 :!: 90 (296) EPA
01/14/91 84 + 95 (310) EPA
01/14/91 40 + 92 (301) EPA
01/15/91 -0.98 + 88 (291) EPA
01/15/91 94 ± 89 (291) EPA
01/16/91 3.9 + 88 (290) EPA
01/16/91 177 ± 103 (334) ERC
01/17/91 63 ± 89 (291) EPA
01/17/91 *305 ± 91 (291) EPA
02/04/91 41 + 94 (308) EPA
02/05/91 287 ± 97 (313) DRI
02/06/91 273 ±96 (309) EPA
02/06/91 285 ± 96 (311) EPA
02/14/91_ *359 ± 92 (295) RSN
02/22/91 88 ± 92 (300) , EPA
02/27/91 20 ± 90 (297) DRI
02/27/91 112 ± 92 (300) DRI
03/27/91 67 ± 90 (296) EPA
04109191 138 ± 88 (286) SAIC
04109191 18 ± 88 (288) WEC
04/09/91 175 :t: 89 (289) SAIC

Continued
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Table D-2. Continued
...... ' ,,,_.... ,_,,,,,,, ,, , , ...... _ _ , ,, ";', _ ,, ........ ' "t_ , ,,,,',,, ........... _'i ....',_"_,

Organi-
Collection Concentration± ls zation

SamplingLocation Date (10.9pCi/mL)I°_(MDC) List

04/10/91 59 + 87 (286) WEC
04/10/91 63 + 88 (287) SAIC
04/12/91 -4 ± 88 (290) EPA
04/15191 -14 + 88 (291) DRI
04129191 -46 + 89 (295) DRI
06/11/91 254 + 89 (288) EG&G
06/17/91 303 + 98 (316) DRI
06/17/91 -42 + 92 (303) DRI
06/17/91 101 + 93 (304) DRI
06/18/91 "311 + 94 (301) DRI
07/02/91 -31 ± 84 (276) DRI
07/02/91 -59 + 84 (278) DRI
07/02/91 208 + 82 (263) DRI
07/02/91 183 + 84 (271) DRI
07/03/91 73 + 81 (266) EPA
07/11/91 97 ± 80 (261) USGS
07/11/91 148 + 82 (268) USGS
07/11/91 109 + 76 (249) USGS
07/16/91 109 ± 81 (263) NDEP
07/16/91 192 ± 83 (267) NDEP
07/17/91 185 + 80 (260) NDEP
08/07/91 227 ± 93 (301) EG&G
08/07/91 24 ± 91 (299) SAIC
08/08/91 43 ± 74 (244) NSHD
08/16/91 *267 + 77 (248) DRI
08/19/91 -75 ± 74 (246) DRI
08/19191 83 ± 75 (246) DRI
08/19/91 200 ± 76 (246) DRI
08/21191 -12 ± 82 (270) KAFB
08/30/91 -23 ± 75 (248) DRI
09/06/91 55 ± 77 (253) DRI
09/06/91 -102 ± 74 (248) DRI
09/09/91 265 ± 83 (266) DRI
09/09/91 -48 ± 76 (252) DRI
09/23/91 -79 ± 75 (249) DRI
09/27/91 87 ± 88 (289) DRI
10/01/91 143 ± 86 (279) EPA
10/01/91 -65 + 82 (271) DRI
10/03/91 554 ± 89 (279) EG&G
11/05/91 245 ± 87 (279) EPA
11/08/91 *337 ± 87 (279) DRI
12/05/91 . 21 ± 63 (209) EPA
12/09/91 52 ± 63 (205) DRI
12/09/91 83 ± 63 (206) DRI
12/18/91 11 ::l: 63 (206) DRI

Continued
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Table D-2. Continued
... ,,,n,,,,,, "', ......... ",', ,.,,,, ,, , ..... ", ''_ " , ..... ,, %","_ ,, ',,,,,',,,_- × ,r,, ,, , .... .... , ,, , ' , ,"' ', , _ ,,,','....

Organi-
Collection Concentration:f:ls zation

SamplingLocation Date (10"°pCi/mL)(°)(MDC) List

Mercury,NV 08/28/91 -12 :1:77 (253) DRI
09/16/91 -134 ::I:78 (261) DRI

NTS, NV
Camp Mercuw 08/19191 87 + 75 (246) NTS

Reno, NV 06/25191 203 :!:85 (274) DRI

_.. .... ,.... L ,, ,,,1,,,lhl _ _............ I . . I , , I, J ........ _JI-.: I£ Ill L ..... _,. ....... ,,,1 i ilillr ,_1'_1', _1 .

* Concentration is greaterthan the minimumdetectableconcentration(aDO).

(,0Mutiplyby 0.037 to obtain Bq/L.
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Table 1. Long-Term Hydrological Monitoring Program 1991 Analytical Results for Nevada Test Site
Locations Sampled Monthly

Table 2. Long-Term Hydrological Monitoring Program 1991 Analytical Results for Nevada Test Site
Locations Sampled Semiannually

Table 3. Long-Term Hydrological Monitoring Program 1991 Analytical Results for Locations in the
Vicinity of the Nevada Test Site
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Table 6. Long-Term Hydrological Monitoring Program 1991 Analytical Results for Project RULISON

Table 7. Long-Term Hydrological MonitoringProgram 1991 Analytical Resultsfor Project RIO BLANCO

Table 8. Long-Term Hydrological Monitoring Program 1991 Analytical Results for Project GNOME

Table 9, Long-Term Hydrological Monitoring Program 1991 Analytical Resultsfor Project GASBUGGY

Table 10. Long-Term Hydrological Monitoring Program 1991 Analytical Results for Project DRIBBLE

Table 11. Long-Term Hydrological Monitoring Program 1991 Analytical Results for Amchitka Island,
Alaska
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Table E-1, Long-TermHydrologicalMonitoringProgram1991 Analytical Resultsfor Nevada Test Site
LocationsSampledMonthly

Concentration+ l s Percentof

Sampling Collection Tritium MDC Concentration
Location Date (pCi/L) (pCi/L) Guide Remarks

Well 1 Army 01/03 0.40 ± 3.26* 10,7 NA
02/05 0,82 ± 2.63* 8.65 NA
03/13 -2.2 ± 3.6* 11,9 NA
04/08 -1.9 ± 3.3* 11.0 NA
05/08 1.4 :t: 2.9* 9,5 NA
06103 4.3 :1: 3,4* 11.2 NA
07/09 -2.6 ± 1,9' 6.4 NA
08106 -2.9 ± 1.7' 5.7 NA
09104 -0.25 ± 2.32* 7.66 NA
10/07 -2.9 ± 1.6' 5.3 NA
11/13 -2,i :t: 1.8' 6,0 NA
12/09 0.94 :t: 1.6.3' 5,33 NA

Well 2 - Well Shut Down Throughout1991, Last sampled December1990,

Well3 01/22 1,7 + 2.7* 9,0 NA
02/13 3.8 + 3.0* 9.9 NA
03/08 -2.6 :1: 3,9* 12,8 NA
04103 2,5 ± 3.0* 9,8 NA
05102 7.6 + 2.7* 8.7 NA
06105 -2.1 + 3,0* 10,0 NA
07/08 -0.37 + 1.68' 5.53 NA
08/14 0.0 ± 1,8' 5,9 NA
09/10 3.3 ± 2.6* 8.4 NA
10/17 0.99 ± 1.67" 5,47 NA
11/21 1,5 ± 1.3" 4,2 NA
12/12 2,2 ± 1.9" 6.2 NA

Well 4 01/22 5,8 ± 3,3* 10.6 NA
02/13 4.8 ± 2.9* 9,4 NA
03108 -2,1 ± 2.9* 9.5 NA
04103 -2,5 ± 2,9* 9.6 NA
05/02 3,4 ± 2,6* 8,5 NA
06105 -0.45 ± 3.17' 10,5 NA
07108 Not Sampled- Well Down
08/14 -3.8 ± 1.7' 5,6 NA
09/10 0.0 ± 2,4' 7.9 NA
10/17 1.0 ± 2.4* 8.0 NA
11/21........ -2.1 ± 1,8' 5,9 NA
12/!2 2,5 ± 2.1" 6,9 NA

Continued
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Table E-1, Continued

Concentration ± l s Percent of
Sampling Collection Tritium MDC Concentration
Location Date (pCi/L) (pCi/L) Guide Remarks

Well 4 CP-1 01/03 -1.4 ± 2,8* 9.1 NA
02/05 4.9 ± 2,4* 8.0 NA
03/13 -3.9 ± 3,1' 10,4 NA
04/08 3.0 ± 2.4* 8,0 NA
05/08 "1.4 -+ 2.5* 8.1 NA
06103 -3.6 ± 2.3* 7.7 NA
07/09 0.56 ± 1.68' 5.51 NA
08/06 -4.6 ± 1.6' 5.5 NA
09/04 -0.88 ± 2.28* 7.54 NA
10/07 -2.5 ± 2.1' 6.9 NA
11/13 -2,0 ± 1,7" 5.7 NA
12/09 -1,1 ± 1.9* 6.1 NA

Well 5 01/22 -5.6 ± 2.9* 9.6 NA
02/13 1.0 ± 3.0* 9,7 NA
03/08 -1.3 ± 3.1' 10.4 NA
04/03 -1.8 + 3.1" 10,2 NA
05102 4.2 ± 2.9* 9.6 NA
06/05 2.9 :t: 2.9* 9.6 NA
07108 -0.92 ± 1.72' 5,70 NA
08/14 -1.6 ± 1.4" 4.7 NA
09/10 0.81 ± 2.57* 8.46 NA
10/18 4.0 ± 2.7* 8.9 NA
11/21 2.2 + 1,8' 6,0 NA
12/12 1.8 :1: 1.5" 5,0 NA

Well 5C 01103 2.1 ± 3.0* 9,8 NA
02/05 2,6 ± 2.3* 7,5 NA
03/13 2.0 :t: 3.2" 10.6 NA
04108 3,7 ± 2.9' g.6 NA
05/08 3.4 :t: 2,0' 6.6 NA
06/03 -2,1 ± 2.3' 7.6 NA
07109 0,58 ± 1,74' 5,70 NA
08/06 0.0 ¢ 1.6' 5.2 NA
09104 -1,2 ± 2,0* 6,6 NA
10/07 -0.94 ± 1.56' 5,16 NA
11/13 -2,7 ± 1.5' 5.2 NA
12/09 0.0 ± 1.9' 6,2 NA

Well 6 09/10 -1,9 ± 1.7' 5,6 NA (a), New Sampling
Location

10/17 -0.68 ± 2.72* 8.98 NA
11/21 1,9 ± 1.6' 5.1 NA
12/i2 -2,2 + 1,8" 6,1 NA

Continued
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Table E-l. Continued
_ .._u_ i ]_ _ _ _:_ I J I II _rJll:l III __ . I _., [i, ....... Irll :( I :! ,F=I_!,_ ,_ ,..... J......... ........ ........ i__,_ ,._j. i "1' " : "' J',f ,hi,', ,, _,,',,,_.. '1!'_ .............. _:: _ T_: : _ _.fi,,_; : r ::=_

Concentration± ls Percentof

Sampling Collection Tritium MOC, Concentration
Location Date (pCi/L) (pCi/L.) Guide Remarks

Well 8 01/03 -0.61 ± 2.46" 8,1i NA
02/05 3.5 ± 2.6* 8.5 NA
03113 -8.7 ± 3.5* 11.7 NA
04/08 -2.2 ± 3.3* 10,8 NA
05108 -0.73 ± i,93' 6.37 NA
06103 3,i ± 2.3* 7,5 NA
07/09 2.8 ± 1.8' 5.8 NA
08/06 -2,3 ± 1.4" 4.6 NA
09/03 1,1 ± 2.0' 6.5 NA
10/07 0,0 ± 1.5' 5.0 NA
11/13 -0.36 ± 2.52* 8.29 NA
12/09 1.4 ± 2.4* 7.7 NA

Well 20 01/03 -0.71 ± 2.29* 7.55 NA
02/05 0.94 ± 1.90' 6.22 NA
03/13 1.5 ± 2.6* 8.5 NA
04/08 2.3 ± 2.9* 9.6 NA

Well Shut Down Remainderof 1991

Well A - Well Shut DownThroughout1991. Last SampledC_tober 1988.

Well B Test 01/02 !28 ± 4 10 0.6
02/06 106 ± 3 8 0.5
03/13 Not Collected- PumpLocked
04/08 121 ± 3 9 0.6
05/09 120 ± 3 8 0.6
06/04 99 ± 3 7 0.5
07/10 110 ± 3 6 0.5
08/07 124 ± 3 6 0.6
09/17 i20 + 3 9 0.0
10/08 Not Sampled- Road Closed
11/12 115 ± 2 5 0.6
12/10 106 ± 3 6 0.5

Well C 01/03 11 ± 3 9 O.1
02/05 20 ± 2 8 0.1
03/13 34 ± 4 11 0.2
04/08 62 ± 3 8 0.3
05/08 47 ± 3 9 0.2
06/03 15 ± 3 9 0.1
07/09 17 ± 3 8 0.1
08/06 15 ± 2 6 0.1
09/03 12 :t: 2 7 0.1
10/07 8.7 ± 1.9 6.0 <0.1
11/13 16 ± 2 6 0.1
12/09 19 ± 2 6 0.1

Continued
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Table E-1, Continued

Conoentration:1:l s Pement of

Sampling Collection Tritium MDC Concentration
Location Date (pCi/L) (pCi/L) Guide Remarks

Well J-12 01103 0,20 ± 3,27* 10,8 NA
02/05 -0,08 ± 2,41" 7,94 NA
03/13 -3,1 :t: 3,3* 11,0 NA
04108 2,4 ± 2,8* 9,1 NA
05108 3,9 ± 3,5* 11.6 NA
06/03 -4.3 ± 3.4* 11.2 NA
07/09 1,g ± 2.2' 7,1 NA
08/06 0.0 + 1.7" 5.5 NA
09/04 -1.0 ± 1,8" 5.9 NA
10/07 -2,0 ± 1,6' 5,4 NA
11/13 0.0 ± 1,5" 5.0 NA
12/09 1.3 + 2.2* 7.2 NA

Well J-13 01103 -3.4 ± 3.0' 9,8 NA
02/05 2,1 ± 3.3* 10.8 NA
03/13 -1,9 ± 3.1" 10.4 NA
04/08 2.3 ± 3.1' 10.1 NA
05/08 Not Sampled- Well Down
06/03 -2,1 ± 3,0* 9,9 NA
07/09 -0,38 ± 1,72' 5,67 NA
08/05 -3.5 ± 1.6" 5.3 NA
09104 1,2 ± 2,9* 9,6 NA
10/07 3,4 ± 2,5* 8,1 NA
11/13 0,0 ± 1,4' 4,5 NA
12/09 0,0 ± 1.7' 5,6 NA

Well UElgC 01/03 3,5 ± 2.6* 8,6 NA
02/05 2,9 ± 2,8* 9.3 NA
03/13 0,42 ± 2,70* 8,89 NA
04/08 2.8 :t: 3,5* 11.5 NA
05108 -0,99 ± 2,87* 9,47 NA
06103 -1,8 ± 2,8' 9.2 NA
07109 -1.7 ± 1,6' 5,2 NA
08/06 0,0 :t: 1,5' 5,0 NA
09/03 -0,31 ± 2.24* 7,38 NA
10/07 1.7 + 2,7* 8,8 NA
1i/13 1.1 :t: 1,9' 6,3 NA
12/09 0,0 :t: 1.5' 5,0 NA

_._. _.l _ I ] I ._ JJf]____ ;.F]rll __ll l- _L[ [ l i i l['l'[" I l II_[ l]l lrJrr n[ [_ ......... _ irljl [l[-fl l_llll_lll _ l]{:_ l]_JI{ _ Jl,llg _. , l _ : ....... _ _ ....... IIl l_ ...... ; ' l l _ l ill[illll, _L m :_ l "--_ ;I_T_IT l _ _

* 1 Conoentrattonis lessthantheminimumdeteotableconoentratlon(MDC).
NA= Notappltaable.PeroentofoonoentrationguideIsnotapplioableeitherbeoausethetritiumresultislessthanthe

MDCorbecausethewateris knowtobenonpotable.
(a)= AdditionalanalysesgreaterthanMDC:

Result ! sigma _ Unit.._..s.s
Alpha 8.7 1,8 3,7 pCVL
Beta lg 2 6 pCVL
"_U 1,6 0.2 0,1 pCi/L
"=_"_lJ 0.063 0,027 0,042 pCi/L
"_U 0,51 0,08 0,0B pCt/L
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Table E-2. Long-TermHydrologicalMonitoringProgram1991 AnalyticalResults for Nevada Test Site
LocationsSampledSemiannually

Concentration± ls Peroentof
Sampling Collection Tritium MDC Concentration
Location Date (pCi/l.) (pCt/L) Guide Remarks

Well 5B - Well 8hut Down, Last Sampled July 1988.

Well 8A Army 04/09 Not Sampled - GeneratorDown
07111 1.8 :t: 1.7" 5.7 NA Hit Bottomat 1062'

Well 7 Test 01102 Not Sampled- Road Blooked
07/11 -109 + 125' 414 NA

Well C-1 04108 22 ± 4 11 0.1
10/07 108 + 94* 309 NA

Well D Test 01/02 7.8 :1: 2,3 7.4 NA
07/10 0 ± 126' 414 NA

Well HTH-1 06/04 0.88 ± 2,23* 7.32 NA
12/16 35 :!: 2 6 NA

Well U3CN-8 - Well Shut Down Throughout1991. last sampled December 1981.

Well UEIC 01/0,?. 0,94 ± 2,34* 7,87 NA
07/10 146 :1: 126' 414 NA

Well UE-4T 02/13 Not Sampled - Road Closed
09/17 423 ± 132' 430 NA

Well UE5C 03/13 6,7 + 3.0* 9,7 NA
09/04 286 ± 132" 430 NA
10/07 -98 ± 93* 309 NA

Well UE-6D 03/13 Not Sampled-Instruments in Hole
09110 Not Sampled -Insuffioient Water

Well UE6E 03/13 Not Sampled - No Access
09/17 303 ± 132' 430 NA

Well UE7NS. Well shut downthroughout1991, Last sampled September1987,

Well UE15D 04/08 76 ± 3 10 0.4
10/07 Not Sampled - Well Down

Well UE16D 05108 31 ± 3 9 0,2
11/13 0,0 ± 1,8' 5.4 NA

Continued

210



Table E-2. Continued

Concentration+ l s Percentof
Sampling Collection Tritium MDC Concentration
Location Date (pCi/L) (pCi/L) Guide Remarks

Well UE-16F 05/09 11 + 3 9 0.1
11/14 9.9 + 1.7 5.4 <0.1

Well UE-17A 05/09 -4.3 + 2.7* 9.1 NA
11/14 2.8 + 1.6' 5.1 NA

Well UE18R 06104 -3.2 :t: 2.6* 8.6 NA
12/16 -1.2 + 2.1" 6.8 NA

Well UE-18T 09/17 156 :t: 3 7 0.8
12/16 NotSampled- Road Out

* = Concentrationis lessthan the minimumdetectableconcentration(MDC).

NA = Not applicable. Percentof concentrationguide is notapplicableeitherbecausethe tritium
result is less than the MDC or becausethe water is knowto be nonpotable.

211



Table E-3. Long-TermHydrologicalMonitoringProgram1991 AnalyticalResultsfor Locationsin the
Vicinityof the Nevada Test Site

', ,_ _ ', i _ ......t' : ........... :z: ,,,;

Concentration+ ls Pement of
Sampling Collection Tritium MDC Concentration
Location Date (pCi/L) (pCi/L) Guide

ArnargosaValley,NV
Well Mary Nickelrs 02/04 0.67 :!: 2.40* 7.91 NA

06/11 0.97 + 2.42* 7.97 NA
08/12 206 :1: 131' 4,30 NA

Shoshone, CA
Shoshone Spring 02/05 33 :1: 3 9 0.2

08/05 314 + 132" 430 NA

Adaven, NV
Adaven Spring 01/03 27 :t: 4 13 0.1

07102 0 + 126" 414 NA
08106 339 :!: 132" 430 NA

Alamo, NV
CityWell 4 01/28 5.0 :t: 2.4* 7.9 NA

07103 109 + 126" 414 NA

Ash Meadows, NV
Crystal Pool 05110 -2.8 + 2.8* 9.3 NA

11/19 80 :t: 73* 239 NA

FairbanksSprings 05/10 0,39 + 2.80* 9.23 NA
11/14 0 _+. 73* 239 NA

Spring-17S-50E-14CAC 06/11 -0.91 + 2.28* 7.54 NA
12/02 218 + 126" 413 NA

Well 18S-51E-7DB 05/10 2.9 + 2..q* 9.6 NA
11/19 40 + 73* 239 NA

Beatty, NV
Specie Springs 01/10 -445 + 145" 487 NA

07/12 1.8 :!: 1.7" 5.5 NA

Tolicha Peak 03/05 0 + 137" 451 NA
08/07 0.90 + 1.64" 5.36 NA

Well 11S-48-1DD Coffers 01/10 -145 + 147" 487 NA
07/11 0.93 + 1.76" 5.78 NA

Well 12S-47E-7DBD City 07/02 0.98 + 1.84* 6.04 NA

Continued
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Table E-3. Continued
,, ',,',, , , ,,, ' T' _' _

Concentration± ls Percentof
Sampling Collection Tritium MDC Concentration
Location Date (pCi/L) (pCi/L) Guide

Beatty, NV (continued)
Well Road D Spicers 02/19 7.7 ± 3.2* 10.3 NA

08/07 0.0 ± 1.7* 5.7 NA

YounghansRanch (House) 06/12 4.2 ± 2.6* 8.4 NA
12/04 146 ± 126" 413 NA

BoulderCity, NV
Lake Mead Intake 03/11 39 ± 137" 451 NA

09/05 69 ± 3 10 0.3
10/08 65 ± 2 6 O.3

Clark Station,NV
Well 6 TTR 02/12 -47 + 138' 456 NA

08/08 0.0 ± 1.6* 5.4 NA

Hiko, NV
CrystalSpdrJgs 07/01 36 ± 126" 414 NA

08/07 267 ± 132" 430 NA

Indian Springs,NV
Well 1 Sewer Company 03/04 156 ± 138" 451 NA

09/03 -2.5 + 3.0* 9.9 NA

Well 2 US Air Force 03/04 12 ± 137" 451 NA
09/03 -3.3 + 2.9* 9.5 NA

Johnnie, NV
Johnnie Mine Well 03/19 -66 ± 137" 451 NA

09/03 1.7 ± 1.5* 4.9 NA

Las Vegas, NV
Well 28 Water District 03/11 39 _ 137" 451 NA

09/06 0.89 ± 1.58' 5.17 NA

LathropWells, NV
City 15S-50E-18CDC 04/05 2.6 ± 3.0* 9.9 NA

10/01 134 ± 94* 309 NA

Nyala, NV
Sharp's Ranch 02/05 -231 ± 137' 456 NA

08108 2.7 ± 1.6* 5.3 NA

Oasis Valley, NV
Goss Springs 08/07 0.84 ± 1.58" 5.18 NA

Continued

213



Table E-3. Continued

Concentration + ls Percent of

Sampling Collection Tritium MDC Concentration
Location Date (pCi/L) (pCi/L) Guide

Pahrump, NV
Calvada Well 08/05 267 ± 132" 430 NA

Rachel, NV
Wells 7 & 8 Penoyer 05/07 -127 ± 132" 437 NA

10/02 0.62 ± 2.47" 8.14 NA

Well 13 Penoyer 04/23 85 ± 135' 442 NA
05/07 85 ± 133' 6.9 NA

Well Penoyer Culinary 04/01 -72 ± 134" 442 NA
10/02 -3.8 ± 2,1* 6.9 NA
10/02 1.0 + 2.8* 9.3 NA

Tempiute, NV
Union Carbide Well 02/06 20 ± 138" 456 NA

09/11 0.89 ± 1.58" 5.20 NA

Tonopah, NV
City Well 03/05 -90 ± 137" 451 NA

09/04 -0,91 ± 3.19" 10.5 NA

Warm Springs, NV
Twin Springs Ranch 04/03 No Sample Collected

10/01 -5.0 + 2.0* 6.8 NA

• = Concentration is less than the minimum detectable concentration (MDC).
NA = Not applicable. Percent of concentration guide is not applicable either because the tritium

result is less than the MDC or because the water is know to be nonpotable.

,___ II ]JIIll

Table E-4. Long-Term Hydrological Monitoring Program 1991 Analytical Results for Project
FAULTLESS

Concentration ± ls Percent of

Sampling Collection Tritium MDC Concentration
Location Date (pCi/L) (pCi/L) Guide

Blue Jay, NV
Hot Creek Ranch Spring 03/19 5.0 ± 3.0" 9.7 NA
Maintenance Station 03/19 -2.4 ± 3.0* 9,8 NA
Well Bias 03/19 0.8 + 2.6* 8.7 NA
Well HTH-1 03/19 -6.2 + 3.4* 11.3 NA
Well HTH-2 03/19 -6.7 ± 3.3* 10,9 NA
Well Six Mile 03/19 -6,1 + 3.5* 11.7 NA

• = Concentration is less than the minimum detectable concentration (MDC).
NA = Not applicable. Percent of concentration guide is not applicable either because the tritium

result is less than the MDC or because the water is know to be nonpotable.
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Table E-5, Long-Term Hydrological Monitoring Program1991 Analytical Results for Project SHOAL

Concentration± ls Percentof

Sampling Collection Tritium MDC Concentration
Location Date (pCi/L) (pCVL) Guide

Frenchmen Station, NV
Hunt's Station 02/12 -2.3 ± 2.7* 8.8 NA
Smith/JamesSprgs 02/13 67 :1:3 10 0.3
SpringWindmill 02/12 0.0 ± 3.3* 10.9 NA
Well Flowing 02/12 -1.7± 3.0* 9.8 NA
Well H-3 02/13 Not Sampled - PumpInoperative
Well HS-1 02/13 -1.4:1: 2.5* 8.3 NA

* = Concentrationis lessthan the minimumdetectableconcentration(MDC),

NA = Not applicable, Percentof concentrationguideis not applicableeither because the tritium
resultis less thanthe MDC or becausethe water is knownto be nonpotable.

III I I IIII I III I i IIII gill II I1[I I I

Table E-6. Long-Term Hydrological Monitoring Program 1991 Analytical Results for ProjectRULISON

Concentration± 1s Percentof

Sampling Collection Tritium MDC Concentration
Location Date (pCi/L) (pCVL) Guide

Rulison, CO
Lee Hayward Ranch 06/11 187 ± 4 10 0.9
Potter Ranch 06/11 119 ± 4 11 0.6
Robert Searcy Ranch 06/11 63 + 4 11 0.3
Felix Sefcovic Ranch 06/11 133 :t: 4 10 0.7

Gra,'ld Valley, CO
Battlement Creek 06/11 56 ± 3 9 0.3
City Springs 06/11 0.78 ± 3.12" 10.3 NA
Albert Gardner Ranch 06/11 113 + 4 10 0.6
Spring 300 Yd. N of GZ 06/11 57 + 3 7 0.3
Well CER Test 06/11 57 ± 2.1 6 0.3

* = Concentration is less than the minimum detectable concentration (MDC).

NA = Not applicable. Percent of concentration guide is not applicable either because the tritium
result is less than the MDC or because the water is know to be nonpotable.
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Table E-7. Long-TermHydrologicalMonitoringProgram1991 AnalyticalResultsfor ProjectRIO
BLANCO

,..._,,,__. ............ , , ,_ ........... ,:_ _ _ . . ... ....._......, . ,=_,_............................... ,,,,, _,, ........ ._....... . ,..,_.... , ,_ , ,,....... , .,._;,,,:,,,,,_, ,,,,,,,._ ,,;...,,, , ,, , ,,, ,, _ ,_:

Concentration + ls Percent of

Sampling Collection Tritium MDC Concentration
Location Date (pCi/L) (pCi/L) Guide

Rio Blar¢o, CO
B-1 EquityCamp 06113 60 + 3 9 0.3
Brennan Windmill 06/12 NotSampled- WindmillInoperative
CER No,1 BlackSulfur 06113 60 + 3 9 0.3
CER No.4 Black Sulfur 06/13 62 :t: 3 9 0.3
Fawn Creek ! 06/12 27 ± 2 6 0.1
Fawn Creek 3 06/12 30 ± 3 9 0.1
Fawn Creek 500 R Upstream 06/12 29 ± 2 6 0.1
Fawn Creek 500 R Downstream 06112 34 ± 2 7 0.2
Fawn Creek 6800 R Upsteam 06112 34 ± 2 7 0,2
Fawn Creek 8400 R Downstream 06/12 30 ± 2 7 o.1
JohnsonArtesianWell 06112 -0.94 ± 2.08* 6.88 NA
Well RB-D-01 06113 -0,30 ± 3.01" 9.92 NA
Well RB-D-03 06113 0,93 ± 3.12' 10.3 NA
Well RB-S-03 06113 2.9 ± 2.8* 9.2 NA

,','i_ ,,_ , ,,,-, ,,,',, , , , ,,, , ,,,,,,,, ,,p_,........... ,,,, , ,,,,_ _,, L,_ , ,,,,,,,,, ,,,,, , ,,, , ,_ , ,'i _ ' ',,'% "' ,,", " ,','_ ........ ,..,._....,_ _;,,_: .... ::'_ ...... ' ....... :'"'"':'" " ' :-

i

* = Concentrationis lessthan the minimumdetectableconcentration(MDC).

NA = Not applicable. Pementof concentrationguideis not applicableeither because the tritium
resultis less than the MDC or because the water is knowto be nonpotable.
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Table E-8. Long-Term HydrologicalMonitoringProgram1991 Analytical Resultsfor ProjectGNOME
,! .Lz: ..... :: ..... : ...... -:_:-: ....... ::: _L__, ........._,..J, u,,_u_................... :L o........... ;:;..,:.;. _: ;_,,._.,:;_;, ,,,,_ , 4-.: _ :,:_,:j,,:;:_ ,,,,;,,,,,, _ _w_T._.._. _ ; _ z_::,,,:::

Concentration+ ls Percentof
Sampling Collection Tritlum MDC Concentration
Location Date (pCi/L) (pCi/L) Guide Remarks

Malaga, NM
Well 1 Pecoe

PumpingStation 06/24 Not Sampled - No Access
Well DD-1 06/25 8.8E+07:1: 3.5E+05 4.1E05 NA (a)
Well LRL-7 06/25 9329 ± 165 414 NA (b)
Well PHS 6 06/22 41 + 4 11 0.2
Well PHS 8 06/22 13 :t: 3 10 O.1 WindmillDown - From

StockTank
Well PHS 9 06/22 -1,1:1: 2.9* 9.6 NA WindmillDown - From

Stock Tank
Well Pki8 10 06/22 2.0 ± 3.5* 11.6 NA
Well USG8 1 06/25 -1.3 ± 3.5* 11.5 NA
Well USGS 4 06/25 148,300 ± 443 414 NA (c)
Well USGS 8 06/25 98,580 :t: 368 414 NA (d)

Cadebad, NM
Well 7 City 06/24 3.1 ± 3.6* 11.7 NA

Loving,NM
Well 2 City 06/22 4.8 :t: 3.2* 10.6 NA

* = Concentration is lessthan the minimum detectable concentration (MDC).

NA = Not applicable. Pement of concentration guide is not applicable either because the tritium
result is less than the MDC or because the water is know to be nonpotable.

(a,b,c,d) = Additional analyses greater than MDC:

Analysis Result 1 sigr_. MDC Units

(a) 137Cs 778,000 6050 NA pCi/L
°°Sr 15300 1265 2720 pCi/L.

(b) ls;'Cs 243 9 NA pCl/l..
g°Sr 5.9 4.3 1.3 pCi/L

(c) 137Cs 15 3 NA pCi/L
=°Sr 6080 49 13 pCi/L

(d) 13TCs 52 5 NA pCi/L
9°Sr 4470 43 13 pCi/L
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Table E-9, Long-TermHydrologk,.,alMonitoringProgram1991 AnalyticalResultsfor Project
GASBUGGY

.1..;,.;....;..;,....;i...... III l in [ " L 1,7_r LL rill ......... ,i , Irl,llII --z_LeT T_7 _ ....... J_..._o_--"_-_r _Z2----_" _ :

Concentration± ls Pement of

,Sampling Collection Tritium MDC Concentration
Loc_tion Date (pCi/L) (pCi/L) Guile Remarks

Gobemador,NM
ArnoldRanoh 06/18 7.1 ± 1,7 5.5 <0.1
Bixier Ranoh 06/18 13 ± 2 6 0.1 8ample from house
BubblingSpnngs 06/i8 48 ¢ 2 7 0.2
Cave Spdngs 06/16 56 ¢ 2 5 0.3
Cedar 8pdngs 06/16 71 ± 2 6 0.4
La Jam Creek 06/19 40 ± 2 8 0.2
Lower BurroCanyon 06/19 42 ¢ 2 5 0.2
Old 8ohool House Well 06/17 4,9 ¢ 1.9" 6.0 NA (a), New Sampling

Location
Pond N of Well 30.3.32.343 06/18 48 ± 2 8 0.2
Well EPNG 10-36 06/16 484 ± 4 6 NA
Well Jtcadlis 1 06/19 25 ± 2 5 0.1 8ample from stook

tank
Well 28.3.33.233 (8outh) 06/19 50 ± 2 6 0.2
Well 30.3.32.343 (North) 06/18 Well Removed
Windmill2 06/19 0.94¢ 1.78" 5.83 NA

'= II 'llI_l_l ................. ]'rl_lll_l ' _ J '_ rm,n .... [!!!If I ' I '' ' "' " ,,,,, ;_,_,,, ........ ,r, " _,i _''"' '1_111.... I _nlY','[J . I r' ['1 II I '111II III

* = ConcentrationIs less than the minimumdetectablecor_entration (MDC).

NA = Not applicable. Pement of concentrationguile is not applicableeitherbecause the tritium
resultis less than the MDC or because the water is knowto be nonpotsble.

(a) = Additionalanalyses greaterthan MDC:

=_U 1.12 0.08 0,05 pCi/L
zwU 0.39 0.04 0.04 pCl/L
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Table E-10. Long-TermHydrologioslMonitoringProgram1991 Analytk_i Results for ProjeotDRIBBLE

Conosntration± ls Peroentof
Sampling Colleotion Tritium MDC Conc_ntration
Location Date (pCI/L) (pCi/L) Guide Remarks

ONSITE SAMPLING LOCATIONS

Baxtervllle,MS
Half Moon Creek 04/21 19 ± 3 8 0.1 Pre ,.Sample

04/22 31 ± 3 I0 0.I Post Sample
Half Moon Creek Overflow 04/21 118 ± 3 9 0.6 Pre Sample

04/22 280 ± 4 10 1.4 Po_tSample
Pond West Of GZ 04121 8.9 ± 2,9' 9.4 NA Pre Sample

04122 9,9 ± 3.8* 12.4 NA Post Sampl_
REECO Pit Drainage-A 04/24 20 ± 3 i0 0.1
REECO Pit Drainage-B 04/24 242 ± 5 15 1.2
REECO Pit Drainage-C 04/24 288 ± 4 10 1.4
Well E-7 04/23 8,6 ± 3,0' 9.7 NA
Well HM-1 04/22 1,9 ± 2.7* 8.9 NA Pra Sample

04122 0,0 ± 2,5' 8,3 NA Post Sample
Well HM.ZA 04/22 -2,9 ± 2,6' 8.6 NA Pre Sample

04/22 -0.63± 3,33* 11,0 NA Post Sample
Well HM-2B 04/22 -.1,2 :t: 2.5' 6.3 NA Pre Sample

04/22 -0.19+ 2.97' 9.77 NA Post Sample
Well HM-3 04/22 -4,1 ± 2,7' 8.9 NA Pre Sample

04122 -2.5 ± 3,S" 11.5 NA Post Sample
Well HM-L 04122 1282 ± t41 442 NA Pre Sample

04/22 848 ± 7 12 NA Post Sample
Well HM-L2 04/22 0.91± 2,88* 9,47 NA Pre Sample

04122 -3.4 ± 3,6" 12.0 NA Post Sample
Well HM-S 04/21 7530 ± 169 442 NA Pre Sample

04/23 7644 ± 170 442 NA Post Sample
Well HMH-I 04/21 4962 :t:158 442 NA Pre Sample

0412213,740 ± 193 442 NA Post Sample
Well HMH-2 04121 7246 ± 168 442 NA Pre Sample

04/22 14,380 ± 196 442 NA Poet Sample
Well HMH-3 04/21 41 ± 3 11 NA Pre Sample

04122 44 :I: 3 8 NA Post Sample
Well HMH-4 04121 14 ± 3 9 NA Post Sample

04/21 18 ± 3 10 NA Pre Sample
Well HMH-5 04/21 2229 ± 145 442 NA Pre Sample

04122 2737 ± 148 442 NA PostSample
Well HMH-6 04/21 213 ± 4 10 NA Pre Sample

04122 166 ± 3 9 NA Post Sample
Well HMH-7 04/21 Not Sampled - Well Under Water

04/22 Not Sampled - Well UnderWater

Continued
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Table E-10. Continued

Conoenlmtion_ i i Peraentof
_mp!tng Colleotlon Tritium MDC Conoentmtton
Lo_tton Date (pCl/L) (pCt/L) Guide Remarks

ONSITE SAMPLING LOCATIONS(Continued)

Bwctervllle,MS (Continued)
Well HMH-8 04/21 16 i 3 i0 NA Pre Ssmple

22 :t: 3 8 NA PoetSample
Well HMH-9 04/21 128 ± 4 11 NA Pre Sample

04/22 147 ± 4 g NA Poet Sample
Well HMH-10 04/21 9i ± 4 1i NA Pro Sample

04/22 38 ± 3 10 NA PostSample
Well HMH-11 04/21 22 ± 2 7 NA Pre Sample

04/22 21 ± 3 11 NA Post Sample
Well HMH-12 04/21 16 ± 3 10 NA Pre Sample

04/22 17 ± 3 8 NA Poet Sample
Well HMH-13 04/21 18 ± 3 10 NA Pro Sample

04/22 19 ± 3 11 NA Poet Sample
Well HMH-14 04/21 16 :I: 3 g NA Pre Sample

04/22 11 ± 3 10 NA PoetSample
Well HMH-15 04/21 18 ± 3 10 NA ProSample

04/22 8.9 ± 2.6 8.2 NA PoetSample
Well HMH-16 04/21 31 ± 3 9 NA Pre Sample

04/22 38 ± 3 9 NA Poet Sample
Well HT-2C 04/23 !8 ± 4 12 NA
Well HT-4 04/23 7,6 ± 3,0' g,8 NA
Well HT-5 04/23 4,2 ± 3,3' 10,7 NA

OFFSITE SAMPLING LOCATIONS

Baxtervlllo,MS
LittleCreek #1 04/23 21 ± 4 12 0,1
Lower LittleCreek #2 04/23 20 ± 3 10 0.1
Salt Dome HuntingClub 04/24 33 ± 4 13 0.2
Salt Dome Timber Co, 04/22 26 ± 3 9 0.1
AndersonPond 04/22 13 ± 3 10 0,1
Andereon,BillyRay 04/22 l g :t: 2 8 0,1
Andemon,Regina 04/22 18 ± 3 10 0,1
Anderson, Robert Harvey 04/22 16 ± 2 7 0.1
Anderson,Robert Lowell 04/22 14 ± 2 7 0,I

04/22 26 ± 3 10 0.1

Burge,Joe 04/22 18 ± 3 11 0.1
Chambliu, B. 04/23 -4,0 ± 2.7' 9.1 NA
Danlets,Ray 04/22 27 ± 2 8 0,1

Continued
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Table E-IO. Continued
_ --........................ ___ ................ :_-_:::::::::_ .......... _ - : ::_::_--:_:_ _, _!_: ! ,_,,._-_:_ _: --_:- ,:_::._:_____._n_ _±::_:C_::_ :_,_ • :_

Concentration± ls Peroentof
8stapling Colleotion Trttlum MDC Concentration
Looatton Date (pC_.) (pOi/L.) Guide Remarks

OFFSITE SAMPLING LOCATIONS (Continued)

Baxtervtlle,MS (Continued)
Danlels, Webster Jr, 04/22 t4 ± 3 10 0,1
Denials Fish Pond Well #2 04/22 24 ± 2 7 0.1
KellyGertrude 04/22 -3.6 ± 2,2° 7,3 NA
King, Rhonda 04/22 20 ± 3 10 0.1
Lee, P.T. 04122 44 ± 3 9 0.2
Lows, M, 04/23 Not Sampled. Now On Rural Water
Mills, A.C. 04122 0._0± 2.30* 7.55 NA
Mille, Roy 04/22 20 ± 2 7 0.1
Nobles Pond 04/22 21 ± 3 11 0,1
Noble's Quail House 04/23 48 :I: 4 12 0.2
Noble, W, H., Jr. 04/22 36 ± 3 11 0,2
Ready, R. C, 04/22 37 ± 2 7 0.2
8euoler, Dennis 04/22 40 ± 3 10 0,2
8auoier, Talmadge 8. 04/23 28 ± 3 9 0.1
8auoler, Wllma/Yar_y 04/23 1,1 ± 3,3' 11.0 NA
Smith, Rite 04/22 NotSampled. Moved, Well Down
Well AIK_ot2 04/23 NotSampled. Well in Water
City Well 04/23 33 ± 3 10 0,2

Columbia,MS
Dennis, Buddy 04/23 14 ± 2 7 0,1
Dennis, Marvin 04/23 26 ± 3 g 0,1 (a)
City Well 64B 04/23 17 ± 3 10 0,1

Lumberton,MS
Anderson,G.W. 04122 27 ± 3 8 0,1
Anderson,Lee L. 04/22 26 ± 3 11 0.1
Bond, BradleyK, 04/22 28 ± 3 9 0,1
Cox, Eddie 04/24 36 ± 3 11 0,2 (b)
Gil Ray's CrawfishPond 04/23 13 ± 3 g O.I
Gipson, Herman 04/22 21 ± 2 7 0.1
Graham, Sylvester 04/23 -2,6 ± 3,3* 11,0 NA
Morea, Rite.House Well 04123 4,8 ± 2.3* 7.4 NA
Beach, Donald 04/22 Not Sampled • Moved, Well Down
Powers, Sharon 04122 18 ± 3 9 0,1
Rushing,Debra 04/24 34 ± 3 10 0.2
Saul, Lee L. 04123 -1,3 ± 3.3° 10,8 NA
Smith, Howard 04/23 0,07± 2,30' 7,57 NA
Smith, Howard-Pond 04123 18 ± 2 8 0,1 (c)
Well 2 City 04/23 4,7 ± 2.9' 9,6 NA

Continued
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Table E-tO, Continued

Conoentratlon:I: Is Peroentof
Sampling Colleotlon Tritium MDC Conoentratlon
Location Date (pCi/L.) (pCi/L) Guide Remarks

OFFSITE SAMPLING LOCATIONS (Continued)

Pun,is, MS
Burg_Willie Ray and Graoe 04/22 i6 ± 2 8 0.1
City S_Jpply 04/22 6.4 ± 2,9' g,4 NA
Gil. Ra,v-HouseWell 04/22 2.6 :t: 3.1' 10,1 NA

.......................................... .... ., ,r ,. .......................................................... I/I .... II

" -, Conoentrattonis lessthan the minimumdet_table oonoentration(MDC).

NA = Not applicable. Pementof oonoentratlonguide is not applloableeitherbec_ausethe tritium
resultis less than the MDC or beoausethe water is knownto _ nonpotable.

(a,b,o) = Additionalanalyses greaterthan MDC:

_eeult 1 eigr__ _

(a) mU 0.036 0,019 0.033 pOl/L

(b) _U 0.022 0.011 0.017 pCi/L

(o) _U 0.064 0.019 0.044 pOi/L
_U 0,071 0,016 0.016 pCI/L
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Table E-11. L¢ng-Term HydrologioalMonitoringProgram1991 AnalyticalResultsfor ArnchitkaIsland,
Alaska

Con_ntration ± 1e Peroentof
Sampling Collection Tritium MDC Concentration
Lo_ation Date (pCi/L) (pCi/L) Guide Remarks

BACKGROUND SITES

ClevengerLake 09121 25 ± 3 9 0.1
Constantine_:_dng 09/21 42 ± 3 8 0.2 (a)
ConstantineSpring-PumpHouse 09/21 39 ± 2 5 0.2 (b)
RX-Site Pump House 09/24 18 ± 2 5 0.1 (o)
TX-Site Springs 09i24 24 ± 2 6 0.1 (d)
TX-Site Water Tank House 09/24 23 ± 2 6 0.1 (e)
Duck Cove Creek 09/23 19:1:3 8 0.1
Jones Lake 09121 18 :t:2 6 0.1
Site D Hydro ExploratoryHole 09/23 Not Sampled- Hole Plugged
Site E HydroExploratoryHole 09/23 Not Sampled - Oil in Hole
Well 1 Army 09/21 28 ± 2 6 0.1
Well 2 Army 09/23 16 ± 2 5 0.1
Well 3 Army 09/22 Not Sampled - Hole Plugged
Well 4 Army 09123 35 :t: 2 6 0.2

PROJECT CANNIKIN

CannikinLake (North End) 09/21 20 ± 2 6 0.1
CannikinLake (South End) 09/21 24 :t:2 6 0.1
DK-45 Lake 09/23 23 ± 3 9 0.1
lee Box Lake 09/21 22 + 2 8 0.1
Pit South of CannikinGZ 09/21 19 ± 2 6 0.1
Well HTH-3 09/21 28 :t:2 6 0.1
White Alice Creek 09/21 18 ± 2 8 0.1

PROJECT LONG SHOT

LongShot Pond 1 09/22 14 ± 3 9 O.1
LongShot Pond 2 09/22 21 ± 3 9 0.1
LongShot Pond 3 09/22 27 ± 3 9 0.1
Mud Pit No.1 09122 192 ± 3 5 NA
Mud Pit No.2 09/22 243 ± 3 5 NA
Mud Pit No.3 09/22 282 ± 3 5 NA
Reed Pond 09/22 23 ± 2 6 0.1
Stream East-Longshot 09/23 190 :t:3 6 1.0
Well EPA-1 09122 17 ± 3 9 0.1
Well GZ No.1 09/23 1128 ±99 309 NA
Well GZ No.2 09123 65 :t:2 6 0.3
Well WL-1 09/22 17 ± 2 6 0.1
Well WL-2 09!22 78 ± 2 6 0.4

Continued
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Table E-11. Continued
................................................ : :_:_ _: .... - ............. _:_--- II'Ii [ I,,_ F;,,." .... ,;_,, ;-n_T _ _---_-::::_ _!_ '_' L__.,, ,, ,,,, ! i_uL_ ___: _ : : ---_._ __

Conoentretlon± Is Pement of

Sampling Collection Tritium MDC Conoentmtion
Looatton Date (pCt/L) (pCi/L) Guide Remarks

PROJECT MILROW

Clevenger Creek 09/22 22 ± 2 7 0.1
Heart Lake 09/22 15 ± 2 6 0.1
Well W-2 09/22 18 ± 2 7 0,1
Well W-3 09/22 16 ± 3 9 0,1
Well W.4 09/22 Not Sampled- Well Dry
Well W-5 09122 15 ± 2 7 0,I
Well W-6 09122 17 ± 2 8 0,I
Well W-7 09/22 19 ± 3 9 0,I
Well W-8 09/22 20 ± 2 6 0,1
Well W-9 09/22 NotSampled - Well In Water
Well W-10 09/22 22 ± 2 6 0,1
Well W-11 09/22 44 ± 3 9 0,2
Well W-12 09/22 Not Sampled - Well In Stream
Well W-13 09/22 29 ± 2 6 0,1
Well W-14 09/22 19 ± 2 6 0.1
Well W-15 09/22 18 ± 2 5 0,1
Well W-16 09/22 Not Sampled - Well in Water
Well W-17 09/22 Not Sampled - Well In Water
Well W-18 09/22 27 ± 2 6 0.1
Well W-19 09/22 Not Sampled - Well In Water

___ I' J!]._ II .... .-_ II'll II_l .......... '] =, IIII'H Ill,' II _m,- ' _,r_ _--" , _LL_,,_,,; ,j_ _ ! ! _::.::_::::::. __ _., ,,*_E, _ J_: L • ...................

* . Concentrationis leas thanthe minimumdeteotableoor_entretion(MDC),

NA = Not applk_ble, Pementof conQentrattonguide is notapplie.,ableeitherbecause the tritium
result is less thanthe MDC or because the water is knowto be nonpotable,

(a,b,o,d,e) = Additionalanalysesgreaterthan MDC:

Armlvele _ _ _

(a) Beta 7,0 0,74 1,9 pCi/L

(b) Alpha 2,9 0,70 1,5 pCi/L
Beta 7,3 0.75 1,9 pCi/L

(o) Alpha 1,3 0,34 0,8 pCi/L
Beta 2,6 0,36 1,0 pCl/L

(d) Alpha 1,7 0,37 0,7 pCi/L
Beta 3 0,34 0,8 pCi/L

(e) Alpha 1,4 0,36 0,8 pCi/L
Beta 7,2 0,4.5 0,9 pCl/L
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Appendix F
t' ',, ",,", , ' : ,, , 'L.... , ...... ,', ,,_,,

Table F-1. Accuracyof Analysisfrom EPA IntercompadsonStudies.

Table F-2. Accuracyof Analysisfrom DOE IntercompadsonStudies.

Table F-3. Comparabilityof Analysisfrom IntemompadsonStudies.
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Table F-1. Accuracyof Analysisfrom EPA IntercompadsonStudies
,_, , ,, ,.... ,,,,,,

Known Value Lab Average Percent
Nuclide Month (pCi/l.)" (pCi/L)° Bias

Water IntercompadsonStudies

Alpha Jan 5.0 ND
Alpha April (PE) 54.0 67.33 24.7
Alpha May 24.0 ND
Alpha Sept 10.0 9.00 -10,0
Alpha Oct (PE) 82.0 97.67 19.1
Beta Jan 5.0 ND
Beta April (PE) 115.0 ND
Beta May 46.0 ND
Beta Sept 20.0 20.00 0.0
Beta Oct (PE) 65.0 61.67 -5.1
6°Co Feb 40.0 36.67 -8.3
=)Co June 10.0 ND
e°Co Oct 29.0 28.67 -1.1
e°Co Oct (PE) 20.0 19.67 -1.6
e_Zn Feb 149.0 141.33 -5.1
_Zn June 108.0 ND
_Zn OCt 73.0 75.67 3.7
l°6Ru Feb 186.0 174.33 -6.3
l°6Ru June 149.0 ND
l°6Ru Oct 199.0 180.67 -9.2
'_Cs Feb 8.0 7.33 -8.4
l_Cs April (PE) 24.0 18.67 -22.2
_Cs June 15.0 ND
_Cs OCt 10.0 10.0 0.0
134Cs Oct (PE) 10.0 9.33 -6.7
_37Cs Feb 8.0 8.33 4.1

18_Cs April (PE) 25.0 20.00 -20.0
_37Cs June 14.0 ND
137Cs Oct 10.0 10.33 3.3
_37Cs Oct (PE) 11.0 12.00 9.1
_=Ba Feb 75.0 74.67 -0.4
l=Ba June 62.0 ND
_Ba Oct 98.0 90.33 -7.8
3H Feb 4418.0 4613.00 4.4
3H Oct 2452.0 2499.33 1.9
1311 Feb 75.0 81.67 8.9
1311 Aug 20.0 21.33 6.6
Z_Ra Mar 31.8 31.60 -0.6
_Ra April (PE) 8.0 8.10 1.2
_'eRa July 15.9 ND
_'6Ra Oct (PE) 22.0 ND

Continued
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Table F-1. Continued.

KnownValue Lab Average Percent
Nuclide Month (pCt/L.)" (pCi/L)" Bias

Water IntercompadsonStudies

Z_Ra Nov 6.5 ND
Z2"Ra Mar 21.1 ND
_Ra April (PE) 15.2 11.33 -25.5
Z28Ra July 16.7 ND
_Ra Oct (PE) 22.2 ND
Z_Ra Nov 8.1 ND
=Sr April (PE) 28.0 22.33 -20.2
_Sr May 39,0 34.33 -12.0
_Sr Sept 49.0 39.67 -19,0
_Sr Oct (PE) 10.0 8.33 -16.7
9°Sr April (PE) 26.0 23.33 -10.3
9°Sr May 24.0 24.00 0.0
Q°Sr Sept 25,0 23.67 -5.3 !
9°Sr OCt (PE) 10.0 10.33 3.3
U (Nat) Mar 7.6 7.67 0.9
U (Nat) April (PE) 29.8 30.30 1.7
U (Nat) July 14.2 14.43 1.6
U (Nat) Oct (PE) 13.5 13.17 -2.4
U (Nat) Nov 24.9 23.97 -3.7
_Pu Aug 19,4 18.23 -6.0

Air IntercompadsonStudies

Alpha Mar 25.0 ND
Alpha Mar 5,0 6.00 20.0
Alpha Aug 25.0 ND
Alpha Aug 10.0 14.00 40,0
Beta Mar 124.0 ND
Beta Mar 31.0 36.67 18.3
Beta Aug 92.0 ND
Beta Aug 62.0 80.33 29.6
_°Sr Mar 40,0 ND
g°Sr Mar 10.0 ! 1.0 10.0
°°Sr Aug 30.0 29.33 -2.2
9°Sr Aug 20.0 18,67 -6.6
137Cs Mar 40.0 42.33 5.8
137Cs Mar 10.0 10.67 6.7
_37Cs Aug 30.0 31.33 4.4
13;'Cs Aug 20.0 22.33 11.6

Milk IntercomparisonStudies

_Sr Apr 32.0 29.67 -7,3
_Sr Apr 23.0 18.67 -18.8

Continued
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I I

Table F-1. Continued

KnownValue LabAverage Percent
Nuclide Month (pCi/I.)" (pCi/L)" Bias

Milk IntercompadsonStudies

mSr Sept 25.0 22.33 -10.7
eeSr Sept 16.0 12.67 -20.8
g°Sr Apr 32.0 32.00 0.0
¢°Sr Apr 23.0 19.67 -14.5
°°Sr Sept 25.0 25.33 1.3
g°Sr Sept 20.0 18.00 -10.0
1all Apr 60.0 59.33 -1.1
tStl Apr 99.0 98.00 -1.0
1Sll Sept 108.0 108.33 0.3
1311 Sept 58.0 63.33 9.2
137Cs Apr 49.0 45.33 -7.5
137Cs Apr 24.0 25.33 5.5
137r3s Sept 30.0 31.67 5.6
137Ca Sept 20.0 20.33 1.6
K (tot) Apr 1650.0 1212.67 -26.5
K (tot) Apr 1550.0 1587.33 2.4
K (tot) Sept 1740.0 1710.67 -1.7
K (tot) Sept 1700.0 1754.67 3.2

• Values were obtainedfromthe Individualintercomparisonstudyreportsand are reportedwith
the significantfigures includedin thosereports.

PE = performanceevaluationstudy.
ND = not detected.

228



Table F-2. Accuracyof Analysisfrom DOE IntercomparisonStudies
.... , ' " ' ..... , ..... -', _,, ,;, ,: , %;' i, ,_' , , _ ' , ' :_ T_ , ,;, ,,.., _ , '_ ,

Nuclide Month EML Value (pCi/L)" EPA Value (pCi/L)' PercentBias

Water IntercomparisonStudies

l'_Ce Mar 3.5.1 39.2 11.7

l"Ce Sept 226 214 -5.3
67Co Mar 230 214 -7.0
57Co Sept 166 174 4.8
6°Co Mar 201 191 -5.0

e°Co Sept 291 294 1.0
_3_Cs Mar 169 163 -3.5
137Cs Sept 46.0 48.3 5.0
3H Sept 100 102 2.0
_Mn Mar 213 206 -3.3
r_Mn Sept 103 104 1.0
9°Sr Sept i 0.1 9,93 -1.7
U (Nat) Sept 0.940 0.949 1.0
2"_Pu Sept 0.510 0.480 -5.9

Air IntercomparisonStudies

;'Be Mar 53.0 47.8 -9.8
7Be Sept 53.8 56.4 4.8
l"Ce Mar 52.2 52.9 1.3
l'_Ce Sept 50.8 56.0 10.2
67Co Mar 5.82 5.44 -6.5
57Co Sept 16.6 19.3 16.3
6°Co Mar 5.14 4.92 -4.3
e°Co Sept 23.0 24,5 6.5
137Cs Mar 4.53 4.70 3.7
137Cs Sept 28.0 30.1 7.5
_Mn Mar 4.80 4.85 1.0
_Mn Sept 24.3 26.4 8.6
_Pu Sept 0.084 0.087 3.6

VegetationIntercomparisonStudies

Z_Pu Sept 0.365 0.359 -1.6

Soil IntercomparisonStudies
Z_Pu Sept 7.35 7.22 -1.8

a Values were obtained from the Environmental Measurements Laboratory(EML) and reported
withthe significantfiguresprovidedby EML.

Nat = natural.
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Table F-3. Comparabilityof Analysisfrom IntemomparisonStudies=
...... J ,_,,,,, , _ _ , _,, ......... ,... _,. ,...=., , ,,,: :_, , * ,,,,. _L'_"", _ '_J;_,'i ....... ,, ,i,, _,.,,,,

No. of EPA Lab Grand Normalized Ratio EPA
Participating Average Average Deviationfrom Lab Average/

Nuclide Month Laboratories (pCi/L) (pCi/L) Grand Average Grand Average

Water IntemomparisonStudies

Alpha Jan 198 ND 5.69 NA
Alpha April (PE) 179 67.33 49.71 2.18 1.35
Alpha May 209 ND 20.94 NA
Alpha Sept 207 9.00 10.36 -0.47 0.87
Alpha Oct (PE) 187 97.67 75.57 1.82 1.29
Beta Jan 198 ND 6.60 NA
Beta April (PE) 179 ND 108.60 NA
Beta May 209 ND 44.73 NA
Beta Sept 207 20.00 20.30 -0.10 0.99
Beta Oct (PE) 187 61.67 55.53 1.06 1.11
S°Co Feb 151 36.67 40.04 -1.17 0.92
e°Co June 159 ND 10.69 NA
°°Co Oct 162 28.67 29.83 -0.40 0.96
6°Co Oct (PE) i 87 19.67 20.22 -0.19 0.97
_Zn Feb 151 141.33 149.71 -0.97 0,94
_Zn June 159 ND 109.54 NA
_Zn Oct 162 75.67 74,57 0.27 1.01
l°SRu Feb 151 174.33 191.83 -1.60 0,91
1°8R_._ June 159 ND 141.48 NA
t°eRu _)ct 162 180.67 !94.21 -1.17 0,93
l_Cs Feb 151 7.33 8.09 -0,26 0.91
l_Cs April (PE) 179 18.67 22.96 -1.49 0.81
_Cs June 159 ND 14.2 NA
_Cs Oct 162 10.0 9.93 0.02 1.01
'_Cs Oct (PE) i87 9.33 9.58 -0.08 0.97
137Cs Feb 151 8.33 9.06 -0.25 0.92

137Cs April (PE) 179 20.00 25.49 -1.90 0.78
_37Cs June 159 ND 15.37 NA
137Cs Oct 162 10.33 10.86 -0.18 0.95
13_Cs Oct (PE) 187 12.00 12.45 -0,15 0.96
l=Ba Feb 151 74.67 74,14 0.11 1.01
_Ba June 159 ND 61.37 NA
_Ba Oct 162 90.33 95.56 -0.91 0.95
3H Feb 150 4613.00 4437.54 0.69 1.04
3H Oct 166 2499.33 2531.91 -0.16 0.99
1_11 Feb 120 81.67 77.00 1.01 1,06

1311 Aug 113 21.33 20.96 0.11 1,02
_eRa Mar 115 31.60 29.45 0.77 1.07
ZZSRa April (PE) 179 8.10 7.72 0.55 1.05
_Ra July 120 ND 15.34 NA
_SRa Oct (PE) 187 ND 21.57 NA
2'Z6Ra Nov 121 ND 6.38 NA
_SRa Mar 115 ND 19,14 NA
_eRa April (PE) 179 11.33 14.01 -1.22 0.81

Contintued
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Table F-3. Continued"

No. of EPA Lab Grand Normalized Ratio EPA
Participating Average Average Deviationfrom LabAverage/

Nuclide Month Laboratories (pCi/L) (pCi/L) GrandAverage Grand Average

Water IntercomparisonStudies(Continued)

Z_SRa July 120 ND 15.63 NA
ZZSRa Oct (PE) 187 ND 21.12 N,&
_6Ra Nov i21 ND 8.19 NA
=Sr April (PE) 179 22.33 25.74 -1.18 0.87
_Sr May 104 34.33 37,43 -1.07 0.92
=Sr Sept 69 39,67 49.57 .3,43* 0.80
=Sr Oct (PE) 187 8.33 9,79 -0.51 0.85
g°Sr April (PE) 179 23.33 23.61 -0.10 0,99
"°Sr May 104 24,00 28.85 0.05 0.83
_°Sr Sept 69 23.67 24.72 -0.48 0.96
_°Sr Oct (PE) 187 10.33 10.09 0.08 1.02
U (Nat) Mar 117 7.67 7.30 0.21 1,05
U (Nat) April (PE) 179 30.30 28.88 0.82 1.05
U (Nat) July 127 14.43 13.38 0.61 1.08
U (Nat) Oct (PE) 187 13,17 13.25 -0,05 0.99
U (Nat) Nov 90 23,97 23.76 0.12 1.01
z3gPu Aug 61 18.23 19.22 -0,90 0,95

Air IntercornpadsonStudies

Alpha Mar 165 ND 29.73 NA
AIpha Mar 185 6.00 6,25 -0,09 0.96
Alpha Aug 172 ND 28.33 NA
Alpha Aug 179 14.00 12.21 0,62 1.15
Beta Mar 165 ND 130.11 NA
Beta Mar 185 36.67 32.19 1,55 1.14
Beta Aug 172 ND 95.54 NA
Beta Aug 179 80.33 64.66 5,43* 1.24
_°Sr Mar 165 ND 39.3 NA
_°Sr Mar 185 11.0 9.69 1.51 1,14
_°Sr Aug 172 29.33 29,11 0,08 1.01
9°Sr Aug 179 18.67 19.45 -0.27 0.96
137Cs Mar 165 42.33 44,61 -0,79 0.95
137Cs Mar 185 i0.67 11.56 -0.31 0.92
137Cs Aug 172 31.33 32.48 -0.40 0.96
_37Cs Aug 179 22.33 22.70 -0.13 0.98

Milk IntercompadsonStudies

=Sr Apr 96 29.67 27.07 0.90 1.10
=Sr Apr 104 18.67 23.14 -1.55 0.81
"Sr Sept 95 22,33 20.95 0.48 1.07
=Sr Sept 98 12.67 13,53 -0.30 0.94
9°Sr Apr 96 32.00 28.02 1,38 1.14

Continued
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Table F-3, Continued'

No. of EPA Lab Grand Normalized Ratio EPA
Participating Average Average Deviationfrom Lab Average/

Nuclide Month Laboratories (pCi/L.) (pCt/L) Grand Average Grand Average

Milk IntercomparisonStudies(Continued)

_°Sr Apr 104 19.67 22,33 -0.92 0,88
°°St Sept 95 25,33 21.09 147 1.20
°°Sr Sept 98 18.00 17,57 0.i5 1.02
_3tl Apr 96 59.3.3 61,17 -0.53 0,97
13tl Apr 104 98.00 98.49 -0,09 1.00
t3_1 Sept 95 108.33 108.56 -0,04 1.00
13_1 Sept 98 63.33 58.88 1.29 1.08
_37Cs Apr 96 45,33 51,35 .2.08 0.88
_a_Cs Apr 104 25.33 24.65 0,24 1.03
_37Cs Sept 95 31.67 31,35 0.11 1,01
t37Cs Sept 98 20.33 21,47 -0.39 0.95
K (tot) Apr 96 1212.67 i653.09 -9.19' 0.73
K (tot) Apr 104 1587,3.3 1548.38 0,86 1.03
K (tot) Sept 95 1710,67 1667.46 0.86 1.03
K (tot) Sept 98 1754,67 1713.52 0.84 1,02
_ :_: ,----_._::_-_:_,, '_;' L _ _ _:-_.:_ . _......... _. ..... _.__._::._:. L.... _=._..: _._-_:._:__..*,7_:__:_'____:_ __

' Values were obtainedfromthe individualintercomparisonstudyreportsand are reported
withthe significantfigures includedinthose reports,

PE = performanceevaluationstudy.
(Nat) = natural.
ND = not detected.
NA = not applicable.
' = outsidecontrollimits.
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