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Radiological Survey and Evaluation of the
Fallout Area from the Trinity Test:

Chupadera Mesa and White Sands Missile Range, New Mexico

by

Wayne R. Hansen and John C. Rodgers

ABSTRACT

Current radiologicalconditionswereevaluatedfor the siteof the frst nuclearweaponstest, theTrinity
test, and the associated falloutzone. The tes~ locatedon White Sands MissileRange, was conductedas
part of the research with nuclear materials for the World War II Manhattan EngineerDistrict atomic
bomb project.Someresidualradioactivityattributableto the testwas foundin the soilsof Ground Zero on
WhiteSandsMissileRange and the areas that receivedfalloutfromthe test.The studyconsideredrelevant
informationincludinghistoricalrecords, environmentaldata extendingback to the 1940s,and new data
acquiredby fieldsamplingand measurements.Potentialexposuresto radiationwereevaluatedfor current
land uses. Maximumestimateddoseson Chupadera Mesa and other uncontrolledareas are less than 39’.

of the DOE Radiation Protection Standards(RPSS).Radiationexposuresduringpublicvisitsto the U.S.
Army-controlledGround Zero area are lessthan 1mremper annualvisitor lessthan 0.2% of the RPS for
a memberof the public.Detaileddata and interpretationsare providedin appendixes.



This evaluationof current conditionsat the site of the
first nuclear weapon test (Trinity) and the associated
fallout areas is based on extensivefield measurements
and samplingfollowedby interpretationof the resulting
data. The study was completedas part of the Formerly
Utilized Sites Remedial Action Program (FUSRAP)
sponsoredby the U.S. Departmentof Energy(DOE).

The Trinitytest was part of the researchconductedfor
the World War II Manhattan EngineerDistrict (MED)
atomicbombproject.The test was conductedon July 16,
1945.Measurementsof radiation levelsat Ground Zero
(GZ) and in the fallout zone began the same day. The
fallout was blown in a northeast direction over White
Sands Missile Range, Chupadera Mesa, and other
ranchingareas. The land usesin the falloutzone remain
the same today. White Sands Missile Range extends
north of GZ about 17 km (10 miles).Privately owned
ranch land extendsalong the path of the falloutzone to
the northeast with Chupadera Mesa areas of interestat
about 50 km (30 miles)northeast of GZ. Land use on
Chupadera Mesa is for cattle grazing.Areas farther out
in the fallout area also are used for cattle grazing with
smallareas of crop production.

This study considered all availablerelevant informa-
tion. Records and reports provided the history of the
measurementsof radiation and radioactivityat GZ and
the falloutzone. Environmentalmeasurementsand sam-
ple results, some extending back to the 1940s, were
reviewedfor informationon trends and patterns. Data
from these and special radioecology research studies
werecompiledto providea basisfor planningthe acquisi-
tion of newdata. Mostof the newdata consistof several
hundred field measurements and samples of soil and
vegetation.

The tindings,based on interpretationof the dat~ are
expressed in this summary as maximum incrementsof
risk to hypotheticalindividualsexposed to the existing
conditions.Individualrisks of cancer from exposure to
radiation were calculatedfrom factors derivedfrom the
National Academy of Sciences 1980 study. Potential
exposuresto radiation for various possiblemechanisms
were generally calculated as 50-year committed dose

2

equivalentsresultingfrom l-year exposuresto account
for cumulative doses from those radioactive materials
retained in the body for varying periods after initial
exposure. Exposure to natural background results in
exactlythe samekindof risks.The risk-estimatingfactors
were applied to natural background radiation as
measured in north central New Mexico to provideone
contextforjudgingthe significanceof other risks.People
living in northern New Mexico incur an estimated in-
cremental risk of cancer mortality of 8 chances in
10 000, or a probability of 8 x 10-4, from a 50-year
exposureto the natural radiation background.The natu-
ral radiation background dose, about 150 mrem each
year, includescontributionsfrom cosmicradiation,natu-
ral terrestrial radioactivity, and natural radioactivity
incorporatedin the body. A larger perspectiveis that the
overall U.S. population lifetimerisk of mortality from
cancers induced by all causes is currently about 2
chances in IO,or a probabilityof 0.2.

The maximum likely incremental risks from all
mechanismsof potential exposure in the areas having
residualradioactivityattributableto the residualradioac-
tivityrange from about 2 chancesin 10 000(2 x 10-4)in
the-restricted use area to a minimumof 6 chances in
10 000 000 000(6 x 10-1”)under current conditionsof
land use as summarized in Table I. The mechanisms
include direct exposure to penetrating radiation and
inhalationof resuspendeddust.

Table I givesthe incrementalrisksof cancer mortality,
bone cancer, and lung cancer, along with the 50-year
dose commitmentsfrom which they were calculated.All
of the dosecommitmentvaluesare consideredoverstated
to some degree because assumptionsused in their deri-
vation were made to maximize estimates of potential
effects.All of the dose commitmentsare small fractions
of those permitted above natural background and
medical exposure by the DOE Radiation Protection
Standards (RPSS). Maximum estimated doses on
Chupadera Mesa and other uncontrolledareas are less
than 3% of the RPSS.

Another context for judging the significanceof these
risksassociatedwithexposureto radiation,whetherfrom



natural background or other sources, is a comparison
withrisksfrom other activitiesor hazards encounteredin
routineexperience.Table II presentsa samplingof risks
for activitiesthat may resultin earlymortalityand annual
risks of death from accidents or natural phenomena.
Becausenot all of the risks are directlycomparable,the
values for mortality risks shown in Table I overlap the
range of values for risks shown in Table II. The largest
incremental risks from the exposure to the residual

contaminationare aboutthe samesizeas the incremental
riskof a 1000-mileautomobiletrip;mostare smallerthan
the annual risk of death fromlightning.

Some differencesin future conditionswillresult from
radioactivedecay processes.Whilethe total doses from
transuranium elementswill rtoi change appreciably,the
dosesfrom 90Srand 137CSwilldecrease50%in about 30
years. At the GZ area the external radiation doses will
decreaseabout 90Y0in the same 30-yearperiod.

TABLE I

ESTIMATES OF RISK BASED ON EXPOSURES ATTRIBUTABLE TO RESIDUAL
CONTAMINATION IN AREAS OF FALLOUT FROM THE TRINITY TEST”

Locationb/Exrsosure

Hvtmtheticai Resident

Gz
Inner fence
Betweenfences

White Sands Missile Range
Bingham
Chupadera Mesa
Far Fallout Zone
San Antonio

Other H>potheticsd
Exposures

40h of \Vork in GZ
inner fenced area

Security Patrols
Annual visitor at Open

House of Trinity Site

Natural Radiation Exposure,
Los Alamos

l-year occupancy
50-year occupancy
Radiation ProtectionStandard

Incremental Risk

Increased Probability Based
on 50-Year Committed Dosesc

Overall
Cancer Bone Lung Liver

Mortality Cancer Cancer Cancer

2.0x 10-’ 2.2 x 10-~ 1.4 x 10-7 1.1x 10-6
1.1x 10-4 8.7 X 10-9 2.3 X 1O-s 4.2 X 1O-s
1.9 x 10-6 6.3 X 1O-a 8.7 X 1O-s 1.0x 10-’
4.0x 10-’ 5.7 x 10-8 4.2 X 10-8 7.5 x 10-s
1.8 X 10-6 1.2 x 10-’ 1.6 X 10-’ 2.7 X 10-7
7.4 x 10-’ 4.8 X 1O-s 3.1 x 10-~ 3.6 X 1O-s
2.2 x 10-7 6.0 X 10-’0 1.8 X 1O-s 1.5 x 10-9

9.6 X 10-’ ---
9.0x 10-’ ---

—
-.

—
—

1.2 x 10-~ ---

1.6 X 1O-s ---
8.0 X 10+ ---

.. . ...

... —

—
—
—

—
...
—

Committed Dose

mrem in 50 years
from l-Year Occupancy

External
Whole
Body Body Bone Lung Liver——

1700 2.5 75 1.5 36
880 0.17 2.9 0.26 1.4
14 1.8 21 0.97 3.4
1.7 1.6 19 0.47 2.5

13 2.1 39 1.8 9.0
5 1.2 16 0.34 1.2
1.7 0.1 0.2 0.2 0.05

8 .—

0.75 ---

— —
.- —

1.0 — — —

134 . .— —
6700 .. .— .- —

500 500 1500 1500 1500

‘All calculationsbasedon current conditions.
bLocationsare describedin more detail in Cha~ter 4.
“Probabilitiesare expressedin exponentialnotation;they can be convertedto expressionsof chanceby
taking the numerical value in front of the multiplicationsign (x) as “chances”and writing a one (1)
followedby the numbu of zerosgiven in the exponent.For example, 9.7 x 10-7 becomes9.7 chancesin
10000000.
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TABLE II

RISK COMPARISON DATA

IndividualIncreasedChance of Death
Causedby SelectedActivities

Increase in Chance
Activity of Death

Smoking1pack of cigarettes(cancer,heart disease)
Drinking 1/2 literof wine(cirrhosisof the liver)
Chest x-ray in good hospital(cancer)
Traveling 10 milesby bicycle(accident)
Traveling 1000milesby car (accident)
Traveling 3000 milesbyjet (accident,cancer)
Eating 10tablespoonsof peanut butter (livercancer)
Eating 10charcoal broiledsteaks(cancer)

1.5 x 1O-s
1 x 10-6
1 x 10-6
1 x 10-6
3 x 10-6
3.5 x 10-6
2 x 10-7
1 x 10-7

U.S. AverageIndividualRisk of Death in One Year
Due to SelectedCauses

Cause Annual Risk of Death

Motor VehicleAccident
AccidentalFall
Fires
Drowning
Air Travel
Electrocution
Lightning
Tornadoes

U.S. PopulationLifetimeCancer Risk

ContractingCancer from All Causes
Mortalityfrom Cancer

2.5 X 10-4
1 x 10-4
4 x 10-5
3 x 1O-s
1 x 10-5
6 X 10-6
5 x 10-7
4 x 10-7

0.25
0.20



2. INTRODUCTION AND BACKGROUND

L THE DOE RESURVEYPROGRAM

The 1977 and 1983 survey of the Trinity Site was
carried out as part of the DOE program aimed at
formulationof any remedialactionsfor Manhattan Engi-
neer District (MED) or Atomic Energy Commission
(AEC) sites.In the DOE program, tideswerereviewedto
determine if residual radioactive contamination might
exist at the sites. If the radiological conditions were
uncertain,a surveyof the area influencedby the sitewas
performed.The filesand specialstudiesin existencefor
the Trinity Siteindicateda surveywouldbe necessaryto
quantify the radiological condition of the 32-year-old
fallout area from the first nuclear explosionat White
Sands MissileRange in New Mexico,July 16, 1945.

Severalstudiesof the falloutzone had beencarriedout
beforethe resurvey.These includedsurveysimmediately
after the test in 1945,studiesby Universityof California,
Los Angeles(UCLA) in 1948, 1950,and 1951.In 1973
and 1974, the U.S. EnvironmentalProtection Agency
(EPA) carriedout an extensivesoilsamplingprogramfor
plutoniumin the area. The study includedair samplers
located on Chupadera Mesa and in Socorro, New Mex-
ico. Starting in 1972 and continuing until 1979, Los
Alamos Scientific Laboratory, conducted special
ecologicalstudies of the movementof 137CSand pluto-
nium isotopeson study plots on Chupadera Mesa and
near Ground Zero (GZ) locatedon White Sands Missile
Range.Factors influencingthe surveywerethe historyof
the Trinity test, previousstudiesof the falloutzone,and
the stated objectives of the Formerly Utilized Sites
Remedial Action Program. Each of these factors is
discussed in more detail in following paragraphs.
Separate chapters are devoted to the resurvey plan, the
results, and interpretation of the data. Appendixesare
includedthat contain the historicdata base, the raw data
from this study, a log containing locations of sample
locations, calibration methods for the in situ detector
systemused, and calculationalmethodsused for estima-
tions of radiation dose
falloutradionuclides.

equivalentsfrom any residual

II. THE TRINITY TEST

The Trinitytest of the first atomicbombtook placeon
July 16, 1945,on WhiteSands MissileRange in Central
New Mexico.The test resultedin depositionand dispersal
of radioactive fallout over a portion of central and
northeastern New Mexico. Figure 1 is a map of the
general area with Trinity Site marked on the lower left-
hand corner of the map. The devicewas mounted on a
100-foottower with cables for instrumentsand timing
strung to shelters9144m (10 000 yds) away. Figure2 is
a photographofthe tower-mounteddevicebeforethe test.
The Oscura Mountains are in the background of the
photographabout 5 mileseast of the test area.

Weatheron the day of the test started outbeingcloudy
and windywith scattered showers,At 2:00 a.m., the test
was rescheduledfrom 4:00 a.m. to 5:30 a.m. At 4:00
a.m., the rain stopped and at 4:45 a.m., a favorable
weatherforecast indicatedthe 5:30 a.m. timewas accept-
able.Weatherremainedcloudyafterthe test, as observed
by planessent to drop sensorsduring and after the test.1
After the test, a crater and zone of melted sand were
created (Fig. 3). The green fused sand is referred to as
Trinitite in many reports. The GZ area has been desig-
nated a National Monument. As noted earlier, GZ is
located on White Sands Missile Range, and access is
controlledthroughoutthe year. Once annually,the public
is invitedfor a controlledvisit to the site, usuallyin the
month of October. Figure 4 is a diagram of the GZ
fencedarea includedin the publicvisits.

III. THE TRINITY FALLOUT ZONE

Followingthe test, measurementsweremade to estab-
lishthe trajectory of the falloutcloudand the deposition
pattern overChupaderaMesa and areasnortheastofGZ.
Measurementsduring 1945were made across the fallout
pattern to outermostedgesof the falloutzone,

Figure 5 is a depiction of the fallout zone based on
beta-gammasurveysof the soilsurfacefollowingthe test.
The falloutfolloweda northeasterlydirectionparalleling
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the west of U.S. Highway 54 (Fig. 1).The cloudpassed
over Chupadera Mesa, where localized areas of higher
levelswereobserved.

Another beta-gamma survey carried out in 1947and
1948confirmedthe earlierobservationsand added detail
to the mappingof the area,2Figure6 is an outlinemap of
the contaminated area taken from the 1947 and 1948
studies.2A primary transect reference line was estab-
lishedin the 1947study.The transect of 34° 56’started
at the Section Marker at GZ. At every 4930 feet,
referencepoints were marked for the first 11 points.At

point 12, the referencepoints were marked every 9000
feet. From this primary transect, referenceline laterals
were extended 90° right and left. Samplingand study
areas were establishedaccordingto the lateral numbers.
For example, an area of special study on Chupadera
Mesaat lateral21 (about28 milesfromGZ) isreferredto
as area 21. This type of designation is referred to in
reportsof severalstudiesof the Trinity falloutzone.

Since 1945,radioactivedecayhas resultedin substan-
tial reductionsof the fallout levelsso that only the long-
Iivedradionuclides90Sr,137CS,and 23gPuwith traces of
europium,remain. In the interveningyears, environmen-
tal and biologicaltransport processes such as erosion,
sedimentation,and bioticuptake have acted on the initial
surface depositionto redistributethese long-livedradio-
nuclides. A number of studies were carried out to
characterizethe radionuclidedistributionand redistribu-
tion in the years followingthe test.

The first major studieswerecarried out between1947
and 1950. These studies emphasizedradionuclidecon-
centrations including plutonium for soils and plants,
particularlyon Chupadera Mesa, the crater region,and
the region north of the crater, but still on White Sands
MissileRange,314The studiesincludedcharacterizationin
the soilsand plantsof the area.

Plant studies includeda study of the revegetationof
GZ. Studieswere also carried out that involveddescrip-
tions of the movementof small mammals, reptiles,and
birds in the area surroundingGZ.S The results of these
studieshavebeenincludedin considerationsof the design
of this study.

In summary, elevatedlevelsof plutoniumand fission
products were measured in the fallout pattern, The
maximumconcentrationsin soiloutsidethe fencedarea
of GZ were detectedon Chupadera Mesa about28 miles
from GZ. The authors suggest a localizedrain shower
may havescrubbeda portionofthe falloutcloud.4During
the study periodof 1947to 1950,therealsowas observed
somedownwardmigrationof fissionproducts in the soil.
However, wind erosion in the crater area of GZ was
relativelymore important than water in spreading the
contamination.cPlutoniumwas found in amounts up to
19 pCi per square foot at area 21. No plutoniumwas
found in samplescollected3 milessouth of GZ.7 Studies
of plant invasion of the crater area through 1964 con-
cluded that, while the area had not returned to climax
vegetation, distributional patterns were controlled by
water availability,soil conditions,and timingof climatic
variants rather than radiations

7



Fig. 3. Range qfter test.

In 1972, a series of special studies of the plutonium
distributionwere started by Los AlamosScientificLabo-
ratory. Soil, vegetation, and rodent samples along the
fallouttransect were obtainedat GZ and out to 56.4 km
(35 miles).’Soil samplesfrom GZ indicateda relatively
uniformvertical distributionof plutoniumin the 30-cm-
deep soilsamples.Increasedmigrationof plutoniuminto
the soil was observed. Concentrationsof plutoniumin
vegetation and rodents were too low to make valid
comparisons.From the data taken, four intensivestudy
areas were establishedat 1.6 km, 16 km, and 44 km, in
additionto a controlsitesouth of GZ.1°About halfof the
ZJg,ZdOpuin the Trinity falloutzone soilswas found at the

5-to 20-cmdepth in 1973comparedwithtotal plutonium
inventoriesbeing detectedonly in the upper 5 cm of soil
in previousstudies(21 to 25 years).Penetrationdepthsof
ZJg.ZqIJpu~to the fallout zone soils were related to the
presence of subsoil horizons containing carbonate ac-
cumulationsand to the extent of rainwater penetration

into the soilprofdes.loillStudiesof plutoniumas related
to concentrations on vegetation indicate concentration
ratios as highas 1.0for dry weights.lzThe rangefor forbs
was0.04 to 1.1and grasses0.05 to 1.2.Contaminationof
plant surfaceswith soilparticlesis consideredthe cause
of plant-soilratios higher than observed in greenhouse
studies.

In 1973 and 1974, the EPA sampled and analyzed
soilsfrom across the regionof the Trinityfalloutfieldfor
ZqgPuand 240pu in the top 5 cm Of the surface ‘Oil.13

Beforepublication,the resultsof the surveyand the field
notes from the samplingwere forwardedto Los Alamos
by the EPA. The highest surface plutoniumlevel was
observed on the White Sands MissileRange. The GZ
samplecontained 1100nCi of 239,240pu per square meter

of soilsurface.A soilsampletaken approximately3.2km
(2 miles) north of GZ contained 100 nCi per square
meter, but neighboringsamplelocationsgave plutonium
valuefactors of 4 to 10timeslower.

8



L1,,.5.
!9s3

Ng. 4.

SWTM GATE

0 2CU ●m W ma “

0 00
-s””

Swss

Diagramof IH.m”tyGZfences.

16T” / 166” 165”

‘5’J“’”””’mu’c’=v’‘ANTAm;

)/
EoKlhUJ

\ WI L$ARO

#
.VAUGHN

1

MOUN+AINAIR c~my?- U
‘$ ●

GRAN QUIVIRA
C$AUNCH

● m’ \

~40 wcORRo CYWUt~RA

SAN
ANTONIO BINGdAM O—!! m = ~’mi~

t------ v-
/ ti”lNITV

0-33

1 TEST ~
●CARRIZOZO:WHIT’ SANDS I

MISSILE !

Fig. 5. Thefalloutzonefmm the Tdnity test as
&tamhed by a 1945 beta-gammasurvey.

Consistent with earlier findingsof the initial fallout
distribution, plutonium levels generally decrease with
distance from GZ and with lateral distance from the
centerline.The increaseon ChupaderaMes&some20 to
30 miles from GZ, is also observed in the data. The
highest level reported by EPA on the mesa at a single
location was 86 nCi per square meter. Background
values,that is, the minimumvalues,werereported at less
than 1 nCi per squaremeter.

The EPA studyalsoincludedcarryingout air sampling
for airborne plutonium. An air-sampling station was
established at Socorro, New Mexico, and another air-
samplingstationwas establishedat MontePuerto Ranch
on Chupadera Mesa. Air sampleswere collectedover a
10-month period. The samples were analyzed for
239,240$23apwThe SOCOrrO station acted as a control area
because it was locatedout of the falloutzone.The 236Pu
resultsfrom both locationswerebelowthe detectionlevel
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determinedby 1947 and 1948 survey.A transect
was establishedwithnumberedlaterals.

on many of the samples.Often, the results for ‘9’240Pu
also were below detection limits, and only the data
pertainingto the detectedplutoniumwere reported.The
primary resultsof the air samplingindicatedthat the air
concentrationswere wellbelow the proposedEPA limit
for transuranicsdepositedon soils.The conclusionof the
study indicatedthat, whilehigherplutoniumlevelscould
be found at very localizedindividualsites,the sampling
densityused in the study on Chupadera Mesa makes it
unlikelythat grosslyhigherlevelsare presentin the area
exceedingthe EPA proposedguidance.

Becausethe EPA study limiteditself to plutonium,it
was decided that the 1977 resurvey of the fallout zone
would include fission product and activation product
measurements in addition to confirmatory plutonium
measurements. Data for the resurvey concentrated in
areas in the far faUoutzone (the area north of White
Sands Missile Range, and in particular, Chupadera
Mesa) because,at the time, it was felt this was the most
importantarea.

As previouslymentioned,a number of studies have
taken special views of either the early distributionof
fissionproducts, or later, the distributionof plutonium.
The specialLos Alamosecologystudiesconcentratedon
intensivestudiesof four relativelysmallareas, 1hectare
in size.The EPA study concentratedon the characteriza-
tion of plutoniummainly in the Chupadera Mesa area.
These data are included in the data base of this study
(AppendixA). The objectiveof this study,however,was
twofold.The firstobjective,that of theresurveyprogram,
was to designa samplingprogram that would allowthe
estimationof radiologicaldoseto peoplelivingin the area
for current land uses. These land uses are for grazing
cattle and smallhome gardens.It is anticipatedthat GZ
and the WhiteSandsMissileRangewillremainincontrol
of the U.S.Army. Second,becausea data baseexistedfor
a numberof years and it is knownfromthe earlierstudies
that wind and water playeda major role in redistribution
of the fallout material, it was decided that the study
would also make special measurementsto investigate
redistributionof the materials from the actions of wind
and rain. Because high-resolutiongermanium lithium-
drifted [Ge(Li)] gamma detectors now exist, and are
usable under field situations, it was decided to use the
LawrenceLivermoreLaboratorymobileradiationdetect-
ion system.Use of the germaniumdetector with a pulse
heightanalyzerin a mobileunitenabledthemeasurement
of the distributionof fissionproducts in soil in a rapid
manner.

Redistributionof the surfacedeposited fissionprod-
ucts and plutonium was an important consideration
of the studiescarriedout duringthe UCLA seriesin 1947
to 1951.A strong redistributionof surface soil by both
windand rain was observed.Flash floodsdo occur in the
area and tend to move soils and sediments in runoff
channelsin largequantities.Pointsof depositionfor these
sediments that are moved by heavy water eventa are
usually low points that are often dug out to collectthe
water for livestock watering. Therefore, the study in-
cluded a number of measurements where the 137CS
content was measured both upslope and at the final
depositionpoint for redistributionof the fissionproducts
and probablyof plutoniumalso.

To evaluatethe significanceof the residualcontamina-
tion at the GZ location, a series of core samples was
taken in 1983.
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3. METHODS AND APPROACH

This study was designedto supplementexistingdata on the distributionof falloutfromthe TrinityTest
to allowestimationof potentialradiationdosesbased on land use.The samplingprogramtook advantage
of previousstudiesof the falloutarea, as weUas specialstudiesof smallareas of the falloutzone.

I. APPROACH

Previous surveys had determined the extent of the
falloutarea and generalconcentrationsof surfacedepo-
sition of fallout.Later studiesby Los Alamos National
Laboratory concentrated on the mechanisms for re-
distribution of the fallout in several intensive study
~eas 14 In the case of the U.S.EnvironmentalprOteCtiOIl

Agency studies,the principal investigatorprovidedfield
notes so samplelocationscould be relocated for further
sampling.

The samplingprograms were carried out during two
time periods. In 1977 the far fallout zone, Chupadera
Mesa, and areas around GZ on White Sands Missile
Range were sampled.Because time and resourceswere
limited,maximumuse of previoussurvey resultsguided
the plan for characterization of the residual fallout
radionuclides.Also, the loan of a van with instrumenta-
tion and personnel from Lawrence LivermoreNational
Laboratory allowed use of real-timedata for decisions
aboutmeasurementlocationsin the field.In 1983a set of
measurementsand sampleswas taken at GZ. Analysisof
the 1977survey data had indicatedmore detailedinfor-
mation on the depth distributionof radionuclidesat GZ
wouldbe necessaryfor engineeringstudiesof the area. In
both surveys, in situ measurementswith a germanium
lithium-activated [Ge(Li)] high-resolution gamma-ray
spectrometerand specialsamplingmethodswereused to
obtain informationon the concentrationsand locationof
radionuclides.

IL METHODS

A. In Situ Measurement

In planningthe Trinitysurveyeffort,it was determined
that the utilizationof in situ Ge(Li) spectrometrywould

provide a number of advantages over sole reliance on
traditional soil-samplingtechniquesfor obtainingan in-
ventory of radionuclidesin the soils of a very large
Trinity fallout field. The followingconsiderationswere
taken into account.

(a) The relatively short counting time required to
obtain a satisfactorygamma spectrumfor a sam-
ple (30 rnin compared with 1000-2000min in the
laboratory for a 100-gsoilsample)allowsa poten-
tially larger number of sample locations to be
examined.Alternatively,it allows the reallocation
of laboratoryG~Li) analysistimeto the necessary
soil profde concentration determinationsin sup-
port of the in situmeasurements.

(b) Local inhomogeneitiesin soilradionuclideconcen-
tration (both in depth and in small regions) are
automatically averaged because the detector is
respondingto photons from a very large quantity
of soil (several metric tons compared with a few
hundred grams in a laboratory system).

(c) Combining the inherently high resolution of a
Ge(Li)spectrometersystemwitha mobiledetector
and support systempermitsimmediatefeedbackin
the field of both radioisotopeidentityand relative
activity(cpm),whichallowson-sitedecisionsto be
made concerning what additional or different
measurementsmightbe neededand where.

The methodologyand instrumentationfor and feasibil-
ity of utilizingin situ Ge(Li)spectroscopyfor identifying
and quantifying radionuclidesdistributed in soil have
been investigatedand successfullydemonstratedat sev-
eral laboratoriesover the past severalyears.ls-lgFor the
Trinity resurvey,equipmentand techniquesdevelopedby
the Lawrence Livermore National Laboratory (LLNL)
were utilized through a cooperative arrangement. An
overviewof the system and its calibration are found in
publishedreports.17
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The response of a closed-end,cylindricalGe(Li) de-
tector,placed at a fixedheight(1 meter)abovethe soil,is
an energydependentfunctionof the angular responseof
the detector and the fluxof unscatteredphotonsincident
on the detector per unit of soil radioactivity.Normally,
calibrationof this responseinvolveslaboratory measure-
ments and calculationalprocedures independentof the
geometriesof the distributed sources to be evaluated.
Radionuclidesthat have been redistributedthrough the
verticalsoilprofdefrom an initialsurfacedeposition(for
example,fallout)are usuallyassumedto be exponentially
distributed in this calibration calculation. As a
crosscheck of the laboratory calibration and the suit-
ability of the exponentialdistribution assumptio~ an
empiricalcalibrationfactor for 137CSwas derivedas well.

Althoughdetector response to a source does depend
on suchvariablesas the massattenuationcoefficientsand
densitiesof soiland air under fieldconditions,the crucial
variableis the specificationof the relaxationdepth of the
activitybeingmeasured(that is, the inverseof the power
of the exponentialdistributionfunction).Under certain
circumstancesthis parameter can be readilyand reliably
estimated, as in the case of fresh fallout of short-lived
radionuclides(’Be, for instance)or the case of naturally
occurring radionuclidessuch as uranium, which tend to
be uniformlydistributed in soil. But the case of aged,
long-livedfallout radionuclidesdeposited over as large
and varied terrain as is found in the Trinity falloutfield
presents a more diflicultconditionto interpret.Concen-
tration profilesfor 137CSwere determinedat reasonably
representativelocationsthroughoutthe fieldby the tech-
niqueof soilsamplingand laboratoryGe(Li)analysis.As
mightbe expecte~ thesedistributionsreflectin a complex
way the effects of the wide differencesin rainfall inpu~
soil properties and depth, and vegetationtype and den-
sity, which occur over the range of low-elevation,dry
desert terrain, through the grass and piiion-juniper
habitat of the mesas, to the coniferforestsof the moun-
tain slopes. Representative values were selected and
assignedby judgment to each samplelocation.An effort
to developa linear box modelof redistributionof 137CS
followingdepositionwas made, but the many uncertain-
tiesin estimatingthe relevantparametersin the modelled
to results judged to be of no more value than making
assignments on the basis of proximity to measured
profdes,similarityof soil type,vegetation,elevation,and
so forth.

B. Samplingand Analysis

Samplingof soils, sediments,and vegetationaccom-
paniedmost insitu measurementsthroughoutthe survey
area. Of particular importancewere soilprofilesamples
taken at the location of the in situ measurement.These
soil protile samples were used to develop a correction
factor for calibration of the Ge(Li) detector system to
accountfor the depthdistributionof gamma-rayemitting
radionuclides.

The methods used for obtaining samples and subse-
quent analysisconsideredthe sensitivityof the systems
used and the survey design.At locationswith changing
topographical features, additional soil samples were
taken to study plutonium and strontium distribution.
These isotopesare not present in sufllcientquantity for
detectionby the in situmeasurementsystemused.

Soil samples were obtained using a 12.8-cm-(5-in.-)
diameter ring that was pushed or pounded 5 cm (2 in.)
into the soil.Soilwas removedfrom around the ring by
use of a shoveland hand trowel.An aluminumsheetwas
pushed under the ring and both soil and ring were lifted
out.The soilwas collectedin plasticbagslabeledwiththe
locationidentificationand an indicationof the depth and
soil horizon sampled. The procedure was repeated for
each soil proftie sample, taking care to avoid cross
contamination. At each in situ measurement location,
three 5-cmdeep soilprofdesor a total of 15-cm-(6-in.-)
deepsampleswereobtained.At selectedlocations,profde
depthsto 40 cm (16 in.)weresampled,

Vegetationsampleswere collectedusing grass shears
to cut the grass or weeds within 1 to 5 cm of the soil
surface.For trees,new growthand the last year’sgrowth
were collected.Sampleswere placed in plasticbags with
notationof the plant speciesand the identificationnum-
ber for that location.Notes were made on the vegetative
cover, measured slope, and soil characteristics.Topo-
graphicfeaturesof the surroundingarea alsowerenoted.
Additional vegetation samples were collected for later
verificationof speciestypes.

Soiland vegetationsampleswere transporteddaily to
laboratories at New Mexico Institute of Mining and
Technology in Socorro, New Mexico. Samples were
placedin dryingracks of windowscreenon woodframes
in an unused greenhouse.After initial air drying, heat
lamps were used to dry the samplesto constant weight.
Constant weightwas attained in 1 hour under the heat
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lamps.A dryingtimeof 2 hours for both soilsand plants
was used as routinepractice. After they were dried, soil
and plant samples were pulverizedusing Waring Blen-
ders. Vegetation samples were packed into cans by
overfiiingabove the top of the container.A manualcan
sealercompressedthe samplewhilethe lid was fastened
to the can. About 80 g of dried vegetationwas sealedin
the can for later countingon a laboratoryGe(Li)detector
system.At the sametime, 10.05g of samplewas weighed
into a plastic sample bottle and labeledfor transport to
Los Alamos National Laboratory, where radiochemical
analyses were conducted. Soil samples were
homogenizedand about 360 g ftied the cans. Samplesof
10.05g of each soil or sedimentsamplewere placed in
small plastic bottles and labeled for transport to Los
AlamosNationalLaboratory radiochemicallaboratories.

Because the soils were anticipated to contain greater
quantities of radionuclidesthan vegetation, a separate

laboratory was used for soilhandling.Samplesfrom the
GZ area were hancikl with specialprecautionsbecause
of higherradionuclidecontents.Speciallaboratoryclean-
ing before and after handling these segregatedsamples
minimizedcross-contaminationpotential.

Vegetationand soilsampleswerecountedon a Ge(Li)
system at New Mexico Institute of Mining and Tech-
nology as an initial screening method for radionuclide
identification.Final analysisof the samplesfor gamma-
emitting radionuclideswas conducted by LLNL with
calibratedlaboratory Ge(Li)systemsand data reduction
accomplishedusingcomputercodes.zo

Vegetationand soil samples sent to the Los Alamos
environmental surveillanceradiochemistry laboratories
were analyzed for 238Pu,2391240Pu,and 90Sr.21Plutonium
analysesused standard digestion,anion exchange,plat-
ing,and alpha spectroscopymethods.Strontium-90anal-
ysesutilizedstandard ‘OYingrowthmethods.



4. RESULTS

I. TOTAL AREA

For an overviewof the amount of radioactivefallout
from the Trinity Test the data have been reviewedfor
overallmeasurementof 137Cs,2391240Pu,and other radio-
nuclides.Figure 7 is a generalmap of the Trinity fallout
area. Data points are designatedas small squares.The
solid lines divide the data base into areas of general
interestfor assessmentof the radionuclideson morearea-
specific bases. The data base was divided into areas
designated:Trinity GZ, San Antonio,White Sands Mis-
sileRange, Bingham,Chupadera Mes4 and Far Fallout
Zone. SectionII of the Resultspresentsthe mean data by
area. Appendix A lists the data from all data bases
summarizedin the Resultssectionof this report.

A. Trinity Data Analysis:137CSin Soil

There are three independentmodesof measurementof
radionuclidecontent in Trinity soils used: (1) direct, in
situ gamma spectroscopy,(2) laboratory gamma spec-
troscopy of canned soil samples, and (3) laboratory
radiochemicalanalysisof soilsamples.(SeeChapter 2 of
this report for details.)There is only limitedoverlap of
determination of specific radionuclides by these ap-
proaches. In the case of 137c5, o~y in situ spectroscopy

and laboratory spectroscopy of canned samples were
applied;one providinginventoryestimatesand the other
soilconcentrationdata. In application,these two sources
of ~formation on U7CSinventow are not totally inde-
pendent.The in situ measurementrequiresknowledgeof
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the verticaldistributionpattern in the soilsin the vicinity
of the detectorin order to be translatedinto an inventory
estimate.The soilsamplingresultscan be usedto provide
this needed distribution estimate. A discussion of the
reduction of these data to provide 137Csinventoryesti-
mates follows.

Soil samples were collected at a large number of
locationsthroughout the survey area at locationswhere
insitu spectroscopymeasurementsweremade(butnot at
every such location).Usually sampleswere collectedat
three consecutive5-cm depth intervals.However,when
these samples were processed, not all samples were
prepared and counted. Profdes for which complete or
nearlycompleteIWCSconcentrationdata existare shown
in Table III.

An estimatecan be made of the *37CSconcentrationin
thosesamplesthat werecounted,but for whichno cesium
data were reported based on the minimum detectable
activity (MDA). Using the MDA estimate in those
instanceswhere a samplewas countedbut no 137CSdata
werereportedprovidesan upper-boundestimateofinven-
tory. One approach to estimatingthe MDA for *37CSis to
examinethe trend in uncertaintyin the reporteddata.The
MDA can be taken to be the smallestamountof activity
that would likely be reported with an error not greater
than some acceptablelimit,say 33%. At an uncertainty
of 33Y0,the corresponding concentration is approx-
imately0.1 pCi/g. Another approach based on statistical
considerations,described in Appendix E, yields similar
estimates.

Replacing MDA everywhereby the estimate of 0.1
pCi/g substantially increases the number of profde
estimates.The profdecharacterizationis by meansof an
exponentialfittingfunction:

C = COexp(-ax) (1)

whereC is the concentrationat depthx, COis the surface
concentration,and a is the inverserelaxationdepthof the
distribution.This relationcan bejustifiedtheoreticallyon
the basisof a simplebox modelin which””thesoilprofdeis
characterized by a sequence of boxes that exchange
contaminantsover a period of time at a certain flowrate
(A. T. .lakubide,MigrationofPlutoniuminNaturalSoil,
1977).To incorporatethe uncertaintiesin the concentra-
tion determinationsinto the profilecharacterization(that
is, into the determinationof the inverserelaxationdepth
estimate), a logarithmic transformation of Eq. (1) is
made and the methodof linearleast squaresappliedwith

some modification to compensate for the fact that,
unadjusted, the least-squaresestimate underemphasizes
the uncertaintiesfor smallvaluesof C. (SeeAppendixC,
least-squaresfittingof an exponentialfunction.)

The resultingalphaestimatesfor the ChupaderaMesa
are shown in Table IV and GZ samples in Table V.
Evidently, the mesa samples are characterized by a
shallowerprofde (largealpha), and showlessvariability
than the GZ samples do. This reflects, perhaps, the
mechanicaldisturbanceof GZ soilsbut also differences
in the originaldepositionprocessesover these two areas,
the geochemistryof the respectivesoils,and other envi-
ronmental factors such as precipitationfrequency, in-
tensity,and so forth.

An estimateof the inventoryof 137c5 (nci/m2) in ‘iese

soils can be made utilizingthe concentrationand profile
data. Sincethere can be expectedconsiderablemixingin
the topmostlayerof soil,the averageconcentrationat the
midpoint in the O-to 5-cm intervalwill be taken to be
representativeof the O-to 2.5-cmintervalas well.(This
estimationshouldtend to overestimatethe actual inven-
tory because there is most likelya parabolicdistribution
shape in the near surface layers caused from depletion
processes at the surface.) Then the estimate of the
inventory in the O- to 2.5-cm interval is given, for a
densityof 1.5gfcm3,by

IZ.5= & (@/g) x 2.5 cm x 1.5(~cm3)

x 104(cm2/m2)x 103(nCi/pCi)= 37.5 CZ.S. (2)

Then the total inventorycan be estimatedoverthe rest of
the profdeassumingthe fittedexponentialdistribution:

I2.5–00

‘3705c’’+(l:e-x‘x)(105)@0)(c’J
=(37.5 +:) C2.,*J$+$ , (3,

wherethe integralis approximatedby one-half.
A comparisonof the in situ inventoryestimateswith

many of the soilsampleestimatesispossibleand provides
some measure of the compatibility of these two ap-
proaches to inventoryestimation (TableVI).T3e%aukeof
delays in processingof canned soil samples,assignment
of the a profdeparameter for each samplelocationhad to

)5
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TABLE III

137c8 SOIL cONCENTRATION DATA

Location

GZ or
Mesa

G
G
G
G
G
G
G
G
G
G
G
M
M
M
M
G
M
M
M
M
M
M
M
M
M
G
M
M
M
M
M

LADB’
No.

Concentration (pCi/g)

O-5cm FSDb - -- ‘-–5-10cm FSD 10-15cm FSD

1990
1991
1988
1989
2006
2005
2012
2016
2018
2014
2019
2027
2026
2045
2048
1987
2053
2050
2057
2049
2115
2116
2118
2081
2080
1992
2120
2071
2058
2028
2059

13.6
6.04
0.61
1.75
0.35
0.77
0.38
0.82
0.26
0.99
0.54
3.19
5.42
1.18
1.08
1.87
0.71
0.79
2.56
0.83
2.95
5.42
2.06
1.29
0.32
0.10
1.75
3.12
5.14
5.87
1.04

0.011
0.036
0.486
0.122
0.188
0.031
0.227
0.032
0.173
0.033
0.057
0.017
0.063
0.034
0.047
0.11
0.056
0.025
0.017
0.052
0.027
0.013
0.03
0.032
0.081
0.344
0.030
0.02
0.01
0.01
0.04

——.——.

aLADB- Los AlamosData Base.
bFSD- Fraction~ Standard Deviation.
c-- meansno data taken.
dMDA. MinimumDetectableActivity.

21.7
9.26

24.95
0.17
0.28
0.52
0.41
0.26
0.26

.-
0.38
0.12
0.48
0.22
0.13
0.16

---
-—
--
—

0.09
0,48
0.10

-—
--

0.18
1.0

--
---

0.18
—

0.013
0.014
0.024
0.179
0.185
0.032
0.127
0.24
0.058

—
0.108
0.135
0.097
0.085
0.274
0.291

--
—
—
--

0.192
0.097
0.162

—
—

0.282
0.040

—
—

0.29
—

6.98
c--

-.

MDAd
--
—

MDA
0.11
0.15
0.97
0.14
0.21

MDA
0.08
0.19

MDA
0.06
0.28

MDA
MDA
MDA
MDA
MDA
MDA

0.11
—

MDA
0.14
0.08

MDA
MDA

0.036
--
—-
—
—
.-

MDA
0.164
0.355
0.059
0.299
0.155

MDA
0,224
0.296

MDA
0.204
0.221

MDA
MDA
MDA
MDA
MDA
MDA

0.163
--

MDA
0.35
0.34

MDA
MDA

16
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LADB’
No.

2026
2027
2028
2045
2048
2049
2050
2053
2057
2058
2059
2071
2080
2081
2115
2116
2118

TABLE IV

CHUPADERA MESA 137C!SPROFILE DATA

c
Cone at
2.5 cm
(m/g) FSD (B)b

5.42
3.19
5.87
1.18
1.08
0.83
0.79
0.71
2.56
5.14
1.04
6.87
0.32
0.29
2.95
5.42
2.06

——..

0,013
0.017
0.010
0.034
0.047
0.052
0.025
0.056
0.017
0.010
0.040
0.020
0.081
0.032
0.027
0.013
0.030

.——

a(cm-’)

0.33
0.33
0.53
0.32
0.22
0.22
0.10
0.25
0.33
0.42
0.24
0.39
0.11
0.27
0.49
0.48
0.47

Note: Mean a = 0.3235 and u = 0.1281.

‘LADB - Los AlamosData Base.
bFSD_FractionalStandard Deviation.

be made on the basis of limitedinformation.Thus, there
are a number of signitlcant differences between the
assumeda for in situ estimationand the fitteda for soil
sampleestimation(TableVII).However,correctedinsitu
estimates of inventorybased on detectorefficienciesas a
function of a (Chapter II) were made correspondingto
fitteda’s and are shownin column5 of Table VII.

Figure8, a plot of soil-samplegamma insituinventory
estimates, suggests that the two estimation procedures
yield similar results. A paired t-test was calculated for
both corrected and uncorrected data (excludingsample
2014,whichis a GZ sample),with the resultthat the two

FSD (a)

0.64
0.09
0.16
0.10
0.29
0.50
0.40
0.32
0.33
0.29
0.45
0.23
0.48
0.41
0.17
0.06
0.16

Sequence

0.4
0.2
0.4
0.2
0.4
0.2
0.2
0.2
0.4
0.4
0.4
0.4
0.2
0.4
0.7
0.7
0.7

samplemeans are not sigai!icantlydifferentat the 90Y0
confidencelimit in either the corrected or uncorrected
cases. The a parameter correction appears to make only
a smallditTerencein comparability.Possiblythe fact that
the in situ technique is averaging over a considerably
larger volumeof soil at each samplinglocation than the
correspondingsoil samples is a compensatingeffect to
the uncertaintiesin estimatinga.

Thus, it would appear that the in situ 137CStotal
inventory estimates are comparable with soil sampling
estimateswith an uncertaintyon the order of 50940.
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TABLE V

GROUND ZERO TO CHUPADERA
137(=s PROFILE DATA

LADB1
No.

1987
1988
1989
1990
1991
1992
2005
2006
2012
2014
2016
2018
2019

Cone at

2.5 cm
(Pa@

1.87
0.61
1.75

13.60
6.04
0.10
0.77
0.35
0.38
0.99
0.82
0.26
0.54

FSD (C)b

0.11
0.486
0.122
0.011
0.036
0.344
0.031
0.188
0.227
0.033
0.032
0.173
0.057

——

a (cm-l)

0.37
0.12
0.40
O.(K
0.08
0.12
0.08
0.04
0.03
0.002
0.21
0.02
0.08

‘LADB - Los AlamoaData Base.
bFSD. Fraction~ standard Detiati.

B. Trinity Data Analysis:239’- in Sod

MESA

FSD (a)

0.24
0.17
om
0.01
0.04
2.17
0.14
2.12
2.51
0.006
0.21
4,27
Q.43

Direct determinationof the concentrationand inven-
tory of plutoniumin Trinity soilswas carried out by soil
sampling and radiochemical anaiysea. Preliminary in-
vestigationof the possibilityof utilizingthedetermin*
of ‘lAm inventoryas an indirectmeans of detcrmiaing
239,240pu ~ventory prov~ UnSUc~SSfd~ M m

observedvery low concentrationof 241Amin the Trinity
soils,even in the vicinityof GZ.

The soil radiochemicairesults are tabulated in Tabie
VIII. These data indicate a fairly rapid dccrcast in
plutoniumconcentrationwith d~’th in most cases. But
there are some significantexceptionssuch as at sample
location 2072, which is a fla~ grassy sedimenttrap on
Chupadera Mesa Here, relativelyhigh concentrations
(>1 pCi/g) persist ~ a depth of 10 to 15 cm. ~P
distributionof plutoniummight be ex~ to occur in
suchsedimenttraps; however,no symtcmatE. attcmptwas

TABLE VI

137cS INVENT(jRy ESTIMATES

A. Chupadera Mesa

l-cm
LADB’ Inventory

No. (nCi/m2) FSD

2026
2027
2028
2045
2048
2049 .
2050
2053
2057
2058
2059
2071
2080
2081
2115
2116
2118

81.3
47.85
88.05
17.70
16.20
12.45
11.85
iO.65
38.4

177.1
15.6

103.05
4.89

19.35
44.25
81.30
30.90

0.013
0.017
0.010
0.034
0.047
0.052
0.025
0.056
0.017
0.01
0.04
0.02
0.081
0.032
0.027
0.013
0.030

B.GZ to Chupadera Mesa

1987
1988
1989
1990
1991
1992
2005
2006
2012
2014
2016
2018
2019

28.05
9.15

26.25
204.0

90.6
1.5

11.55
5.25
5.70

i4.85
12.30
3.90
8.10

0.11
0.49
0.12
0.01
0.036
0.344
0.031
0.188
0.227
0.033
0.032
0.173
0.057

Totai
Inventory
(nCi/m2)

449.6
264.6
386.3
99.56

114.1
87.7

148.1
69.2

212.4
376.3
104,0
521.9

55.6
120.0
200.9
372.6
142.9

145.9
99.1

131.25
3710.0
1359.0

16.25
173.25
144.4
204.3

7462.1
89.32

204.75
121.5

“LADB- M AlamosData Base.
bFSD. FractiOn~ Standard Deviation.

FSDb

0.64
0.09
0.18
0.11
0.29
0.50
0.40
0.32
0.33
0.39
0.45
0.23
0.48
0.41
0.17
0.06
0.16

0.26
0.51
0.20
0.01
0.05
2.17
0.14
3.1
0.23
0.03
0.21
4.2
0.43
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TABLE VII 

COMPARISON OF IN SITU AND SOIL SAMPLE 
ESTIMATES OF 137Cs TOTAL INVENTORY (nCi/m2) 

Inventory Inventory Inventory 
LADBa Assumed In Situ Correctedb Soil Sample Measured 

2012 
2014 
2016 
2018 
2019 
2026 
202 7 
2049 
2050 
2053 
205 7 
2058 
205 9 
207 1 
2080 
208 1 
2115 
2116 
2118 

0.2 
0.03 
0.20 
0.20 
0.20 
0.40 
0.20 
0.20 
0.20 
0.20 
0.40 
0.40 
0.40 
0.40 
0.20 
0.40 
0.70 
0.70 
0.70 

236.6 
858.2 
84.58 
90.92 
26.43 

540.0 
3 14.0 
139.6 
125.2 
189.0 
158.7 
323.4 
21 1.3 
388.7 
81.5 

135.5 
83.7 
84.4 

100.0 

5.73 
25.29 
4.46 
2.96 
1.19 

49.28 
4.74 
3.53 
3.43 
4.01 
3.04 
4.22 
3.40 
5.35 
2.9 1 
2.74 
2.12 
2.23 
2.23 

701.3 
1501.9 

84.6 
269.5 

99.7 
597.9 
23 2.7 
139.6 
185.6 
189.0 
175.7 
323.4 
284.8 
388.7 
120.8 
168.0 
98.3 
98.7 

120.9 

204.3 
7462.1 

89.3 
204.8 
121.5 
449.6 
264.6 
87.7 

148.1 
69.2 

212.4 
376.3 
104.0 
52 1.9 
55.6 

120.0 
200.9 
372.6 
142.9 

0.23 0.03 
0.03 0.002 
0.21 0.21 
0.17 0.02 
0.10 0.08 
0.64 0.33 
0.09 0.33 
0.50 0.22 
0.40 0.10 
0.32 0.25 
0.33 0.33 
0.29 0.42 
0.45 -0.24 
0.23 0.39 
0.48 0.11 
0.41 0.27 
0.17 0.49 
0.06 0.48 
0.16 0.47 

aLADB - Los Alamos Data Base. 
bThe number of counts in the 137Cs photopeak is converted to nCi/m2 by a detector efficiency term 

cT S D  - Fractional Standard Deviation. 

made to fully explore the extent of vertical redistribution 
of plutonium in soils. 

As in the case of 137Cs soil concentrations profile data, 
these plutonium data can be fitted by an exponential 
distribution model in most cases to provide an estimate of 
distribution with depth, and thereby, inventory. Least- 
squares fitting of these data (where possible) with an 
exponential fitting function yield the results tabulated in 
Table IX. 

These profile characterizations clearly point to the 
highly variable or indeterminate distribution conditions of 

the GZ area due possibly to mechanical disturbance in 
the characteristics of the fallout materials, and so forth. 
The fit of the shapes of the concentration depth profiles to 
an exponential function is reasonably good on 
Chupadera Mesa; but there are some notable exceptions. 
Some of the cases where there is considerable uncertainty 
in the profile parameter a are probably attributable to 
very low concentrations, especially at greatest depth, with 
consequent poor recovery and counting statistics. Others 
(sample 2080, for example) may reflect other processes at 
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Fig. 8. Comparison of in situ and soil sample estimates 
of total 137Cs inventory. 

IN-SITU 

work affecting vertical redistribution rather than infiltra- 
tion, such as disturbances by burrowing rodents, cattle, 
or big game animals. 

Concentrations of 238Pu in these soils are so low as to 
make reliable estimates of profile distributions, and con- 
sequently total inventory, impossible. Table X illustrates 
the order of magnitude of some surface (0- to 5-cm) 
concentrations and corresponding 238Pu/239Pu ratios. 
There is apparently about 20 times more 239Pu than 

238Pu 
in the surface soils, independent of location. 

The 239,240Pu inventory estimate was made utilizing the 
same strategy as was used for 137Cs inventory estimates, 
that is, by assuming an essentially uniform concentration 
in the 0- to 2.5cm layer, and a decreasing exponential 
distribution over the remainder of the profile. On these 
assumptions, the 0- to 1-cm inventory I, (most readily 
available for resuspension) and the total inventory I, 
estimates are given, assuming again a density of 1.5 
g/cm3, 

These two inventories are tabulated in Table XI for 
those cases where adequate data exist. Samples for which 
either the profile estimate could not be made or for which 
the uncertainty in the surface concentration and/or 
profile a estimates were too great to provide useful total 
inventory estimates, still have a surface inventory esti- 
mate listed. Evidently in the case of GZ environs samples, 
only the near surface inventory estimate is usable. 

C. Other Fission and Activation Products in Soils 

In addition to cesium and plutonium, several fission 
products and activation products from the Trinity event 
and more recent Chinese nuclear tests were detected by 
the Ge(Li) systems used. The activation and fission 
products from the relatively recent fallout were detectable 
at most locations by observing the 95Zr and 95Nb gamma 
rays in the in situ spectra. The average 95Zr (half-life, 64 
d)22 areal concentration for the approximately 2500 mi

2 

surveyed was 2.4 ± 0.12 nCi/m2 and the 95Nb (half-life, 
35.1 d)22 average concentration was 3.8 ± 0.15 nCi/m2. 
The range of concentrations was from undetectable to 6.6 
nCi/m2 for 95Nb. Of the 116 measurement locations for 
137Cs, 95Zr was detected at 88 locations and 95Nb at 92 
locations. 

Other short-lived radionuclides detected by the in situ 
Ge(Li) system were 7Be and 103Ru. The relatively short 
half-lives of 53.4 d22 for 7Be and 39.3 d22 for 103Ru also 
identify these radionuclides as being part of fallout from 
the 4-megaton Chinese nuclear test on November 17, 
1976.7 The 7Be concentration on an areal basis averaged 
8.1 ± 0.7 nCi/m2 with a range from undetected to 26 
nCi/m2. Of the 116 locations monitored for 137Cs, 62 
locations had detectable 7Be. Only 22 out of the 1 16 
locations contained detectable lo3Ru with concentrations 
for the area surveyed averaging 0.2 1 ± 0.04 nCi/m2. The 
range was from undetectable quantities to 1.9 nCi/m2. 

The in situ gamma spectra and laboratory analyses of 
soil indicated the presence of the activation and fission 
products 6oCo, 152Eu ,  and 155Eu. Because of the longer 
half-lives associated with these radionuclides, the quan- 
tities present are considered to be from the Trinity test. 
The half-life of 6oCo is 5.27 yr; 15'Eu, 14 yr; and 155Eu, 5 
yr.22 The areal concentration of these radionuclides at 
two GZ locations as measured by in situ methods 
indicated 5000 nCi/m2 and 50 nCi/m2 of 60Co and 1.1 x 
104 nCi/m2 and 1.2 x 103 nCi/m2 of 155Eu. For areas 
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TABLE VIII

TRINITY SOIL CONCENTRATION OF 2]902%

location
Activity (pCi/g)

LADB’ GZ or
No. Mesa (Ml 0-5 cm FSDb 5-10cm FSD 10-15cm FSD

1998

2001

2003

2009

2014
2016
2018
2026
2027
2028
2037
2047

2052’
2048
2049
2057
2059
2060
2065
2071
2072
2073
2076
2080
2082
2084
2096
2097
2115
2118
2119
2120
2121

GZ
GZ
GZ
GZ
M

GZ
GZ
M

M
M
M
M
M

M

M

M

M
M
M
M
M
M

M

M

M
M
M

M
M
M
M
M
M

24.3

64.9

3.8

0.48

0.165
0.122
0.67
3.51
1.71
4.07
1.83

0.98
0.122

0.398
0.246

0.70
1.21

1.06

0.271
1.54
4.58
6.70
0.435
0.027
0.95
1.23

0.213
0.61

0.25
0.18
0.17
0.23
0.69

0.02

0.02

0.05

0.04

0.05
0.08
0.04
0.03
0.03
0.04
0.03
0.04
0.07
0.058
0.04
0.03
0.06

0.04
0.04

0.03
0.03
0.03
0.03
0.15
0.04
0.04
0.06

0.05
0.16
0.07
0.06
0.13

0.04

57.4
44.4
0.05
0.45
0.71

...

-mold
0.118
0.204
0.109
0.082
0.241
0.004
0.019

.-

0.383
0.033
0.302
0.002

—

3.88
...

0.018
0.024
0.010
0.056
0.002
0.153
0.021
0.013

-0.01
0.60
0.51

0.02

0.02
0.80

0.04

0.03
—.

2.0
0.07
0.05
0.06
0.06

0.06
0.75
0.168

-.

0.05

0.15

0.04

0.71
.-

0.03
—.

0.17
0.17
0.20
0.11
1.50

0.04
0.19
0.23
2.0
0.05

0.04

0.15

201

-0.06

0.47

0.146
-0.68
—

0.018
0.074
0.007

—

0.172
0.010

0.0059
0.001

0.01
0.018

0.157

4.001

0.061
1.15

—

0.016
0.016

-0.OQI
0.009

-0.003
0.007
0.0013
0.001
0.005

0.037
—

“LADB - l-m Alcmm Data Base
%SD is tie ztcndcrddeviationofthc mccmrcd vcluedividedby tie mcazurcdvalue.
%Iulksilrdicltctht scrrrplewcc nc4taken w not cndyzcd.

0.47
0.01
0.67
0.04
0.86
0.04

—

0.22
0.08
0.28

--

0.05
0.0001
0.32
1.55
Omol
0.17
0.08
1.29
0.10
0.03

.-

0.09
0.19
1.0
0.44
1.0
0.43
1.15
4.0
1.0
0.14

.-

15-20cm

-. c
-.
—
—
-.
—.
—.
-.
—
-.
-.
0.013
0.0017

—
—

—

—

0.088
—

-.
—
-.
-.
-.
—
-.

—
-.
—
-.
—
-.

-.

FSD

-.
—
—
-.
—
...
—
-.
-.
—
—
0.231
0.71

—
—.
—.
—

0.10
—
—
—
...
—.
—
—.
.-
—
—
—
—
—
—
—

20.25cm

...
-.
-.
-.
-.
...
-.
-.
—.
--

0.007
-.
...

0.002
—
—.

0.053
—.
-.
-.
...
.-
-.
—
...
-.

0.002
-.
-.
-.
-.
...

FSD

—.
.—
...
-.
—.
-.
—
-.
-.
-.
—
0.29

-.
-.

1.50
-.

-.

0.01
—

-.
-.
—.
...
-.
-.
-.

-.

0.94
...
...

-.
-.
..

‘Additional profdcs:25.3o cm, 0.007 (1.8) pCi/g; 3CL35cm O.&323(0.61) pCi/g; 40-45cm, 0.0075 (0.25) pCi/g
T4cgativevcluecrcprcscntobservationssmallerthzn chemicalblcnk vclues.
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TABLE IX TABLE X

GZ ENVIRONS AND
CHUPADERA MESA ‘9’240puSOIL

CONCENTRATION PROFILE ESTIMATES

Surface Soil
Concentration

C = Cone Inverse Relaxation

LADB’
No.

1995
1998
2001
2003
2009
2016
2018
2026
2027
2028
2037
2047
2048
2049
2052
2057
2059
2060
2065
2071
2072
2073
2076
2080“
2082
2084
2096
2097
2115
2118
2119
2120
2121

at 2.5 cm Depth of Profile
@C~g) FSD (C)b a(cm-’) FSD (a)’

(uniformlyuncontaminatedat background)
(a indeterminate-disturbed soil at GZ)
(a positive—disturbedsoilGZ)
3.8 0.05 0.86 16.5
0.48 0.04 0.001 12.9
(a positive-disturbed soil)

(a indeterminate–surface depositonly)
3.51 0.03 0.67 0.06
1.71 0.03 0.38 0.05
4.07 0.04 0.72 0.05
1.83 0.03 0.62 0.07
0.98 0.04 0.19 0.06
0.39 0.05 0.56 0.36
0.25 0.04 0.28 5.74
0.12 0.07 0.25 0.09
0.70 0.03 0.34 0.03
1.21 0.06 0.53 0.19
1.06 0.04 0.19 0.05
0.27 0.04 1.01 3.38
1.54 0.03 0.32 0.12
4.58 0.03 0.11 0.02
(a indeterminate-only surface sampletested)
0.44 0.03 0.41 0.31
0.03 0.15 0.05 3.53
0.95 0.04 0.91 0.44
1.23 0.04 0.61 0.15
0.21 0.06 0.93 7.19
0.61 0.05 0.28 0.09
0.25 0.16 0.49 0.54
0.18 0.07 0.52 d.78
0.17 0.06 0.35 4.03
(a positive-disturbed soilsin streamchannel)
0.69 0.04 0.06 0.24

——————..—

‘LADB - Los AlamosData Base.
‘FSD - FractionalStandard Deviation.
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SURFACE SOIL CONCENTRATIC)NOF
23Spu AND ~s=gh RATIOS

SurfaceCone
of 238~

Location (PCvll) FSD’ 238,239pu

2009
2014
2016
2018
2047
2060
2065
2072
2073
2076
2082
2119
2121

0.023
0.0059
0.004
0.204
0.045
0.048
0.012
0.224
0.323
0.016
0.046
0.008
0.041

0.17
0.32
0.50
0.01
0.11
0.11
0.17
0.004
0.05
0.13
0.11
0.33
0.10

0.05
0.04
0.03
0.05
0.05
0.05
0.04
0.05
0.05
0.04
0.05
0.05
0.06

——————————

‘FSD - FractionalStandardDeviation,

60c0 was &tect~ at 21 locations,outside of GZ,
whereas 15ZEUand lssEu were detected at o~y ‘our

locations in situ. The average bOCoareal concentration
area from ground zero areas was 2.5 + 1.5 nCi/m2.The
130c0distributionfor the fallout area does not correlate
~th the lsTcs area concentrations.Away from ground
zero areas, the correlationcoetlicientfor bOCoand 137CS
is 0.05. There was no correlationbetweenbOCoand ‘Sr
in soils.

Laboratory countingof the soil samplesin tuna cans
provided additional information about the fission
products from the Trinity fallout at GZ. The following
radionuchdes:boco,137@133Ba,152Eu,‘S4EU,and 155Eu
were detected in most soil samples.Table XII indicates
the range of soil concentrations of the radionuclides
detected.The range is widebut not unusualin viewof the
disturbances of the Trinity GZ area. The area was
plowedand bladedin 1945to removematerialsfromthe
surface. In particular, the fused sand and soil called
Trinititewas beingpickedup by visitorsas a mementoof
the event.The surface was bladed and the Trinititewas
buried in trenches in the GZ area in 1952. Other



TABLE XII

LADBa
No.

TABLEX3

1977 ESTIMATES OF l-cm AND TOTAL
PLUTONIUM INVENTORY (nCi/m’)

1995
1998
2001
2003
2009
2014
2016
2018
2026
2027
2028
2037
2047
2048
2049
2052
2057
2059
2060
2065
2071
2072
2073
2076
2082
20S4
2097
2115
2118
2119
2120
2121

.— -

I*m 2JSPU
Inventory (I,)

Bkg (<0.01)
364.5
973.5

57.0
7.2
2.5
1.8

10.1
52.7
25.7
61.1
27.5
14.7
5.9
3.7
1.8

10.5
18.2
15.9
4.1

23.1
68.7

100.5
6.6

14.3
18.5
9.2
3.8
2.7
2.6
3.5

10.4

FSDb
OJ

-.
0.02
0.02
0.05
0.04
0.05
0.08
0.04
0.03
0.03
0.04
0.03
0.04
0.05
0.04
0.07
0.03
0.06
0.04
0.04
0.03
0.03
0.03
0.03
0.04
0.04
0.05
0.16
0.07
0.06
0.13
0.04

Total 239Pu
Inventory (I,)

-.
c
c
c,
c
c
c
c

210.2
131.6
237.4
112.9
114.1
25.1

s

11.7
57.1
79.6

123.4
●

129.9
796.3

8

32.6
51.3
76.4

a

17.0
11.9
n
8
a

FSDb

(lT)

—.

—.

. . .

—.

. . .

—.

—.

—.

0.08
0.13
0.07
0.11
0.32
0.66

.-.

0.69
0.09
0.36
0.27

...

0.37
0.18

—.

0.76
0.49
0.25

—-

1.27
1.55

...

...

.-.

aLADB - Los Alamos Data Base.
bFSD - Fractional StandardDeviation.
‘Total inventorynot calculatedbecauseof inadequatedata
(FSD > 3).

radionuclidesidentifkdwithlowconfidenceand expected
in falloutgamma-rayspectrawere l“Ce and 12sSb.‘llege
latter radionuclidesare likely from the Chinesenuclear
tests.

In seiectedsoilsamplesfrom areas offthe WhiteSands
MissileRange,the predominantfissionproductsdetected
were ‘37CSand ISSEU.These samples are from a large
area includingChupadera Mesa, GallinasPeak, and the
far falloutareas northeastof New MexicoStateHighway
14. For laboratory counting,the O-to 5-cm and 10- to
15-cm samples were selected for counting for in situ

ACTIVATION AND FISSION PRODUCTS IN
BULK SOIL SAMPLES AT TRINITY GZ AREA

Soil Sample Rangeof Cone
Isotope Interval(cm) (pci/g)

Vo o-5
5-10

10-15
137Ci5 o-5

5-10
10-15

133Ba o-5
5-10

10-15
1s2Eu o-5

5-10
10-15
0-5
5-10

10-15

12-60
12

0.12-18
4.2-21

0.52-48
0.79-16

1.6- 3.8
0.58 -2.9
N.D - 1.5’

12-1300
240-270

N.D -340
16-76
10-15

N.D -17

‘Not detected,

detector calibration.Selected5- to 10-cmsampleswere
counted,but they werefewerin number.

The mean valuesfor the lssEuactivityin soilwere0.17
+ 0.12 pCi/g for the O-to 5-cm depth and 0.14 + 0.07
pCi/g for the 10-to 15-cmdepth.An analysisofvariance
indicates the means are equal at the 99’%0level of
signitlcance.The same sampleshave unequalmeans for
l’?cs concentrationwiththe greatest amountsin the 0-to

5-cm samples.The equalconcentrationsof 13SEUconcen-
trations in the O-to 5-cm and 10- to 15-cmsoil depths
indicate possible movementof Eu deeper into the soil
with time.For a deepersoilsampleof 20 to 25 cm in the
same region but for only one location,the lssEuconcen-
tration was 0.23 pCi/g.

D. Natural Radioactivityin Soils

The in situ Ge(Li)detectorsystemdetectsthe gamma-
emitting primordial radionuclidesand these radiations
can be usedfor calibrationof the detectorfor energy.The
quantitiesof ‘K are determineddirectly.The quantities
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of 2.3SUand znTh me determinedfrom the quantitiesof

gamma-emittingdaughterproducts. Use of the daughter
products assumes radiologicalequilibriumbetween the
parents and daughters with minimal or unimportant
chemicalredistributionin the soils.

The ‘OKconcentration,listed in Table XIII, averaged
17.7+ 0.56 pCi/g for the regionsurveyedwitha rangeof
v~ues from 3.4 to 42 pCi/g. The widerange of valuesis
consistent with the variable geologicalfeatures of the
region surveyed. The NCRP report on natural back-
ground radiation in the U.S. summarizesthe concentra-
tions of major radionuclidesin rock types and soil.23The
expected range of values would be predicted to be
betwtin 2 pCi/g for carbonate rocks and 40 pCi/g for
salic rocks. The geologicalformationsof the region are
composedof limestonesand sandstoneswitha smallarea
at the top of GallinasPeak beingintrusiverock identiiled
as rhyolite. The highest value, 42 pCi/g, was from a
region of volcanic rocks in a canyon area where ‘OK
content would be expectedto exceed30pCi/g. Soilsfor
the total U.S. averaged12pCi/g for insifumeasurements

taken by Lewder et al. in 1964 compared with the
averageof 18pCi/g for this study .24

The concentrationsof the natural radionuclides23%
ad znu ~so v~~ within the study region.The 23~h

averageconcentrationfor all in situ locationswas0.94 *
0.04 pCi/g with a range from 0.12 pCi/g to 2.8pCi/g.
The 236Uconcentrations for in situ locations averaged
0.90 + 0.03 pCi/g with a range from 0.32 pCi/g to 2.0
pCi/g. The highestvalues of 23~h were detected at the
top of Gallinas Peak where intrusive rocks occur. The
highest uranium value was detected in an area that
integrateswater runoff in a basin area. Areas of exposed
limestonewhere soilswere relativelythin contained the

TABLE XIII

SOIL CONCENTRATIONS OF NATURALLY
OCCURRING GAMMA-EMITTERS

Mean Cone. Range
Radionuclide n (pCi/g)+ S.E. (pci/g)

40K 101 17.7 + 0.56 3.4-42
232~ 101 0.94 * 0.04 0.14 -2.8
238u 101 0.93 * 0.03 0.32 -2.0

lowestconcentrationsof232Thand 2SBU,as expectedfrom
literaturevalues.23’X

IL DATA SUMMARYFOR SOILS

The separation of the overall data base into smaller
locationsof measurementof radionuclidesgeneraUyfol-
lowed topographic areas of the fallout area from the
Trinitytest. An artificialityof the boundaryselectionwas
the use of roads or a propertyboundary,whichtends to
result in a mixture of topographic features. However,
directions and distances from GZ and land use all
contributedto the choiceof boundariesfor separatedata
treatment.

The areas are boundedin Fig. 7 by solidlines.Trinity
GZ is illustrated in Figs. 4 and 11. Located within a
special fenced area on the White Sands MissileRange,
TrinityGZ is the area of grounddisturbanceIetlfromthe
initial test. Figure 9 indicatesthe samplinglocationsfor
the White Sands Missile Range, Bingham are% and
Chupadera Mesa. Earlier surveys by Larson et al. and
special studies by Hakonson et al. indicated localized
areas of higher fallouton Chupadera Mesa.b$gFigure 7
includes the sample locations for the far fallout area.
Figure 10 indicates the location of samples in the San
Antonio are% whichis west and out of the falloutpath.

The soildata for each area are summarizedin Tables
XIV through XIX. The results listed in the tables are
summariesof statisticaltreatmentof the data by area to
determinemeansand standard errors (standarddeviation
of the mean).23The dates associated with the 239’249f%I

determinationsare the data from studiesby Olafsonand
Larson in 1948and 1950,Los Alamos in 1972,EPA in
1973and 1974,and LosAlamosin 1977and 1983.Also
noted is the depth of soil samples taken because the
samplingschemesused by differentinvestigatorsvaried.

A. Plutoniumin Soils

From AppendixD, the levelof 23g-XOPuin soilsfrom
worldwidefallout depositedin northern New Mexicois
0.008 + 0.01 pCi/g. Of the areas listed in Tables XIV
through XIX, only the San Antonio Area contains
~g-z’opu~ Soilsat concen~ations as low as Northern

New Mexicofalloutlevels.The other areas of the fallout
zone ~ cont~ ZJ9-Z’OPUaboveworldwidefalloutlevels.

The no action levelproposed by the DOE Remedial
Action Programs for ZW,MOPUis 100 pCi/g. The o~Y
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area exceedingthis levelof plutoniumis the controlled
inner fenced area of GZ. The EPA has proposed a
screening level for no action of 200 nCi/m2, which is
equivalentto about 15 pCi/g in the top l-cm layer of
sofl. Meas~ements of 23*24PUin controlled ~eaS of

GZ exceed this proposed limit.Measurementsmade in
1972 within 1 km of GZ in the falloutpath exeeed this
limi? but EPA measurementsin 1973 and Los Alamos
measurementsin 1972do not exceedthe limits.

B. Cesium-137in Soils

The amounts of 137CSin soilsof the GZ area exceed
the levelsfound in soilselsewherein tie U.S.2S$27HOW-

ever, the amounts detected by in situ measurementson
the White Sands MissileRange and other fallout areas
are within the range of values reported for the areal
distributionsof worldwidefallou~Table XX listsa range
of 19 to 305 nCi/m2from Californiato Comecticut. If
the measurements at San Antonio are assumed to be
levels representing worldwidefallou~ the White Sands
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Radionuclide

1 AHLE WV

GROUND ZERO SURFACE MEASUREMENTS

60c0

137(1~

152EU

Natural gamma
Total gamma

40K
ZJzTh
2311u

239,240pu

Inner fence, O-1 cm
1-6 cm
0-15 cm
15-30 cm
30-45 cm

Betweenfences, O-1cm
1-6 cm
15-30 cm

Inner fence, O-2.5cm
Combined,O-5cm

5-10 cm
10-15cm

137CS

Inner fence, O-1cm
1-6 cm
0-15 cm
15-30 cm
30-45 cm

Betweenfences, O-1cm
1-6 cm
4-10 cm
10-15cm

N

6
6
6

6
6

6
6
6

1
1
1
1
1

11
9

11
2
3
3
3

1
1
1
1
1
3
3
3
3

Mean +-S.E.’ Min Max

5554 + 3094 nCi/m2
8104 + 3772 nCi/m2

107 200 + 54 400 nCi/m2

7.9 + 0.7 @l/h
131+ 62 ~R/h

24 + 4.4 pCi/g
0.86 * 0.03 pci/g
0.60 + 0.13 pCi/g

(1983) 22.8 + 0.2 pCi/g
(1983) 156+ 15 pCi/g
(1983) 23.7 + 0.4pCi/g
(1983) 256 + 3 pCi/g
(1983) 0.4 + 0.02 pCi/g
(1983) 5.8 + 9.5 pCi/g

(1983) 1.14+ 2.9 pCi/g
(1983)0.0053 + 0.003 pCi/g

(1972) 127+ 180 pCi/g
(1977) 31 *31 pCi/g
(1977) 34+ 30 pCi/g
(1977 67+ 116 pCi/g

16.5+ 3.3 pCi/g
21.8 + 4.4 pCi/g
12.6+ 2.5 pCi/g
21.5 + 4.3 pCi/g
0.67 + 0.19 pCi/g
0.54 ●0.37 pCi/g
0.64 + 0.48 pCi/g
0.33 * 0.12 pCilg
0.07 * 0.41

0
488
842

5.5
9.8

12
0.78
0

b

b

b

b

b

b

0.04
0.02
0.002
0.04
3.8
0.05
< MDA

b
b
b
b
b

0.17
0.29
0.22

-0.33

19 300
23 000

340000

10.0
397

43
0.97
0.88

b

b

b

b

b

28
8.8
0.01

255
64.8
57

201

b

b

b

b

b

0.92
1.19
0.32
0.49



TABLE XIV(cont)

Radionuclide N

152EU

Inner fence, O-1 cm
1-6 cm
0-15 cm
15-30 cm
30-45 cm
76-91 cm
106-122cm

Betweenfences, O-1cm
1-6 cm

————————

‘S.E. - Standard Error.
bSingleobservation.

1
1
2
2
2
2
2
8
8

Mean + S.E.’ Min Max

MissileRange, Chupadera Mes~ and Far Fallout Zone
are 2.4, 4.2, and 2.2 timeshigherthan levelsexpectedin
centralNew Mexico.

Cesium also can be used as an indicator of the slow
changes in falloutdistributionwith time. Measurements
by the in situ detectoron ChupaderaMesaweremadefor
diiTerentland forms at severallocations.The Chupadera
Mesa area has severalclosed drainage collectionpoints
where the water and associated sedimentsfrom rainfall
runoff collect. Measurementswere made on the slopes
above a collectionpoint and on the sedimentbed in the
dry collection areas. Table XXI summarizes the data
taken for such drainage systems on Chupadera Mesa.
The arithmetic mean values for IJTCSon slopes above

drainages and their associated collectionpoints are not
equal with a 99.5% contldenceusing Student’st-test for
equal means. The data suggest that after 32 years the
cesium bound to soils is slowly being transported into
water and sedimentcollectionpoints.However,the proc-
ess appearsto be slowand any increasedarealconcentra-
tion in the collectionsedimentpoints will be offset by
radioactivedecay with half of the activitydisappearing
every 30.2 years.

C. Strontium-90in Soils

Measurementsof 90Srin soilsduring the 1977survey
were restricted to relatively few samples because of
analyticalcosts. From the limiteddata, comparisonsof

284 + 29 pCi/g
245 k 25 pCi/g
382 + 167 pCi/g

1013+ 79 pci/g
225 + 80 pCi/g

12+ 16 pCi/g
2.2 + 2.4 pCilg
20 + 18 pCi/g
18+ 14 pCi/g

b

b

264
957
169

0.5
0.4
3.4
3.5

b

b

501
1069
282
24
3.9

59
46

the 90Srin
Zone with

soilsof Chupadera Mesa and the Far Fallout
measurementsof worldwidefalloutin soilsat

various locations in the U.S. indicate a clear influence
from the Trinity test. Table XXII summarizesdata for
locationsin mountainstates of the U.S.; 90Srlevelsin the
fallout zone from the Trinity test range from 10 to 40
timesthose both north and southof centralNew Mexico.

III. AIRBORNE RADIOACTIVE MATERIALS

Airborne radioactive materials measurements at
Trinity site and in the falloutzone are extremelylimited.
During the 1973 and 1974 survey by the EPA, a 10-
month air samplingwas conductedon ChupaderaMesa
and at Socorro, New Mexico,a communityout of the
intluence of the Trinity test.13Air concentrations of
plutonium at both locations were equal, but isotopic
ratios at Chupadera Mesa indicated the Trinity test
plutoniumcontributedthemajor activitywhileworldwide
falloutcontributedthe major activi~ at Socorro.13

Table XXIII includesplutoniumconcentrationsin air
samplestaken at GZ and at a controlsite5.2km southof
GZ in 1983. Also included are the air concentrations
calculated for resuspendedplutonium(see AppendixD
for details).

Comparison of the calculatedresuspendedplutonium
on Chupadera Mesa with the measured valuesindicates
the calculations overestimate the actual amount by a

27



TABLE XV

WHITE SANDS MISSILE RANGE FALLOUT ZONE SOIL MEASUREMENTS

Radionuclide

‘Be
60c0

137fl~

152J7U

155EU

9SNb

95zr

103Ru

Natural gamma
Total Gamma

40K

238u

232~

238pu

239pu (1948)
‘9pu (1972)

(1972)
(1972)
(1973)

(1977)
(1977)
(1977)

‘Sr

137c~

Depth
N (cm)

22
22
22
22
22
22
22
22

23
23

22
...

22

7
---
---

4
4
4
4

13

7
6
7

4
4
3

12
12
10

—-
—
—-
—
—
-—
-—
---

---
—

—-
—-
---

0-5
5-10

10-15
0-2.5
0-2.5

2.2-10
10-30
0-5

0-5
5-10

10-15

0-5
5-10

10-15

0-5
5-10

10-15

Mean + S.E? Min Max

5.7 * 1.2 nCi/m2
27 + 23 nCi/m2

162+42 nCi/m2
77 * 77 nCi/m
5.5 * 4.0 nCi/m2
3.1 + 0.26 nCi/m2
2.5 + 0.27 nCi/m2

0.14 + 0.08 nCi/m2

7.8 + 0.65 @/h
7.9 + 0.56 @/h

19 * 1.4 pci/g
0.88 + 0.05 pci/g
0.94 + 0.08 pci/g

0.55 + 0.43 pCi/g
0.38 + 0.38 pCi/g

0.009 * 0.005 pci/g
1.32+ 0.50 pCi/g

63 + 63 pCi/g
65 +65 pCi/g
15 * 15 pCi/g
99 + 84 nCi/m2

(1.42 pCi/g)
10 * 9 pci/g

7.6 + 7.3 pCi/g
29 +29 pCi/g

1.8+ 1.4 pCi/g
0.38 + 0.08 pCi/g
0.70 + 0.46 pCi/g

4.5 * 2.3 pCi/g
4.9 + 2.6 pCi/g
0.8 + 0.7 pCi/g

<MDA
<MDA

2.1
<MDA
<MDA
<MDA
<MDA
<MDA

1.5
1.8

4.4
0.48
0.29

<MDA
<MDA
<MDA

0.10
0.04

<MDA
<MDA

0.3

<MDA
<MDA
<MDA

0.3
0.2
0.1

0.22
<MDA
<MDA

19
503
858

1696
82
4.6
5
1.5

16
12

31
1.4
1.8

3
2.3
0.03
2.5

255
263
62

1100

65
44

201

6
0.6
1.6

27
25
6.3

‘S.E. - Standard Error.
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TABLE XVI

BINGHAM AREA SOIL MEASUREMENTS,US HIGHWAY 380 CORRIDOR

Depth
Radionuclide N (cm) Mean + S.E.”

7Be 2 —. 5.8 * 5.8 nCi/m2
60c0 2 —. 0.6 + 0.6 nCi/m2
137c~ 2 —- 52 + 28 nCi/m2
gsNb 2 --- 11.4* 0.19 nCi/m2
Natural gamma 2 --- 5.6 + 0.2 ~R/h
Total gamma 2 —- 5.8 + 0.1 ~R/h
40K 2 -— 12 + 0.22 pCi/g
zgzTh 2 --- 0.68 + 0.035 pCi/g
23Eu 2 --- 0.80 + 0.05 pCi/g
239,240pu(1g48) 2 0- 1.5 0.9 ●0.4 pCi/g

(1972) 2 0.-2.5 0.21 + 0.08 pCi/g
(1972) --- 2.5-10 0.43 + 0.32 pCi/g
(1972) --- 10-30 0.085 + 0.085 pCi/g
(1973) 14 0-5 5.0 + 3.3 nCi/m2/

(0.070 pCi/g)c
——————

‘S.E. - Standard Error.
b<MDA = lessthan minimumdetectableactivity.
‘Calculationof the pCi/g based on 0.0143(pCi/g)/(nCi/m2).

factor of 3. The calculatedresuspendedplutoniumat GZ
overestimatesthe measuredamountby a factor of 2.

Also included in Table XXIII are comparisonswith
both DOE and EPA air concentration limits for pluto-
nium. The DOE air concentration limit for insoluble
plutoniumfor an uncontrolledarea is 1 x 1OsaCi/m3(1 x
10-12llCi/ml).2aThe EPA has proposedan air concen-
tration screeninglimit for no action of 1000 aCi/m3of
transuranics from resuspensionsources.29All measured
and calculated air concentrationsare wellbelow either
limit.

IV. EXTERNAL PENETRATING RADIATION

Two types of external radiation dose measurements
were made for this study.The first was use of the in situ

gamma-rayspectroscopeto estimatethe dosefromspeci-
fic radionuclides.The natural background gamma-ray
spectra were summed for the uranium and thorium

Min Max

<MDAb
<MDA

34
1.2
5.4
5.7

12.1
0.64
0.75
0.5
0.13
0.12

<MDA
0.56

12
1.2

69
1.6
5.7
5.9

12.6
0.71
0.85
1.3
0.29
0.75
0.17

48

daughtersand 40K.Total externaldoseswere calculated
from the gamma-ray spectra. The dose contributionsby
fissionand activationproducts such as 137CSand 1S2EU
were estimated from their spectra. These estimates are
listedin Table XXIV.

The second set of measurements was made with
thermoluminescentdosimeters@LDs) at locationsonthe
inner and outer fencesof GZ, A measurementwas also
made at the point of highest instrumentalgamma-ray
dose near the centerof GZ. The locationsand resultsof
these measurementsare presentedin Fig. 11.

From the two setsof measurements,an estimateof the
averageexternaldoserate fromthe Trinitytestwas made
for each area of the fallout zone. Table XXV lists the
total measuredexternaldose rate and the doserate from
fissionand activationproducts.Thesevalueswereusedin
AppendixD and Chapter5 for estimatesofthe dosesand
the estimatesof risk in the Summary,Chapter 1.
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TABLE XVII

CHUPADERA MESA SURFACE SOIL MEASUREMENTS

Natural gamma
Total gamma

‘K
232T~

231U

221pu

“90z401% (1948)
(1950)
(1972)
(1972)
(1972)
(1973)

(1977)
(1977)
(1977)
(1977)

%r

N—

49
49
49
49
49
49
49
49

49
49

49
49
49

19
15
15
3

10
9
3
3

...

...

19
14
16
3

7
3

27
4

16
1

Depth
(cm)

...

.-.

.-

...
--
—.
-.
.—

--
...

...

...

...

0-5
5-10

10-15
15-20
0.-2.5
0-2.5
0-2.5

2.5-10
10-30
0-5

0-5
5-10

10-15
15-20

0-5
10-15

0-5
5-10

10-15
20-25

“S.E. - StarrdardError.

Mearr + S.E.’ Mirr

8.8 * 1.1 nCi/m2
0.58 + 0.16 nCi/m2
280k 30 nCifm2

0.48 + 0.48 nCi/mz
4.2 k 2.4 nCi/m2

4.65 + 0.15 nCi/m’
2.55 + 0.15 nCi/ml
0.28 ~ 0.07 nCi/ml

6.7 k 0.24 @/h
8.2 + 0.32 @/h

16 + 0.58 pCi/g
0.85 + 0.04 pCi/g
0.88 * 0.04 pCi/g

0.083 + 0.020 pCi/g
0.023 * 0.013 pCi/g
0.006 +.0.004 pCi/g
0.003 + 0.003 pCi/g

3.1 * 1.3 pci/g
3.2 + 1.2 pCi/g

0.80 + 0.34 pCi/g
0.15 * 0.10 pci/g

0.033 * 0.015 pCi/g
20.6 k 4.3 nCi/m2

(0.29 pci/g)’ ,
1.7 * 0.41 pCi/g

0.38 k 0.27 pCi/g
0.11 * 0.07 pci/g

0.033 * 0.03 pci/g

2.3 + 1.0 pCi/g
0.76 + 0.47 pCi/g

2.81 + 0.52 pCi/g
0.16 + 0.02 pCi/g
0.04 + 0.02 pwg
0.05

Max

<MDAb
<MDA

30
<MDA
<MDA
<MDA
<MDA
<MDA

3.5
4.1

6.4
0.36
0.34

<MDA
<MDA
<MDA
<MDA
<MDA

0.2
<MDA

0.02
0.01
0.4

0.03
<MDA
<MDA
<MDA

0.20
0.22

<MDA
0.12

<MDA
—

26
4.2

947
24
86
6.6
4.2
1.9

10
13

24
1.42
1.81

0.32
0.19
0.06
0.01

10.8
11
1.4
0.34
0.06

86

6.7
3.9
1.2
0.09

6.8
1.7

10.4
0.22
0.21

--

b<MDA. less than minimumdetectable activity.
Torty-eight observations for 1S2EU were below MDA.

‘Calculation of the pCi/g baaed on 0.0143 (pCi/g)/(nCi/m~.

30



Radionuclide

‘Be
60c0

137c~

95Nb

95zr

103Ru

Natural gamma
Total gamma

40K
zJZTh
238u

238pu

239,240pu

(1950)
(1973)

(1977)

9otJr

137c~

TABLE XVIII

FAR FALLOUT ZONE SURFACE SOIL MEASUREMENTS

N

27
27
27
27
27
27

26
26

27
27
27

12
8
6

1
8

24

14
9
8

4
1
1
1

10
5
4

———

Depth
(cm) Mean ● S.E.”

—.
---
—-
—-
—-
—-

---
---

—.
--
—-

0-5
5-10

10-15

0-2.5
0-2.5
0-5

0-5
5-10

10-15

o-5
5-10

10-15
20-25

0-5
5-10

10-15

12 * 1.2 nCi/m2
0.82 + 0.61 nCi/m2
152 + 34 nCi/m2
4.5 + 0.29 nCi/m2
2,9 + 0.24 nCi/m2

0.25 + 0.10 nCi/m2

8.3 + 0.53 LR/h
8.9 + 0.55 uR/h

19 ● 1.1 pCi/g
1.20* 0.12 pCi/g
0.94 * 0.05 pCi/g

0.018 + 0.005 pCi/g
0.008 + 0.005 pCi/g
<MDA

0.77 pcilg
0.94 + 0.46 pCi/g
3.2 + 0.88 nCi/m2

(0.046 pCi/g)c
0.30 * 0.009 pCi/g
0.15 + 0.08 pCi/g

0.008 + 0.005 pCi/g

1.47* 0.68 pCi/g
2.16 pCi/g
0.30 pCi/g
0.21 pci/g

2.0 + 0.19 pci/g
0.24 + 0.19 pCi/g

<MDA

Min Max

<MDAb
<MDA

10
<MDA
<MDA
<MDA

3.7
4.1

9.9
0.31
0.43

<MDA
<MDA

---

—-
<MDA

0.32

<MDA
<MDA
<MDA

0.71
—-
—-
-—

0.95
<MDA

---

21
16

765
6.4
5.8
1.6

15
16

31
2.8
1.7

0.06
0.03

---

---
4.1

21

1.2
1.5
0.04

3.5
-—
---
---

3
1.0

---

●S.E. - Standard Error,
b<MDA = lessthan minimumdetectableactivity.
Calculation of the pCi/g is based on 0.0143(pCi/g)/(nCi/m~.



Radionuclide

TABLE XIX

SAN ANTONIO AREA SURFACE SOIL MEASUREMENTS

Depth

‘Be
60c0

137(1~

9SNb

9szr

Natural gamma
Total gamma

40K

232Th

238u

239,UOpu

239,240pu

239,240pu

N—

9
9
9
9
9

9
9

9
9
9

4
4
4

(cm)

—.
---
.-
—-
—-

---
---

-.
---
---

0-5
5-10

10-15

Mean + S.E.’

3.9 * 2.0 nCi/m2
9.7 + 6.0 nCi/m2
67 +20 nCi/m2
2.0 ●0.3 nCi/m2
1.5* 0,33 nCi/m2

7.5 + 0.6 @/h
7.7 + 0.5 BR/h

15 + 1.4 pci/g
0.83 + 0.12 pCi/g

1.2* 0.13 pCi/g

0.01 * 0.004 pCi/g
0.003 ●0.003 pCi/g

<MDA

Min

<MDA’
<MDA
<MDA
<MDA
<MDA

4.5
5.1

7.2
0.14
0.67

<MDA
<MDA

--

Max

14.6
50

220
3.5
2.6

9.9
9.9

19.7
1.32
2.0

0.02
0.01

--

‘S.E. - Standard Error.
b<MDA = lessthan minimumdetectableactivity.
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AREAL CONCENTRATIONS OF *37CS

Location

Trinity Fallout Areas
WSMR
Bingham
Chupadera Mesa
Far Fallout Zone

Central NM
San Antonio

Other Areas of U.S.
Amarillo, TX’
Burlington,IAa
Diablo Canyon, CAC
HumboldtBay, CAC
San Clemente, CAC
La Crosse, WIC
Baxley,GAC
Daisey, TNC
Waterford, CNC

Mean
(nCi/m2)

8104 + 3772
52 + 18

280 *30
152+ 34

67+ 20

148+ 32
105 * 34
105
32
19

139
60

168
305

Min Max

488
34
30
10

<MDA

b

b

100
b

8
114
41

146
b

23000
69

947
765

220

b

b

110
b

36
164
79

190
b

‘See Reference28.
bSingledata pointreported.
cSeeReference29.



TABLE XXI

CHUPADERA MESA IN SITU 137CSDATA FOR SOILS
BY LAND FORM (KCi/rn2)

Slope ClosedDrainage
Location AboveDrainage CoUectionPoint

Cuate Tank 388 756
.-. 547

Three Peaks Area 261 947
314 410

--- 590
Area 21 338 545

428 512
308 -—
428 ---

High Pointon Mesa 602 540
X5= 383 X~ = 605
S.E.= 38 S.E.= 59

H: X5 = X.
t = – 3.16

True: <0.5!40of time
False: 99.5940of time
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Location

TABLE XXII

gosrBACKGRO~D INFORMATION

Fallout
Cone 90Sr
(uCi/m?

1959-1976
Rainfall

(cm)

Denver
Salt Lake City
El Paso
Houston
Dallas
ChupaderaMesa

Far FalloutZone

41.21
91.61
15.55
36.40
40.24
688
to
884

692.73
801.87
335.15

2186.86
1300.49
365

to
914

Latitude and Altitude

Longitude (m)

39°46’
40°46’
31048/

29°39’
32°51’
33040’

to
34°20’

104”53’ 1611
110049’ 1516
106°48’ 1204
95017’ 22
96°51’ 160

105040’ 1524
to to

106”30’ 2450
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TABLE XXIII

POTENTIAL CONTRIBUTIONS OF RESUSPENSION
To 239puAIRBORNE RADIOACTIVITY

Per Cent
239pu DOE Per Cent of

Concentration Concentration ProposedEPA
(aCi/m3) Guide DerivedLimit’

Measured Airborne
239PuConcentrations

Chupadera Mesa (10 months)b
Soccorro (10 months)b
GZ Average

Center (28.7 h)b
Mid-radius(29.8 h)b
Entrance (34.8 h)b

Control Site WSMR (37.9 h)b

Calculated Contributionsof
Resuspensionto 239Pu
Airborne Concentrations

GZ
White Sands Fallout Area
Bingham
Chupadera Mesa
Far Fallout Zone

43 0.0043
41 0.0041

63 0.0063
3 0.0003
1.2 0.00012
1.1 0.00011

38 0.0038
22 0.0022
7 0.0007

120 0.012
22 0.0022

Range of 239pufrom Worldwide

FallouL1974-1978,at Santa Fe, NM
LOW(1976) 3.8 0.006
5-Year Average 16 0.03
High (1978) 24 0.04

4.3
4.1

6.3
0.3
0.1
0.1

3.8
2.2
0.7

12
2.2

0.4
1.6
2.4

——— ————.

‘SeeTable XXVI.
bSampletime.
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TABLE XXIV

EXTERNAL RADIATION EXPOSURE SUMMARYFOR IN SITU DATA

White SandsSouth of GZ
(Los Alamos NationalLabora-
tory Control)3 MilesSouth

Due to NaturaI 9.3 + 0.17 pR/h
Total External 9.8 + 0.23 pR/h

GZ
Due to Natural 5.6 + 0.5 @/h
Total External 175+ 1.1 @/h
137(-=5 9.9 + 0.15 @/h
152EU 137 * 0.7 @/h

White Sands Missile Range in
Fallout Path

Due to Natural
Total External
137(-+5

Others:‘Co, ‘S2EU,1S4EU
Chupadera Mesa, Area 21, Los Alamos
National Laboratory Study Area
30 miles from GZ)

Due to Natural
Total External
‘37CS

Monte Puerto Ranch
Due to Natural
Total External
137C5

Far FalloutZone (*55 mflesNE from GZ)
Due to Natural
Total External

8.1 ~ 0.26 @/h
22+ 0.3 ~R/h
1.8 + 0.03 @/h
13.1 @/h

6.0 + 0.14 pR/h
8.1 * 0.14 @/h
2.0 * 0.03 @/h

8.2 + 0.13 9R/h
9.8 + 0.14 @/h
1.5 + 0.02 @/h

6.8 * 0.28 @l/h
7.5 + 0.28 @l/h
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TABLE XXV

EXTERNAL PENETIUITING RADIATION MEASUREMENTS
AND ESTIMATES OF CONTRIBUTIONS FROM TRINITY FALLOUT

(Vreti)

Estimated Contribution
Location Measurement Above Background

GZ
Center Maximum 485 * 4 477
Inner Fence 205 + 61 187
Outer Fence 10.8+ 2.5 3.1

WhiteSandsMissileRange 7.8 + 0.6 0.1

Bingham 5.8 + 0.1 0.2

Chupadera Mesa 8.2 * 0.32 1.5

Far Fallout Zone 8.9 + 0.55 0.6
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5. POTENTIAL DOSE EVALUATION AND INTERPRETATION

The significanceof the data on concentrations of
radioactivity on soils and sediments, radioactivity on
airborneparticulate, and externalpenetratingradiation
may be evaluated in terms of the doses that can be
receivedby peopleexposedto the conditions.The doses
can be compared with natural background and ap-
propriatestandardsor guidesfor onetype of perspective.
The doses can also be used to estimate risks or
probabilitiesof health effectsto an individual,providing
another type of perspectivemore readilycomparedwith
other risks encountered. This section summarizes the
analysis of potential doses and risk estimates.The de-
tailed analysis is presented in Appendix D. Readers
desiringmore informationon concepts of radioactivity,
radiation, and dose interpretation may be helped by
AppendixE, Evaluationof RadiationExposures.

I. BASES OF DOSE ESTIMATES AND COM-
PARISONS

Doseswerecalculatedfor variouspathwaysthat could
result in the inhalationor ingestionof radioactivity.The
calculationswere based on theoreticalmodelsor factors
from standard referencesand health physicsliteratureas
detailed in Appendix D. The doses are expressed in
fractionsof reins,wherea millirem(mrem)is 1/1000of a
rem, and a microrem(p.rem)is 1/1 000 000 of a rem.
They are generallyexpressedas dose rates, that is, the
radiationdose receivedin a particulartime interval.The
rem is a unit that permits direct comparison of doses
from differentsources,such as x rays, gamma rays, and
alpha particles, by accounting for the differencesin
biologicaleffectsfromthe energyabsorbedfromdifferent
radiations and isotopedistributions.These doses can be
comparedwith the DOE RadiationProtectionStandards
shown in Table XXVI, which are expressed as the
permissibledose or dose commitment in addition to
natural background radiation and medical exposures.
First-year doses represent the dose receivedduring the
first year that a givenradioactiveisotopeis ingestedor
inhaled.Becausemost of the isotopesof concern in this
studyare retainedin variousorgansin the bodyfor more

than a year, 50-yeardose commitmentswere also calcu-
lated.The 50-yeardose commitmentsrepresentthe total
dose that wouldbe accumulatedin the body or specific
critical organs over a 50-year period from ingestionor
inhalationduring the fwst year. (Alternatively,the nu-
merical values can also be interpreted to represent the
annual dose rate during the 50th year givencontinuous
exposureover all 50 years.) The 50-year commitments
are alwaysas largeor largerthan fwst-yeardoses,In this
summary, only the 50-year commitmentsare compared
with the standards.

Conceptually,this is in agreementwiththe recommen-
dationsof the InternationalCommissionon Radiological
Protection (ICRP) that in effect charge the entire dose
commitmentagainst the year in whichexposureoccurs
for regulatory purposes.30 The use of the 50-ye~ ‘ose

commitmentalso permitsmakingestimatesof riskover a
lifetime from the given exposure and simplifiescom-
parisonsbetweendifTerentexposuresituations.

The dose commitments were calculated using pub-
lishedfactors (AppendixD). The dose modelsemployed
in the derivationofthesefactors arebasedprimarilyupon
reports of the ICRP. Other methodsof computingdoses
are available. Additionally,there are conceptuallydif-
ferent approaches emphasizingthe dose at the time of
maximumdose rate followingexposureas the basis for
comparison with standards.31-33 This is signific~tfor

isotopes such as plutoniumthat accumulate in certain
parts of the body and can lead to a constantlyincreasing
doserate underconditionsof chronicexposure.Onesuch
approachhas beenproposedby the EPA as guidancefor
Federal agenciesin regard to plutonium.29These other
approachesdo not yield dose estimatesor comparisons
with standards sutlicientlydifTerentfrom the methods
used in this report to make any signiilcantdifferencein
the conclusionsdrawnfor the radionuclidesof concernin
this evaluation.For example,underconditionsof chronic
exposureto airborneZ3gpu,the radiationdosein the yem

of maximum dose rate (taken to be the 70th year)
calculatedby the methods of Healy or the EPA would
giveorgan-specificestimatesrangingfromabout 1/4 (for
bone) to 2.6 (for lung) times the values given in this
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TABLE XXVI

STANDARDS AND GUIDES FOR R4DIATION AND RADIOACTMTY

DOE RadiationProtectionStandardsfor
Externaland InternalExposures’

IndividualsandPopulationGroupsin UncontrolledAreas

Type of Exposure

Whole body, gonads, or bone marrow

Other organs

AnnualDose Equivalentor Dose Commitmentb

Basedon Dose to Basedon an Average
Individualsat Points of Dose to a SuitableSample

MaximumProbableExposure of the ExposedPopulation

0.5 rem 0.17 rem
(or 500 mrem) (or 170mrem)

1.5rem 0.5 mrem
(or 1500mrem) (or 500 mrem)

DOE ConcentrationGuidesforRadioactivityin Air and Water
AboveNaturalBackgroundin UncontrolledAreasC

Concentration

In Units of In Units Used in
Isotope Media OriginalReference This Report

239pu Water 5 X 104 ~Ci/ml 5000 pCi/!2
239pu Air 6 X 10-’4~Ci/mQ 60000 aCi/m3

EPA MaximumContaminantLevels fromNatural
InterimPrimaryDrinkingWaterRegulationsd

Isotope Media Concentration

GrossAlpha Water 15 pCi/1
(including ‘c Ra but ex-
cluding radon and uranium)
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TABLE XXVI (cent)

EPA ProposedGuidanceon Dose Limitsfor PersonsExposed
to TransuraniumElements in the GeneralEnvironment

Maximum Annual Alpha Radiation Dose Rate
as Result of Exposure to Transuranium Elements:

1mrad/yr to pulmonary lung (approximately 10 mrem/yr)
3 mrad/yr to bone (approximatley 150mrem/yr)

Derived Air Concentration Reasonably Predicted to Result
in Dose Rates Less than the Guidance Recommendations:

In Units of In Units Used in
OriginalReference This Report

1fCi/m3 1000aCi/m3

(for alpha emitting transuranium nuclides
on an activity median aerodynamic particle
diameter not to exceed 0.1 pm)

‘See Reference 29.
~o meet the above dose commitment standards, operations must be conducted in such a manner that it
would be unlikely that an individual would assimilate in a critical organ, by inhalation, ingestion, or
absorption, a quantity of a radionuclide(s) that would commit the individual to an organ dose exceeding the
limits specified in the above table.
‘See Reference 29.
‘See Reference 30.
CSeeReference 18.

report.Js~JlThesefactors are aboutthe same sizess other

uncertaintiesin the data (seeChapter 4.I.A) and smaller
than someof the intentionallyoverestimatedassumptions
incorporated in this evaluation.Thus there wouldbe no
significantchanges in the relative ranking or order of
magnitude of estimated doses and risks if other meth-
odologieswere used.

The estimates of radiological risks from doses,
presentedin Table I of the summary chapter,werebased
on the risk factors recommended by the National
Academy of Sciences.34 Multiplying an estimated dose

and the appropriate risk factor yieldsan estimateof the
probabilityof injury to the individualas a resultof that
exposure.The risk factors used are

For uniformwhole-bodydose
Cancer mortality 1.2x 10-4per rem

wholebody,

For specificorgan doses
Lung cancer 9 x 1O-sper rem to

lung,

Bonecancer 3 x 10-6per rem to
bone,

Livercancer 3 x 1O-sper rem to
liver.
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As an example,a whole-bodydose of 10mrem/yr (1.2 x
10-2rem/yr) wouldbe estimatedto add a risk of cancer
mortalityto the exposedindividualof 1.2x 10–6per year
of exposure,or about 1chance in 1 000 000 per year of
exposure.

Such risk estimates must be placed in appropriate
contexts to be useful as a decision-makingtool. One
comparison is with other types of risks encounteredin
normallifethat may resultin earlymortality.Table11(in
Chapter 1) of this report presented a range of selected
examplesof activitiesand risks that increasechancesof
death.3s$3cA secondusefulcomparisonis an estimateof
the risk that can be attributed to natural background
radiation. Radiation from various natural external and
internal sources results in exactly the same types of
interactions with body tissues as those from so-called
“manmade” radioactivity.Thus, the risks from a given
dose arc the same regardlessof the source.

Natural background radiation for people in the en-
vironmentconsistsof the externalpenetratingdose from
cosmicand terrestrialsources,cosmicneutron radiation,
and self-irradiationfrom natural isotopes in the body.
The several-yearaverage for external penetratingradia-
tion measuredby a groupof 12perimeterstationslocated
mainly in the Los Alamos area of New Mexicois about
117 mrern/yr. Cosmic neutrons contribute about 17
mrern/yr,and averageself-irradiation,largelyfrom natu-
ral radioactive potassium (’OK),is about 24 mrem/yr.
These give a combined dose of about 158 mrem/yr.
Because of the variations in the terrestrial component
with location and time of year, this value is probably
valid to about +25940for most of the Los Alamos
population.For purposes of comparison we will use a
rounded value of 150 mrem/yr as typical natural back-
ground in the area. Thiscan be interpreted,usingthe risk
factors, to representa contributionto the risk of cancer
mortality of 1.8 x 1O-s(18 chances in 1 000 000) for
each year of exposureor a risk of 9 x 10–4(9 chancesin
10 000) in 50 years of exposureto natural background
radiation. The natural radiation combined dose for ex-
ternal penetrating dose, cosmic neutron dose, and self-
irradiation from internally deposited radionuclides is
estimatedto be 106mrem/yr for personslivingin the Far
Fallout Zone. This wouldrepresenta contributionto the
risk of cancer mortality of 1.3 x 1O–S(18 chances in
1000 000)for each year of exposureor a riskof 6 x 10-4
(6 chances in 10000) in 50 years of exposureto natural
backgroundin that area. As perspective,estimatesof the
overall U.S. population lifetimerisk of mortality from

cancer inducedby all causes are currently about 0.2 (2
chancesin 10.)

II. POTENTIAL DOSES FROM THE CURRENT
CONDITIONS IN THE TRINITY TEST FALL-
OUT DEPOSITION AREAS

The dosecalculationsmade fromthe summarydata in
Chapter 4 are detailed in Appendix D. The overall
summary of AppendixD dose estimatesis presentedin
Table XXVII alongwith the DOE Radiation Protection
Standards for whole-body and organ exposures.Also
listedis the proposed EnvironmentalProtectionAgency
(EPA) guidancefor transuranicelementsin the environ-
ment, expressed in mrem/yr. Comparison of the esti-
mated inhalationand ingestiondoses with the DOE and
EPA guidanceindicatesthere is no cause for concernfor
individualslivingfulltimein the uncontrolledareas of the
fallout zone. However, the controlled GZ fenced areas
stillhave enough residualradiation to exceed standards
for uncontrolledareas; but the levelsare less than the
5000 mrem/yr standard for controlledareas.

The controlledareas of the fenced GZ are withinthe
larger controlled access area of White Sands Missile
Range (Fig. 4). The fence around GZ is locked, with
access controlled by the Army’s Range Safety Officer
and by Security.Publicaccess is limitedto a 2-h visitin
the autumn of each year when the site is opened to
visitors.Visitorsare escortedto the site and back off the
WhiteSands MissileRange. The dose to any memberof
the publicwouldbe lessthan 1 mremduring such a visit.

Other possiblemeans of exposure involveArmy per-
sonneleitheras workerspreparingforvisitorsor thedaily
securitypatrols that pass the GZ area outsidethe fence.
Assuming personnel spend 1 week in the inner fenced
area in preparationfor visitors,the estimateddosewould
be about 8 mremtotal dose.Assumingthe securitypatrol
spends 1 hour per day all year checkingthe outer fence,
the estimateddose is 0.75 mrem. These doses are 1.6’Yo
and 0.2%, respectively,of the radiation protectionstan-
dard for a memberof the public.

III. SPECIAL CONSIDERATIONS

The GZ area of White Sands Missile Range was
declared a National Historic Site in 1962.Any actions
consideredthat alter current conditionswillrequirecon-
sultation with the U.S. Army and National Historic
Preservation Council of the U.S. Department of the
Interior.
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TABU~Vfl

INCREMENTAL DGSES

MsanEstasul
Wbok Bodyfncrsmsat

●boveN@rsf Lkkpund
(-r)

nmsl/Yr (so-YurcOsNssmtedDOSd

fnbdabn Total from Resnspsndd fnpstkssT& ftorssFaadsb Inbslsdonofti by HossssGmksseF
LOcdOn wbOk BOdy - IJIN S.&r Wlmk Skdv m. Iiv.w GI.MJ Whoklrodv Ssa9e SIMuI l.iwrs——a—- .....—---, ..—--_-,

GZ
Innerfence’
Betweenfuns’

WhileSan&MissileRaIrge’102
Bingham
Chqxkra Mesa
Far Fslkwt Zone
SanAntonio

11
876
14
1.7

13
5
1.7

0.29
0.074
0.17
0.051
0.91
0.17
0.IM56

0.30
0.077
0.17
0.053
0.9s
0.17
0.00ss

0.14
0.037
0.083
0.02s
0,45
0,0s3
0,0028

2.4
0.1
1.7
1.6
1.9
1.2
0.1

74
2.7

20
19
37
16
0.2

35
1.3
2.9
2.3
8.1
1.8
0.2

1.3
0.03
1.3
1.2
1.5
1.0
0.05

0.11
0.017
0.073
0.039
0.0s3
0.017

d

1.2
0.17
0.76
0.40
0.S6
0.19

d

1.2
0.18
0.80
0.42
0.87
0.17

d

0.s9
0.086
0.38
0.20
0.42
0.0S6

d

0.0073
0.016
0.W49
0.088
0.016
0.0C4)58
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ACRONYMSAND ABBREVIATIONS

AEC
ALO
c
cpm
CG
DOE
EPA
ERDA
FDA
FSD
FUSRAP
GZ
ICRP
LADB
MDA
MED
NCRP
NRC
OSHA
QA
RCG
rem
RPs
TLD
TRU
TSS
USGS
WSMR

a

P
Y
s
ii

AtomicEnergyCommission
AlbuquerqueOperationsOffIce
counts
counts per minute
concentrationguide
Department of Energy
EnvironmentalProtectionAgency
Energy Research and DevelopmentAdministration
Food and Drug Administration
Fractional Standard Deviation
Formerly UtilizedSitesRemedialAction Program
Ground Zero
InternationalCommissionon RadiologicalProtection
Los Alamos Data Base
MinimumDetectableActivity
Manhattan EngineerDistrict
NationalCouncilon RadiationProtectionand Measurements
Nuclear RegulatoryCommission
OccupationalSafetyand Health Administration
qualityassurance
RadioactivityConcentrationGuide
roentgenequivalentman
RadiationProtectionStandard
thermoluminescentdosimeter
transuranic
total suspendedsolids
UnitedStates GeologicalSurvey
WhiteSands MissileRange

alpha
beta
gamma
standard deviation
mean

48



UNITS

Abbreviation Unit

count
attocurie (10-18curies)
curie (unit of radioactivity)
centimeter
counts per min per liter
femtocurie(10-15curies)
foot
gram
hour
inch
kiloelectronvolt
kilogram
kilometer
square kilometer
liter
meter
cubicmeter
millicune (10-3curies)
megaelectronvolt
milligram(10-3grams)
minute
milliliter(10-3Q)
millimeter (10-3meter)
millirem(10-3rem)
milliSiemens/meter(1 mS/m = 10pmho/cm)
milliongallonsper day
megaton(106tons)
microcurie(10-6curies)
microgram(10-6grams)
micrometer (10+ meters)
nanocurie (10-9curies)
picocurie(10-12curies)
Roentgen
62.5 x 1OsMeV/g(unitof absorbeddose)
roentgenequivalentman (unitof dose equivalence)
second
year

c
aCI
Ci
cm
cpm/Q
tCi
ft
g
h
in.
keV
kg
km
km2
J?
m
m3
mCi
MeV
mg
min
mQ
mm
mrem
mS/m
MGD
MT
pCi
W
~m
nCi
pCi
R
rad
rem
s
yr
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50

alphaparticle

betaparticle

CG(ConcentrationGuide)

Curie

gammaradiation(orx radiation)

arithmeticmean

geometricmean

grossalpha

grossbeta

rad

roentgen

GLOSSARY

Achargedparticle(identicalto the heliumnucleus)com-
posedof two protonsand two neutronsthat is emitted
duringdecayofcertainradioactiveatoms.Alphaparticles
are stoppedby severalcentimetersof air or a sheet of
paper.

A charged particle (identical to the electron) that is
emittedduringdecayof certainradioactiveatoms.Most
betaparticlesarestopppedby0.6cmofaluminumor less.

The concentrationof radioactivityin air or waterthat is
determinedto resultin whole-bodyor organdosesequal
to ERDA’sRadiationProtectionStandardsfor external
and internalexposuresif the air is continuouslyinhaled
or the water is the sole source of liquid nourishment
throughoutthe year.

A specialunit of radioactivity.One curieequals3.70X
10’0nucleartransformationspersecond(abbreviatedCi).

Short-wavelengthelectromagneticradiation of nuclear
origin that has no mass or charge.Becauseof its short
wavelength,gammaradiationcancauseionization.Other
electromagneticradiation (microwaves, visible light,
radiowaves,etc.) has longerwavelengths(lowerenergy)
and cannotcauseionization.

The averageof n given numbersobtained by dividing
theirsumby n.

The averageof n givennumbersobtainedas the nth root
oftheirproduct.

The totalamountof measuredalphaactivity.

The totalamountof measuredbetaactivity.

The unit of absorbedradiation dose. It applies to the
fractionof energydepositedby ionizingradiation in a
unitvolumeofmaterialexposed.1Rad= 1X 10–2Joules
perkilogram.

The unitofradiationexposure(abbreviatedR). It applies
only to the amount of chargeproducedby x or gamma
radiationin air. IR = 2.58X 10-4coulombsperkilogram.



rem

RPS(RadiationProtectionStandard)

totaluranium

The unit of radiation dose equivalencethat takes into
accountdifferenteffectson humansof variouskindsof
ionizingradiationand permitsthemto be expressedon a
commonbasis.

DOE standards for external and internal exposureto
radioactivityasdefinedin DOEOrder5480.

Uranium having the isotopic content of uranium in
nature(99.27%23EU,0.72%235U,0.0057%234U).



APPENDIX A

DATA BASE TRINDAT

The followingcomputer printout contains the com-
bined data from the several studies of environmental
levelsof radioactivitythrough 1977.The printout con-
tains 10 columnsof informationregardingeach sample.
The followingprovidesa key to the informationin each
column:

Column l—Sample number.“Tag Words”are discussed
in AppendixB.The samplenumbersgreaterthan 1000
are for a givenlocationfrom the 1977survey.Appen-
dix B is a fieldlogdescribingeach location.

Column 2—Radionuclideanalyzedfor in the sampleor
type of radiationmeasured(G-NAT= natural gamma
dose).

Column3—Date of the determination.

Column4—Type of Sample.

INSITU—Field in situ gamma-rayspectroscopyby
Lawrence LivermoreLaboratory system.
JP-one-seeded juniper
GR—grasses
SK—snakeweed
TH—Thistle
UK—Unknown vegetation
SG—rnixedsnakeweedand grasses
SOIL-Soil sample.Column5 containsinformation
on depth.

Column 5—Midpoint of depth from surface of soil
samples.Examples:2.5 is for O-to 5-cmsample;7.5 is
for 5- to 10-cmsample,and 12.5 is for 10-to 15-cm
sample.

Columns 6 and 7—Arbitrary coordinates from a base
map of samplelocations,Used for computergraphics
in Chapter 4.

Column 8—Value of radionuclide concentration or
penetratingradiationdose.

Column 9—Units for amount of radionuclideor radia-
tion dose.

Column 10—Laboratory or agency that conductedde-
termination:

LASL77-NOW Los AlamosNational Laboratory;
associatedwith in situ determinations.

LLL GELI—Samplescounted at LawrenceLiver-
more National Laboratory.

LASLCHEM-Sample determinationmade by Los
Alamos National Laboratory EnvironmentalSur-
veillanceChemistrySection.

CVEG—Vegetation content by same group as
LASLCHEM.

EPA—Environmental Protection Agency de-
termination.

UCLA—University of California at Los Angeles
studiesof 1948and 1950.

LASL72—Samplings by Los Alamos Scientific
Laboratory in 1972.

With the large amount of data present in TRINDAT,
much more informationthan coveredby this report can
be recovered from the data base. The last item to be
identitledis the labelassociatedwith PU239 as INSITU
in Column 4 and PREDICTED in Column 10. Those
data were calculated from known amounts of 137Csin
Sfmmeasmementsand 239-XOpU soil samplesat a numbti
of locations. Both 137Csand plutonium k30tOpt%3me
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strongly retained in the top few centimetersof soils. If measurementscould be used for 239-WPUestimates at
there were a strong correlation between 137Csand other sampling points in large areas. The “predicted”
ZJ9-%Ofi~ soils,a few2sg-2~ radiochemicaldetermina- data in TRINDAT werenot usedfor any ofthe estimates
tions could establish the relationship with 137CS.De- in this repo~ but the method has enough promise to
termination of 137CSby relatively inexpensivein situ meritfurther developmentin the future.
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2018 BE7
2055 BE7
1990 BE7
1988 BE7
2018 BE7
2096 BE7
2016 BE7
2099 BE7
2139 BE7
2153 BE7
2141 BE7
2015 BE7
2075 BE7
2127 BE7
2029 BE7
2121 BE7
2031 BE7
2072 BE7
2100 BE7
2140 BE7
2147 BE7
2155 BE7
2142 BE7
2032 BE7
1997 BE7
2132 BE7
2128 BE7
2076 BE7
2062 BE7
2090 8E7
2030 BE7
2138 BE7
2136 EE7
2059 BE7
2008 BE7
2134 BE7
2095 BE7
2129 BE7
2067 BE7
2077 BE7
2061 BE7
2025 BE7
2094 BE7
2068 BE7
2074 BE7
2050 BE7
2126 BE7
2048 BE7
2146 BE7
2038 BE7
2088 BE7
2011 BE7
2006 BE7
2058 BE7
2081 BE7
2034 BE7
2097 BE7
2125 BE7
2093 BE7
2020 BE7
2053 BE7
2024 BE7
2083 BE7
2019 BE7
2135 BE7
2052 BE7
2014 BE7
2120 BE7
2047 BE7
2114 BE7
2065 BE7
2013 BE7
2130 BE7
2082 BE7
2073 BE7
2119 BE7
2080 BE7
2027 BE7
2064 BE7
2023 BE7

1977 GR
1977 GR
1977 GR
1977 GR
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977

INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU

1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU

TRINDAT
6.66

11.35
6.64
6.64
6.66

14.49
7.24

11.12
6.58
3.94
6.58
7.37

10.85
13.40
10.35
13.68
10.41
9.86
14.50
6.58
7.77
3.91
6.27
3.17
6.46
6.70

13.77
11.09

9.83
13.85
10.39

5.81
6.58
9.74
7.40
6.58

14.49
6.27
9.31

10.31
9.91

10.12
14.49

9.30
9.85

11.11
12.45
11.09

9.82
9.60

13.22
6.32
7.07

10.00
11.31

3.16
15.45
14.6B
14.60

3.17
10.69
8.95
12.14
6.69
6.58

11.11
7.37

14.30
11.08
10.46
10.39

7.43
6.03

11.62
9.86

14.34
10.91
10.2B
10.54

9.54

1.76
5.86

.55

.55
1.76
9.24
2.33

10.93
.55

4.88
55

2:31
4.60
5.21
4.28
6.87
4.28
4.42

12.20
.55

3.07
3.49

.00
3.48
1.16
2.16
5.47
4.52
5.10
7.69
4.30
2.17

.55
5.42
2.10

.55
9.25
0.00
4.96
4.41
5.07
4.27
9.25
5.02
4.35
5.55
4.27
5.87
4.27
4.32
7.66

.00
2.04
5.31
7.21
3.70
9.75
4.45
8.57
3.48
5.56
3.88
7.19
2.24

.55
5.55
2.22
7.16
5.74
7.18
5.01
2.11

.60
7.18
4.42
7.21
7.22
4.20
7.19
3.98

8.98 PC1/GM
20.39 PCI/GM

8.72 PCI/GM
4.98 PCI/GM
9.68 NCI/M2

21.10 NcI/M2
0.00 NcI/M2

12.10 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
6.47 NCI/M2

14.30 NcI/M2
18.50 NCI/M2
9.83 NCI/M2
0.00 NcI/M2

19.40 NcI/M2
0.00 NcI/M2

17.30 NcI/M2
0.00 NcI/M2

11.65 NCI/M2
0.00 NcI/M2
9.08 NCI/M2
9.7B NCI/M2
0.00 NcI/M2
7.74 NcI/M2
9.79 NcI/M2

14.70 NcI/M2
9.90 NcI/M2
0.00 NcI/M2
0.00 NcI/M2

11.49 NcI/M2
0.00 NcI/M2

16.10 NCI/M2
0.00 NcI/M2
0.00 NcI/M2

14.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2

12.12 NcI/M2
13.40 NcI/M2
0.00 NcI/M2

14.30 NcI/M2
0.00 NcI/M2

16.60 NcI/M2
0.00 NcI/M2

17.70 NcI/M2
12.80 NCI/M2
12.12 NcI/M2
12.52 NCI/M2
13.90 NcI/M2
13.40 NcI/M2
0.00 NcI/M2

14.00 NCI!M2
11.80 NCI/M2
0.00 NcI/M2

li.49 NcI/M2
16.07 NCI/M2
0.00 NcI/M2
0.00 NcI/M2

14.20 NCI/M2
0.00 NcI/M2

15.30 NcI/M2
8.53 NCI/M2
0.00 NcI/M2

10.80 NCI/M2
18.80 NcI/M2
14.50 NcI/M2
11.69 NCI/M2
0.00 NcI/M2

20.30 NCI/M2
0.00 NcI/M2
0.00 NcI/M2

14.50 NcI/M2
0.00 NcI/M2

14.93 NcI/M2
13.20 NCI/M2
16.20 NCI/M2
14.10 NcI/M2
11.50 NcI/M2

LLL GELI
LLL GELI
LLL GELI
LLL GELI
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
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2144 BE7
2039 BE7
2009 BE7
214B BE7
2033 BE7
2017 BE7
1998 BE7
2085 BE7
2118 BE7
2037 BE7
2071 BE7
2101 BE7
2079
2115
2092
2042
2066
2049
2043
2055
2154
2022
1996
2086
2028
2084
2131

BE7
BE7
BE7
BE7
BE7
BE7
BE7
BE7
BE7
BE7
BE7
BE7
BE?
i3E7
BE7

2012 BE7
2010 BE7
2060 BE7
2143 BE7
2026 BE7
2122 BE7
2040 BE7
2123 BE7
2087 BE7
21i6 BE7
2041 BE7
2057 BE7
2007 BE7
2049 BE7
1991 BE7
2007 BE7
2045 BE7
1987 BE7
2016 BE7
2028 BE7
2oi52 BE7
1990 C060
1988 C060
2055 C060
2018 C060
2140 C1360
2039 C060
2139 C060
2047 C060
2135 C060
2143 C060
2018 C060
2028 C060
2016 C060
2011 C060
2034 C060
2086 C060
2147 C060
2019 C060
2144 C060
2007 C060
2084 C060
2050 C060
2080 C060
2148 C060
2083 C060
2059 C060
2077 C060
2041 C060
2136 C060
2026 C060
2155 C060
2017 C060

7977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
~977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
A977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977

INSITU
INSITU
INSITU
INSITU
INSITLJ
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
SG
SK
SK
SK
SK

;:
UK
GR
GR
GR
GR
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU

10.46 7.19
9.60 4.32
6.59 1.65
2.98 3.62
3.14 3.57
7.25 2.33
6.63 .55

12.60 6.58
14.55 6.45

9.82 4.27
9.83 4.48

16.52 14.74
~0.53 7.20
13.57 6.49
13.52 9.21
9.82 4.27

10.60 4.42
14.11 5.55

3.91 3.49
11.35 5.86

3.95 4.57
9.60 4.32
6.45 .75

10.53 7.19
10.37 4.33
12.58 7.17
6.62 1.87
6.79 1.77
6.79 1.71
9.91 5.07
4.81 3.00

10.05 4.07
13.69 6,87
9.60 4.32

13.68 6.79
!2.92 7.66
13.74 6.12

9.61 4.32
70.35 5.34

7.iO 2.07
If.11 5.55
6.63 55
7.10 2:07

10.52 5.5J
6.63 .55
7.24 2.33

10.37 4.33
11.11 5.55
6.64 .55
6.64 .55

11.35 5.86
6.66 ~.76
6.58 .55
9.60 4.32
6.58 .55

9.B7 NCI/M2 LksL77
0.00 Ncl/M2

12.20 NcI/M2
10.39 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 Ncx/M2

13.90 NcI/M2
19.00 NcI/M2
0.00 NcI/M2

17.50 NcI/M2
13.10 NcI/M2
16.20 NCI/M2
13.40 NcI/M2
12.70 NCI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI\M2
0.00 NcI/M2
0.00 NcI/M2

14.60 NCI/M2
13.60 NCI/M2

7.89 NCI/M2
0.00 NcI/M2

25.90 NCI/M2
13.20 NCI/M2

7.98 NCI/M2
12.10 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2

20.80 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2

14.40 NcI/M2
17.90 NcI/M2

0.00 NcI/M2
13.40 NcI/M2

0.00 NcI/M2
7.47 PCI/GM
2.47 PCI/GM

10.60 PCI/GM
7.56 PC1/Gtd
3.54 PC1/GM
9.23 PCI/GM
0.00 PCIjGM
5.77 PCI/GM
0.00 PCI/GM

.31 PCI/GM

.36 PCI/GM

.33 PCI/GM
6100.00 NCI/M2

1.70 NcI/M2
11.41 NcI/M2

11.08 5.74 0.00 NcI/M2
6.58 .55 19300.00 NcI/M2
4.81
6.66

10.37
7.24
6.32
3.~6

10.53
7.77
6.69

10.46
7.10

12.58
11.11
10.91

2.98
12.14

9.74
10.31

9.61
6.58

10.05
3.91
7.25

3.00
1.76
4.33
2.33
.00

3.70
7.19
3.07
2.24
7.19
2.07
7.17
5.55
7.22
3.62
7.19
5.42
4.4i
4.32

.55
4.07
3.49
2.33

1.22 NcI/M2
0.00 NcI/M2
2.50 NCI/M2
0.00 NcI/M2
0.00 NcI/M2
3.18 NCI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
1.20 NcI/M2
1.94 NcI/M2
0.00 NcI/M2
2.74 NCI/M2
0.00 NcI/M2
0.00 NcI/M2

iASL77
L4SL77
LJisL77
l-ASL77
LASL77
L&sL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GEL1
LLL GELI
LLL GELI
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
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2094 C060
2071 C060
2120 C060
2029 C060
2025 C060
2141 C060
2095 C060
2115 C060
21i9 C060
2134 C060
1997 C060
2122 C060
2076 C060
2049 C060
2100 Ct360
2012 C060
2031 C060
2038 C060
1996 C060
2042 C060
2032 C060
2074 C060
2014 C060
2087 C060
2138 C060
2082 C(36O
2130 C060
2092 C060
2030 C060
2085 C060
2040 C060
2146 C060
2069 C060
2052 C060
2020 C060
2116 C060
2075 C060
2033 C060
2022 C060
2153 C060
2131 C060
2023 C060
2053 C060
1998 C060
2073 C060
2043 C060
2101 C060
2061 C060
2006 C060
2008 C060
2009 C060
2015 C060
2099 C060
2060 C060
2154 C060
2090 C060
2058 C060
2037 C060
2057 C060
2072 C060
2048 C060
2097 C060
2010 C060
2055 C060
2088 C060
2142 C060
2064 C060
2121 C060
2062 C060
20i3 C060
2024 C060
2065 C060
2081 C060
2066 C060
2027 C060
2093 C060
2128 C060
2114 C060
2096 C060
2067 C060

1977
1977
1977
1977
1977
1977
1977
1977
1977
1977

1977
1977
1977
1977
1977

INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU

1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
197? INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU

14.49
9.83

14.30
10.35
10.12

6.58
14.49
13.57
14.34

9.25 0.00 NcI/M2
4.48 0.00 NCi/M2
7.16 0.00 NcI/M2
4.28 0.00 NcI/M2
4.27 4.23 NCI/f32

.55 0.00 NcI/M2
9.25 0.00 NcI/M2
6.49 0.00 NcI/M2
7.21 0.00 NcI/M2

13.69 6.87
11.09 4.52
11.11 5.55
14.50 12.20
6.79 1.77

10.41 4.28
9.60 4.32
6.45 75
9.82 4;27
3.17 3.48
9.85 4.35
7.37 2.22

12.92 7.66
5.81 2.17

il.62 7.18
6.03 .60

13.52 9.21
10.39 4.30
12.60 6.58
9.60 4.32

6.58 .55 7915.00 NCI)M2
6.46 1.16 0.00 NcI/M2

0.00 INcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
1.09 NcI/M2
0.00 NcI/M2

503.50 NcI/M2
0.00 NcI/M2

76.93 NCI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
2.09 NCI/M2
1.97 NcI/M2

9.82 4.27 1.31 NcI/M2
9.30
11.11

3.17
13.74
10.85

3.14
9.60
3.94
6.62
9.54

10.69
6.63
9.86
3.91

16.52
9.91
7.07
7.40
6.59
7.37

11.12
9.91
3.95

13.85
10.00
9.82

10.35
9.86

11.09
15.45
6.79

11.35
13.22

6.27
10.54
13.68

9.83
7.43
8.95

10.39
11.31
10.60
10.28
14.60
13.77
10.46
14.49

9.31

5.02
5.55
3.48
6.12
4.60
3.57
4.32
4.88
1.87
3.98
5.56

.55
4.42
3.49

14.74
5.07
2.04
2.10
1.65
2.31

10.93
5.07
4.57
7.69
5.31
4.27
5.34
4.42
5.87
9.75
1.71
5.86
7.66

.00
7.19
6.87
5.10
2.11
3.88
5.01
7.21
4.42
4.20
8.57
5.47
7.18
9.24
4.96

0.00 NCI?M2
0.00 NcI/M2
0:00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2

30.76 NCI/M2
1.93 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
3.71 NcI/M2
0.00 NcI/M2

44.76 NCI/M2
0.00 NcI/M2

50.30 NcI/M2
1.78 NCI/M2
0.00 NcI/M2
1.97 NcI/M2
2.01 NcI/M2
3.63 NCI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
1.66 NcI/M2
0:00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2

16.28 NCI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
1.59 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
2.51 NCI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2

.83 NCI/M2

LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
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2126 C060
2132 C(I6O
2079 C060
2127 C060
2123 C060
2i18 C060
2125 C060
2129 C060
2049 C060
2016 C060
1991 C060
2045 C060
2007 C060
1987 C060
2028 C060
2052 C060
1988 CS137
2018 CS137
2055 CS137
~990 CS137
2154 CS137
2071 CS137
2079 CS
2015 CS
2033 CS
2077 CS
2146 CS
2130 CS
2012 Cs
2019 CS
2028 CS
2067 CS

37
37
37
37
37
37
3-7
37
37
37

2132 CS137
2092 CS137
2065 CS137
2043 CS137
2097 CS137
2072 CS137
2052 CS137
2061 CS137
2148 CS137
2087 CS137
2131 CS137
2083 CS137
2101 CS137
2064 CS137
2090 CS137
2022 CS137
2155 CS137
2048 CS137
2066 CS137
2122 CS137
2030 CS137
2050 CS137
2125 CS137
2082 CS137
2153 CS137
2076 CS137
2038 CS137
2037 CS137
2073 CS137
2016 CS137
2135 CS137

1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
{977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977

INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
SG
SK

::

SK

?:
UK
GR
GR
GR
GR
INSITU
INSITU

1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU

2093 CS137 1977 INSITU
2053 CS137 1977 INSITU
2123 CS137 1977 INSITU
2147 CS137
1998 CS137
2088 CS137
2096 CS137
2081 CS137
2040 CS137
2143 CS137
2018 CS137
2116 CS137
2047 CSi37
2025 CS137
2058 CS137
21~9 CS137
2068 CS~37

1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977

INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU

12.45
6.70

10.53
13.40
13.68
14.55
14.68

6.27
11.11

7.24
6.63

10.52
7.10
6.63

10.37
11.11
6.64
6.66

11.35
6.64
3.95
9.83

10.53
7.37
3.14

10.31
9.82
6.03
6.79
6.69

10.37
9.31
6.70

13.52
10.39

3.91
15.45

9.86
11.11

9.91
2.98

12.92
6.62

f2.14
16.52
10.54
13.85
9.60
3.91

11.09
10.60
13,69
10.39
11.11
14.68
11.62

3.94
11.09

9.60
9.82
9.86
7.24

4.27
2.16
7.20
5.21
6.79
6.45
4.45
0.00
5.55
2.33

.55
5.51
2.07

.55
4.33
5.55

.55
1.76
5.86

.55
4.57
4.48
7.20
2.31
3.57
4.41
4.27

.60
1.77
2.24
4.33
4.96
2.16
9.21
5.01
3.49
9.75
4.42
5.55
5.07
3.62
7.66
1.87
7.19

14.74
7.19
7.69
4.32
3.49
5.87
4.42
6.87
4.30
5.55
4.45
7.18
4.88
4.52
4.32
4.27
4.42
2.33

6.58
14.60
10.69
13.68

7.77
6.63

13.22
!4.49
11.31

9.60
4.81
6.’66

13.74
11.08
10.12
10.00
14.34

9.30

.55
8.57
5.56
6.79
3.07

.55
7.66
9.24
7.21
4.32
3.00
1.76
6.12
5.74
4.27
5.31
7.21
5.02

0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
1.87 NCI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 PCI/GM
0.00 PCI/GM

.09 PCI/GM
0.00 PCI/GM

.27 PCI/GM

.25 PCI/GM
0.00 PCI/GM

.22 PC1/GM

.42 PCI/GM

.37 PCI/GM

.41 PCI/GM

.42 PCI/GM
56.20 NCI/M2

388.70 NCI/M2
51.80 NCI/M2
96.20 NCI/M2
65.90 NCI/M2
61.69 NCI/M2

538.50 NCI/M2
2.13 NCI/M2

236.60 NC1/M2
26.40 NCI/M2

947.00 NcI/M2
127.60 NCI/M2
231.80 NCI/M2

55.70 Ncl/M2
271.90 NCI/M2

39.10 NcI/M2
732.30 NCI/M2
756.60 NCI/M2
123.10 NCI/M2
125.10 NCI/M2

49.90 NcI/M2
188.50 NCI/M2

42.45 NCI/M2
219.30 NCI/M2

78.68 NCI/M2
48.20 NCI/M2

127.80 NCI/M2
481.80 NCI/M2

49.30 NcI/M2
101.20 NcI/M2
338.50 NCI/M2
152.60 NCI/M2
590.00 NcI/M2
125.20 NCI/M2

90.60 NCI/M2
142.60 NCI/M2

57.30 NcI/M2
158.80 NCI/M2
338.80 NCI/M2
545.10 NcI/M2
547.90 NcI/M2

84.60 NCI/M2
16000.00 NCI/M2

145.10 NcI/M2
189.00 NCI/M2
111.50 NcI/M2

69.20 NCI/M2
328.60 NCI/M2
176.30 NCI/M2

97.80 NCI/M2
135.50 NcI/M2
308.00 NCI/M2

33.94 NcI/M2
90.90 NcI/M2
84.40 NCI/M2

171.70 NcI/M2
601.7C NCI/M2
323.40 NCI/M2

79.51 NcI/M2
263.30 NCI/M2

LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
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2094 CS
1997 Cs
2127 CS
2039 CS
2084 CS
2034 CS
2075 CS
2059 CS

37 1977 INSITU
37 1977 INSITU
37 1977 INSITU
37 1977 INSITU
37 1977 INSITU
37 1977 INSITU
37 1977 INSITU
37 1977 INSITU

2138 CS137 1977 INSITU
2074 CS137 1977 INSITU
2120 CS137 ~977 INSITU
2060 CS137 1977 INSITU
2144 CS137 1977 INSITU
2042 CSi37
2141 CS137
2032 CS137
2013 CS137
2129 CS137
2031 CS137
2041 CS137
2095 CS137
2115 CS137
2017 CS137
2024 CS137
2085 CS137
2139 CS137
2055 CS137
2099 CS137
2010 CS137
2011 CS137
2121 CS137
2128 CS137
2057 CS137
2020 CS137
2027 CS137
2008 CS137
2023 CS137
2136 CS137
2006 CS137
2142 CS137
2086 CS137
2007 CS137
2009 CS137
2080 CS137
2140 CS1S7
2126 CS137
2026 CS137
2014 CS137
1996 CS137
2029 CS137
2114 CS137
2134 CS137
2118 CS137
2049 CS137
2062 CS137
2100 CS137
2049 CS137
1991 CS137
2016 CS137
1987 CS137
2045 CS137
2007 CS137
2028 CS137
2074 CSi37
2059 CS137
2014 CS137
2048 CS137
1991 CS137
2120 csi37
2120 csi37
20~4 CS137
2087 CSi37
2012 CS137
2072 CS137
2050 CS137
2066 CS137
2007 CSi37
2015 CS137
2016 CS137
2080 CS137

1977
1977
1977
1977
1977
1977
f1977
f977
1977
i977
1977
1977
1977
!977
1977
1977
1977
1977
1977
1977
1977
1977
i977
1977
1977
1977
1977
1977
1977

INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU

1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 IN:ITU
1977 SG
1977 SK
1977 SK
1977 SK
7977 SK
1977 SK
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 sOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL

12.5
2.5

12.5
12.5

7.5
7.5
2.5

12.5
2.5
2.5
7.5
2.5
2.5

;::
2.5
7.5
2.5

14.49 9.25
6.46 1.16

13.40 5.21
9.60 4.32

12.58 7.17
3.16 3.70

10.85 4.60
9.74 5.42
5.81 2.17
9.85 4.35

~4.30 7.16
9.91 5.07

10.46 7.19
9.82 4.27
6.58 .55
3.17 3.48
7.43 2.il
6.27 0.00

40.41 4.28
9.61 4.32

14.49 9.25
13.57 6.49

7.25 2.33
8.95 3.88

12.60 6.58
6.58 .55

lj.35 5.86
11.12 ~o.93

6.79 1.71
6.32 .00

13.68 6.87
13.77 5.47
10.35 5.34

3.17 3.48
10.28 4.20

7.40 2.10
9.54 3.98

103.40 NCI/M2
223.20 NC1/M2

10.34 NcI/M2
428.30 NCI/M2
141.20 NCI/M2
219.70 NCI/M2

40.60 NCI/M2
211.30 NCI/M2
543.80 NCI/M2
260.90 NCI/M2
127.90 NcI/M2
317.90 NcI/M2

40.70 NcI/M2
512.10 NCI/M2
488.30 NCI/M2

69.90 NCI/M2
43.60 NCI/M2
31.83 NCI/M2

261.00 NCI/M2
428.00 NCI/M2

68.60 NcI/M2
83.70 NCI/M2
34.60 NCI/M2

435.30 NcI/M2
764.90 NCI/M2

4179.00 NcI/M2
29.50 NCI/M2
72.30 NCI/M2
91.70 NcI/M2
36.90 NCI/M2

124.40 NCI/M2
25.37 NCI/M2

158.70 NCI/M2
0.00 NcI/M2

314.00 NcI/M2

LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77

25.36 NCI)M2 LASL77
282.60 NCI/M2 LASL77

6.58 .55 23000.00 NCI/M2 LASL77
7.07 2.04 182.20 NCI/M2 LASL77
6.27

10.53
7.10
6.59

10.91
6.58

12.45
10.05

7.37
6.45

10.35
10.46

6.58
14.55
11.11

9.83
14.50
11.11

6.63
7.24
6.63

10.52
7.10

10.37
9.85
9.74
7.37

11.09
6.63

14.30
14.30

7.37
12.92

6.79
9.86

11.11
10.60

7.10
7.37
7.24

10.91

.00
7.19
2.07
1.65
7.22
.55

4.27
4.07
2.22

.75
4.28
7.18

.55
6.45
5.55
5.~o

12.20
5.55

.55
2.33

.55
5.51
2.07
4.33
4.35
5.42
2.22
5.87

.55
7.16
7.16
2.22
7.66
1.77
4.42
5.55
4.42
2.07
2.31
2.33
7.22

30.00 NcI/M2
48.40 NCI/M2

183.80 NCI/M2
244.60 NCI/M2

81.50 NCI/M2
730.40 NcI/M2

58.90 NCI/M2
540.00 NcI/M2
858.20 NCI/M2
227.60 NCI/M2
410.70 NcI/M2

50.55 NcI/M2
4230.00 NCI/M2

100.00 NcI/M2
139.60 NCI/M2
241.00 NCI/M2

80.90 NCI/M2
0.00 PCI/GM

.06 PCI/GM

.24 PCI/GM
0.00 PCI/GM

.38 PCI/GM

.34 PCI/GM
0.00 PCI/GM
1.29 PCI/GM
0.00 PCI/GM

.96 PCI/GM
13 PCI/GM

9:40 PCI/GM
1.74 PCI/GM
0.00 PCI/GM

.99 PCI/GM
2.99 PCI/GM
0.00 PCI/GM
7.12 PCI/GM

.78 PCI/GM
1.51 PCI/GM

.03 PCI/GM
1.15 PCI/GM

26 PCI/SM
:32 PCI/GM

LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
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2045 CS137 1977 SOIL 12.5
12.5
12.5

10.52
13.74
10.00

6.79
9.83
6.66

11.08
11.11
11.35
10.52

6.66
7.02
9.83

10.37
14.55
13.57
1{ .08

7.10
6.64

12.92
7.24
6.59

10.35
12.58

9.74
9.54

11.62
6.69
6.66

13.57
10.28
14.55
io.39
10.00

6.64
7.10

10.91
6.63

12.14
11.11
13.74

7.24
6.64

11.09
13.22

5.51
6.12
5.31

.08 PCI/GM
0.00 PCI/GM

.08 PCI/GM

.22 PCI/GM
3.09 PCI/GM

.36 PCI/GM

.57 PCI/GM
-83 pcI/GM

0.00 PCI/GM
.22 PCI/GM
.48 PCI/GM
.46 PCI/GM
.08 PCI/GM

5.87 PCI/GM
2.05 PCI/GM

.09 PCI/GM
0.00 PCI/GM
0.00 PCI/GM

21.41 PCI/GM
0.00 PC1/GM

11 PCI/GM
l:8i PCI/GM

.32 PC~/GM
1.78 PCI/GM
1.03 PCI/GM
6.90 PC1/GM
2.10 PC1/GM

.25 PCI/GM
0.00 PCI/GM
0.00 PCI/GM

.2i PCI/GM
10 PCI/GM

6:04 PCI/GM
5.09 PCI/GM

27.19 PCI/GM
.49 PCI/GM

fl PCI/Gt4
6:07 PCI/GM
1.98 PCI/GM

.24 PCI/GM
1.97 PCI/GM

.82 PCI/GM

.35 PCI/GM
0.00 PC1/GM
2.25 PCI/GM
6.91 PCI/GM
1.29 PCI/GM

24.95 PCI/GM
17 PCI/GM

5:37 PCI/GM
.71 PC1/GM

2.94 PCI/GM
18 PCI/GM

0:00 PCI/GM
18 PCI/GM

:76 PCI/GM
0.00 PCI/GM
1.7’5 PCI/GM
0.00 PCI/GM
0.00 PCI/GM
0.00 PCI/GM
0.00 PCI/GM

10.40 PCI/GM
.05 PCI/GM

1.56 PCI/GM
3.17 PCI/GM
f.16 PCI/GM
1.00 PCI/GM
0.00 PCI/GM
1.69 PCII’GM
0.00 PCI/GM

LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI

2116 CS137 1977 SOIL
2058 CS137 1977 SOIL
2012 CS137
2071 CS137
2018 CS137
2046 CS137
2049 CS137
2055 CS137
2045 CS137
2018 CS137
2005 CS137
2071 CS137
2028 CS137
21~8 CS137
21’15 CS137
2046 CS137
2007 CS137
1990 CS137
2087 CS137
2016 CS137
2009 CS137
2029 CS137
2084 CS137
2059 CS137
2023 CSi37
2082 CS137

1977 SOIL 2.5 1.77
4.48
1.76
5.73
5.55
5.86
5.51
1.76
2.00
4.48
4.33
6.45

?977 SOIL
1977 SOIL

2.5
7.5

1977
1977
1977
1977
1977
1977
1977
19-77
1977

SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL

2.5
2.5
2.5
7.5
2.5
7.5

12.5
2.5
2.5SOIL

1977 SOIL
1977 SOIL

7.5
12.5

6.49
5.73

1977 SOIL
1977 SOIL

12.5
7.5

2.07
55

7;66
2.33
1.65
4.28
7.17
5.42
3.98
7.18

1977 SOIL
1977 SOIL
1977 SOIL

7.5
12.5
7.5

1977 SOIL
1977 SOIL
1977 SOIL

2.5
2.5
2.5

1977 SOIL
1977 SOIL

2.5
2.5
2.5

12,5
2019 CS137
2018 CS137

1977 SOIL
1977 SOIL

2.24
1.76

2115 CS137 1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL

12.5 6.49
4.20
6.45
4.30

2027 CS137
2118 CS137
2030 CS137

12.5
7.5

LLL GELI
LLL GELI

2.5
2.5
2.5
2.5

12.5
2.5
2.5
2.5
2.5
2.5

12.5
12.5
2.5

LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELX
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI

2058 CS137
1988 CSj37
2007 CS137
2080 CS137
199* CS137

5.31

55
2:07

1977 SOIL
1977 SOIL
1977 SOIL 7.22

.55
7.19
5.55
6.12

1977 SOIL
2083 CS137
2052 CS137

1977 601L
1977 SOIL

2116 CS137
2016 CS137
1988 CS137
2048 CS137
2088 CS137
1990 CS137
2081 CS137
1988 CS137
1989 CS137
2026 CS137
2053 CS137
2115 CS137
2019 CS137
2057 CS137
2028 CS137
2005 CS137
2019 CS137
1989 CS137
2012 CS137
1989 CS137
2049 CS137

1977 SOIL
1977 SOIL 2.33

.55
5.87
7.66

1977 sOIL
1977 SOIL
1977 SOIL
1977
1977
~977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977

SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL

12.5 6.64
11.31

6.64
6.63

10.05
10.69
13.57

6.69
10.35
10.37

7.02
6.69
6.63
6.79
6.63

11.11
6.66
9.86

11.11
15.45
10.28
10.52
14.30
13.74
10.35

9.85
6.64

14.49
10.28
10.05
14.55

6.63
11.11
10.41
11.09

.55
7.21

.55
55

4:07
5.56
6.49
2.24
5.34
4.33
2.00
2.24

.55
1.77

2.5
7.5
7.5
2.5
2.5
2.5
7.5

12.5
7.5
2.5

12.5
2.5

12.5
12.5
12.5

7.5
2.5

22.5
2.5

1977 SOIL
1977 SOIL

.55
5.55

1992 CS137
2073 CS137

1977 SOIL
1977 SOIL

76
4:42

2050 CS137
2097 CS137

1977 SOIL
1977 SOIL
1977 SOIL

5.55
9.75

2027 CS137
2045 CS137
2120 CS137
2116 CS137
2057 CS137
2074 CS137
1990 CS137
2095 CS137
2027 CS137
2026 CS137
2118 CSi3’?
1991 CS137
2052 CS137
2031 CS137
2048 CS137

2.5 4.20
5.51
7.16
6.12
5.34
4.35

1977 SOIL 2.5
1977 SOIL 7.5
1977 SOIL 7.5
1977 SOIL 2.5

12.51977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL

2.5
2.5

.55
9.25

13.62 PCi)GM
.95 PcI/GM

7.5
12.5
12.5
12.5
12.5

2.5
2.5

4.20
4.07
6.45
.55

5.55
4.28
5.87

12 PCI/GM
0:00 PCI/GM
0.00 PCI/GM
0.00 PCI/GM
0.00 PCI/GM
5.04 PCI/GM
1.07 PCI/GM

1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
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2050 CS137
2061 CS137
2053 CS137
2028 CS137
2052 CS137
2018 EU152
1990 EU152
1988 EU152
2055 EU152
2100 EU152
2148 EU152
2144 EU152
2094 EU152
2040 EU152
2018 EU152
2092 EU152
2031 EU152
2052 EU152
2060 EU152
2128 EU152
2057 EU152
2043 EU152
2006 EU152
2039 EU152
2136 EU152
2120 EU152
2065 EU152
2058 EU152
2097 EU152
2066 EU152
1996 EU152
1997 EU152
2037 EU152
2088 EU152
2027 EU152
2064 EU152
2022 EU152
2059 EU152
2017 EU152
2014 EU152
2011 EU152
2122 EU152
2141 EU152
2099 EU152
2008 EU152
2042 EU152
2081 EU152
2020 EU152
2016 EU152
2095 EU152

1977 SOIL 12.5
1977 SOIL 2.5
1977 SOIL 12.5
1977 TH
1977 UK
1977 GR
i977 GR
1977 GR
1977 GR
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1S77 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU

2067 EUl?i2 1977 INSITU
2147 EU152 1977 INSITU
2087 EU152 1977 INSITU
2119 EU152
2114 EU152
2041 EU152
2012 EU152
2096 EU152
2015 EU152
2142 EU152
2079 EU152
2013 EU152
1998 EU152
2076 EU152
2010 EU152
2062 EU152
2127 EU152
2135 ELJ152
2019 EU152
2074 EU152
2009 EU152
2125 EU152
2146 EU152
2139 EU152
2024 EU152
2032 EU152
2129 EU152
2049 EU152
2085 EU152
2134 EU152

1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU

11.11 5.55 V.OU PCLIGM
9.91 5.07 2.84 PCI/GM

10.69 5.56 .06 PCI/GM
10.37 4.33 .35 PCI/GM
11.11 5.55 .20 PCI/GM

6.66 1.76 0.00 PCI/GM
6.64 .55 1.02 PCI/GM
6.64 .55 2.21 PCI/GM

11.35 5.86 0.00 PCI/GM
14.50 12.20 0.00 NcI/M2

2.98 3.62 0.00 NcI/M2
10.46 7.19 0.00 NcI/M2
14.49 9.25 0.00 NcI/M2
9.60 4.32 0.00 NcI/M2
6.66 1.76 0.00 NcI/M2

13.52 9.21 0.00 NcI/M2
10.41 4.28 0.00 NcI/M2
11.11 5.55 0.00 NcI/M2

9.91 5.07 0.00 NcI/M2
13.77 5.47 0.00 NcI/M2
10.35 5.34 0.00 NcI/M2

3.91 3.49 0.00 NcI/M2
7.07 2.04 0.00 NcI/M2
9.60 4.32 0.00 NcI/M2
6.58 .55150000.00 NcI/M2

14.30
10.39
10.00
15.45
10.60

6.45
6.46
9.82

13.22
10.28
10.54
9.60
9.74
7.25
7.37
6.32

1S.69
6.58

11.12
7.40
9.82

11.31
3.17
7.24

14.49
9.31
7.77

12.92
14.34
10.46

9.61
6.79

14.49
7.37
6.27

10.53
7.43
6.63

11.09
6.79

7.16
5.01
5.31
9.75
4.42

.75
1.!6
4.27
7.66
4.20
7.19
4.32
5.42
2.33
2.22

.00
6.87

.55
10.93

2.10
4.27
7.21
3.48
2.33
9.25
4.96
3.07
7.66
7.21

9.83
13.40
6.58
6.69
9.85
6.59
14.68
9.82
6.58
8.95
3.17
6.27

11.11
12.60

6.58

7.18
4.32
1.77
9.24
2.31
.00

7.20
2.11
.55

4.52
1.71

0.00 NC17M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2

1221.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2

LLL tikLl
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77

0.00 NcI/M2 LASL77
0.00 NcI/M2 LASL77
0.00 NcI/M2
0.00 NcI/M2

621.60 NCI/M2
0.00 NcI/M2
0.00 NcI/M2

5.10 0.00 NcI/M2
5.21 0.00 NcI/M2

.55340000.00 NcI/M2
2.24 0.00 NcI/M2
4.35 0.00 NcI/M2
1.65 0.00 NcI/M2
4.45 0.00 NcI/M2
4.27 0.00 NcI/M2

.55 11000.00 NcI/M2
3.88 0.00 NcI/M2
3.48 0.00 NcI/M2
0.00 0.00 NcI/M2
5.55 0.00 NcI/M2
6.58 0.00 NcI/M2

.55140000.00 NcI/M2

LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
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2126 EU152
2028 EU152
2086 EU152
2121 EU152
2118 EU152
2071 EU152
2082 EU152
2140 EU152
2038 EU152
2007 EU152
2138 EU152
2143 EU152
2132 EU152
2034 EU152
2155 EU152
2053 EU152
2026 EU152
2154 EU152
2080 EU152
2153 EU152
2131 EU152
2090 EU152
2030 EU152
2048 EU152
2055 EU152
2072 EU152
2023 EU152
2025 EU152
2084 EU152
2116 EU152
2101 EU152
2115 EU152
2093 EU152
2077 EU152
2075 EU152
2130 EU152
2073 EU152
2033 EU152
2047 EU152
2050 EU152
2123 EU152
2068 EU152
2029 EU152
2083 EU152
2061 EU152
2049 EU152
2007 EU152
1987 EU152
1991 EU152
2045 EU152
2016 EU152
2028 EU152
2052 EU152
1988 EU154
2055 EU154
1990 EU154
2018 EU154
2049 EU154
1987 EU154
2007 EU154
1991 EU154
2045 EU154
2016 EU154
2028 EU154
2052 EU154
2100 EU155
2010 EU155
2115 EU155
2037 EU155
2018 EU155
2032 EU155
2013 EU155
2052 EU155
2143 EU155
2020 EU155
1998 EU155
2031 EU155
2006 EU155
2034 EU155
2128 EU155

1977
1977
1977
1977
i977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
i977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977

INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
SG

::
SK
SK
SK
TH
UK
GR
GR
Gl?
GR
SG
SK
SK
SK
SK

%
UK
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU

12.45 4.27
10.37 4.33
10.53 7.19
13.68 6.87
14.55 6.45
9.83 4.4P,

11.62 7.18
6.58 .55
9.60 4.32
7.10 2.07
5.81 2.17
4.81 3.00
6.70 2.16
3.16 3.70
3.91 3.49

10.69 5.56
10.05 4.07

3.95 4.57
10.91 7.22

3.94 4.88
6.62 1.87

13.85 7.69
JO.39 4.30
11.09 5.87
11.35 5.86
9,86 A.4Q
9.54 3.98

10.12 4.27
~2.58 7.17
13.74 6.12
16.52 14.74
13.57 6.49
14.60 8.57
10.31 4.41
10.85 4.60
6.03 .60
9.86 4.42
3.f4 3.57

11.08 5.74
11.11 5.55
13.68 6.79
9.30 5.02

10.35 4.28
12.14 7.19
9.91 5.07

Ii.ii 5.55
7.10 2.07
6.63 .55
6.63 -55

10.52 5.51
7.24 2.33

10.37 4.33
11.11 5.55
6.64 .55

11.35 5.86
6.64 .55
6.66 1.76

11.11 5.55
6.63 .55
7.10 2.07
6.63 .55

10.52 5.51
7.24 2.33

10.37 4.33
11.11 5.55
14.50 12.20
6.79 1.71

13.57 6.49
9.82 4.27
6.66 1.76
3.17 3.48
7.43 2.11

11.11 5.55
4.81 3.00
3.17 3.48
6.63 .55

10.41 4.28
7.07 2.04
3.16 3.70

13.77 5.47

0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2

842.60 NCI/M2
0.00 NcI/M2
0.00 NcI/M2

1696.00 NCI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/h12
0.00 NcI/M2
0.00 NcI/M2

23.60 NCI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 PCI/GM
0.00 PCI/GM
1.31 PCI/GM

.53 PCI/GM
0.00 PCI/GM
0.00 PCI/GM
0.00 PCI/GM
0.00 PCI/GM
0.00 PCI/GM
0.00 PCI/GM
0.00 PCI/GM
0.00 PCI/GM
0.00 PCI/GM

.20 PCI/GM
0.00 PCI/GM
0.00 PCI/GM
0.00 PCI/GM
0.00 PCI/GM
0.00 PCI/GM
0.00 PCI/GM
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2

41.16 NCI/M2

LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
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2012
2092
2072
2019
2067
2049
2132
2084
2015
2141
2059
2050
2080
2085
2123
2009
2064
2155
2118
2073
2016
2057
2042
2008
2086
2022
2027
2014
2127
2038
2122
2053
2065
2071
2047
2138
2033
2026
2153
2119
2048
1997
2039
2061
2041
2075
2094
2024
1996
2025
2060
2077
2066
2007
2090
2028
2043
2062
2146
2140
2135
2058
2029
2079
2121
2116
2125
2017
2129
2074
2083
2131
2134
2147
2097
2023
2088
2082
2139
2087

EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155
EU 155

1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 ZNSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
!977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU

6.79
13.52

9.86
6.69
9.31

11.11
6.70

12.58
7.37
6.58
9.74

11.11
10.91
12.60
13.68
6.59

10.54
3.91

14.55
9.86
7.24

10.35
9.82
7.40

10.53
9.60

10.28
7.37

13.40
9.60

i3.69
10.69
10.39

9.83
11.08

5.81
3.14

10.05
3.94

14.34
11.09

6.46
9.60
9.91
9.61

10.85
14.49

8.95
6.45

10.12
9.91

10.31
10.60

7.10
13.85
10.37

3.91
9.83
9.82
6.58
6.58

10.00
10.35
10.53
13.68
13.74
14.68

7.25
6.27
9.95

12.14
6.62
6.58
7.77

15.45
9.54

13.22
11.62

6.58
12.92

1.77
9.21
4.42
2.24
4.96
5.55
2.16
7.17
2.31

55
5:42
5.55
7.22
6.58
6.79
1.65
7.19
3.49
6.45
4.42
2.33
5.34
4.27
2.10
7.19
4.32
4.20
2.22
5.21
4.32
6.87
5.56
5.01
4.48
5.74
2.17
3.57
4.07
4.88
7.21
5.87
1.16
4.32
5.07
4.32
4.60
9.25
3.88

.75
4.27
5.07
4.41
4.42
2.07
7.69
4.33
3.49
5.10
4.27

.55

.55
5.31
4.28
7.20
6.87
6.12
4.45
2.33
0.00
4.35
7.19
1.87

.55
3.07
9.75
3.98
7.66
7.18

7:%

~1.60 NCI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 ticI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2

55.10 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2

64.00 NCI/M2
0.00 NcI/M2
0.00 NcI/M2

86.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2

LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
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2154 EU
2099 EU
2144 EU
2076 EU
2095 EU
2093 EU
2040 EU

55 1977 INSITU
55 1977 INSITU
55 1977 INSITU
55 1977 INSITU
55 1977 INSITU
55 1977 INSITU’
55 1977 INSITU

2136 EU155
2120 EU155
2081 EU155
2068 EU155
2030 EU155
2096 EU155
2126 EU155
2148 EU155
2011 EU155
2055 EU155
2130 EU155
2114 EU155
2101 EU155
2142 EU155
2067 G-NAT
2079 G-NAT
2086 G-NAT
2033 G-NAT
2016 G-NAT
2121 G-NAT
2010 G-NAT
1998 G-NAT
2093 G-NAT
2114 G-NAT
2129 G-NAT
205g G-NAT
2072 G-NAT
2080 G-NAT
2140 G-NAT
2007 G-NAT
2018 G-NAT
2088 G-NAT
2087 G-NAT
2019 G-NAT
2023 G-NAT
2128 G-NAT
2134 G-NAT
2064 G-NAT
2100 G-NAT
2144 G-NAT
2040 G-NAT
2081 G-NAT
2135 G-NAT
2062 G-NAT
2030 G-NAT
2066 G-NAT
2155 G-NAT
2120 G-NAT
2009 G-NAT
2082 G-NAT
2125 G-NAT
2073 G-NAT
2052 G-NAT
2083 G-NAT
2017 G-NAT
2085 G-NAT
2041 G-NAT
2097 G-NAT
2024 G-NAT
2034 G-NAT
2020 G-NAT
2068 G-NAT
2060 G-NAT
2092 G-NAT
2011 G-NAT
2022 G-NAT
2013 G-NAT
2096 G-NAT
2059 G-NAT
2074 G-NAT
2049 G-NAT
2148 G-NAT
2043 G-NAT

1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU

3.95 4.57
11.12 10.92
10.46 7.19
lt.09 4.52

14.49 9.25
14.60 8.57

9.60 4.32
6.58 55

14.30 7;16
11.31 7.2!

9.3o 5.02
10.35 4.30
14.49 9.24
12.45 4.27

2.98 3.62
6.32 .00

11.35 5.86
6.03 .60

10.46 7.18
16.52 14.74

6.27 .00
9.31 4.96

10.53 7.20
10.53 7.19

3.~4 3.57
7.24 2.33

13.68 6.87
6.79 1.71
6.63 .55

14.60 8.57
iO.46 7.18

6.27 0.00
10.00 5.31

9.86 4.42
10.91 7.22

6.58 .55
7.10 2.07
6.66 1.76

13.22 7.66
12.92 7.66

6.69 2.24
9.54 3.98

13.77 5.47
6.58 .55

10.54 7.19
~4.50 12.20
10.46 7.i9

9.60 4.32
11.31 7.21

6.58 55
9.83 5:10

10.39 4.30
10.60 4.42

3.91 3.49
14.30 7.16
6.59 1.65

~1.62 7.18
i4.68 4.45

9.86 4.42
li.1~ 5.55
i2.14 7.19

7.25 2.33
i2.60 6.58

9.61 4.32
15.45 9.75

8.95 3.88
3.16 3.70
3.17 3.48
9.30 5.02
9.91 5.07

73.52 9.21
6.32 .00
9.60 4.32
7.43 2.11

14.49 9.24
9.74 5.42
9.85 4.35

11.11 5.55
2.98 3.62
3.91 3.49

0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2

40.20 NCI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
6.37 UR/HR
5.19 UR/1-lR
4.75 UR/HR
8.05 UR/HR

11.10 UR/HR
15.11 UR/HR

6.42 UR/HR
9.57 UR/HR
6.75 UR/HR
4.72 UR/HR
7.70 UR/HR
6.21 UR/HR
8.S3 UR/HR
5.30 UR/HR
8.39 UR/HR
6.82 UR/FIR
6.94 UR/HR
9.01 UR/HR
8.75 UR/HR
5.38 UR/HR
7.89 LIR/HR
9.30 UR/HR
6.46 UR/HR
4.76 UR/HR
8.09 UR/HR
3.87 UR/HR
5.72 UR/HR
6.18 UR/HR
9.98 UR/HR
7.06 UR/HR
8.05 UR/HR
8.82 UR/HR
7,02 UR/HR
8.83 UR/HR
9.11 UR/HR
8.07 UR/HR

11.56 UR/HR
9.69 UR/HR
9.69 UR/HR
4.75 UR/HR

11.56 UR/HR
7.03 UR/HR
6.54 UR/HR
8.55 LJR/HR
8.3~ LJR/HR
8.69 UR/HR
9.93 UR/HR
8.06 UR/HR
9.48 UR/liR
3.70 UR/HR
8.96 UR/HR
7.22 UR/HR
9.78 UR/HR
6.67 UR/HR
7.68 UR/1-lR
6.41 UR/HR
5.82 UR/HR
8.38 UR/HR
6.37 UR/HR

LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL7-?
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
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2116 G-NAT 1977 INSITU
2075 G-NAT 1977 INSITU
2142 G-NAT 1977 INSITU
2031 G-NAT 1977 INSITU
1996 G-NAT 1977 INSITU
2130 G-NAT 1977 INSITU
2136 G-NAT 1977 INSITU
2047 G-NAT 1977 INSITU
2077 G-NAT 1977 INSITU
2008 G-NAT 1977 INSITU
2138 G-NAT 1977 INSITU
1997 G-NAT 1977 INSITU
2037 G-NAT 1977 INSITU
2042 G-NAT 1977 INSITU
2095 G-NAT 1977 INSITU
2025 G-NAT 1977 INSITU
2027 G-NAT 1977 INSITU
2057 G-NAT 1977 INSITU
2127 G-NAT 1977 INSITU
2147 G-NAT 1977 INSITU
2118 G-NAT 1977 INSITU
2026 G-NAT 1977 INSITU
2141 G-NAT 1977 INSITU
2143 G-NAT 1977 INSITU
2146 G-NAT 1977 INSITU
2132 G-NAT 1977 INSITU
2123 G-NAT 1977 INSITU
2038 G-NAT 1977 INSITU
2061 G-NAT 1977 INSITU
2076 G-NAT 1977 INSITU
2153 G-NAT 1977 INSITU
2039 G-NAT 1977 INSITU
2119 G-NAT 1977 INSITU
2048 G-NAT 1977 INSITU
2101 G-NAT 1977 INSITU
2139 G-NAT 1977 INSITU
2090 G-NAT 1977 INSITU
2154 G-NAT 1977 INSITU
2131 G-NAT 1977 INSITU
2014 G-NAT 1977 INSITU
2126 G-NAT 1977 INSITU
2084 G-NAT 1977 INSITU
2065 G-NAT 1977 INSITU
2006 G-NAT 1977 INSITU
2071 G-NAT 1977 INSITU
2115 G-NAT 1977 INSITU
2029 G-NAT 1977 INSITU
2oQ9 G-NAT 1977 INsITLJ
2094 G-NAT 1977 INSITU
2055 G-NAT 1977 INSITU
2050 G-NAT 1977 INSITU
2015 G-NAT 1977 INSITU
2012 G-NAT 1977 INSITU
2099 G-NAT 1977 INSITU
2053 G-NAT 1977 INSITU
2138 G-NAT 1977 INSITU
2032 G-NAT 1977 INSITU
2101 G-TOT 1977 INSITU
2093 G-TOT 1977 INSITU
2065 G-TOT 1977 INSITU
2015 G-TOT 1977 INSITU
2096 G-TOT 1977 INSITU
2087 G-TOT 1977 INSITU
2144 G-TOT 1977 INSITU
2027 G-TOT 1977 INSITU
2014 G-TOT 1977 INSITU
2082 G-TOT
2011 G-TOT
2052 G-TOT
2012 G-TOT
2138 G-TOT
2143 G-TOT
1998 G-TOT
2067 G-TOT
2136 G-TOT
2068 G-TOT
2148 G-TOT
2018 G-TOT
2095 G-TOT
2132 G-TOT

1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU

13.74
10.85

6.27
10.41

6.45
6.03
6.58

11.08
10.31

7.40
5.81
6.46
9.82
9.82

14.49
10.12
10.28
10.35
13.40

7.77
14.55
10.05
6.58
4.81
9.82
6.70

13.68
9.60
9.91

11.09
3.94
9.60

14.34
11.09
16.52
6.58

13.85
3.95
6.62
7.37

12.45
12.58
10.39

7.07
9.83

13.57
10.35
10.35
14.49
11.35
11.11

7.37
6.79

11.12
10.69

5.81
3.17

16.52
14.60
10.39

7.37
14.49
12.92
iO.46
10.28

7.37
11.62

6.32
11.11

6.79
5.81
4.81
6.63
9.31
6.58
9.30
2.98
6.66

14.49
6.70

6.12
4.60

.00
4.28

.75

.60

.55
5.74
4.41
2.10
2.17
1.16
4.27
4.27
9.25
4.27
4.20
5.34
5.21
3.07
6.45
4.07

.55
3.00
4.27
2.16
6.79
4.32
5.07
4.52
4.88
4.32
7.21
5.87

14.74
.55

7.69
4.57
1.87
2.22
4.27
7.17
5.01
2.04
4.48
6.49
4.28
4.28
9.25
5.86
5.55
2.31
1.77

10.93
5.56
2.17
3.48

14.74
8.57
5.01
2.31
9.24
7.66
7.19
4.20
2.22
7.18

.00
5.55
1.77
2.17
3.00

.55
4.96

.55
5.02
3.62
i.76
9.25
2.16

9.16 UR/HR
6.05 UR/HR
7.68 UR/HR
6.07 UR/HR
9.13 UR/HR
9.i6 UR/HR
5.47 UR/HR
7.17 U2/HR
7.29 UR/HR

15.99 UR;HR
1.55 UR/HR
4.56 UR/HR
9.27 UR/HR
9.69 UR/HR
5.83 UR/HR
6.22 UR/HR
4.36 UR/HR
7.36 UR/HR
7.87 UR/HR
5.42 UR/HR
8.82 UR/HR
8.56 UR/HR
8.74 UR/HR
5.72 UR/HR
3.46 UR/HR
4.72 UR/HR

12.60 UR/HR
5.73 UR/HR
9.96 UR/HR
3.85 UR/HR
5.50 UR/HR
5.98 UR/liR
6.7! IJR/HR
6.97 UR/HR
6.87 UR/HR
8.14 UR/HR

14.08 UR/HR
4.79 UR/HR
6.77 UR/HR

11.02 UR/HR
7.09 UR/HR
8.i~ UR/HR
5.96 UR/HR
5.40 UR/HR
7.56 UR/HR
8.65 UR/HR
7.60 UR/HR
8.10 UR/HR
7.01 UR/HR
7.02 UR/HR
5.64 UR/HR
2.87 UR/HR
9.47 UR/HR
3.96 UR/HR
4.46 IJR/HR
8.15 UR/HR
8.79 UR/HR
7.34 UR/HR
7.54 UR/liR
7.01 UR/HR
3.29 UR/HR
7.25 UR/HR
9.75 UR/HR
4.12 UR/HR
5.67 UR/HR

11.47 UR/HR
8.89 UR/HR
9.28 UR/HR

10.23 UR/HR
!0.46 UR/HR

1.79 UR/HR
5.89 UR/HR

10.60 UR/HR
7.04 UR/HR

174.70 UR/HR
9.14 UR/HR
8.62 UR/HR
7.36 UR/HR
6.26 UR/FIR
4.91 UR/HR

LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
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2058
2038
2071
2074
2024
2039
2120
2141
2072
2033
2092
2153
2009
2019
2017
2049
2077
2086
2037
2123
2022
2047
2130
2050
2025
2146
2055
2147
2007
2075
2114
2076
2026
2119
2134
2023
2115
2053
2129
2059
2126
2081
2040
2080
2138

2066
2057
2032
1996
2094
2061
2030
2060
2010
2118
2097
2100
2006
2135
2042
2121
2079
2083
2155
2127
2099
2085
2013
2029
2088
2116
2064
2125
2131
2140
2008
2031
2139
2128
2034

G-TOT
G-TOT
G-TOT
G-T07
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT
G-TOT

1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977
1977
1977
1977
1977
197?
1977
1977
1577
1977
1977
~977
1977
1977
!977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
!977
1977
1977
1977

INSITU
INSITU
INSITU
XNSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITu

INSITU
iNSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU

1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INsITu
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977

INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU

1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSXTU

10.00
9.60
9.e3
9.s5
8.95
9.60

14.30
6.58
9.e6
3.14

13.52
3.94
6.59
6.69
7.25

11.11
10.31
10.53
9.82

13.68
9.60

ii.oe
6.03

11.11
10.12
9.82

11.35
7.77
7.10

10.85
10.46
11.09
10.05
14.34

6.58
9.54

13.57
10.69
6.27
9.74

12.45
11.31
9.60

10.91
5.81

10.60
10.35

3.17
6.45

:4.49
9.91

10.39
9.91
6.79

14.55
15.45
14.50

7.07
6.58
9.82

13.68
10.53
12.14

3.91
13.40
11.12
12.60

7.43
10.35
13.22
13.74
10.54
14.68

5.31
4.32
4.4e
4.35
3.8e
4.32
7.16

55
4:42
3.57
9.21
4.89
fl.65
2.24
2.33
5.55
4.41
7.19
4.27
6.79
4.32
5.74

.60
5.55
4.27
4.27
5.86
3.07
2.07
4.60
7.18
4.52
4.07
7.21

.55
3.98
6.49
5.56
0.00
5.42
4.27
7.21
4.32
7.22
2.17
4.42
5.34
3.48

.75
9.25
5.07
4.30
5.07
1.71
6.45
9.75

12.20
2.04

.55
4.27
6.87
7.20
7.19
3.49
5.21

10.93
6.58
2.11
4.28
7.66
6.12
7.19
4.45

6.62 1.87
6.58 .55
7.40

10.41
6.58

13.77
3.16

2.10
4.28

5:%
3.70

9.85 UR/HR
7.49 UR/HR
9.53 UR/HR
7.75 UR/HR
8.93 UR/HR
8.14 UR/HR
9.65 UR/HR

10.34 UR/HR
12.65 UR/HR
8.22 UR/HR
4.07 UR;HR
5.76 UR/HR

10.15 UR/HR
5.62 UR/HR

11.78 UR/HR
6.44 UR/HR
7.67 UR/HR
5.08 UR/HR

12.03 UR/HR
13.24 UR/HR

9.70 UR/HR
7.92 UR/HR
9.89 UR/HR
6.17 UR/HR
8.59 UR/HR
5.48 UR/HR
7.23 UR/HR
5.69 UR/HR
7.57 UR/HR
6.34 UR/HR
5.04 UR/HR
4.52 UR/HR

1

1.23 UR)HR
7.19 UR/HR
1.20 UR/HR
9.59 UR)HR
9.25 UR/HR
5.25 UR/HR
7.95 UR/HR
8.81 UR/HR
7.48 UR/HR
6.95 UR/HR
7.34 UR/HR
5.72 UR/HR

10.34 UR/HR
10.17 UR/HR
e.24 UR/HR
9.17 UR/HR
9.32 UR/HR
7.62 UR/HR

10.66 UR/HR
10.98 UR/HR
11.09 UR/HR

6.83 UR/HR
9.52 UR/HR
8.97 UR/HR
8.51 UR/HR
6.20 UR/HR

397.00 UR/HR
12.25 UR/HR
15.95 UR/HR

5.53 UR/HR
5.67 UR/HR
7.27 UR/HR
8.08 UR/HR
4.32 UR/HR
8.04 UR/HR
9.98 UR/liR
7.89 UR/HR
9.93 UR/HR
9.78 UR/HR
5.08 UR/HR

12.20 UR/HR
6.97 UR/HR
9.77 UR/HR
6.24 UR/HR
7.44 UR/HR

21.95 UR/HR
9.79 UR/HR
8.89 UR/HR

LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
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2020 G-TOT
2i54 G-TOT
2090 G-TOT
2062 G-TOT
2041 G-TOT
2142 G-TOT
2084 G-TOT
2G43 G-TOT
2016 G-TOT
2048 G-TOT
1997 G-TOT
2029 G-TOT
2073 G-TOT
2061 K40
2115 K40
2073 K40
2130 K40
2154 K40
2118 K40
2011 K40
2127 K40
2009 K40
2144 K40
2083 K40
2043 K40
2055 K40
2029 K40
2i34 K40
2119 K40
2077 K40
2064 K40
2140 K40
2034 K40
2065 K40
1998 K40
2128 K40
2146 K40
2023 K40
2101 K40
2123 K40
2047 K40
2032 K40
2116 K40
2018 K40
2084 K40
2008 K40
2086 K40
2016 K40
2062 K40
2010 K40
2019 K40
2017 K40
2020 K40
2114 K40
2075 K40
2071 K40
2120 K40
2131 K40
2007 K40
2030 K40
2090 K40
2099 K40
1996 K40
2013 K40
2022 K40
2126 K40
2014 K40
2041 K40
2042 K40
2080 K40
2136 K40
2082 K40
2066 K40
2037 K40
2057 K40
2028 K40
1997 K40
202’5 K40
2094 K40
2085 K40

1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977
1977
1977
1977
1977
1977
1977
1977
1977

INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU

1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977

INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITIJ
INSITU
INSITU
INSITU

3.17
3.95

13.85
9.e3
9.61
6.27

12.58
3.91
7.24

11.09
6.46

10.35
9.86
9.91

13.57
9.86
6.03
3.95

14.55
6.32

13.40
6.59

10.46
12.14

3.91
11.35
10.35

6.58
14.34
10.31
10.54

6.58
3.16

10.39
6.63

13.77
9.82
9.54

16.52
13.68
11.08

3.17
13.74

6.66
12.58

7.40
10.53

7.24
9.83
6.79
6.69
7.25
3.17

10.46
10.85

9.83
14.30

6.62
7.10

10.39
13.85
11.12

6.45
7.43
9.60

12.45

3.48
4.57
7.69
5.10
4.32

.00
7.17
3.49
2.33
5.87
1.16
4.28
4.42
5.07
6.49
4.42

.60
4.57
6.45

.00
5.21
1.65
7.19
7.19
3.49
5.86
4.28

.55
7.21
4.41
7.19

.55
3.70
5.01

55
5:47
4.27
3.98

14.74
6.79
5.74
3.48
6.12
1.76
7.17
2.10
7.19
2.33
5.10
1.71
2.24
2.33
3.48
7.18
4.60
4.48
7.16
1.87
2.07
4.30
7.69

10.93
.75

2.11
4.32
4.27

9.82
10.91

6.58
11.62
10.60

9.82
10.35
10.37

6.46
10.12
14.49
12.60

7.37 2.22
9.61 4.32

4.27
7.22

.55
7.18
4.42
4.27
5.34
4.33
1.16
4.27
9.25
6.58

9.95 UR/HR
5.16 UR/HR

14.68 UR/HR
8.25 UR/HR
e.74 UR/Hl?
7.90 UR/HR
8.89 UR/Hl?
6.42 UR/HR

11.50 UR/HR
7.55 UR/HR
4.69 UR/HR

11.72 UR/HR
12.42 UR/HR
24.10 PCI/GM
21.50 PCI/GM
22.60 PCI/GM
18.50 PCI/GM
11.79 PCI/GM
19.40 PCI/GM
24.30 PCI/GM
15.90 PCI/GM
16.65 PCI/GM
12.40 PCI/GM

9.90 PCI/GM
14.29 PCI/GM
16.50 PCI/GM
18.57 PCI/GM
14.68 PCI/GM
~7.32 PCI/GM
17.08 PCI/GM
14.56 PCI/GM

23.90 PCI/GM
19.16 PC1/GM
13.80 PC1/GM
29.90 PCI/GM
18.30 PCI/Gkl

6.41 PCI/GM
17.30 PCI/GM
14.90 PCI/GM
28.40 PCI/GM
12.89 PCI/GM
17.10 PCI/GM
i9.60 PC1/GM
20.40 F’CI/GM
18.30 PCI/GM
13.28 PCI/GM
15.01 PCI/GM
30.94 PCI/GM
16.90 PCI/GM
18.10 PCI/GM
16.ii PCI/GM
26.60 PCI/GM
19.48 PCI/GM
14.48 PCI/GM
14.80 PCI/GM

.16.20 PCI/GM
19.70 PCI/GM
19.80 PCI/GM
17.43 PCI/GM
18.60 PCI/GM
29.60 PCI/GM
10.60 PCI/GM
26.60 PCI/GM
25.20 PCI/GM
16.30 PCI/GM
16.10 PCI/GM
19.79 PCI/GM
13.10 PCI/GM
22.37 PCI/GM
15.10 PCI/GM
12.55 PCI/GM
18.80 PCI/GM
20.80 PCI/GM
21.90 PCI/GM
17.80 PCI/GM
18.90 PCI/GM
12.84 PCI/GM
12.81 PCI/GM
18.10 PCI/GM
15.30 PCI/GM

LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
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2006 K40
2093 K40
2067 K40
2053 K40
2129 K40
2122 K40
2138 K40
2015 K40
2039 K40
2049 K40
2068 K40
2097 K40
2038 K40
2081 K40
2060 K40
2079 K40
2135 K40
2048 K40
2033 K40
2088 K40
2031 K40
2050 K40
2143 K40
2027 K40
2141 K40
2059 K40
2040 K40
2139 K40
2132 K40
2072 K40
2074 K40
2125 K40
2024 K40
2147 K40
2087 K40
2121 K40
2092 K40
2026 K40
2100 K40
2058 K40
2095 K40
2096 K40
2142 K40
2012 K40
2076 K40
2052 K40
2155 K40
2148 K40
2153 K40
2096 NB95
2086 NB95
2123 NB95
2081 NB95
2097 NB95
2052 NB95
2122 NB95
2130 NB95
2142 NB95
2138 NB95
2118 NB95
2115 NB95
2129 NB95
1998 NB95
2079 NB95
2135 NB95
2141 NB95
2030 NB95
2033 NB95
2058 NB95
2127 NB95
2090 NB95
2024 NB95
2148 NB95
2034 NB95
2032 NB95
2055 NB95
2087 NB95
2080 NB95
2016 NB95

1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977

INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU

2043 NB95 1977 INSITU

7.07
14.60

9.31
10.69

6.27
13.69

5.81
7.37
9.60

11.11
9.30

15.45
9.60

11.31
9.91

10.53
6.58

11.09
3.14

13.22
lo.4t
11.11

4.81
10.28

6.58
9.74
9.60
6.58
6.70
9.86
9.85

IA.68
8.95
7.77

12.92
13.68
13.52
10.05
14.50
10.00
14.49
14.49

6.27
6.79

11.09
11.11

3.91
2.98
3.94

14.49
10.53
13.68
11.31
~5.45
11.11
13.69

6.03
6.27
5.81

14.55
13.57

6.27

2.04
8.57
4.96
5.56
0.00
6.87
2.17
2.31
4.32
5.55
5.02
9.75
4.32
7.21
5.07
7.20

.55
5.87
3.57
7.66
4.28
5.55
3.00
4.20

.55
5.42
4.32

.55
2.16
4.42
4.35
4.45
3.88
3.07
7.66
6.87
9.21
4.07

12.20
5.31
9.25
9.24

.00
1.77
4.52
5.55
3.49
3.62
4.88
9.24
7.19
6.79
7.21
9.75
5.55
6.87

.60

.00
2.17
6.45
6.49
0.00

6.63 .55
10.53 7.20

6.5a
6.58

10.39
3.14

10.00
13.40
13.85

8.95
2.98
3.16
3.17

11.35
12.92
10.91

7.24
3.91

.55

.55
4.30
3.57
5.31
5.21
7.69
3.88
3.62
3.70
3.48
5.86
7.66
7.22
2.33
3.49

4.66 PC1/GM
<5.20 PC1/GM
14.80 PCI/GM
8.90 PCI/GM

21.66 PCI/GM
30.60 PCI/GM
25.31 PCI/GM

4.37 PCI/GM
i2.10 PCI/Ghl
I4.1O PCI/GM
18.20 PC1}GM
20.74 PCI/GM
11.20 PCI/GM
16.60 PCI/GM
23.90 PCI/GM
14.90 PCI/GM
43.00 PCI/GM
14.50 PCI/GM
14.92 PCI/GM
16.40 PCI/GM
13.90 PCI/GM
13.60 PCI/GM
12.15 PCI/GM
9.65 PCI/GM

26.40 PCI/GM
!7.50 PCI/GM
11.32 PCI/GM
24.90 PCI/GM
12.33 PCI/GM
21.10 PCI/GM
~3.50 PCI/GM
28.90 PCIjGM
14.95 PCI/GM
12.60 PCI/GM
20.50 PCI/GM
28.90 PC1/GM
11.20 PCIjGM
19.50 PCI/GM
17.70 PCI/GM
19.50 PCI/GM
15.50 PCI/GM
15.90 PCI/GM
22.40 PCI/GM
25.80 PCI/GM

7.40 PCI/GM
22.60 PCI/GM
13.50 PCIIGM
19.70 PCI/GM

7.25 PCI/GM
5.06 NCI/M2
4.61 NCI/M2
0.00 NcI/M2
5.52 NCI/M2
3.79 NcI/M2
4.46 NCI/M2
2.96 NCI/M2
1.66 NcI/M2
2.01 NcI/M2
1.55 NcI/M2
5.46 NCI/M2
5.35 NcI/M2
2.88 NCI/M2
3.55 NcI/M2
4.16 NCI/M2
0.00 NcI/M2
3.20 NCI/M2
5.19 NcI/M2
0.00 NcI/M2
4.59 NCI/M2
5.00 NcI/M2
4.77 NcI/M2
4.55 NcI/M2
2.59 NCI/M2
3.56 NCI/M2
2.82 NCI/M2
3.89 NCI/M2
4.57 NcI/M2
4.98 NCI/M2
3.66 NCI/M2
1.28 NCI/M2

LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77



2121 NB95
2136 NB95
2023 NEi95
2022 NB95
2088 NE95
2075 NB95
2125 NB95
2009 NB95
2154 NB95
1997 NB95
2064 NB95
2143 NB95
2057 NB95
2085 NB95
2076 NB95
2073 NB95
2041 NB95
2010 NB95
2012 NB95
2020 NB95
2047 NB95
2116 NB95
2072 NB95
2008 NB95
2099 NB95
2146 NB95
2014 NB95
2134 NB95
2031 NB95
2029 NB95
2026 NB95
2060 NB95
2074 NB95
2027 NB95
1996 NB95
2140 NB95
2094 NB95
2068 NB95
2037 NB95
2042 NB95
2147 NB95
2093 NB95
2019 NB95
2084 NB95
2013 NB95
2059 NB95
2067 NB95
202B NB95
2132 NB95
2061 NB95
2017 NB95
2007 NB95
2119 NB95
2062 NB95
2155 NB95
2025 NB95
2039 NB95
2114 NB95
2126 NB95
2015 NB95
2092 NB95
2066 NB95
2077 NB95
2006 NB95
2131 NB95
2100 NB95
2120 NB95
2049 NB95
2038 NB95
2011 NB95
2063 NB95
212B NB95
2040 NB95
2082 NB95
2071 NB95
2053 NB95
2139 NB95
2153 NB95
2095 NB95
2144 NB95

1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 IN:ITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU

13.58
6.5B
9.54
9.60

13.22
10.85
14.6B

6.59
3.95
6.46

10.54
4.81

10.35
12.60
11.09

9.86
9.61
6.79
6.79
3.17

11.08
13.74
9.86
7.40

11.12
9.82
7.37
6.58

10.41
10.35
10.05

9.91
9.85

10.28
6.45
6.58

14.49
9.30
9.82
9.82
7.77

14.60
6.69

12.58
7.43
9.74
9.31

10.37
6.70
9.91
7.25
7.10

14.34
9.83
3.91

10.12
9.60

10.46
12.45

7.37
13.52
10.60
10.31

7.07
6.62

14.50
14.30
11.11

9.6C
6.32

12.14
13.77

9.60
11.62

9.83
10.69

6.58
3.94

14.49
10.46

6.87
.55

3.98
4.32
7.66
4.60
4.45
1.65
4.57
1.16
7.19
3.00
5.34
6.5B
4.52
4.42
4.32
1.71
1.77
3.48
5.74
6.12
4.42
2.10

10.93
4.27
2.22

.55
4.2B
4.28
4.07
5.07
4.35
4.20

.75

.55
9.25
5.02
4.27
4.27
3.07
8.57
2.24
7.17
2.11
5.42
4.96
4.33
2.16
5.07
2.33
2.07
7.21
5.10
3.49
4.27
4.32
7.18
4.27
2.31
9.21
4.42
4.41
2.04
1.87

12.20
7.16
5.55
4.32

.00
7.19
5.47
4.32
7.lB
4.48
5.56

.55
4.88
9.25
7.19

6.39 NCI/M2
0.00 NcI/M2
5.4B NCI/M2
6.32 NCI/t42
0.00 NcI/M2
4.25 NCI/M2
5.52 NCI/M2
3.63 NCI/M2
2.01 NcI/M2
1.40 NcI/M2
4.37 NcI/M2
i.26 NCI/M2
5.71 NcI/M2
5.17 NcI/M2
4.38 NCI/M2
5.50 NcI/M2
4.02 NCI/M2
3.51 NcI/M2
4.46 NCI/M2
1.78 NCI/M2
4.i6 NCI/M2
4.31 NcI/M2
5.37 NcI/M2
4.04 NcI/M2
4.37 NcI/M2
2.63 NCI/M2
3.00 NcI/M2
0.00 NcI/M2
6.63 NCI/M2
0.00 NcI/M2
5.03 NcI/M2
4.69 NCI/M2
4.66 NCI/M2
6.19 NCI/M2
4.36 NCI/M2
2.76 NCI/M2
4.82 NCI/M2
3.88 NCI/M2
5.13 NcI/M2
5.29 NCI/M2
1.65 NCI/M2
4.24 NCI/M2
3.81 NCI/M2
4.52 NCI/M2
0.00 NcI/M2
5.64 NCI/M2
3.27 NCI/M2
5.35 NcI/M2
1.B3 NCI/M2
4.76 NCI/M2
4.10 NcI/M2
3.9B NCI/M2
4.43 NcI/M2
3.68 NCI/M2
2.18 NCI/M2
3.23 NCI/M2
4.19 NcI/M2
4.43 NcI/M2
4.77 NcI/M2
3.7B NCI/M2
4.51 NcI/M2
5.02 NCI/M2
4.29 NCI/M2
2.81 NCI/M2
2.14 NCI/M2
4.96 NCI/M2
5.75 NcI/M2
5.62 NCI/M2
4.57 NcI/M2
4.65 NCI/M2
4.50 NcI/M2
3.82 NCI/M2
4.69 NCI/M2
5.35 NcI/M2
4.68 NCI/M2
5.25 NCI/M2
0.00 NcI/M2
1.76 NCI/M2
5.44 NcI/M2
2.19 NCI/M2

LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
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ZU9U
2048
2065
2018
2101
2003
2057
2065
2001
1995
2(.)76
2059
2087
2048
2001
2003
2065
2009
2059
2059
2047
2057
2048
2048
2084
2014
2028
2072
2118
2115
2119
2?21
2014
2118
2018
2065
2026
2084
2014
2096
2037
2003
2009
2059
2125
2048
2115

NG Y 3

NB95
NB95

NB95
PU238
PU238
PU238
PU238
PU238
PU238
PU238
PU238
PU238
PU238
PU238
PU238
PU238
PU238
PU238
PU238
PU238
PU238
PU238
PU23B
PU238
PU238
PU238
PU238
PU238
PU238
PU238
PU238
Pu238
PU238
PU238
PU238
PU23f3
PU238
PU238
PU238
PU238
PU238
PU238
PU238
PU238
PU238

2060 PU238
2120 PU238
2003 PU238
2060 PU238
2082 PU238
2119 PU238
2001 PU238
2076 PU238
2087 PU238
2060 PU238
2076 PU238
2119 PU238
2049 PU238
2052 PU238
2049 PU238
2027 PU238
2060 PU238
2121 PU238
1995 PU238
2060 PU238
2073 PU238
1995 PU238
2016 PU238
2021 PU238
2128 PU238
2052 PU238
2080 PU238
2001 PU238
2003 PU238
2057 PU238
2096 PU238
2018 PU238
2026 PU238

191(
1977
1977
1977
197’7
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977

IN>lIU
INSITU
INSITU
INSITU
INSITU
GR
GR
GR
GR
GR
LJP
SK
SK
SK
SK
SK
SOIL
SOIL

1977 501L
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
7977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL

2.5
7.5
2.5
2.5
7.5
2.5
7.5
2.5
2.5
7.5
2.5

12.5
7.5
2.5
7.5
2.5

12.5
2.5
7.5

12.5
2.5

12.5

1:::
7.5
2.5
2.5
7.5
2.5

;::
17.5

7.5
7.5
7.5
2.5

12.5
12.5

2.5
2.5

22.5
7.5
2.5

12.5
17.5

2.5
7.5

12.5
7.5

12.5
2.5
2.5

1;::
2.5
2.5
7.5
2.5
2.5

12.5
7.5
7.5
2.5
7.5

11.11
11.09
10.39

6.66
16.52

6.63
10.35
10.39
6.63
6.66

11.09
9.74

12.92
11.09

6.63
6.63

10.39
6.59
9.74
9.74

11.08
10.35
11.09
11.09
12.58

7.37
10.37

9.86
14.55
13.57
14.34
13.68

7.37
14.55

6.66
10.39
10.05
12.58

7.37
14.49

9.82
6.63
6.59
9.74

~4.68
11.09
13.57

9.91
14.30

6.63
9.91

11.62
14.34

6.63
11.09
12.92

9.91
11.09
14.34
11.11
11.11
11.11
10.28

9.91
13.68

6.66
9.9i
9.86
6.66
7.24
9.60

~3.77
11.11
10.91

6.63
6.63

10.35
14.49

6.66
10.05

5.55
5.87
5.01
1.76

14.74
55

5:34
5.01

.55

.76
4.52
5.42
7.66
5.87

.55

.55
5.01
1.65
5.42
5.42
5.74
5.34
5.87
5.87
7.17
2.22
4.33
4.42
6.45
6.49
7.21
6.87
2.22
6.45
1.76
5.01
4.07
7.17
2.22
9.24
4.27

.55
1.65
5.42
4.45
5.87
6.49
5.07
7.16

55
5:07
7.18
7.21

.55
4.52
7.66
5.07
4.52
7.21
5.55
5.55
5.55
4.20
5.07
6.87

.76
5.07
4.42

.76
2.33
4.33
5.47
5.55
7.22
.55
.55

5.34
9.24
1.76
4.07

4.76 NCI/M2
4.10 NcI/M2
5.01 NcI/M2
4.03 NcI/M2
6.33 NCI/M2

.00 PCI/GM

.00 PCI/GM
0.00 PCI/GM

.01 PCI/GM
0.00 PCI/GM
0.00 PCI/GM
0.00 PCI/GM
0.00 PCI/GM
0.00 PCI/GM
0.00 PCI/GM
0.00 PCI/GM

.01 PCI/GM

.02 PCI/GM
0.00 PC1/GM

.06 PC1/GM

.01 PCI/GM
0.00 PCI/GM
0.00 PCI/GM
0.00 PCI/GM

.06 PCI/GM

.00 PCI/GM

.20 PCI/GM

.06 PCI/GM
0.00 PCI/GM

.01 PCI/GM
0.00 PCI/GM

.04 PCI/GM

.01 PCI/GM

.01 PCI/GM
0.00 PCI/GM
0.00 PCI/GM

17 PCI/GM
0:00 PCI/GM

.01 PCI/GM
0.00 PCI/GM

.08 PCI/GM

.07 PCI/GM

.02 PCI/GM
0.00 PCI/GM
0.00 PCI/GM

.02 PCI/GM
0.00 PCI/GM

.01 PCI/GM

.03 PCI/GM
0.00 PCI/GM

.02 PCI/GM

.05 PCI/GM
0.00 PCI/GM
0.00 PCI/GM

.02 PCI/GM
0.00 PCI/GM
0.00 PCI/GM
0.00 PCI/GM

.01 PCI/GM
0.00 PCI/GM
0.00 PCI/GM

.01 PCI/GM

.01 PCI/GM

.01 PCI/GM

.03 PCI/GM
0.00 PCI/GM

.05 PCI/GM

.32 PCI/GM
0.00 PCI/GM

.03 PCI/GM
11 PCI/GM

:00 PCI/GM
0.00 PCI/GM
0.00 PCI/GM
3.09 PCI/GM
0.00 PCI/GM

.02 PCI/GM
0.00 PCI/GM

.67 PCI/GM

.01 FCI/GM

LASL77
LASL77
LASL77
LASL77
LASL77
CVEG
CVEG
CVEG
CVEG
CVEG
CVEG
CVEG
CVEG
CVEG
CVEG
CVEG
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM,
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
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1995 PU238 1977 SOIL
2018 PU238 1977 SOIL
2123 PU238 1977 SOIL
2097 PU238 1977 SOIL
2072 PU238 1977 SOIL
2115 PU238 1977 SOIL
2097 PU238 1977 SOIL
2057 PU238 1977 SOIL
2052 PU238 1977 SOIL
2082 PU238 1977 SOIL
2088 PU238 1977 SOIL
2071 PU238 1977 SOIL
2047 PU238 1977 SOIL
1998 PU238 1977 SOIL
2052 PU238 1977 SOIL
2071 PU238 1977 SOIL
2026 PU238 1977 SOIL
2072 PU238 1977 SOIL
2028 PU238 1977 SOIL
2016 PU238 1977 SOIL
1998 PU238 1977 SOIL
2001 PU238 1977 SOIL
2097 PU238 1977 SOIL
2047 PU238 1977 SOIL
2082 PU238 1977 SOIL
1998 PU238 1977 SOIL
2065 PU238 1977 SOIL
2080 PU238 1977 SOIL
2037 PU238 1977 SOIL
2080 PU238 1977 SOIL
2047 PU238 1977 SOIL
2027 PU238 1977 SOIL
2084 PU238 1977 SOIL
2027 PU238 1977 SOIL
2028 PU238 1977 SOIL
2118 PU238 1977 SOIL
2009 PU238 1977 SOIL
2096 PU238 1977 SOIL
2028 PU238 1977 TH
2001 PU239 1977 GR
2065 PU239 1977 GR
2057 PU239 1977 GR
2003 PU239 1977 GR
1995 PU239 1977 GR
2045 PU239 1977 INSITU
2047 PU239 1977 INSITU
2046 PU239 1977 INSITU
2053 PU239 1977 INSITU
2064 PU239 1977 INSITU
2068 PU239 1977 INSITU
2127 PU239 1977 INSITU
2024 PU239 1977 INSITU
2101 PU239 1977 INSITU
2050 PU239 1977 INSITU
2072 PU239 1977 INSITU
2021 PU239 1977 INSITU
2123 PU239 1977 INSITU
2054 PU239 1977 INSITU
2055 PU239 1977 INSITU
2040 PU239 1977 INSITU
2120 PU239 1977 INSITU
2091 PU239 1977 INSITU
2092 PU239 1977 INSITU
2026 PU239 1977 INSITU
2075 PU239 1977 INSITU
2062 PU239 1977 INSITU
2066 PU239 1977 INSITU
2099 PU239 1977 INSITU
2093 PU239 1977 INSITU
2095 PU239 1977 INSITU
2122 PU239 1977 INSITU
2076 PU239 1977 INSITU
2023 PU239 1977 INSITU
2022 PU239 1977 INSITU
2074 PU239 1977 INSITU
2090 PU239 1977 INSITU
2084 PU239 1977 INSITU
2085 PU239 1977 INSITU
2125 PU239 1977 INSITU
2037 PU239 1977 INSITU

2.5
12.5

2.5
7.5
7.5

12.5
12.5

2.5
2.5

12.5
2.5
2.5

17.5
12.5
12.5
12.5
12.5

2.5
7.5
2.5
7.5
7.5
2.5

12.5
7.5
2.5
7.5
7.5
2.5

12.5
2.5

12.5
7.5
2.5

12.5
12.5
12.5

2.5

6.66
6.66

13.68
15.45

9.86
13.57
15.45
10.35
11.11
11.62
13.22

9.83
11.08

6.63
11.11

9.83
10.05

9.86
10.37

7.24
6.63
6.63

15.45
11.08
11.62

6.63
10.39
10.91

9.82
10.91
11.08
10.28
12.58
10.28
10.37
14.55

6.59
14.49
10.37

6.63
10.39
10.35

6.63
6.66

10.52
11.08
11.08
10.69
10.54

9.30
13.40

8.95
16.52
11.11

9.86
9.60

13.68
10.52
11.35

9.60
14.30
15.00
13.52
10.05
10.85

9.83
10.60
11.12
14.60
14.49
13.69
11.09

9.54
9.60
9.85

13.85
12.58
12.60
14.68

9.82

.76
1.76
6.79
9.75
4.42
6.49
9.75
5.34
5.55
7.18
7.66
4.48
5.74

.55
5.55
4.48
4.07
4.42
4.33
2.33

.55

.55
9.75
5.74
7.18

.55
5.01
7.22
4.27
7.22
5.74
4.20
7.17
4.20
4.33
6.45
1.65
9.24
4.33

.55
5.01
5.34

.55

.76
5.51
5.74
5.73
5.56
7.19
5.02
5.21
3.88

i4.74
5.55
4.42
4.33
6.79
5.50
5.86
4.32
7.16
7.64
9.21
4.07
4.60
5.10
4.42

10.93
8.57
9.25
6.87
4.52
3.98
4.32
4.35
7.69
7.17
6.58
4.45
4.27

0.00 PCI/GM
0.00 PCI/GM

.02 PCI/GM

.00 PCI/GM
19 PCI/GM

0:00 PCI/GM
0.00 PCI/GM

.03 PCI/GM

.00 PCI/GM
0.00 PCI/GM

.03 PCI/GM

.08 PCI/GM
0.00 PCI/GM
0.00 PCI/GM

.01 PCI/GM
0.00 PCI/GM
0.00 PCI/GM

.22 PCI/GM

.01 PCI/GM

.00 PCI/GM
3.00 PCI/GM
2.29 PCI/GM

.02 PCI/GM

.01 PCI/GM
0.00 PCI/GM
1.26 PCI/GM
0.00 PCI/GM
0.00 PCI/GM

10 PCI/GM
0:00 PCI/GM

.04 PCI/GM
0.00 PCI/GM
0.00 PCI/GM

.09 PCI/GM
0.00 PCI/GM
0.00 PCI/GM

.02 PCI/GM

.01 PCI/GM
0.00 PCI/GM

.02 PCI/GM

.07 PCI/GM

.01 PCI/GM

.02 PCI/GM

.00 PCI/GM
2.60 NCI/M2

53.70 NcI/M2
55.30 NcI/M2

121.60 NCI/M2
2.30 NCI/M2

62.00 NCI/M2
.29 NCI)M2

25.70 NCI/M2
2.00 NcI/M2

20.50 NCI/M2
470.50 NcI/M2
351.80 NCI/M2

16.80 NcI/M2
1.20 NcI/M2
1.40 NcI/M2

141.20 NCI/M2
27.90 NCI/M2
14.10 NcI/M2

5.40 NcI/M2
374.60 NCI/M2

1.40 NcI/M2
72.60 NCI/M2
60.50 NCI/M2

4.50 NcI/M2
24.20 NCI/M2

4.90 NcI/M2
27.30 NCI/M2
30.10 NcI/M2

142.50 NCI/M2
261.20 NCI/M2

63.90 NCI/M2
19.30 NcI/M2
27.00 NCI/M2
33.20 NCI/M2
16.70 NCI/M2

398.70 NCI/M2

LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
CVEG
CVEG
CVEG
CVEG
CVEG
CVEG
PREOICTEO
PREOICTEO
PREOICTEO
PREOICTEO
PREOICTEO
PREOICTEO
PREOICTEO
PREDICTED
PREOICTED
PREDICTEO
PREOICTEO
PREOICTEO
PREDICTED
PREDICTED
PREOICTEO
PREDICTEO
PREDICTEO
PREOICTED
PREDICTED
PREOICTED
PREDICTEO
PREDICTEO
PREDICTED
PREOICTEO
PREDICTEO
PREOICTEO
PREDICTED
PREDICTEO
PREDICTEO
PREOICTED
PREOICTED
PREDICTEO
PREOICTEO
PREDICTED
PREDICTED
PREOICTEO
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2058
2oQ5

2032
2031
2087
2059
2052
2G73
2049
2086
2118
2088
2128
2082

PL1239
PU239
PU239
PU239
PU239
PU239
PU239
PU239
PU239
PU239
PU239
PU239
PU239
PU239

1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977

INSITU
INS I TU
INS I TU
INS I TU
INS I TU
INS I TU
INS I TU
INSITU
INS I TU
I NSI TU
INS I TU
INS ITU
INS I TU
INS I TU

2083 PU239 1977 INSITU
2097
2080
2067
2089
2048
2028
2039
2027
2121
2115
2071
2094
2060

PU239
PU239
PU239
PU239
PU239
PU239
PU239
PU239
PU239
PU239
PU239
PU239
PU239

1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU

2079 PU239 1977 IN51TU
2038 PU239 1977 INSITU
2029 PU239 1977 INSITU
2114 PU239 1977 INSITU
2057 PU239 1977 INSITU
2100 PU239 1977 INSITU
2065 PU239 1977 INSITU
2077 PU239 1977 INSITU
2042 PU239 1977 INSITU
2126 PU239 1977 INSITU
2030 PU239 1977 INSITU
2119 PU239 1977 INSITU
2041 PU239 1977 INSITU
2061 PU239 1977 INSITU
2051 PU239 1977 INSITU
2081 PU239 1977 INSITU
2096 PU239 1977 INSITU
2116 PU239 1977 INSITU
2076 PU239 1977 LJP
2087 PU239 1977 SK
2001 PU239 1977 SK
2003 PU239 1977 SK
2048 PU239 1977 SK
2059 PU239 1977 SK

518 PU239 1973 SOIL
584 PU239 ~977 SOIL

2057 PU239 1977 SOIL
524 PU239 1973 SOIL
560 PU239 1973 SOIL
525 PU239 1973 SOIL

3002 PU239 1977 SOIL
1995 PU239 1977 SOIL
522 PU239 1973 SOIL
582 PU239 1977 SOIL
581 PU239 1977 SOIL
203 PU239 1972 SOIL
5i5 PU239 1973 SOIL
564 PU239 1977 SOIL

2082 PU239 1977 SOIL
108 PU239 1948 SOIL
520 PU239 1973 SOIL
580 PU239 1977 SOIL
567 PU239 1977 SOIL

3004 PU239 1977 SOIL
507 PU239 1973 SOIL
107 PU239 1948 SOIL

14 PU239 1950 SOIL
3004 PU239 1977 SOIL

5i7 PU239 1973 SOIL
501 PU239 1973 SOIL
545 PU239 1973 SOIL

2125 PU239 1977 SOIL

2.5

1:;;
2.5
2.5
2.5
7.5

12.5
2.5
2.5
2.5
5.0
2.5
2.5

12.5
1.3
2.5
2.5
2.5

12.5
2.5
1.3

;::
2.5
2.5
2.5
2.5

10.00 5.31
10.12 4.27

3.17 3.48
10.41 4.28
12.92 7.66
9.74 5.42

11.11 5.55
9.86 4.42

11.11 5.55
10.53 7.19
J4.55 6.45
13.22 7.66
~3.77 5.47
11.62 7.18
12.14 7.19
15.45 9.75
10.91 7.22
9.31 4.96

14.03 8.82
11.09 5.87
10.37 4.33

9.60 4.32
10.28 4.20
13.68 6.87
13.57 6.49

9.83 4.48
14.49 9.25

9.91 5.07
10.53 7.20

9.60 4.32
10.35 4.28
10.46 7.18
10.35 5.34
14.50 12.20
10.39 5.01
10.31 4.41
9.82 4.27

12.45 4.27
10.39 4.30
14.34 7.21
9.61 4.32
9.91 5.07

11.11 5.55
11.3{ 7.21
14.49 9.24
13.74 6.12
11.09 4.52
12.92 7.66

6.63 .55
6.63 .55

11.09 5.87
9.74 5.42
7.19 2.24

24.04 15.09
10.35 5.34

7.76 2.96
15.04 7.62

8.25 2.94
3.91 3.49
6.66 .76
6.82 2.87

21.85 15.46
20.83 15.53

7.81 1.89
10.82 1.34
15.03 9.53
11.62 7.18

9.98 4.31
5.72 3.04

19.82 15.59
12.66 ~1.54

3.91 3.49
6.57 1.92
9.49 3.78

14.27 5.80
3.9i 3.49
7.45 2.2~
6.57 .71

10.30 5.36
14.68 4.45

:24.20 NcI/M2
437.90 NcI/M2

1:.20 NcI/M2
101.50 Ncl/M2

55.20 NCI/M2
56.90 NcI/M2
IE.80 NCI/M2

2.60 NCI/M2
24.60 NCI/M2

5.10 NcI/M2
16.60 NcI/M2
48.90 NCI/M2

1.60 NCI/M2
37.70 NcI/M2
65.00 NCI/M2
21.70 NCI/M2

8.20 NCI/M2
19.10 NcI~M2
36.20 NCI/M2
41.20 NCI/M2

504.90 NcI/M2
256.90 NCI/M2
155.00 NcI/M2

17.90 NcI/M2
13.10 NcI/M2

177.20 NCI/M2
15.70 NcI/M2

122.20 NcI/M2
5.80 NCI/M2

170.80 NCI/M2
8.10 NCI/M2
4.50 NcI./M2

49.30 NC1/M2
4.20 NCI/M2

94.80 NCI/M2
1.20 NcI/M2

352.10 NCI/M2
7.40 NcI/M2

437.90 NcI/M2
9.10 NCI)tJ2

255.00 NCI/M2
22.50 NCI/M2

267.10 NCIjM2
27.60 NCI/M2
15.10 NcI/M2
10.90 NcI/M2

.01 PCI/GM

.02 PCI/GM
0.00 PCI/GM

.01 PCI/GM

.01 PCI/GM

.04 PCI/GM
10.00 NcI/M2

2.20 NcI/M2
.01 PCI/GM

8.50 NCI/M2
40.00 NcI/M2

2.00 NcI/M2
.01 PCI/GM

0.00 PCI/GM
2.90 NCI/M2

.80 NCI/M2
1.80 NCI/M2

.33 PCI/GM

.79 NcI/M2

.82 NCI/M2
0.00 PCI/GM
9.50 PCI/GM

.93 NcI/M2
1.80 NCI/M2

.56 NCI/M2
0.00 PCI/GM
1.80 NCI/M2
4.10 PCI/GM
0.00 PCI/GM
0.00 PCI/GM

12.00 NcI/M2
1100.00 NcI/M2

42.10 NCI/M2
.03 PCI/GM

PREOICTEO
PREOICTEO
PREOICTEO
PREOICTEO
PREOICTEO
PREOICTEO
PREDICTEO
PREOICTEO
PREOICTEO
PREOICTEO
PREOICTEO
PREDICTEO
PREOICTEO
PREOICTEO
PREOICTEO
PREDICTED
PREOICTEO
PREOICTEO
PREDICTEO
PREOICTEO
PREOICTEO
PREOICTEO
PREOICTEO
PREOICTEO
PREOICTED
PREOICTEO
PREOICTEO
PREOICTEO
PREOICTEO
PREOICTEO
PREOICTEO
PREDICTED
PREOICTEO
PREOICTEO
PREOICTEO
PREOICTEO
PREOICTEO
PREOICTEO
PREOICTEO
PREOICTEO
PREOICTEO
PREOICTEO
PREOICTEO
PREDICTED
PREOICTEO
PREOICTEO
CVEG
CVEG
CVEG
CVEG
CVEG
CVEG
EPA
EPA
LASLCHEM
EPA
EPA
EPA
LASLCHEM
LASLCHEM
EPA
EPA
EPA
LASL72
EPA
EPA
LASLCHEM
UCLA48
EPA
EPA
EPA
LASLCHEM
EPA
UCLA48
UCLA50
LASLCHEM
EPA
EPA
EPA
LASLCHEM
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583 PU239 1977 SOIL 
536 PU239 1973 SOIL 
200  PU239 1972 SOIL 

566  PU239 1977 SOIL 
208 PU239 1972 SOIL 

556 PU239 1973 SOIL 
1 12 PU239 1948 SOIL 
555 PU239 1973 SOIL 
5 5 0  PU239 1973 SOIL 
528 PU239 1973 SOIL 

2026 PU239 1977 SOIL 
1 PU239 1950 SOIL 

557 PU239 1973 SOIL 
548 PU239 1973 SOIL 

2048 PU239 1977 SOIL 
562 PU239 1977 SOIL 

519 PU239 1973 SOIL 
565 PU239 1977 SOIL 
203 PU239 1972 SOIL 

2120  PU239.1977 SOIL 
576 PU239 1977 SOIL 
5 4 0  PU239 1973 SOIL 
506 PU239 1973 SOIL 

15 PU239 1950 SOIL 

2060 PU239 1977 SOIL 
513 PU239 1973 SOIL 

5 11 PU239 1973 SOIL 
116 PU239 1948 SOIL 

5 7 0  PU239 1977 SOIL 
533 PU239 1973 SOIL 
512 PU239 1973 SOIL 

2052 PU239 1977 SOIL 
578 PU239 1977 SOIL 
514 PU239 1973 SOIL 

2018 PU239 1977 SOIL. 
207 PU239 1972 SOIL 

579  PU239 1977 SOIL 
552 PU239 1973 SOIL 

13 PU239 1950 SOIL 
12 PU239 1950 SOIL 

2097 PU239 1977 SOIL 
534 PU239 1973 SOIL 

2027 PU239 1977 SOIL 
5 PU239 1950 SOIL 

546 PU239 1973 SOIL 
544 PU239 1973 SOIL 

2096 PU239 1977 SOIL 
553 PU239 1973 SOIL 

5 3 0  PU239 1973 SOIL 
1995 PU239 1977 SOIL 
2009 PU239 1977 SOIL 

543  PU239 1973 SOIL 
541 PU239 1973 SOIL 
532 PU239 1973 SOIL 

2118 PU239 1977 SOIL 
102 PU239 1948 SOIL 

551 PU239 1973 SOIL 
2026 PU239 1977 SOIL 
2096 PU239 1977 SOIL 
2121 PU239 1977 SOIL 

558 PU239 1973 SOIL 
529 PU239 1973 SOIL 

2009 PU239 1977 SOIL 
11 PU239 1950 SOIL 

537 PU239 1973 SOIL 
503 PU239 1973 SOIL 

2052 PU239 1977 SOI L 
505 PU239 1973 SOIL 
521 PU239 1973 SOIL 
559 PU239 1973 SOIL 

2048 PU239 1977 SOIL 
568 PU239 1977 SOIL 

110 PU239 1948 SOIL 
16 PU239 1950 SOIL 

2060 PU239 1977 SOIL 
2052 PU239 1977 SOIL 
2016 PU239 1977 SOIL 

527 PU239 1973 SOIL 
8 PU239 1950 SOIL 

3003 PU239 1977 SOIL 
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2.5  
2 . 5  

5 . 0  
1 .3  

2 . 5  
2 . 5  

2 . 5  
1 . 3  

2 . 5  
2 .5  
2 . 5  
1.3 
2 . 5  
2 . 5  
2 . 5  

2 . 5  
7 . 5  

2.5 
1 9 . 0  
12.5 
2 . 5  
2 . 5  
2 . 5  
1 . 3  
2 . 5  
2 . 5  
1.3 
2 . 5  
2 . 5  
2 . 5  
2 . 5  

12.5 
2 . 5  
2 . 5  
5 . 0  

12 .5  
2 . 5  
2.5 
1 .3  
1 . 3  
2 . 5  
2 . 5  
1 .3  
7 . 5  

2 . 5  
2 .5  

2 . 5  
2 . 5  
2 . 5  
7 . 5  

2 . 5  
2 . 5  

2 .5  
2 . 5  
1 . 3  
7 . 5  
2 . 5  

12.5 
1 2 . 5  
7 . 5  
2 . 5  
2 . 5  

12.5 
1 . 3  

2 . 5  
2 . 5  

17 .5  
2 . 5  
2 . 5  
2 . 5  

1 2 . 5  
2 . 5  
1 .3  
1 .3  

12.5 
2.5 
2.5 
2.5 

7 . 5  
1 .3  

23 .14  15.37 
11.31 4 .39  

10 .80  5 . 2 6  
6.64 .55  

12 .06  11.12 
12.67 7 .19  
9 . 7 4  4 . 8 4  

10.40 5.84 
11.49 6 .59  

8 . 4 6  3 . 8 3  
10.05 4.07 

15.57 6 . 8 7  
10.24 4.22 

9 . 6 8  5 . 4 2  
14.27 9 . 5 6  
11 .09  5 . 8 7  

14.01 10 .96  
5 . 2 2  3 . 0 9  

7 . 8 1  1.89 
14 .30  7 . 1 6  
18.39 10 .76  
10.38 4 .94  

13 .67  7 . 1 2  
6 .15  1.99 

9 .44  2 . 0 0  
9 .91  5 .07  

11.87 5 . 1 1  
8 . 9 3  2 . 1 9  

15.05 12.09 
10.82 3 .59  
9 . 8 0  1 .68  

11 .11  5 .55  
17.82 15 .76  
10.27 1.49 
10.22 4 .59  
6 . 6 6  1.76 

11.50 5 . 7 4  
18.95 15.67 
12.59 7 .17  
13.20 6 .36  
10.38 4 .45  

10 .72  5 . 9 0  
15.45 9 . 7 5  

10 .28  4 . 2 0  

10.29 5 .37  
8.79 5 .68  

11.66 5 .05  
14.49 9 . 2 4  
9 .34  4 . 1 2  
6 .66  .76  

10.30 5 . 3 7  
6.59 1 . 6 5  

10.90 4 .88  
10.43 4 .16  

14.55 6 . 4 5  
7.69 1 . 7 6  

11.09 5 . 8 3  
10.05 4 . 0 7  
14.49 9 .24  
13 .68  6 . 8 7  
16.02 6 . 3 1  
8.95 3 . 9 4  

13.43 5 . 8 8  
6 .59  1.65 

11.41 4 . 0 1  
7 .42  1.23 

11.11 5 . 5 5  

6.27 3 . 0 0  
6 . 7 0  1 . 4 5  

10.65 7 . 2 1  
11.09 5 .87  
13.34 12.05 
14 .49  6 . 5 7  
11.49 4 . 5 9  

11.11 5 . 5 5  
9.91 5 . 0 7  

7.24 2 .33  

11.07 6 . 6 3  
3.91 3 . 4 9  

8.82 3 .45  

3 . 8 0  NCI/M2 

255 .00  PCI/GM 
4 . 9 0  NCI/M2 

.09 PCI/GM 

4 5 . 0 0  NCI/M2 
. 4 2  NCI/M2 

4 . 1 0  NCI/M2 
. 4 0  PCI/GM 

3 2 . 0 0  NCI/M2 
2 . 6 0  NCI/M2 
3 . 5 1  PCI/GM 
5 . 4 0  PCI/GM 

18 .00  NCI/M2 
3 . 6 0  NCI/M2 
2 . 5 0  NCI/M2 

. 0 2  PCI/GM 

. 6 1  NCI/M2 
2 . 9 0  NCI/M2 

. 2 I  PCI/GM 

.04  PCI/GM 

68.00 NCI/M2 
9 . 1 0  NCI/M2 

1 . 1 0  NCI/M2 
.09 PCI/GM 
. 6 3  NCI/M2 

1.06 PCI/GM 

1.50 NCI/M2 
. 7 7  PCI/GM 

4 . 6 0  NCI/M2 
1.00 NCI /M2 

. 7 1  NCI/M2 

2 . 1 0  NCI/M2 
. 0 1  PCI/GM 

.84  NCI/M2 

. 0 2  PCI/GM 

.00 PCI/GM 
4 0 . 0 0  NCI/M2 

2 . 9 0  NCI/M2 
. 5 4  PCI/GM 

4 . 1 0  PCI/GM 
6 . 1 0  NCI/M2 

. 6 1  PCI/GM 
2 . 7 0  PCI/GM 

. 2 0  PCI/GM 
2 . 4 0  NCI/M2 

8 6 . 0 0  NCI /M2 
2 9 . 0 0  NCI/M2 

. 2 1  PCI/GM 
52  .00 NCI/M2 

0 . 0 0  PCI/GM 
. 4 8  PCI/GM 

8 . 0 0  NCI/M2 
2 8 . 0 0  NCI/M2 

. 4 0  NCI /M2 
2 . 5 0  PCI/GM 

1 7 . 0 0  NCI/M2 
. 0 2  PCI/GM 

0 . 0 0  PCI/GM 
. 5 1  PCI/GM 
.98  NCI/M2 

3 . 0 0  NCI/M2 
. 7 2  PCI/GM 
. 4 7  PCI/GM 

1 .50  NCI/M2 
1 . 7 0  NCI/M2 

1 1 0 . 0 0  NCI/M2 
.00 PCI/GM 

. 5 6  NCI/M2 
8 . 6 0  NCI/M2 

. 0 1  PCI/GM 
1 . 9 0  NCI/M2 

. 7 7  PCI/GM 

. 2 0  PCI/GM 

.16 PCI/GM 

. I 2  PCI/GM 
4 8 . 0 0  NCI/M2 

1 . 3 0  PCI/GM 
0 . 0 0  PCI/GM 

.01 PCI/GM 

. 1 2  PCI/GM 

EPA 
EPA 
LASL72 
LASL72 
EPA 
EPA 
UCLA48 
EPA 
E PA 
EPA 
LASLCHEM 
UCLA5O 
EPA 
EPA 
EPA 
LASLCHEM 
EPA 
EPA 
LASL72 
LASLCHEM 
EPA 
EPA 
E PA 
UCLA5O 
EPA 

UCLA48 
LASLCHEM 

EPA 
EPA 

EPA 
EPA 
LASLCHEM 
EPA 
EPA 
LASL72 
LASLCHEM 
EPA 

UCLA50 
EPA 

UCLA50 
EPA 
LASLCHEM 
UCLA5O 
LASLCHEM 
EPA 
EPA 
EPA 
LASLCHEM 
EPA 
LASLCHEM 
LASLCHEM 

EPA 

UCLA48 
E PA 

LASLCHEM 
E PA 
LASLCHEM 
LASLCHEM 
LASLCHEM 

EPA 
EPA 

UCLA5O 
LASLCHEM 
EPA 
EPA 
LASLCHEM 
EPA 
EPA 
EPA 
LASLCHEM 

UCLA5O 
EPA 

UCLA48 
LASLCHEM 
LASLCHEM 
LASLCHEM 
EPA 
UCLA5O 
LASLCHEM 

EPA 



2 PU239
2003 PU239
2120 PU229

ill PU239
3 PU239

523 PU239
206 PU239
575 PlJ239

4 PLJ239
569 PU239

2097 PU239
113 PU239
201 PU239

2080 PU239
200 PU239

2049 PU239
205 PU239

2027 PU239
201 PU239
509 PU239
531 PU239

3001 PU239
508 PU239

2115 PU239
577 PU239

2072 PU239
200 PU239
202 PU239

1995 PU239
2047 PU239
2126 PU239

554 PU239
573 PU239
206 PU239

2060 PU239
2003 PU239

500 PU239
572 PU239

2096 PU239
561 PU239
563 PU239
201 PU239

2065 PU239
547 PU239

2014 PU239
2076 PU239
2071 PU239

103 PU239
504 PU239
207 PU239

2065 PU239
2001 PU239

571 PU239
2047 PU239
3002 PU239
3004 PU239
2118 PU239
2014 PU239
2073 PU239
2052 PU239

10 PU239
2121 PU239
2059 PU239
2080 PU239
2047 PU239
3002 PU239
2059 PU239
3003 PU239

538 PU239
2123 PU239
2119 PU239
2052 PU239

549 PL1239
2028 PU239
1998 PU239
3001 PU239
2119 PU239

205 PU239
2120 PU239
2084 PU239

1950
1977
1977
1948
1950
1973
1972
1977
1950
1977
1977
1948
1972
1977

SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL

1972 SOIL
1977 SOIL
1972 SOIL
1977 SOIL
1972 SOIL
1973 SOIL
1973 SOIL
1977 501L
1973 SOIL
1977 SOIL
1977 SOIL
197? SOIL
1972 SOIL
1972 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1973 SOIL
1977 SOIL
1972 SOIL
1977 SOIL
1977 SOIL
1973 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1972 SOIL
1977 SOIL
1973 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1948 SOIL
1973 SOIL
1972 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1950 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1973 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1973 iOIL
1977 SOIL
1977 SOIL
~977 SOIL
1977 SOIL
1972 SOIL
1977 SOIL
1977 SOIL

;::
7.5
1.3
1.3

;::
2.5
1.3
2.5

12.5
1.3
1.3
2.5

19.0
12.5

5.0
2.5

19.0
2.5
2.5
2.5
2.5
7.5
2.5

12.5
5.0

19.0
2.5
2.5
2.5
2.5
2.5

19.0
17.5

7.5
2.5
2.5
7.5
2.5
2.5
5.0
7.5
2.5
7.5

12.5
2.5
1.3
2.5

19.0
2.5

12.5
2.5

12.5
2.5
2.5
2.5
2.5
2.5

27.5

;::
7.5

12.5
7.5

12.5
12.5
12.5

2.5
2.5
7.5

32.5
2.5

12.5
2.5

12.5
2.5

19.0
2.5
2.5

10.36
6.63

14.30
10.44
10.34

7.25
9.59

18.33
11.19
14.14
15.45
11.70

6.64
10.91

6.64
11.11

9..03
10.28
6.64
7.36
9.95
3.91
6.65

4.68
.55

7.16
4.8A
5.01
2.92
3.89

10.92
4.60

12.17
9.75
4.85

55
7:22

.55
5.55
3.26
4.20

.55
1.85
4.16
3.49
2.07

13.57 6.49
16.88 15.86

9.86 4.42
6.64 .55
7.23 1.23
6.66

11.08
12.45
10.63
16.90

9.59
9.91
6.63
6.59

16.48
14.49
13.41
14.61

6.64
10.39

9.24
7.37

11.09
9.83
8.06
6.95

10.22
10.39

6.63
15.86
11.08

3.91
3.91

14.55
7.37

.76
5.74
4.27
7.12

11.61
3.89
5.07

.55

.45
12.49

9.24
10.16
8.97

.55
5.01
5.75
2.22
4.52
4.48
2.17
1.34
4.59
5.01

.55
12.01

5.74
3.49
3.49
6.45
2.22

9.86
11.11
12.84
13.68

9.74
10.91
11.08

3.91
9.74
3.91

11.41
13.68
14.34
11.11
11.08
10.37

6.63
3.91

14.34
9.03

14.30
12.58

4.42
5.55
6.60
6.87
5.42
7.22
5.74
3.49
5.42
3.49
3.79
6.79
7.21
5.55
5.40
4.33

.55
3.49
7.21
3.26
7.16
7.17

11.00 PCI/GM
3.80 PCI/GM

.60 PCI/GM
10.80 PCI/GM

5.90 PCI/GM
1.80 NCI/M2

.34 PCI/GM

.91 NcI/M2
2.00 PCI/GM
1.10 NcI/M2

.01 PCI/GM
0.00 PCI/GM

.04 PCI/GM

.03 PCI/GM
61.90 PCI/GM

0.00 PCI/GM
12 PCI/GM

1:71 PCI/GM
.02 PCI/GM

25.00 NCI/M2
47.00 NcI/M2

.CX3 PCI/GM
1.20 NcI/M2

.02 PCI/GM
1.30 NcI/M2
1.15 PCI/GM

263.00 PCI/GM
.01 PCI/GM

0.00 PCI/GM
.98 PCI/GM
.01 PCI/GM

20.00 NcT/M2
.32 NCI/M2
.06 PCI/GM
.09 PCI/GM
.05 PCI/GM

1.10 NcI/M2
2.00 NcI/M2
0.00 PCI/GM

21.00 NcI/M2
4.70 NcI/M2

.04 PCI/GM

.00 PCI/GM
1.90 NcI/M2

.71 PCI/GM

.02 PCI/GM
1.54 PCI/GM
1.60 PCI/GM

27.00 NCI/M2
.01 PCI/GM
.27 PCI/GM

201.00 PCI/GM
.76 NCI/M2

17 PCI/GM
:01 PCI/GM
.02 PCI/GM
.18 PCI/GM

17 PCI/GM
6:70 PCI/GM
0.00 PCI/GM

.40 PCI/GM

.69 PCI/GM

.03 PCI/GM

.02 PCI/GM

.24 PCI/GM
0.00 PCI/GM

.02 PCI/GM
0.00 PCI/GM
4.10 NcI/M2

.55 PCI/GM
0.00 PCI/GM

.00 PCI/GM
36.00 NCI/M2

.01 PCI/GM
24.30 PCI/GM

0.00 PCI/GM
17 PCI/GM

:00 PCI/GM
.23 PCI/GM

1.23 PCI/GM

UCLA50
LASLCHEM
LASLCHEM
UCLA48
UCLA50
EPA
LASL72
EPA
UCLA50
EPA
LASLCHEM
UCLA48
LASL72
LASLCHEM
LASL72
LASLCHEM
LASL72
LASLCHEM
LASL72
EPA
EPA
LASLCHEM
EPA
LASLCHEM
EPA
LASLCHEM
LASL72
LASL72
LASLCHEM
LASLCHEM
LASLCHEM
EPA
EPA
LASL72
LASLCHEM
LASLCHEM
EPA
EPA
LASLCHEM
EPA
EPA
LASL72
LASLCHEM
EPA
LASLCHEM
LASLCHEM
LASLCHEM
UCLA48
EPA
LASL72
LASLCHEM
LASLCHEM
EPA
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
UCLA50
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
EPA
LASLCHEM
LASLCHEM
LASLCHEM
EPA
LASLCHEM
LASLCHEM
LASLCHEM
LA:LCHEM
LASL72
LASLCHEM
LASLCHEM
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2047 PU239 1977 sOIL
2014 PU239 1977 SOIL

104 PU239 1948 SOIL
2072 PU239 1977 SOIL

535 PU239 1973 SOIL
105 PU239 1948 SOIL

2052 PL1239 1977 SOIL
2115 PU239 1977 SOIL
2016 PU239 1977 SOIL
2018 PU239 1977 SOIL

18 PU239 1950 SOIL
2047 PU239 1977 SOIL
2003 PU239 1977 SOIL

204 PU239 1972 SOIL
502 PU239 1973 SOIL
101 PU239 1948 SOIL

2076 PU239 1977 SOIL
2084 PU239 1977 SOIL
2097 PU239 1977 SOIL
2018 PU239 1977 SOIL

526 PU239 1973 SOIL
2027 PU239 1977 SOIL
2052 PU239 1977 SOIL

6 PU239 1950 SOIL
2026 PU239 1977 SOIL
2082 PU239 1977 SOIL
2001 PU239 1977 SOIL

202 PU239 1972 SOIL
2119 PU239 1977 SOIL

204 PU239 1972 SOIL
2057 PU239 1977 SOIL

109 PU239 1948 SOIL
2060 PU239 1977 SOIL
2082 PU239 1977 SOIL
2057 PU239 1977 SOIL
2097 PU239 1977 SOIL
2084 PU239 1977 SOIL
3003 PU239 1977 SOIL
2028 PU239 1977 SOIL
2126 PU239 1977 SOIL
2087 PU239 1977 SOIL
2060 PU239 1977 SOIL

574 PU239 1977 SOIL
204 PU239 1972 SOIL
542 PU239 1973 SOIL
202 PU239 1972 SOIL
539 PU239 1973 SOIL

2118 PU239 1977 SOIL
510 PU239 1973 SOIL

2028 PU239 1977 SOIL
2059 PU239 1977 SOIL
2128 PU239 1977 SOIL

114 PU239 1948 SOIL
208 PU239 1972 SOIL

2049 PU239 1977 SOIL
2037 PU239 1977 SOIL

100 PU239 1948 SOIL
208 PU239 1972 SOIL
115 PU239 1948 SOIL

2072 PU239 1977 SOIL
1998 PU239 1977 SOIL

207 PU239 1972 SOIL
2088 PU239 1977 SOIL

206 PU239 1972 SOIL
2080 PU239 1977 SOIL

203 PU239 1972 SOIL
9 PU239 1950 SOIL

2021 PU239 1977 SOIL
3001 PU239 1977 SOIL

7 PU239 1950 SOIL
2115 PU239 1977 SOIL
2001 PU239 1977 SOIL
2009 PU239 1977 SOIL

205 PU239 1972 SOIL
106 PU239 1948 SOIL

2065 PU239 1977 SOIL
2048 PU239 1977 SOIL
2076 PU239 1977 SOIL
1998 PU239 1977 SOIL
2126 PU239 1977 SOIL

22.5
12.5

1.3
7.5
2.5
1.3
7.5
2.5

12.5
7.5
1.3

17.5
12.5

1.3
2.5
1.3
7.5
7.5
7.5
2.5
2.5

12.5
57.5

1.3
7.5
7.5
7.5
5.G

12.5
19.0

2.5
1.3
7.5
2.5
7.5

22.5
12.5

2.5
7.5
7.5
2.5

22.5
2.5
5.0
2.5
1.3
2.5

12.5
2.5
2.5
2.5
2.5
1.3

19.0
2.5
2.5
1.3
1.3
1.3
2.5

12.5
1.3
2.5

;::
1.3
1.3
2.5
7.5
1.3

12.5
2.5
7.5
1.3
1.3

12.5
2.5
2.5

1;::

11.08
7.37
8.99
9.86

10.87
8.41

11.11
13.57

7.24
6.66

14.72
11.08

6.63
8.45
6.46
7.46

11.09
12.58
15.45

6.66
7.91

10.28
11.11
10.36
10.05
11.62

6.63
7.23

14.34
8.45

10.35
9.67

9.91
11.62
10.35
15.45
12.58

3.91
10.37
12.45
12.92

9.91
17.51

8.45
10.30

7.23
12.28
14.55

8.63
10.37

9.74
13.77
10.68
10.80
11.11

5.74
2.22
3.23
4.42
4.55
3.23
5.55
6.49
2.33
1.76
7.12
5.74

.55
2.59
1.16
1.50
4.52
7.17
9.75
1.76
3.31
4.20
5.55
6.35
4.07
7.18

.55
1.23
7.21
2.59
5.34
4.57
5.07
7.18
5.34
9.75
7.17
3.49
4.33
4.27
7.66
5.07

11.20
2.59
5.37
1.23
3.54
6.45
2.52
4.33
5.42
5.47
5.11
5.26
5.55

9.82 4.27
7.10 1.09

10.80 5.26
9.90
9.86
6.63

10.22
13.22

9.59
10.91

7.81
11.59

9.60
3.91

11.49
i3.57

6.63
6.59
9.03
9.90

10.39
11.09
11.09

6.63
12.45

5.10
4.42

.55
4.59
7.66
3.89
7.22
1.89
7.21
4.33
3.49
5.91
6.49

.55
1.65
3.26
3.23
5.01
5.87
4.52

.55
4.27

.01 PCI/GM
15 PCI/GM

1:30 PCI/GM
3.88 PCI/GM

.54 NcI/M2

.50 PCI/GM

.00 PCI/GM

.23 PCI/GM

.68 PCI/GM
0.00 PCI/GM

.86 PCI/GM

.01 PCI/GM
0.00 PCI/GM

13 PCI/GM
:31 NcI/M2

1.10 PCI/GM
.02 PCI/GM
.06 PCI/GM

15 PCI/GM
:67 PCI/GM

12.00 NcI/M2
.07 PCI/GM
.01 PCI/GM
.40 PCI/GM

12 PCI/GM
:01 PCI/GM

44.40 PCI!GM
0.00 PCI/GM
0.00 PCI/GM

17 PCI/GM
:70 PCI/GM

1.30 PC1/GM
.30 PCI/GM
.95 PC1/GM
.38 PCI/GM
.00 PCI/GM
.01 PCI/GM
.Oi PCI/GM

11 PCI/GM
0:00 PCI/Ghl

.00 PCI/GM

.05 PCI/GM
6.10 NCI/h12

.75 PCI/GM
28.00 NCI/M2

.43 PCI/GM
1.30 NcI/M2
0.90 PCI/GM
2.80 NCI/M2
4.07 PCI/GM
1.21 PCI/GM

.06 PCI/GM
3.80 PCI/GM

.03 PCI/GM

.25 PCI/GM
1.83 PC1/GM

10 PCI/GM
1:44 PCI/GM

.81 PCI/GM
4.58 PCI/GM

15 PCI/GM
:28 PCI/GM
.03 PCI/GM
.67 PCI/GM
.02 PCI/GM
.31 PCI/GM
.20 PCI/GM

2.24 PCI/GM
0.00 PCI/GM

.40 PCI/GM
0.00 PCI/GM

64.90 PCI/GM
.45 PCI/GM
.29 PC1/GM

0.00 PCI/GM
0.00 PCI/GM

.40 PCI/GM

.44 PCI/GM
57.40 PCI/GM

0.00 PCI/GM

LASLCHEM
LASLCHEM
UCLA48
LASLCHEM
EPA
UCLA48
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
UCLA50
LASLCHEM
LASLCHEM
LASL72
EPA
UCLA48
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
EPA
LASLCHEM
LASLCHEM
UCLA50
LASLCHEM
LASLCHEM
LASLCHEM
LASL72
LASLCHEM
LASL72
LASLCHEM
UCLA48
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
EPA
LASL72
EPA
LASL72
EPA
LASLCHEM
EPA
LASLCHEM
LASLCHEM
LASLCHEM
UCLA48
LASL72
LASLCHEM
LASLCHEM
UCLA48
LASL72
UCLA48
LASLCHEM
LASLCHEM
LASL72
LASLCHEM
LASL72
LASLCHEM
LASL72
UCLA50
LASLCHEM
LASLCHEM
UCLA50
LASLCHEM
LASLCHEM
LASLCHEM
LASL72
UCLA48
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
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2071 PU239
2028 PU239
2055 RUI03
1990 RU103
2018 RU103
1988 RUI03
2073 RU103
2022 RU103
2038 RUI03
2444 RUI03
2142 RUI03
2012 RUI03
2031 RUI03
2011 RUI03
2041 RUI03
2125 RU103
2032 RUI03
2026 RU103
2023 RUI03
2052 RU103
2008 RUI03
2033 RUI03
2077 RU103
2007 RUI03
2029 RUI03
2039 RUI03
2096 RUI03
2019 RUI03
2146 RU103
2017 RUI03
2116 RUI03
2086 RU103
2139 RUI03
2115 RUI03
2092 RU103
2085 RUI03
2079 RUI03
1997 RUI03
2080 RU103
2147 RUI03
2132 RUI03
2020 RU103
2120 RUI03
2057 RUI03
2016 RUI03
2082 RU103
2123 RUI03
2049 RUI03
2097 RU103
2072 RU103
2118 RU103
2059 RUI03
2087 RUI03
2134 RU103
2101 RUI03
2135 RUI03
2126 RUI03
2122 RUI03
2055 RUI03
2075 RU103
1996 RU103
2010 RU103
2099 RUI03
2136 RUI03
2053 RU103
2028 RUI03
2095 RU103
2014 RUI03
2015 RUI03
2009 RUI03
2081 RU103
2024 RUI03
2066 RU103
2148 RUI03
2068 RUI03
2153 RU103
2027 RUI03
2018 RU103
2094 RUI03
2006 RUI03

1977 SOIL
1977 TH
1977 GR
1977 GR
1977 GR
7977 GR
1977 INSITU
1977 INSITU
1977 INSITU
1977
1977
1977
1977
1977
1977
1977
1977
1977

INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU

1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INS17_U
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977

INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU

1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 XNSITU
1977 INSITU
1977 INSITU
1977 INSITU

977 INSITU
977 INSITU
977 INSITU
977 INSITU
977 INSITU
977 INSITU
977 INSITU

12.5 9.82
10.37
11.35

6.64
6.66
6.64
9.S6
9.60
9.60

10.46
6.27
6.79

10.41
6.32
9.61

14.68
3.17

10.05
9.54

11.11
7.40
3.14

10.31
7.10

10.35
9.60

14.49
6.69
9.82
7.25

13.74
10.53

6.58
13.57
13.52
12.60
10.53

4.48
4.33
5.86

.55
1.76

.55
4.42
4.32
4.32
7.19

.00
1.77
4.28

.00
4.32
4.45
3.48
4.07
3.98
5.55
2.10
3.57
4.41
2.07
4.28
4.32
9.24
2.24
4.27
2.33
6.12
7.19

.55
6.49

.9.21
6.58
7.20
1.166.46

10.91 7.22
7.77 3.07
6.70
3.17

14.30
10.35

7.24
11.62
13.68
11.11
15.45

9.86
14.55

9.74
12.92
6.58

16.52
6.58

12.45
13.69
11.35
10.85
6.45
6.79

11.12
6.58

10.69
10.37
14.49

7.37
7.37
6.59

11.31
8.95

10.60
2.98
9.30
3.94

10.28
6.66

14.49
7.07

2.16
3.48
7.16
5.34
2.33
7.18
6.79
5.55
9.75
4.42
6.45
5.42
7.66

.55
14.74

.55
4.27
6.87
5.86
4.60

.75
1.71

10.93
.55

5.56
4.33
9.25
2.22
2.31
~.65
7.21
3.88
4.42
3.62
5.02
4.88
4.20
1.76
9.25
2.04

.06 PCI/GM

.04 PCI/GM
1.31 PCI/GM
0.00 PCI/GM
0.00 PCI/GM

.57 PC1/Gkl
0.00 NcI/M2
1.42 NCI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
1.90 NcI/M2
1.01 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
1.48 NCI/M2
0.00 NcI/M2
0.00 NcI/M2
1.32 NCI/M2

.93 NcI/fM2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2

.88 NcI/M2
1.12 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
1.04 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
1.59 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
1.25 NCI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2

94 NcI/M2
0:00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2

.87 NCI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
1.26 NCI/M2
0.00 NcI/M2
0.00 NcI/M2

.60 NCI/M2
0.00 NcI/M2

.75 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2

.99 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2

LASLCHEM
CVEG
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77 .
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2042 RUI03 1977 INSITU
2C34 RUI03
2037 RUI03
2127 RU103
2058 RUI03
2154 RUI03
2013 RU103
1998 RUI03
2141 RUI03
2130 RU103
2062 RUI03
2074 RUI03
2067 RUI03
2121 RUI03
2084 RU103
2025 RUI03
2065 RUI03
2090 RU103
2047 RUI03
2061 RUI03
2088 RUI03
2048 RU103
2C93 RU103
2128 RUI03
2076 RU103
2064 RU103
2131 RUI03
2129 RU103
2083 RU103
2043 RU103
2071 RUI03
2155 RUI03
2143 RUI03
2114 RUI03
2030 RUI03
2100 RU103
2140 RUI03
2060 RUI03
2050 RUI03
2040 RUI03
2138 RUI03
2119 RU103
2049 RU103
2007 RUI03
1987 RUI03
2016 RU103
1991 RUI03
2045 RU103
2028 RUI03
2052 RUI03
2018 SR90
2028 SR90
2048 SR90
2019 SR90
2052 SR90
2018 SR90
1995 SR90
2018 SR90
2072 SR90
2052 SR90
2014 SR90
2016 SR90
2016 SR90
2073 SR90
2052 SR90
2121 SR90
2121 SR90
2028 SR90
2048 SR90
2019 SR90
2097 SR90
2052 SR90
2060 SR90
2071 SR90
2097 SR90
2118 SR90
2072 SR90
2060 SR90
2018 SR90
2014 SR90

1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
!977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITLJ
1977 INSITU
1977 INSITU
1977 INSITU
1977 SG
1977 SK
1977 SK
1977 SK
1977 SK
1977 SK
1977 TH
1977 UK
1977 GR
1977 GR
1977 GR
1977 OTHER
1977 OTHER
1977 SK
1977 SK
1.977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL

2.5
2.5

12.5
2.5

12.5
7.5
2.5

22.5
2.5
7.5
2.5
2.5
7.5
2.5

42.5
22.5

2.5
22.5

2.5
12.5

2.5
12.5
~2.5

9.82
3.~6
9.82

13.40
10.00

3.95
7.43
6.63
6.58
6.03
9.83
9.85
9.31

13.68
12.58
10.12
10.39
13.85
11.08
9.91

13.22
11.09
14.60
13.77
11.09
10.54

6.62
6.27

12.14
3.91
9.83
3.91
4.81

10.46
10.39
14.50

6.58
9.91

11.11
9.60
5.81

14.34
11.11

7.10
6.63
7.24
6.63

10.52
10.37
11.11

6.66
10.37
11.09

6.69
11.11

6.66
6.66
6.66
9.86

11.11
7.37
7.24
7.24
9.86

11.11
13.68
13.68
10.37
11.09

6.69
~5.45
11.11

9.91
9.83

15.45
i4.55

9.86
9.91
6.66
7.37

4.27
3.70
4.27
5.21
5.31
4.57
2.11
.55
.55
.60

5.10
4.35
4.96
6.87
7.17
4.27
5.01
7.69
5.74
5.07
7.66
5.87
8.57
5.47
4.52
7.19
1.87
0.00
7.19
3.49
4.48
3.49
3.00
7.18
4.30

12.20
.55

5.07
5.55
4.32
2.17
7.21
5.55
2.07

.55
2.33

.55
5.5~
4.33
5.55
1.76
4.33
5.87
2.24
5.55
1.76

.76
1.76
4.42
5.55
2.22
2.33
2.33
4.42
5.55
6.87
6.87
4.33
5.87
2.24
9.75
5.55
5.07
4.48
9.75
6.45
4.42
5.07
1.76
2.22

0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 Ncl/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2

.94 NcI/M2
1.02 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2

.83 NCI/M2
0.00 NcI/M2

.95 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
1.12 NcI/M2
0.00 NcI/M2
0.00 NcI/M2
0.00 NcI/M2

.50 PCI/GM
1.17 PCI/GM
0.00 PCI/GM
1.06 PCI/GM

.35 PCI/GM
0.00 PCI/GM
0.00 PCI/GM
0.00 PCI/GM

.50 PCI/GM
15 PCI/GM

:50 PCI/GM
.19 PCI/GM
.23 PCI/GM
.24 PCI/GM

11 PCI/GM
:50 PCI/GM

5.50 PCI/GM
.22 PCI/GM
.42 PCI/GM

1.60 PCI/GM
.37 PCI/GM

6.80 PCI/GM
.26 PCI/GM

3.50 PCI/GM
2.16 PCI/GM

.20 PCI/GM

.50 PCI/GM

.57 PCI/GM

.88 PCI/GM

.09 PCI/GM

.51 PCI/GM
1.65 PCI/GM

.21 PCI/GM

.7i PCI/GM
1.69 PCI/GM
1.32 PCI/GM

.10 PCI/GM

.39 PCI/GM

LASL77
LASL77
LASL7?
LASL7:
LASL77
LASL7?
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
CVEG
CVEG
CVEG
CVEG
CVEG
CVEG
CVEG
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
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2052 SR90
2060 SR90
2125 SR90
2097 SR90
2014 SR90
2018 SR90
2016 SR90
2019 SR90
2135 TH232
2007 TH232
2084 TH232
2052 TH232
2006 TH232
2081 TH232
2012 TH232
2029 TH232
2101 TH232
2059 TH232
2083 TH232
2090 TH232
2114 TH232
2058 TH232
2088 TH232
2071 TH232
2015 TH232
2060 TH232
2120 TH232
2096 TH232
2153 TH232
2040 TH232
2123 TH232
2086 TH232
2075 TH232
2127 TH232
2067 TH232
2062 TH232
2019 TH232
2057 TH232
2093 TH232
2126 TH232
2141 TH232
2073 TH232

1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 SOIL
1977 INSITU
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977

INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU

2032 TH232 1977 INSITU
2132 TH232 1977 INSITU
2085 TH232 .1977INSITU
2079 TH232
2047 TH232
2049 TH232
2115 TH232
2118 TH232
2134 TH232
2042 TH232
2018 TH232
2072 TH232
2025 TH232
2148 TI-1232
2116
2138
2013
2094
2128
2020
2080
2099
2095
1996
2155
2077
2024
2154
2065
2140
2129
2017
2068
2008
2048
2010
1998
2144

TH232
TH232
TH232
TH232
TH232
TH232
Tii232
TH232
TH232
TH232
TH232
TH232
TH232
TH232
TH232
TH232
TH232
TH232
TH232
TH232
TH232
TH232
TH232
TH232

1977 INSITU
1977 INSITU
1977 INSITU

977 INSITU
977 INSITU
977 INSITU
977 INSITU
977 INSITU
977 INSITU
S77 INSITU
977 INSITU

1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU

2.5 11.11
12.5 9.91

2.5 14.68
12.5 15.45

7.5 7.37
7.5 6.66
2.5 7.24
2.5 6.69

6.58
7.10

12.58
11.11

7.07
11.31

6.79
10.35
16.52

9.74
12.14
13.85
10.46
10.00
13.22

9.83
7.37
9.91

14.30
14.49

3.94
9.60

13.68
10.53
10.E5
13.40

9.31
9.83
6.69

10.35
14.60
12.45

6.58
9.86
3.17
6.70

12.60
10.53
11.08
11.11
$3.57
14.55

6.58
9.82
6.66
9.86

10.12
2.98

13.74
5.81
7.43

14.49
13.77

3.17
10.91
11.12
14.49

6.45
3.91

10.31
8.95

5.55
5.07
4.45
9.75
2.22
1.76
2.33
2.24

.55
2.07
7.17
5.55
2.04
7.21
1.77
4.28

14.74
5.42
7.19
7.69
7.18
5.31
7.66
4.48
2.31
5.07
7.16
9.24
4.88
4.32
6.79
7.19
4.60
5.21
4.96
5.10
2.24
5.34
8.57
4.27

.55
4.42
3.48
2.16
6.58
7.20
5.74
5.55
6.49
6.45

.55
4.27
1.76
4.42
4.27
3.62
6.12
2.17
2.11
9.25
5.47
3.48
7.22

10.93
9.25

.75
3.49
4.41
3.88

3.95
10.39

6.58
6.27
7.25
9.30
7.40

11.09
6.79
6.63

10.46

4.57
5.01

.55
0.00
2.33
5.02
2.10
5.87
1.71

.55
7.19

.43 PCI/GM

.38 PCI/GM

.78 PCI/GM

.30 PCI/GM

.41 PCI/GM

.17 PCI/GM

.30 PCI/GM
6.00 PCI/GM

.81 PCI/GM

.83 PCI/GM
1.10 PCI/GM
1.39 PCI/GM

.96 PCI/GM

.63 PCI/GM
1.12 PCI/GM

.96 PCI/GM

.96 PCI/GM

.98 PCI/GM

.54 PCI/GM
2.28 PCI/GM

.41 PCI/GM
i.09 PCI/GM
1.04 PCI/GM
1.02 F’CI/GM

.29 PCI/GM
~.32 PCI/GM
1.28 PCI/GM

.61 PCI/GM

.64 PCI/GM

.65 PC1/GM
2.03 PCI/GM

.45 PCI/GM

.75 PCI/Ghl
1.18 PCI/GM

.36 PC1/GM

.88 PCI/GM

.51 PCI/GM

.94 PCI/GM

.89 PCI/GM

.96 PCI/GM

.95 PCI/GM
3.33 PC1/GM
1.32 PCI/GM

.47 PCI/GM

.89 PCI/GM

.45 PCI/GM

.73 PCI/GM

.71 PCI/GM
1.00 PCI/GM
1.27 PCI/GM

.79 PCI/GM
1.36 PCI/GM

.71 PCI/GM
1.2~ PCI/GM

.80 PCI/GM
14 PCI/GM

i:35 PCI/GM
.84 PCI/GM

1.23 PCI/GM
.87 PCI/GM

1.45 PC1/GM
.97 PCI/GM
.47 PCI/GM
.39 PCI/GM
.67 PCI/GM
.95 PCI/GM
.95 PCI/GM
.9i PCI/GM
.83 PCI/GM
.54 PCI/GM
.73 PCI/GM
.97 PCI/GM
.87 PCI/GM

1.47 PCI/GM
1.08 PCI/GM

.76 PCI/GM

.64 PCI/GM

.7i PCI/GM

.93 PCI/Gkl

.36 PCI/GM

LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASLCHEM
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77

77



2014 TH232
2147 TH232
2076 TH232
2037 Tli232
2119 TH232
2038 TH232
2033 TH232
2009 TH232
1997 TH232
2016 TH232
2082 TH232
2034 TH232
2030 TH232
2023 TH232
2027 TH232
2139 TH232
2074 TH232
2092 TH232
2055 TH232
2136 TH232
2142 TH232
2143 TH232
2031 TH232
2026 TH232
2087 TH232
2011 TH232
2066 TH232
2097 TH232
2130 TH232
2125 TH232
2028 TH232
2050 TH232
2064 TH232
2053 TH232
2041 TH232
2043 TH232
2039 TH232
2022 TH232
2100 TH232
2121 TH232
2061 TH232
2146 TH232
2122 TH232
2131 TH232
2017 U238
2029 U238
2057 U238
2043 U238
2019 U238
2058 U238
2015 U238
2093 U238
2010 U238
2129 U238
2090 U238
2128 U238
2012 U238
2080 U238
2142 U238
2147 U238
2052 U238
2062 U238
2048 U238
2138 U238
2060 U238
2155 U238
2016 U238
2027 U238
2131 U238
2024 U238
2064 U238
2132 U238
2141 U238
2022 U238
2146 U238
2154 U238
2025 U238
2085 U238

1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977

INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU

1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU

2034 U238 1977 INSITU
2014 U238 1977 INSITU

7.37
7.77

11.09
9.82

14.34
9.60
3.14
6.59
6.46
7.24

11.62
3.16

10.39
9.54

10.28
6.58
9.85

13.52
11.35

6.58
6.27
4.81

10.41
10.05
12.92

6.32
10.60
15.45
6.03

14.68
10.37
11.11
10.54
10.69
9.61
3.91
9.60
9.60

14.50
13.68

9.91
9.82

13.69
6.62
7.25

10.35
10.35

3.91
6.69

10.00
7.37

14.60
6.79
6.27

13.85
13.77
6.79

10.91
6.27
7.77

11.11
9.83

11.09
5.81
9.91
3.91
7.24

10.28
6.62
8.95

10.54
6.70
6.58
9.60
9.82
3.95

10.12
12.60

3.16
7.37

2.22
3.07
4.52
4.27
7.21
4.32
3.57
1.65
1.16
2.33
7.18
3.70
4.30
3.98
4.20

.55
4.35
9.21
5.86

.55

.00
3.00
4.28
4.07
7.66

.00
4.42
9.75

.60
4.45
4.33
5.55
7.19
5.56
4.32
3.49
4.32
4.32

12.20
6.87
5.07
4.27
6.87
1.87
2.33
4.28
5.34
3.49
2.24
5.31
2.31
8.57
1.71
0.00
7.69
5.47
1.77
7.22

.00
3.07
5.55
5.10
5.87
2.17
5.07
3.49
2.33
4.20
1.87
3.88
7.19
2.16

.55
4.32
4.27
4.57
4.27
6.58
3.70
2.22

1.82 IJCI/GM
.64 PCI/GM
.43 PCI/GM

1.24 PCI/GM
.84 PCI/GM
.64 PCI/GM

1.03 PCI/GM
1.39 PCI/GM

.50 PCI/GM
1.22 PCI/GM
1.09 PCI/GM
1.15 PCI/GM
1.11 PCI/GM
1.00 PCI/GM

.47 PCI/GM

.89 PCI/GM

.81 PCI/GMl

.31 PCI/GM

.98 PCI/GM

.78 PCI/GM

.79 PCI/GM

.71 PCI/GM

.78 PCI/GM
1.17 PCI/GM
1.19 PCI/GM
1.06 PCI/GM
1.22 PCI/GM
1.04 PCI/GM
1.52 PCI/GM
1.49 PCI/GM
1.08 PCI/GM

.67 PCI/GM

.46 PCI/GM

.49 PCI/GM

.84 PCI/GM

.69 PCI/GM

.68 PCI/GM

.98 PCI/GM
1.09 PCI/GM
2.80 PCI/GM
1.42 PCI/GM

.45 PCI/GM
2.74 PCI/GM

.70 PCI/GM
1.45 PCI/GM

.82 PCI/GM

.83 PCI/GM
1.01 PCI/GM

.’58 PCI/GM

.89 PCI/GM

.69 PCI/GM

.85 PCI/GM

.65 PCI/GM

.76 PCI/GM
1.29 PCI/GM
1.06 PCI/GM

.93 PCI/GM

.69 PCI/GM

.77 PCI/GM

.75 PCI/GM

.93 PCI/GM

.85 PCI/GM
1.41 PCI/GM

.68 PCI/GM

.82 PCI/GM
1.04 PCI/GM
1.15 PCI/GM

.71 PCI/GM

.68 PCI/GM
1.81 PCI/GM

.47 PCI/GM

.64 PCI/GM

.72 PCI/GM

.84 PCI/GM
<57 PCI/GM
.67 PCI/GM
.9~ PCI/GM
.96 PCI/GM

1.11 PCI/GM
1.27 PCI/GM

LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77

78



2071 U238
2028 U238
2032 U238
2127 U238
2086 U238
2049 U238
2039 u238
2130 U238
2095 U238
2047 U238
2118 U238
2148 U238
2068 U238
2077 U238
2084 U238
2011 U238
2007 U238
2088 U238
2092 U238
2139 U238
2039 U238
2038 U238
2121 U238
2037 U238
2031 U238
2136 U238
2076 U238
2041 U238
2087 U238
2125 U238
2096 U238
2115 U238
20E2 U238
2119 U238
2008 U238
2026 U238
2094 U238
2123 U238
2122 U238
2013 U238
2120 U238
2067 U238
1998 U238
2009 U238
2079 U238
2081 U238
2116 U238
2153 U238
2140 U238
2083 U238
2101 U238
2023 U238
2100 U238
2059 U238
2030 U238
2097 U238
1997 U238
2074 U238
2061 U238
2042 U238
2055 U238
2114 U238
2072 U238
2065 U238
2018 U238
2040 U238
2053 U238
2135 U238
2144 U238
2020 U238
2006 U238
2066 U238
2073 U238
2134 U238
2143 U238
2126 U238
2033 U238
2050 U238
2075 U238
1996 U238

1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977
1977
1977
1977
1977
1977
1977
1977
1977

INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU

1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977

IN51TU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITb
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INiITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU

1977 INSITU
1977 INSITU
1977 INSITU
1977
1977
1977
1977
1977
1977
1977
1977
1977

INSITU
INSITU
INSITU
XNSITU’
INSITU
INSITU
INSITU
INSITU
INSITU

9.83
10.37

3.17
13.40
10.53
11.11
11.12

6.03
14.49
11.08
14.55

2.98
9.30

10.31
12.58

6.32
7.10

13.22
13.52

6.58
9.60
9.60

13.68
9.82

10.41
6.58

11.09
9.61

12.92
14.68
i4.49
13.57
11.62
14.34

7.40
10.05
14.49
13.68
13.69

7.43
14.30

9.31
6.63
6.59

10.53
11.31
13.74

3.94
6.58

12.14
16.52
9.54

14.50
9.74

10.39
15.45

6.46
9.85
9.91
9.52

11.35
10.46

9.86
10.39

6.66
9.60

10.69
6.58

4.48
4.33
3.48
5.21
7.19
5.55

10.93
.60

9.25
5.74
6.45
3.62
5.02
4.41
7.17

.00
2.07
7.66
9.21

.55
4.32
4.32
6.87
4.27
4.28

.55
4.52
4.32
7.66
4.45
9.24
6.49
7.18
7.21
2.10
4.07
9.25
6.79
6.87
2.11
7.16
4.96

.55
1.65
7.20
7.21
6.12
4.88

.55
7.i9

14.74
3.98

12.20
5.42
4.30
9.75
1.16
4.35
5.07
4.27
5.86
7.18
4.42
5.01
1.76
4.32
5.56

.55
10.46 7.19

3.17 3.48
7.07 2.04

10.60
9.86
6.58
4.81

12.45
3.14

11.11
10.85

6.45

4.42
4.42

.55
3.00
4.27
3.57
5.55
4.60

.75

.96.PCI/Gt4

.90 PCI/GM
1.11 PCI/GM

.93 PCI/GM

.43 PCI/GM

.71 PCI/GM

.51 PCI/GM
1.23 PCI/GM

.63 PCI/GM
1.54 PCI/GM

.96 PCI/GM

.96 PCI/GM

.96 PCI/GM

.91 PC1/GM

.93 PC1/GM

.89 PCI/GM

.75 PCI/GM
1.71 PCI/GM

.43 PCI/Gt4

.65 PCI/GM
1.04 PCI/GM
1.05 PCI/GM
1.17 PCI/GM
1.02 PCI/GM

.75 PCI/GM

.56 PCI/GM

.71 PC1/GM
1.01 PCI/GM

.93 PCI/GM
~.~8 PCI/GM

.78 PCI/GM

.95 PC1/GM

.88 PCI/GM

.68 PCI/GM

.83 PC1/GM

.96 PCI/GM

.73 PCI/GM

.98 PCI/GM
1.39 PC1/GM

.98 PCI/GM

.92 PCI/GM

.75 PCI/GM

.89 PC1/GM
1.20 PCI/GM

.68 PCI/GM
77 PCI/GM

1:00 PCI/GM
1.31 PCI/GM

.77 PC1/GM

.79 PCI/GM

.81 PCI/GM
1.08 PCI/GM
1.02 PCI/GM

.96 PCI/GM

.88 PCI/Gt4
1.03 PCI/GM

.48 PCI/GM

.94 PCI/GM

.89 PCI/GM

LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77

1.02 PCIjGM
.73 PCI/GM
.54 PCI/GM
.95 PCI/GM
.91 PCI/GM LA5L77
.71 PCI/GM LASL77

1.02 PCI/GM LASL77

LASL77
LASL77
LASL77
LASL77

.80 PCI/GM
0.00 PCI/GM

34 PCI/GM
2:04 PCI/GM
1.02 PCI/GM

.91 PCI/GM
1.05 PCI/GM

.88 PCI/GM

.85 PCI/GM

.83 PCI/GM
1.34 PCI/GM

.72 PCI/GM

.71 PCI/GM

.93 PCI;GM

LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
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2055 ZR95
1990 ZR95
2018 ZR95
1988 ZR95
2140 ZR95
2024 ZR95
2319 ZR95
2093 ZR95
2097 ZR95
2022 ZR95
2028 ZR95
2039 ZR95
2047 ZR95
2138 ZR95
208i ZR95
2076 ZR95
2119 ZR95
2094 ZR95
2017 ZR95
2096 ZR95
21i8 ZR95
2087 ZR95
2052 ZR95
2059 ZR95
2125 ZR95
2086 ZR95
2088 ZR95
2010 ZR95
2037 ZR95
2143 ZR95
2134 ZR95
2061 ZR95
2023 ZR95
2121 ZR95
2080 ZR95
2073 ZR95
2042 ZR95
2083 ZR95
2033 ZR95
1997 ZR95
2074 ZR95
2123 ZR95
2095 ZR95
2147 ZR95
1996 ZR95
2049 ZR95
2057 ZR95
2040 ZR95
2072 ZR95
2026 ZR95
2065 ZR95
2011 ZR95
2122 ZR95
2013 ZR95
2136 ZR95
2i55 ZR95
2092 ZR95
20~6 ZR95
2029 ZR95
2130 ZR95
2077 ZR95
2038 ZR95
2067 ZR95
2100 ZR95
2101 ZR95
2060 ZR95
2144 ZR95
2034 ZR95
2127 ZR95
2129 ZR95
2012 ZR95
2154 ZR95
2128 ZR95
2114 ZR95
2025 ZR95
2018 ZR95
2068 ZR95
2015 ZR95
2075 ZR95
2064 ZR95

1977 GR
1977 GR
1977 GR
1977 GR
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977
1977
1977
1977
1977
1977
1977
1977
1977

INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU

1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977

INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU
INSITU

1977 INSITU
1977 IN51TU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU

11.35 5.86
6.64 .55
6.66 1.76
6.64 .55
6.58 55
8.95 3:88
6.69 2.24
4.60 8.57
5.45 9.75
9.60 4.32
0.37 4.33
9.60 4.32
i.08 5.74
5.81 2.!7
1.31 7.21
1.09 4.52
4.34 7.21

14.49
7.25

14.49
14.55
12.92
11.11

9.74
14.68
10.53
13.22

6.79
9.82
4.8i
6.58
9.91
9.54

13.68
10.91

9.86
9.82

12.14
3.14
6.46
9.85

13.68
14.49

7.77
6.45

11.11
10.35

9.60
9.86

10.05
10.39

6.32
13.69

7.43
6.58
3.91

13.52
7.24

10.35
6.03

10.31
9.60
9.31

14.50
16.52

9.91
10.46

3.16
13.40

6.27
6.79
3.95

13.77
10.46
10.12

6.66
9.30
7.37

10.85
10.54

9.25
2.33
9.24
6.45
7.66
5.55
5.42
4.45
7.19
7.66
1.71
4.27
3.00

.55
5.07
3.98
6.87
7.22
4.42
4.27
7.19
3.57
1.16
4.35
6.79
9.25
3.07

.75
5.55
5.34
4.32
4.42
4.07
5.01

.00
6.87
2.11

.55
3.49
9.21
2.33
4.28

.60
4.41
4.32
4.96

12.20
14.74

5.07
7.19
3.70
5.21
0.00
1.77
4.57
5.47
7.18
4.27
1.76
5.02
2.31
4.60
7.19

5.80 PCI/GM
2.99 PCI/GM
3.54 PCI/GM
2.33 PCI/GM
0.00 NcI/M2
2.58 NCI/M2
2.37 NCI/M2
2.75 NCI/M2
3.05 NcI/M2
2.88 NCI/M2
3.41 NcI/M2
1.57 NcI/M2
3.33 NcI/M2
5.04 NcI/M2
2.86 NCI/M2
2.74 NCI/M2
3.57 NcI/M2
2.79 NCI/M2
2.86 NCI/M2
2.56 NCI/M2
3.16 NCI/M2
2.84 NCI/M2
3.12 NCI/M2
2.30 NCI/M2
3.24 NCI/M2
2.27 NCI/M2
5.82 NCI/M2
2.57 NCI/M2
3.28 NCI/M2
0.00 NcI/M2
0.00 NcI/M2
2.90 NCI/M2
2.74 NCI/M2
2.95 NCI/M2
2.98 NCI/M2
3.19 NcI/M2
3.02 NCI/M2
2.42 NCI/M2
1.45 NcI/M2
1.01 NcI/M2
2.21 NcI/M2
0.00 NcI/M2
2.17 NCI/M2
0.00 NcI/M2
3.04 NcI/M2
3.05 NcI/M2
3.32 NCI/M2
3.12 NCI/M2
3.32 NCI/M2
2.99 NCI/M2
0.00 NcI/M2
2.44 NCI/M2
3.32 NCI/M2
2.46 NCI/M2
0.00 NcI/M2
2.62 NCI/M2
2.56 NCI/M2
3.78 NCI/M2
4.11 NcI/M2
0.00 NcI/M2
3.38 NCI/M2
2.33 NCI/M2
0.00 NcI/M2
2.76 NCI/M2
3.78 NCI/M2
2.39 NCI/M2
1.52 NCI/M2
2.41 NCI/M2
2.56 NCI/M2
1.78 NCI/M2
3.22 NCI/M2
1.36 NCI/M2
2.12 NcI/M2
0.00 NcI/M2
2.89 NCI/M2
3.05 NcI/M2
3.53 NcI/M2
2.22 NcI/M2
2.09 NCI/M2
2.42 NCI/M2

LLL GELI
LLL GELI
LLL GELI
LLL GELI
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77



2027
21 !53
2090
?!)99
2031
2082
2043
2126
2148
2062
200s
2131
2014
2135
2055
2050
2116
2142
2084
2058
2139
2032
2085
2009
1998
2146
2132
2041
2006
2141
2066
2020
2048
2007
2115
2120
2030
2053
2079
2071
2049
2007
1987
2045
1991
2016
2028
2052

ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95
ZR95

1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 INSITU
1977 SG
1977 SK
1977 SK
1977 SK
1977 SK
1977 SK
1977 TH
1977 UK

10.28
3.94

13.85
11.12
10.41
11.62

3.91
12.45

2.98
9.83
7.40
6.62
7.37
6.58

11.35
11.11
13.74

6.27
12.58
10.00

6.58
3.17

12.60
6.59
6.63
9.82
6.70
9.61
7.07
6.58

10.60
3.17

11.09
7.10

13.57
14.30
10.39
10.69
10.53
9.83

11.11
7.10
6.63

10.52
6.63
7.24

10.37
11.11

4.20
4.88
7.69

10.93
4.28
7.18
3.49
4.27
3.62
5.10
2.10
1.87
2.22

.55
5.86
5.55
6.12

.00
7.17
5.31

.55
3.48
6.58
1.65

.55
4.27
2.16
4.32
2.04

.55
4.42
3 48
5.87
2.07
6.49
7.16
4.30
5.56
7.20
4.48
5.55
2.07

.55
5.51

.55
2.33
4.33
5.55

2.48 NCI/M2
1.46 NCI/M2
5.81 NCI/M2
2.01 NcI/M2
2.59 NCI/M2
4.17 NcI/M2
0.00 NcI/M2
2.29 NCI/M2
2.45 NCI/M2
0.00 NcI/M2
3.42 NCI/M2
1.55 NcI/M2
2.89 NCI/M2
0.00 NcI/M2
1.93 NcI/M2
0.00 NcI/M2
3.13 NcI/M2
1.52 NCI/M2
2.94 NCI/M2
2.77 NCI/M2
0.00 NcI/M2
2.04 NCI/M2
4.64 NCI/M2
2.83 NCI/M2
3.27 NCI/M2
1.69 NCI/M2
0.00 NcI/M2
3.31 NcI/M2
4.79 NcI/M2
0.00 NcI/M2
3.04 NcI/M2
0.00 NcI/M2
2.4E NCI/M2
1.92 NCI/M2
3.16 NCI/M2
0.00 NcI/M2
3.47 NcI/M2
3.09 NcI/M2
2.44 NCI/M2
3.83 NCI/M2
2.53 PCI/GM
3.63 PCI/GM

.80 PCI/GM
2.45 PCI/GM

.90 PCI/GM
3.50 PCI/GM
1.24 PCI/GM
1.59 PC1/GM

LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LASL77
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
LLL GELI
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APPENDIX B

LOG OF FIELD OPERATIONS FOR SURVEY OF TRINITY, 1977

During the survey of the Trinity fallout zone, each
samplelocationwas marked with a woodenstake witha
brass tag attached. The number correspondingto the
data “tag word” was stamped on the brass tag. The
locationswere noted on topographicalmaps of the area
and in fieldnotebooks.Thesedocumentswillbe kept in a
master fde with the Los Alamos National Laboratory
EnvironmentalSurveillanceGroup. Tag words that are
not in the followinglist representcalibrationchecks or
measurements at locations outside the Trinity fallout
zone.

1985

1986
1987

1988

1989

1990

1991

1992

1993

1994

1995

82

6/20/77;backgroundspectrumtaken withplanar
Ge(Li)at Los Alamos National Laboratory con-
trol plot -3 milessouth of GZ.
6/20/77; insideGZ innerfence.Planar Ge(Li).
6/20/77; insideGZ inner fence, 13m from fence
northeastof monument.Planar Ge(Li).
6/20/77; insideGZ innerfence,7 m north of the
monument.Planar Ge@i).
6/20/77; insideGZ innerfence, 10 m from fence
east of the monument.Planar Ge(Li).
6/21/77; outsideof innerfenceat GZ, 12m south
of east outhouses.Planar Ge(Li).
6/21/77; outside of the inner fence at GZ.
Located east of entranceroad, 13 m north of the
gate. Planar G~Li).
6/21/77; located at Los Alamos National Labo-
ratory GZ study plot, 1 mile north of fence.
Taken at west sideof the plotnear the stake,20 m
southeastof bunkers,80 m southwestof Bagnold
sampler.Planar Ge(Li).
6/22/77; near EPA No. 12117 (Beck Site).
Planar Ge(Li).
6/27/77; control site, 3 miles south of GZ. V-8
Ge(Li) set up over stake at southeast corner of
plot.
6/27/77; at northwestcornerof plo~ 1milenorth
of GZ. Same locationas No. 1992.

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008
2009

2010

2011

2012

6/27/77; taken at end of a playa north and west
of GZ.
6/27/77; 1 milenorth of Beck Site.Same as No.
1993.
6/28/77; 23 m insidegate at outer fence at GZ
and 16 m of barbed wirefencealongroadway.
6/28/77; correspondsto locationat tag word No,
1991.
6/28/77; insideinner fence, 10 m north of gate.
Closeto No. 1986location.
6/28/77; inside inner fence; 7 m north of the
monument.
6/28/77; insideinner fence,8 m westof fenceon
east sideof the monument.
6/28/77; inside inner fence, 13 m from fence
north northeast of the monument.Same as No.
1987 location.
6/28/77; 1milesouthof outergate ofGZ, 100m
westof roadway.
6/29/77; several mileseast of Mine Site, about
8-10 miles northeast of GZ. See page 17 of
Trinity Fieldlog book for sketch.
6/29/77; near WSMR radar site, close to No.
2005.
6/29/77; east of Nos. 2005 and 2006 in a
drainagebasin.
6/29/77; 1.4 mileswestof No. 2007.
2/29/79; taken in a wateringpond 0.7 milesouth
of Mine Site,whichcollectssedimentfrom areas
to the east.
6/29/77; located at southwest corner of I-m
AlamosNationalLaboratory Area 16study plot.
6/30/77; locatedat southeastcornerof Las Ala-
mos National Laboratory Control Plot 3 miles
south of GZ. Samelocationas No. 1994.
6/30/77; located 1 mileeast of Junctionof Beck
Site Road and WSMR, Route 13 and -50 miles
north of road.



2013

2014

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030

6/30/77; located4.1 milesbyroad fromBeckSite
Road/Route 13Junction.SampleShe k 1.7 mileS
north of the pointwherethe road turns north and
is w30 mileswest of road.
6/30/77; locatedin bottomof SmithTank (larger
tank to the west); 6.4 milesby road from Beck
Site Road/Route 13Junction and 2.3 milesfrom
No. 2013.
6/30/77; located at the crest of a ridge 0.3 mile
north of SmithTank.
6/30/77; located 0.4 mile west of fence around
Smith Ranch buildingsalong old road, then 0.2
milenorth of road at east edge of an old playa
collectingsedimentfrom the east.
6/30/77; located xO.4 mile west of No. 2016 at
the west edgeof the same playa.
7/4/77; 6 milesnorth of outer fenceof GZ about
30 m to the east of road.
7/4/77; 8-9 milesnorth of GZ fence,-30 m east
of a telephoneright of way.
7/4/77; located 20 miles south of Hwy 380 in a
large arroyo. The arroyo is 2.5 mileseast of San
Antonio.
7/5/77; located above Area 21 study plot at a
large black water tower. Same location as No.
2146.
7{5/77; 12 m south of MeteorologicalStation at
Area 21 study plot on ridge.
7/5/77; on USGS “Broken Back Crater” 15min
quadrangle: R.I.E.; T.4S. Section 10, 600 m
south of 1919m elevationmarker. In basin.
7/5/77; -0.3 mileeast and southofHinkleRange
Headquarters, 0.1 mileeast of main highwayon
dirt access road. Adjacentto large drainage.
7/6/77; 0.7 mile past turnoff to Area 21 study
ploton top of a saddle,30 milesnorth of theroad.
7/6/77; past No. 2025 east to fuxt cattle guard,
then south -0.6 mile to a point where the
drainagebasin beginsto narrow.
7/6/77; -1.5 to 2 mileseast of a gas pumphouse
on the north. Sample site is on a knoll east of a
large basin 0.2 milesouth of the main road.
7/6/77; -0.5 mileeast of No. 2027 and 0.3 mile
south of the highwayin a closedbasin.
7/6/77; same as No. 2028but 60 m farther south
next to water hole.
7/6/77; 150 m northeast of No. 2028 in same
sedimentbasin.

2031

2032

2033

2034

2037

2038

2039

2040

2041

2042

2045

2046

2047

2048
2049

2050

2051

2052

2053

2054
2055

2057

7/6/77; same sedimentbasin as in No. 2028 but
up on a slope leading to the basin. Severesheet
erosion.
7/7/77; -10 miles south of Hwy 380, -0.3 mile
east of Rio Grande, in dirt tank.
7/7/77; 100m north of Hwy 380 at bridgeover
Rio Grande. Detector setup 10m into riverbed.
7/7/77; located on a flood plain on east bank of
the Rio Grande, 0.25 milenorth frombridge.
7/12/77; belowArea 21 at water bank in basin,
+.5 mileoff main road and 150 m west of the
large dirt tank.
7/12/77; located at the northeast corner of Area
21 studyplot.
7/12/77; located at the northwest corner of the
Area 21 study plot.
7/12/77; located at the southwestcorner of the
Area 21 study plot.
7/12/77; located at the southeast corner of the
Area 21 study plot.
7/12/77; located 100m west of No. 2037 at dirt
tank belowArea 21.
7/13/77; located 90 m north of 20° west of
garage at CopelandRanch.
7/13/77; 1 mile south of EPA No. 151 at a
windmill,Also, at a sectioncorner 1 milenorth
and 3 mileseast of CopelandRanch.
7/13/77; replicateof No. 2046,but 100m north-
east.
7/13/77; located at EPA No. 151.
7/14/77; located on the shoulder of a large
enclosed watershed, Located at the depression
and tank in Section 24 R.8E., T.25, of “Cat
Mesa” USGS quadrangle.
7/14/77; 100 m east of No. 2049 on shoulder.
Replicate.
7/14/77; located in bottom of depression100 m
east of the water tank. Same depressionas Nos.
2049 and 2050.
7/14/77; replicateof No. 2051, 100m north and
45 m east of No. 2051.
7/14/77; locatedon a ridgetop 1 milenorth and
0.7 mileeast of CopelandRanch.
7/14/77; 100m north of No. 2045.Replicate.
7/14/77; 4.5 mileseast of CopelandRanch tur-
noff,16milessouth of the road in a wide,lowarea.
7/18/77; located -100 m from Monte Puerto
Ranch headquarters,north 65° westto frontdoor
of house.
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2058

2059

2060

2061
2062
2064

2065

2066

2067

2068

2069

2071

2072

2073

2074

2075
2076

2077

2079

2080

2081

2082

7/18/77; located -1.5 miles south of Monte
Puerto Ranch past Bench Mark, then 0.2 mile
south of road in open,grassy basin.
7/18/77; located at Mesa Wellon Monte Puerto
Ranch, north of the windmill-200 m.
7/18/77; located at a dirt tank called South
Potholeon the MontePuerto Ranch, at middleof
sedimentaccumulation.
7/18/77; replicateof No. 2060.
7/18/77; 100m from fencegate at Pothole.
7/19/77; 4.25 milesouthof pavedroad No. 14.
This is the Gran Quiviracontrolsiteandis -10 m
west of the road just south of the Gran Quivira
serviceroad.
7/19/77; locatedon Cat Mesa20 m east of road,
0.1 milessouth of BenchMark 6239,
7/19/77; located 1.3mileseast of Rugh Welljust
south of MaxwellRanch headquarters,20 m west
of road near junction of severalmajor drainages
off Cat Mesa.
7/19/77; located 2.25 miles south and 1.1 miles
west of Mesa Wel on the MontePuerto Ranch.
7/19/77; located0.2 milenorth of No. 2067 on a
ridge.
7/19/77; located 1.2 mileseast of Line Tank on
the Monte Puerto Ranch, 0.1 mileeast of USGS
BenchMark 6213.
7/20/77; ridge north of Cuate Tank on Hinkle
Ranch.
7/20/77; located in fla~ grassy sedimenttrap at
Cuate Tank on HinkleRanch.
7/20/77; replicate of No. 2072, located 100 m
east of No. 2072.
7/20/77; located 1 mile south of Cuate Tank on
south facingslope.
7/20/77; cabin in the “Y” of the road.
7/20/77; located near a water tank 3.25 miles
east of MaxwellRanch turnoff,zO.25 milesouth
of road.
7/20/77; located at intersectionof NM 14 and
road to Lovelace/MaxwellRanches.
7/21/79; control site,same as No. 2064.
7/21/77; located on NM 14, 2 miles east of
pavementpast Gran Quivira.
7/21/77; located on NM 14, 4 miles east of
pavementpast Gran Quivira.
7/21/77; located on NM 14, 6 miles east of
pavementpast Gran Quivira, 100 m south past
place whereroad turns toward Claunch.

2083

2084

2085

2086
2087

2088

2090

2090

2092

2093

2094

2095

2096

2097

2099

2100

2101

2102

7/21/77; located on Forest Road 167,3,5 miles
east of NM 14,20 m southof road.
7/21/77; located at the junction of Forest Road
167 and Forest Road 161.
7/21/77; located 3 miles south of Forest Road
167on Forest Road 161.Siteis at the intersection
with a road from NM 14 going to the Surrat
Ranch.
7/25/77; Gran Quiviracontrol site.
7/25/77; located near the intersectionof SR 14
and the road to the Atkinson Ranch, T. 1.N;
R.1O.E,Sec. 23 at northeast sideof Forest Road
167 and Forest Road 137jet.
7/25/77; located 2 mileseast of No. 2087, 10 m
north of the road.
7/26/77; located 7.25 miles west of SR 42 on
Forest Road 167.Locatednorth of the road near
an occupiedranch.
7/26/77; located just east of the intersectionof
Forest Road 167 and NM 42 at locationof EPA
No. 19.
7/26/77; located about 6 miles northwest of
Cedarvaleon NM 42 at southwestsideof road-
siderest area.
7/27/77; located -1.5 miles southeast of
CedarValenear aircraft radio beacon at “Corona
Airport.”
7/27/77; located on north-south road to Piiios
Wells in an arroyo upstream to a cattle tank,
T.2.N; R.12.E.
7/27/77; same as No. 2094, but moved up to
nearest bench to the north abovearroyo bottom,
7/27/77; same as No. 2094, but moved up to
nearest bench to the south above the arroyo
bottom.
7/27/77; located in Salt Lake basin (southern
extreme)R.13.E;T.2.N.
7/28/77; locatednear thejunction of NM 42 and
the ERDA Solar IrrigationProject turnoff,close
to EPA No. 24.
7/28/77; located about 22 mileseast of Willard
on U.S. 60. Locatedon highground,that is,slight
rise.
7/28/77; located about 15 milesnorth of Encino
on U.S. 285 on east sideof road on east ridgeof
PedernalMountain.
to 2113 were locationsaround Los Alarnosused
for TA-45, Bayo Canyon, Acid Canyon, and
PuebloCanyon Resurvey.
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2114
2115

2116

2118

2119

2120

2121

2122
2123

2125

2126

2127

2128

2129

2130

8/8/77; Gran Quiviracontrol site.
8/8/77; located at junction of Forest Roads 99
and 161, 10mileswestof NM 54. Samplesite is
on the northeast sideof the “T” intersectionand
30 m north of Forest Road 161and 30 m east of
Forest Road 99.
8/8/77; located -2.3 mileseast of No. 2115 on
Forest Road 161. Site is in a medium-sized
arroyo 40 m north of road.
8/9/77; located 5.5 miles west of Coron% 2.5
miles west on Forest Road 141 to “Primitive
Road” sign on south sideof road, 30 m west of
sign.
8/9/77; locatedin a saddles0.5 milesoutheastof
North Peak, 0.7 mileeast of Forest Road 104on
a “two-rut” road.
8/9/77; locatedin a largestreamchanneljust east
of Forest Road 140.Siteis at the confluenceof a
side stream with the main channel,40 m east of
Forest Road 140 and just above a newly con-
structeddirt tank.
8/9/77; locatedon GallinasPeak zIO m north of
Forest Road 102 at a smalljeep trail. Site is on
the leeward slope(north).
8/9/77; Replicateof 2121,200 m east.
8/9/77; located near the intersectionof Forest
Roads 99 and 102on Forest Road 102,50-75m
westof Forest Road 99, 10m southof road.
8/10/77; located 3 mileseast of NM 54 on the
Bond Ranch. Site is 40 m south of the road in
grassy stream bottom.
8/10/77; located 17.2mileswest of NM 54,past
Harvey Ranch.
7/10/77; located near the windmill at the Er-
ramouspe Ranch.
8/10/77; located -0.5 mile north of the Er-
ramouspeRanch, 15m from dirt tank.
10/4/77; located at southeast corner of the GZ
controlplot. Same as Nos. 1985and 1994.
10/5/77; located -2 mileswest of fence at GZ
alongWSMR No. 20. Siteis 150m north of road
on a playa.

2131

2132

2133

2134

2135

2136

2138

2139

2140

2141

2142

2143

2144
2146

2147

2148

2153

2154

2155

10/5/77; 5.5 to 6 miles north of GZ. Fence at
right-handbend in the road, 50 m westof apexof
turn.
10/5/77;locatednear minesiteonWSMR.Siteis
-60 m southwestof the whitedome.
10/5/77; recount of No. 1998 inside the outer
fenceat GZ.
10/5/77;insideinnerGZ fenceandthe righ~-10
m insidegate.
10/5/77; inside inner GZ fence, north of the
monumentand 7 m fromfence.
10/5/77; insideinnerfence, 10m westof wooden
cover.
10/5/77; locatedon WSMR midwayfrom Route
7 to mine site at intersectionof a road leading
south.
10/6/77;withinouter fenceat GZ, fromgate,3rd
fence corner in clockwise direction and 20 m
toward monument.
10/6/77; withinouter fence at GZ. Site is at 6th
fence corner clockwiseand 15 m toward monu-
ment.
10/6/77;withinouter fenceat GZ. Siteis at loth
corner clockwiseand 30 m toward monument.
10/6/77;southeastcorner of EcologyGZ control
site.
10/6/77; located at White Sands “Gold” road
block alongNM 380,-45 m south of road.
20/7/77; Gran Quiviracontrol site.
10/7/77; recount of Nos. 2021 and 1981 above
Area 21 at the black water tower.
10/9/77; located-0.5 milenortheastof Bingham
in large dirt tank.
10/9/77; located 1.5 mileseast of San Antonio
along NM 380.
10/11/77; located 4.6 miles past the fwst cattle
guard after crossingRio Grande Bridgeat Escon-
dida. This is east of the river at Socorro.
10/11/77; located 7.7 milesfrom No. 2153 along
the road. Siteis east and a littlesouth of Socorro.
10/11/77; located 9.3 milesfrom No. 2154 near
an old stone house. Site is severalmilesnorth of
NM 380.
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APPENDIX C

IN SITU INSTRUMENT CALIBRATION

1. CALIBRATIC)N OF INSTRUMENT RESPONSE
AND FIELD APPLICATION

Calibrationof in situgamma-ray spectroscopyinstru-
ment responsedependson the distributionof the radio-
nuclides of interest as a function of depth of soil.
Naturally occurringradionuclidesare usuallyuniformly
distributed,but surfacedeposited radionuclidessuch as
those from the Trinityevent,whichhave leachedintothe
soilhorizons,exhibita distributionthat is a complicated
functionof rainfallinput, soilproperties,vegetationtype
and density, and the like.Accordingly,soil profflesam-
plingat certain of the in situmeasurementlocationswas
done, and the results extrapolated to the rest of the
locationsby a modelto be describedbelow.

A. Calibrationof InstrumentResponse

The response of the closed-end, cylindrical Ge(Li)
detector,placed at a fixedheightof one meter abovethe
soil, is an energydependent function of the angular
response of the detector and the ilux of unscattered
photons incidentat the detector per unit of soilradioac-
tivity.

A generalequationexpressingthis relationis

Nf/s =(N#j))(Nf/No)(+/S) , (c-1)

whereNf/s is the countingrate in the photopeakper unit
of soilradioactivity;No/+ is the numberof countsin the
photopeakof interestper incidentphoton/cm2for a point
sourceat 0° fromthedetector’saxis;Nf/NOis an angular
correctionfactor to account for nonuniformresponseat
anglesbetween0° and 90°; and +/s is the theoreticalflux
of unscatteredphotonsincidentat the detectorper unitof
soil activity. Normally, calibration involvesa calcula-
tional procedure independentof the geometriesof the
distributedsources to be evaluated. Radionuclidesthat
have been redistributedthrough the verticalprofdefrom
an initial surface depositionare usually assumed to be

exponentiallydistributed.As a crosscheckof the labora-
tory calibration and suitabilityof the soil samplingfor
estimationof vertical distribution,an empiricalcalibra-
tion was attemptedas well.

The coefficientNf/$ = (NO/$)(NJNO)(that is, the
productof the first two terms on the right)representsthe
total detector registration efficiency for unscattered
photons under field conditions.It is a function of the
energy and distribution of unscattered photons. The
unscattered photon distribution itself is a function of
photon energy,sourceactivitydistributionverticallyand
over are% detector height, and the mass attenuation
coefilcientsand densities of soil and air. The source
activity distribution and photon energy are the most
important parameters. Small variations in the other
parameters result in only minor variationsin the coeffi-
cientNf/$. In AppendixD, it is shownthat an independ-
ent determinationof this coetlicientbased on measured
instrument responseand a source term developedfrom
measured vertical profilesof 137CSactivity fitted to an
exponentialdistributionfunction provides an empirical
estimateof detectorefficiency,whichcomparesverywell
with the laboratory calibration performed at Lawrence
LivermoreNational Laboratory (LLNL).

B. FieldApplications

The gross, short-term stability of the total spec-
trometer as wellas long-termstabilityunder the stresses
of a rather severeenvironmenttypicalofthe NewMexico
desert during the summer months were both concerns
duringfieldoperations.

The gross responseof the systemwas checkedat the
beginningof each day and at regular intervalsduringthe
day by countinga smallcalibrationsourceplaceddirectly
underthe detector.As a checkof long-termstability,two
control plots were selected as convenientbackground
locations that could be repeatedly counted during the
courseof the fieldwork. Onewas an intensivestudy area
about 1 mile south of the Trinity event GZ site on the
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WhiteSands MissileRange; the other was near the Gran
QuiviraNationalPark in thevicinityof ChupaderaMesa.

II. EVALUATIONS OF TRINITY 137CSDATA

As a result of the present Trinity resurvey,there are
two basic sourcesof raw data on 137Csconcentrationsin
soils and biota in the Trinity fallout field: the measure-
ments made on canned samplessubmittedto LLNL for
analysis,and the in situGe(Li)spectraldata. For mostof
the in situ locations,fieldintegrationof the cesiumpeak
was made by a reliableapproximationtechnique.These
fielddata and the resultsof the laboratorymeasurements
of canned samplesprovidedthe basis for the preliminary
evaluationsdescribedin the followingdiscussion.

An essentialfactor for purposesof estimatingthe total
inventory of u’cs in the Soflis the reciprocal of the

exponentialrelaxation depth of contaminant in the soil
profde (a). Only nine sample locations on Chupadera
Mesa yieldedprofde concentrationdata usable for esti-
mating the profde distribution. Of these, three were
estimates based on data for the fust and third 5-cm
profdes only, which would tend to make the estimated
profde parameters less reliable.Overall, there is uncer-
tainty in the estimatesof a from the soildata becauseof
the way sampleswere collectedand analyzed,as wellas
the natural variabilityin the distributionfrom place to
placein the vicinityof the insitumeasurement.Estimates
of a were generated from the soil profile data using
standard least-squaresregressiontechniques.

In order to extendthisprofdedata set to the remainder
of the samplelocationson the mesa,itwas determinedby
multipleregressionstudiesthat a usefulpredictor could
be developedfrom data on the elevationof each sample
location and positionon the local topologicalsequence
(reduced to simplyridge top, side slope,or depression).
The topologicalsequence informationwas made quan-
titativeby meansof a linearcompartmentmodelof 137CS
redistribution during the past 30 years among these
topologicalsequenceson the mesa. The regressionrela-
tionshipderivedaccountsfor 76Y0of the variabilityin the
dat% which,consideringthe many sourcesof variability
in 137CSredistribution through the soil profde, seem
remarkably good. Predictedreciprocalrelaxationdepths
ranged from 0.1 cm–l to 1.2cm–’,withthe highervalues
(correspondingto shallowerdistributions)predicted for
highestelevations.For simplicityin computerprocessing
the fieldGe(Li)spectrometerdata, thesepredictedvalues

were reduced to one of four valuesof a, uniform(a==),
0.2, 0.4, or 0.7. Sample locationsoff Chupadera Mesa
wereassigneda valuesbasedonjudgmentand on limited
distribution data when available. Ground Zero areas
were found to exhibit nearly uniform profdes, while
interveningregions had profdes typical of worldwide
fallout(relaxationdepthof 5 cm).

The responseof a bare Ge(Li)detectorto the inventory
of gamma-emittingradionuclidesin the soilover whichit
is placed is dependent on detector-source geometry,
photon energy, and the vertical distributionof activity
(characterizedby the a-parameter).Usuallythe detector
is calibratedfor photonenergyand geometrydependence
by the use of sealed sources, whilethe adependence is
accountedfor theoretically.(SeeChapter 2 for detailson
standard calibrationtechniques.)The in situ calibration
efllciencyterm, Nf/s, is definedfor sealedsourcecalibra-
tion by an energydependent zero-angleresponse term,
Nf/+, an angular correction(geometry)term Nf/NO,and
an a-dependentsourceterm +/s:

Nf/s = (N~$)(Nf/No)(+/s) ,

where

Nf/s = count rate in photopeak/unit of soil activity
(nCi/m2),

N~+ = counts per min per incidentphoton/cm2at the
detector for a sourceat 0° fromdetectoraxis,

N~s = angularcorrectionterm, and
$/s = flux of unscattered photons incident at the

detectorper unit of soilactivity.

However,the in situ eficiency can also be estimated
from field data. In face an independentcheck of the
suitability of the relatively weakly determined profile
parameterfor estimatingtotal profileinventory,cqcan be
made by an independentdeterminationof the etliciency
of the detector,N#s, from a set offielddata. The fluxper
unit source, +/s, is determined mathematically as a
functionof a. The count rate in the photopeakof 137Cs
was field-integrated,yieldingan estimate of Nf at each
location.“S” can be approximatedunder the assumption
that the 137CSactivity is exponentiallydistributedin the
soilprofdeby integratingthe exponentialdistribution:

(C-3)
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where

SO= approximate activity in the top layer of soil,
nCi/m2, and

a = reciprocalof relaxationdepth,cm-l.

SOcan be approximatedfromthemeasured137CSconcen-
tration at each location where profdedata are available
with which to estimate a. These parameters suftice to
determinea lumpedparameter,Nf/l$,which,whenmulti-
pliedby $/S, yieldsan estimateof the calibrationfactor,
Nf/S. The theoretical relation between $/S and a is
shownin Fig. C-1. The productof $/S and the estimated
S for each measureda dividedinto Nf yieldsestimatesof
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Fig. C-Z. N~/$ asafunction qfa.

Nf/$ as a function of a. These values are tabulated in
Table C-I. In Fig. C-2, these data are fitted to an
exponentialcurve using standard regressiontechniques.
The low coetlicient of determination (R2 = 0.12) is
indicativeof the large variabilityin the dat% and hence
the somewhatarbitrary choiceof an exponentialfit to the
data. The predictedcalibrationtermNf/s= (Nf/$)($/s) is
plottedin Fig.C-2.

III. STATISTICAL CONSIDEIU4TIONS OF MINI-
MUM DETECTABLE ACTIVITY OF 137CsAND
239,240pu

In the Trinityresurveyprojecttherewereseveraltypes
of radioactivitymeasurementsmade with a variety of
equipmentand techniques.Results are reported as ac-
tivityper gram or per square meter.The sensitivityand
precisionof a giveninstrumentationand methoddepends
on such parametersas detectionetllciency,energyresolu-
tion, and backgroundlevels.In addition,samplevolume,
availablecountingtime,and degreeofstatisticalprecision
required are crucial determinants. Following the ap-
proach of Walford and Gilboy,cl and Kirby,cz an ex-
pressioncan be derivedwhat willenablean estimationof
sensitivitylimits(or minimaldetectableactivity)in terms
of zone of these parameters.

It was assumedthat whether 137CSor 239Puwas being
measured, the detection system utilized possessed an
energyresolutioncapabilitysuch that radionuclide-speci-
fic counts (for example,counts in a photopeak) were
identifiablewhilesituatedon a backgroundcontinuum.In
thiscontext,precisionof thecount isdefinablein termsof
the coeilicientof variation c, where c = standard devia-
tion of the net peak counts/netpeak counts. If S is the
measuredpeak plus backgroundcountswithinthe chan-
nel defting the peak and B and D are the background
and peak counts in this region,allmeasuredfor a timeT,
then

S=D+B . (c-4)

For a highly stable counting system, variation is prin-
cipallyfrom countingstatisticsin both the peak channels
(S = B)*’2and in the statisticalvariation in the data on
either side, givingrise to an additionalvariance V. The
coefficientof variationcan be writtenin these terms as

c = (D + 2B +V)M2
D

(c-5)
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lA151A!U-1

COUNT RATE PER UNIT FLUX
AT THE DETECTOR, N#$,

AS A FUNCTION OF MEASUREDu.

Sample Measured Inventory Measured Flux
No. a (cm-l) S (nCi/m2) Nf 4.— —

2027
2045
2048
2058
2071
2080
2115
2118
2120

0.27
0.27
0.43
0.42
0.39
0.10
0.71
0.60
0.79

187.5
68.8
39.7
193.7
126.8
51.1
66.1
54.6
252.7

I
10

0.s

(n
: 116
z

0.4

Qoo~
0.1 0.2 0.3 f24 0.5 0.6 0,7 0.8 0.9 1.0

a(cm-l )

Fig. C-2. N~/s = N~/$ . +/s as afunctionqfa.

Solvingfor D yields

D= {1+ [1 + 4C2(2B+ V)]t12}
2C2

. (C-6)

The total count in a peakis a productof thedetectorpeak
efficiency,N#S, which is the count rate in the peak per
unit activityin the groundS, the timeof the count T, and
the activityin the ground SA

D = (Nf/S)(T)(S~ . (c-7)

111.22 3.28
15.76 1.2
81.81 0.87
170.37 4,20
187.0 2.66
29.6 0,46
56.37 1.82
69.02 1.42
88.05 7.33

Nf/+

33.89
13.09
93.69
40.53
70.27
65.06
31.01
48.63
12.02

The minimaldetectablelevelof activity(minimumS~ is,
thus, from Eqs. (C-6)and (C-7)

s
1

mln = ‘2C2(Nf/S)T {)1 + [1 + AC’(2B + V)] ”’} .

(C-8)

Sincethe variancein the net peak counts,VAR(D), is the
square of the numeratorof Eq. (C-5), the quantity(2B+
V) in Eq. (C-8) can be replaced by the equivalent
VAR(D) -D. This permutationallowscalculationof the
minimum detectable activity without introducing the
spec~lc background count. The in sifu and laboratory
Ge(Li)data are reportedonly in termsof peak countrate
and standard deviationor fractionalstandard deviation.

If the criterionof acceptabilityis that the coefficientof
variationbe no larger than 0.3 for a typicalcount timeof
2000s (33.3 rein),then S~h becomes

s - ~{1 + [1 +0.36(VAR(D)]”2} .mln— (c-9)
f

For the knownpeak count,R, and the fractionalstandard
deviationof the peak count rate, cf~m,fJmlnbecomes

s
0.167

– — 1 +- [1 + 40@rCPmR2– O/03R)]l’2} .min — Nf/s {
(c-lo)
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APPENDIX D

INTERPRETATION OF DATA

This appendixprovides the informationand assump-
tions used to calculatethe dosesfrom the current condi-
tions at Trinity Siteand the falloutzone to the northeast
includingChupadera Mesa. The land uses in the area
includethe restrictedarea of WhiteSandsMissileRange,
grazingof cattle, and a few crops grownin the far fallout
areas. Chupadera Mesa is all g~azing with ranches
rangingin sizefrom 100 squaremilesto someexceeding
200 square miles. Home gardening is practiced with
irrigation water being supplied from wells. Well water
samplesdid not contain any sigtilcant amounts of the
falloutradionuclidesnow remainingin the area.

I. SOILS DATA BYAREA

A. BackgroundLevelsof Radionuclidesand Radiation

Reference values for background concentrations of
radioactivityin soilsand sedimentsattributableto natural
constituentsor generalworldwidefalloutwereassembled
from several studies to provide a basis for comparison
(Refs. Dl, D2, D3, and D4). This informationis sum-
marized in Table D-L Most of the data were from a
compilationon soilsand sedimentscollectedin northern
New Mexico over the period 1974-1977as part of the
Los Alamos National Laboratory routineenvironmental
surveillanceprogram. Someof the data were taken from
other studies representinggenerallysmaller numbers of
samples.

The data in Table D-I can be used only as a general
comparison for the data taken for Trinity fallout zone.
The distributionof worldwidefalloutradionuclidesvaries
withlatitudeand longitudein the U.S. However,the data
for northern New Mexico are the only compilation
availablefor this area of the U.S.

B. SurveySampleResults

1. Trinity Site GZ Area. Measurementsof the radia-
tion presentat GZ of TrinitySitewerestarted very early.

On July 16, 1945, measurementsat 30000 feet to the
north of GZ recorded 10 R/h, while30 000 feet to the
west only 0.2 R/h was recorded (Ref. D5). At 12 000
feet south of GZ, nothing was recorded. At 4500 feet
south,0.011 R/h was recorded.At 6:30 p.m. on July 16,
1945,a measurement30 feet westof GZ recorded 6000
R/h (Ref. D5). Measurementsmade August 12 and 14,
1945,recorded 7 R/hat GZ with a circulararea around
GZ reading 15 R/h (Ref. D6). In October, 1945, a
number of excavations were made to study the blast
effectsof the test (Ref. D7).

Ground disturbances at the GZ area occurred a
number of times. In 1947, the Trinitite containingthe
most radioactivitywas placed in 12 drums and buried
insidethe GZ area (Ref.D8). In 1952,the removalof the
top inch of earth includingthe remaininglower activity
Trinitite was arranged (Ref. D9). In 1965 a monument
was erected at the center of the GZ tower. In 1967 a
detailedradiologicalsurvey was conductedto document
the radiationdosespresent.The studydetecteda highof
3 mR/h and low of 0.03 mlllh within the fenced areas
(Ref. DIO). At the same time, the 12 drums of Trinitite
were dug up with a backhoe and shippedto Los Alamos
NationalLaboratorywheredisposalwas accomplishedin
the low-levelwaste burial facility (Ref. D8). The 1967
study concludedthere was no risk to personsvisitingthe
site.

Visitsby the publicto the site currentlyare limitedto
an Army-sponsored2-h stay time. The keys to the area
are only availablefrom the White Sands MissileRange
security oftice and only after approval by the safety
of?icer.

In 1977 the radiation survey for the DOE Remedial
Action Programs made a few surface measurementsat
GZ. However, no data were taken on the depth of
contamination during previous surveys. In 1983 both
auger samplesand split-spoonsampleswereobtainedin
the fencedareas of GZ. FigureDI indicatesthe locations
of the soil samples at depth as well as locationsof air
samples and external radiation measurements.External
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Isotope

239pu

238pu

241Am

9oc&

137(m~

Total U

232~

226Ra

TABLE D-I

NORTHERN NEW MEXICO BACKGROUND REFERENCE VALUES FOR
NATURAL OR FALLOUT LEVELS OF RADIOACTIVITY

Mean
Concentration

0.008 + 0.010

<0.000 + 0.0064

0.004 * 0.004

0.25 + 0.27

0.32 + 0.30

18 + 1.3

14.3 ~ 3.6

2.4 * 0.8

radiation measurements were

Range of
Concentrations units

<0.002-0.045

<0.003-0.010

<0.001-0.009

<0.05 -1.0

<0.10-1.06

<0.1 -5.1

9.2- 20.1

1.6- 3.9

made with four
thermoluminescentdosimeters(TLDs) at each location.

Tables D-II and D-III provide the data from soil
samples for zgg-zdopuand 1S2EU. Samples from the GZ
~ner fence Mea efibit 239mPUlevels 1.5 to 2.5 times

proposedguidancelevelsof 100 pCi/g developedby the
DOE RemedialAction Programs (Ref. D11).The quan-
tities in the GZ samples also exceed the U.S. Environ-
mental Protection Agency (EPA) guidance on trans-
ur~cs of ().2~Ci/m2for the top 1cm of soil(Ref.D12).

Examinationof the 239-MOpU surface sample data for

betweenthe fencesindicatesnone of the surfacesamples
exceedsthe RemedialActionsProgramcriteria.TableD-
IV includes the means for surface samples at similar
distances from GZ. None of the means exceedseither

pcilg

pcilg

pcilg

pcvg

pcifg

Mdf3

#G/G

pCi/g

No. of
Samples

149

151

7

68

76

118

8

7

Soilsand sediments
O-5cm

Soilsand sediments
O-5cm

SedimentsO-5cm

Soilsand sediments
O-5cm

Soilsand sediments
O-5cm

Soilsand sediments
O-5cm

Soils 0-30 cm

Soil O-5cm

Reference

D1

D1

D2

D1

D1

D1

D3

D4

DOE or EPA proposed criteria for surface contamina-
tion. For soilsamplesbetween1-6cm taken betweenthe
fences,all results were below DOE and EPA proposed
criteria. Below40 cm (16 inches),all soil sampleresults
for ~g-240Puwere the same as fallout levelsin northern
New Mexico.

Europium-152is the predominantgamma-rayemitter
in the soilsof the GZ area. In undisturbedareas between
the fencesaround GZ, the 1S2EUappearedin soilsamples
at deeper levels than plutonium.This would appear to
suggest some mobility greater than plutonium. Also,
measurements by in situ gamma-ray spectroscopy in-
dicate 152Euis the major contributorto externalradiation
doses at GZ. There are no specified criteria for the
amount of ISZEUk SOilS. However,the DOE limits the
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Fig. D-1. LocationofJune 1983 sampling.

maximum acceptable whole-body exposure to 500 EPA. That is, the levelsare consideredsafe for eontinu-
mrern/yr. The amual visit allowedby the Army would
result in a maximumdose of 1 mrern/yradded to about
150 mrem/yr from natural radiation for the area. The
averagedose per 2-h visitis likelyto be about0.5 mrem.

2. Radioactivity in Soils of “R%@ Fallout Areas.
Basedon the soildata taken by this surveyand the 1973
and 1974survey by the U.S. EPA, the ‘9-24’%arithme-
tic mean contentof surfacesoilsand deepersoilsamples
is less than criteria for removal by both the DOE and

ous residenceby the public in the area. The plutonium
content and content of other radionuclidesfrom the
Trinity test fallout are summarized in Tables XIV
through XIX in Chapter 4. The tables are summariesof
the data from AppendixA.

IL DOSE CALCULATIONS

The EPA guidance for transuranics in the general
environmentis based on a set of assumptionson how
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TABLED-23

1983PLUTONIUMDATA FOR SPLITSPOONCORE
SAMPLESFROMGROUNDZERO AREA

2’-% (pci/g)
Sample Number and Distance from GZ

Deprh ‘– “ .“- ‘ -- - ..- . -. . - .-. . . — ._—- ..-

0.1cm
1-6cm

CL6 in.
6-12 in.

12-18 in.
18-24 in.
24-30in.
30.36in.
3642 in.
4248 in.

tiz-1 (12 m]

-.

-.

—

2S6.0000+ 3.COOO
0.4000 + 0.0200

1.3300 i 0.0400

—

—

-.

—

tiz-z [12 m) 3Jqrth 1-3 [210 m) u+ [275 m] III-5 (280m

22.8000 + 0.2000 &l cm 20.6CQ0 + 0.2000 0.3100 * 0.0200 0.9900 * 0.0300

1S6.0000 + 15J3000 1-6 cm — 0.1810* 0.0150 00440 i 0.0140

23.7000+ 0.40W 16-22in. 0.0056+ 0.0010 0.0043* 0.0010 0.0022* 0.0010
-. 22-28in. 0.0029+ 0.0010 0.0110* 0.0030 0.0041● 0.0010
-.

9.90W* 0.3000
0.1030k 0.0080
4.9300* 0.1300
0.13S0* 0.0080

Depth IV-6(265m) I-7(250m) U-8(245m) D@ IV-10(185 m) 1-11(330m)

0-1an 5.0900* 0.8000 0.0440* OJN70 27.5000+ 0.3000 O-I cm o.5m + 0.0300 8.5000+ 0.1500
1-6cm — 0.0590* 0.IX180 0.7300* 0.04WI 1-6cm 0.1570* 0.01s0 --

4-10 in. 0.0230 + 0.00S0

16-22 in. 0.0021* O.mlo 0.0070* 0.0020 0.0100* OJM20 16-22in. 0.0021* O.mlo 0.0068+ 0.0010
22-28in. 0.0070* o.@320 0.0160+ 0.0030 0.0180+ 0.0030 22-28in. 0.0005● O.0000 0.0130● 0.0020

Dqrrh II-12(510m) 111-13(475m) IV-14(520m) Depth Control(3200m)

0-1 cm 0.0430+0.CH1800.0940+0.0130 0.0410* 0.0090 0-1R 0.0019*O.CKI1O
1-6cm 0.0410* O.olm 0.1500* 0.0200 0.0190*0.0060 1-2n 0.0006+O.IXMJO

16-22in. 0.0110*0.0020 0.C025*O.W1O 0.0047*0.0010 2-3R 0.0024i O.@)10
22-28in. 0.0038i 0.0010 0.0091● O.mlo o.@340* 0.0010 3-4n 0.0011* O.0000



TABLE D-321

1983 1S2EUDATA FROM SPLITSPOON
CORE SAMPLESIN GROUNDZERO AREA

“% (@2i/8)

SampleNumberand Distnncefrom GZ

Depth

o-1 cm
1-6cm
O-6in.
6-12in.

12-18in.
18-24in.
24-30in.
30-36in.
3642 in.
42-48in,

GZ-I (10 m)

—

.—

500.7191+ 50.6747
1069.0675+ 107.7231
282.0225k 28.3633
40.1S67+ 4.0812
22.5086k 2.2929
0.5566* 0.1335
1.0331+ 0.1636
0.4203+ 0.1278

GZ-2 (12 m)

284.3388k 29.0322
24S.4959* 24.9538
264.5681k 26.8594
957.6400i 96.2607
169.0552+ 17.4506
222.9221k 22.4308
129.8201+ 13.0731
24.1423* 2.4623
10.4316+ 1.08S8
3.9016* 0.4443

Depth I-3 (210 m) U-1 (275)

13.3744● 1.71s9
10.5350+ 1.2412
5.4157* 0.9014
0.8868* 0.7104
0.5379+ 0.2188
0.2654+ 0.1115

—
—
...
—

III-5 (280 m)

&l cm
1-6CM
4-10in.

10-16in.
16-22in
22-28in.
28-34in.
34-40in.
4&46in.
46-52in.

33.6445* 3.5359
30.8438* 3.4902
14.7625* 1.6236
5.7801+ 0.6222
0.9959k 0.1536
0.8026+ 0.1551
1.4461+ 0.2819
0.0415+ 0.1ss2
0.1950* 0.1169
0.3665+ 0.1436

9.9419+ 1.3869
10.0096+ 1.4444
5.3234&0.8980
2.2046+ 0.2800
0.7792+ 0.2400
0.3642+ 0.1086

—
—
—

Depth IV-6 (265 m) I-7 (250 m) IV-10(185 m) Depth I-11(330 m) n-12 (s10 m) 111-13(475 m)

O-1cm
1-6cm
4-10in.

10-16in.
16-22in.
22-28in,
28-34in.
3440 in.

13.8847* 1.6654
16.9154&2.0174
2.0848+ 1.5203
4.1317* 0.9492
0.6858+ 0.1823
0.4285+ 0.1389

...

3.4109* 0.3888
4.5362+ 1.140S
2.8248+ 0.8710
0.4960+ 0.1940
0.2761+ 0.1871
0.4526+ 0.1697

58.6909+ 6.1822
46.1493+ 4.84Ml
23.0370k 2.5576
5.7S62&0.6S22
1.5456+ 0.2405
0.S428+ 0.1321
0.4930+ 0.1476
0.2072+ 0.4930

S1 cm

1-6cm
4-10in.

10-16in.
16-22in.
22-28in.

5.12S2+ 1.0778
3.5483i 0.9248
0.8999+ 0.7806
2.1553+ 0.6975
0.3492+ 0.1666
0.20@0k 0.1061

1.3496+ 0.6956
1.1844+ 0.5368
2.117S~ 0.5756
0.6941+ 0.4311
0.4024+ 0.1540
0.238Si 0.2039

0.0760+ 0.2515
2.5695+ 1.041M
0.6602* 0.4074
0.4506* 0.5043
0.6390+ 0.2391
0.2231+ 0.1409

— ... — .—
—. — — — -. —.

Depth IV-14(520m) Depth n-8 (24Sm) Depth 32-SC(245 m)

0-1 cm
1-6cm
4-1oin.

10-16h.
16-22in.
22-28in.

—

0.6312+ 0.5778
0.1291+ 0.4440
0.5836+ 0.2980
0.1585+ 0.5181

—

0.4468+ 0.1902
-.

&6 in.
6-12in.

12-18in.
18-25in.
24-30in.
3&36in.
36-42in.

18.2777&2.2156
5.2162+ 0.9229
4.1792+ 0.1840
0.2456&0.1056
0.3192&0.1996
0.4045+ 0.1628
0.3108● 0.1398

0-1 cm
1-6cm
6-11 cm
8-$3in.

13-19in.
19-25in.
25-21-112in.

25.0172+ 3.0114
21.0319+ 2.7315
16.4178+ 2.1762
6.7864+ 1.0S62
2.2228&0.2649
0.6343+ 0.1665
0.4335* 0.1455
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TABLE D-IV

JUNE 1983 PLUTONIUM DATA FROM TRININ GZ AREA

Location Sample 0-1 cm 1-6 cm
Distance
from GZ

See FigureD-1

Outside fences
Outside fences
Outside fences

Betweenfences
Betweenfences
Mean for Between
fenced area

3 Miles South of
Entrance gate
Ground Zero
Inner fence

Northern
New Mexico

III - 5
IV -6

I-7
II -8
II -4

II -12
111-13
IV -14

IV -10
1-11

Control site

GZ

Average

0.99 * 0.03
5.09 + 0.8

0.044 * 0.01
27.5 * 0.3
0.31 * 0.02

~ = 6.78 + 11.8

0.043 + 0.008
0.094 * 0.013
0.041 + 0.009

i = 0.059 * 0.03

0.56 + 0.03
- 8.5 + 0.15
X = 5.8 * 9.5

0.0019 * 0.001‘

22.8 * 0.2

0.008 + 0.01

0 044* 0.014

0.059 + 0.01
0.73 + 0.04
0.18 + 0.02

—-

0041 * 0.01
0.15 * 0.02

0.019 + 0.006
—-

0.157 ● 0.015
8.8 * 0.13

—

156+ 15

---

280 m
265 m
250 m
245 m
275 m

--

510 m
475 m
520 m

---

185 m
330 m

---

5.2 km

12 m

---

‘Data for O-1foot.

radionuclidesreach man. The guidanceonly considers
transuranic elementssuch as plutonium.Lnthe Trinity
falloutzone, there are also residualfissionproducts.The
residualfissionproductsare dominatedby 137CSand %r.
Thus, investigationsregarding the safety of livingin the
fallout zone need to consider the total doses from all
radionuclidespresent.

The doses are from three major paths to man. The
external radiation doses as measured are reported in
Chapter 4. The doses from inhalation and ingestionof

radionuclidesin air and food require calculatiomdesti-
mates. The followingsections discuss the information
used for these calculations, as well as present, inter-
mediate,and finalresults.

A. Inhalationof Radionuclides

The residualcontaminationin the soilsof the fallout
zone providesa sourceof particulatematter that may be
resuspended by wind movement or other mechanical
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TABLE D-V

PARAMETERS FOR ESTIMATION OF RESUSPENSION
RADIONUCLIDES USING MASS LOADING

(24 @m3)0

OF

Estimated Annual
EffectiveSoil Average Air

Concentration (pCi/g) Concentration (~Ci/m3)

Area 239,240~b 9ofJr 137(=~
~ & 4

239,240~ 9osr ‘37CU———

Trinity Site
Inner Fence 22.8 --- 16.5 0.071 3.8 x 10-11 --- 2.8 X 10-11
Outer Fence 5.8 --- 0.54 0.071 9.8 X 10-12 –- 9.2 X 10-13

White Sands 13.2b 1.8 4.5 0.071 2,2 x 10-11 3 x 10-12 1.8X 10-12
Bingham 0.36’ --- 3.7= 0.78 6.7 X 10-12 –- 6.9 X 10-11
Chupadera Mesa 3.2b 2.3 2.8 1.6 1.2x 10-1’J 8.8 x 10-11 1.1x 10-1’J
Far Fallout Zone o.57b 1.47 2.0 1.6 2.2 x 10-11 5.6 X 10-11 7.7 x 10-11
San Antonio,NM o.o19b --- 4.8C 1.6 7.3 )( 10-13 --- 1.8X 10-10

————————

‘ReferenceD13.
bFor samplesother thm I cm deep,a correctionFactor Appliedfor profitdistribution:1.32for White

Sands, 0.34 for Bingham, 1.9 for Chupadera Mesa, Far Fallout Zone and San Antonio.See Reference
D14.
‘Estimated from in situ measurements.
‘Reference D15.

action.Such airborneparticulatematter couldbe inhaled
by persons occupying the areas, Few direct measure-
ments of total airborne radioactivityhave been made in
the area. Someof theseresultswerediscussedin Chapter
4. Another method of evaluatingthe potentialcontniu-
tion of resuspension of residual contamination in the
areas is describedhere. The theoreticalmodel selectedis
the straightforward mass-loadingapproach, which has
bem assessed as being suitablefor conditionswhere the
contaminanthas been aged in the environmentfor some
time (Ref. D16). Refinementsto account for unequal
distributionof the contaminanton differentparticlesizes
and for the limitedsize of the contaminated area were
included.The basic approach predicts the concentration
of airborne activity (activity/unitvolume of air) as the
product of the mass of particulate in the air (mass/unit
volumeof air) and the concentrationof activityin the soil
(activity/unitmass of soil)in the area. This predictedair

Measured
239,240PU

(vCi/m3)

6.3 X 10-11
0.1 x 10-1’

---
-—

4.1 x 10-1’d
---

4.3 x lo-ll”d

concentration is modified by an enrichment factor to
account for the generallyhigher concentration per unit
mass on smallerparticlesin the respirablerange and for
the generallysmall weight fraction of small particles in
soils.

The various parameters and the estimated airborne
Conmntiations of I’gpu for the individual ~eas ~e

summarized in Table D-V. The arithmetic mean 239PU

soil concentrationscame fromTablesXIV throughXIX.
The enrichment factors for each area where particle

size and activity distributiondata were availablewere
calculatedas shownin TableD-VI. The enrichmentratio
gl is the quotient of the activity fraction for a given
particle size incrementi and the mass fraction for that
sizeincrement.Thesefractionswere taken fromor based
on actual measurements of soils in the GZ and
Chupadera Mesa areas as indicatedby the referencesin
the table. The airborne mass fraction fl for the size
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TABLE D-VI

ENRICHMENT FACTORS FOR RESUSPENDABLEPARTICLES

Activity
Mass
Ratio

gl

Airborne
Mass

Fraction
f$

239PU

Activity
Fraction

Size
Increment

(~m)

53-105
<53

53-105
<53

53-105
<53

53-105
<53

53-105
<53

53-105
<53

wt.
Fraction

Enrichment
13ifiArea

Trinity Site

White Sands

Bingham

Chupadera Mesa

Far FalloutZone

San Antonio

0.1la
0.089’

0.1lb
0.089b

o.19b
o.1Ob

O.18b
0.36b

0.18’
0.36C

0.18C
0.36C

0.0043’
0.078’

0.039
0.088

0.35
0.65

0.014
0.057

--

0.071

o.oo43b
0.078b

0.039
0.088

0.35
0.65

0.014
0.057

---

0.071

o.03b
0.1lb

0.16
1.1

0.35
0.65

0.056
0.752

---

0.78

0.16b
o.73b

0.89
2.0

0.35
0.65

0.31
1.32

---

1.6

0.16C
0.73’

0.89
2.0

0.35
0.65

0.31
1.32

---

1.6

0.16C
0.73’

0.89
2.0

0.35
0.65

0.31
1.32

31
1.6

————

‘Assumed to be the same as measured at 1.6 km location northeast of GZ.
preference D14.
‘Assumed to be the same as measured at Chupadera Mesa.
‘Reference D13.

increment was taken from Fig. A2-3 in Ref. D13. The
enrichment factor (~ ~ g~ is the sum over the size
incrementsof the respectivef, g, products.

The amual averagemass loadingwas taken to be 24
j.q#m3(Ref. D16). This value is an annual geometric
mean.

The estimatedamual average239Puair concentration
is shownfor each area. Table D-V also showsestimated
annual average air concentrationsfor 90Srand 137Csfor
each area in whichthese isotopesoccurred at concentra-
tions on soil statistically above background as sum-
marizedin Table D-I as measurementshad beenmade.

Potentialdoses that could resultfromthe estimatedair
concentrationswerecalculatedby usingstandard inhala-
tion rates to determine intakes and appropriate dose
conversionfactors (Ref. D17). For dose estimation,the
presence of transuranics other than 239Pu(i.e., 238PU

241Pu,and 241Am)was accounted for by using a dos;
factor combining the effect of aging weapons grade
plutoniumfor 50 years (Ref.D18).TableD-VII presents
a summary of the dose factors for the frst year and 50-
year committed dose equivalentsfor the isotopes and
organsof interest.
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TABLED-VII

INHALATIONDOSEFACTORSUSED
(mrerrVyCi)”

50-YesrCommitted
First Year Dose Dose Equivalent

Radionuclides WholeBody Bone Lung WholeBody Bone Lung Liver—— ———

Plutoniumisotopesb,c 2.3X 102 8.3x 10’ 5.3x Iv
90sr

8.7X 104 9.0x 10’ 9.4x IN
8.3 1.9x 102

4.5x 10’
7.0x 102 7.6X 102

“7CS
1.2x lot

3.3x 10’
1.2x 103 ---

3.3X 10’ 5.2 5.6X 101 6.1X 10’ 9.4 —.

——————————
‘Dosefactorsare fromReferencesD19andD17.
bAnnualair intakeof 8.4 x 103m’/yr.
‘Includesdecay of 241pu t. ~iAm for 50 years plus other plutoniumkOtOpW.

Doses for transuranics were estimatedas the product
of the estimated average airborne 239Puconcentrations
for each stratum,a standard averagebreathingrate of 23
m3day (from Ref. D17),continuousoccupancy,and the
dose factors. These results are summarizedin Table D-
VIII by stratumfor zJgpuad total transuranicsinchding
zJgpuoDosesestimatedfor ‘OSrand 137cs W3 ~SO shown

in Table D-VIII. They are the products of the estimated
resuspended air concentration attributable to soil con-
tamination,the breathingrate, and the appropriatedose
factor.

In the case of some air samplingdata beingavailable,
the measuredaveragefor 10monthson ChupaderaMesa
is41 aCi/m3(Ref.D14),whilethe estimatedresuspension
by calculationis 120 aCi/m3.The estimateddoses from
inhalationare likelyto be an overestimate.

B. Ingestionof Radionuclides

Dose calculations for ingested radionuclides con-
sidered the land use limitationsof the areas of interest.
Cattle grazing is the only land use out to the far fallout
area. BeyondChupadera Mesa, a few scatteredfieldsof
dry land wheat is raised, but the major land use is still
cattle grazing. For the dose estimates here, the present
land use assumes that all meat consumed, all milk
products, and one-half the produce and vegetablesare
raised in the area being considered.The meat is further
assumedto be allbeef.Feed for the beefis assumedto be
be by grazingor forageraised in the area of interest.The
food intakesused are those listedin Table D-IX for the
averageindividual.Other parametersusedfor theestima-
tionof transfer of radionuclidesthroughthe foodchainto

man are listed in Table D-IX, Based on the feed crops
availableper unit arq the dosescalculatedfor the inner
fenced area and the area between fences at GZ are
overestimates.Not all of the food assumed to be con-
sumed could be produced in the area availablewithout
alteringpresentland use practices.The dosefactorsused
for the calculationsare listedin Table D-X.

1. Produce, Vegetables,and Forage. The transfer of
radionuclidesfrom soilto plantswas estimatedusingthe
soilconcentrationsmeasuredfor the falloutareas in 1974
and 1977listedin TablesXIV throughXIX in Chapter4.
The GZ data for 1983wereused for plutoniumisotopes.
The plant transfer parameters used for 239-240Puwere
measuredfor GZ and Chupadera Mesa (Ref.D20). The
concentration ratio (CR) between plant and soils was
used for calculationsat GZ and the WhiteSandsMissile
Range fallout area. The measured 23g-uOPuCR for
Chupadera Mesa was used for the other fallout areas.
The CRS listed in Table D-X were used to calculate
estimatedradionuclideintakeby beefand milkcowsfrom
forage and grazing.The produce and vegetableuptakes
of radionuclideswere estimated from the wet weight
tramsferparameter, B@and reduced 50940for removalof
soils by washing.Estimatedyearly radionuclideintakes
from 50V0locally grown produce and vegetables are
listedin Table D-XI.

2. Beefand MilkPathways.To estimatethe amountof
radionuclideintakeby cattle,both the radionuclidetrans-
fer from soilto plant and directconsumptionof soilwere
used.
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TABLED-VIII

ESTIMATED DOSES FROM INHALATION OF AIRBORNE
MATERIALS FROM RESUSPENSION

Inhalation Dose in Area or Interest (mrerdyr)

TrinitySite
InnerFessedArea

TrinitySite
OuterFencedArea

WhiteSsnds
MissiteRange

4.2X 1O-s
1.5x 10-3
9.8X 10-3

1.6X 10-Z
0.17
0.17

8.3X 10-2

2.1x 10-’
3.1x IO-*
1.8X 10-$

2.0x IO-J
3.1x 10-’
3.1x 10-’

5.0x 10+
5.0x 10-7
7.9x 10-’

8.5X 10-7
8.5X 10-1
1.4x 10-7

4.3x 10-’
1.5x IO-J
9.8X 10-3

1.6X 10-Z
0.17
0.17

8.3X 10-1

Birrgham
Chupadera

Mesa
Far

FaltoutZone

4.2X 1O-s
1,5x IO-J
9.8X 10-3

1.6X 10-Z
0.17
0.17

8.3X 10-Z

3.9x 10-~
5.6X 10-’
3.0x 10-’

4.0x 10-4
5.6X 10-]
5.6X 10-4

2.1x 10-~
2.1x lo””~
3.4x 10-~

3.6X 1O-s
3.6X 10-’
6.1X 10-6

6.7X 10-3
1.sx 10-3
Lox 10-~

1.6X 10-2
0.11
0.17

8.3X 10-Z

San
Antonb

1.4x 10-’
5.1x 10+
3.OX10-4

5.0x 10-’
5.5x 10-’
5.8X 10-’
2.8X 10-3

..-

...

...

...

.-

5.0x 10-~
5,0x 10-~
7.8X 10-’

8.5X 10-’
8.5X 1O-s
1.4x 10-’

5.1x 10-’
1.0x 10-’
3.0x 10-’

5.8X 10-4
5.6X 10-3
5.8X 10-J
2.8X 10-’

DoseCalculatedfor

Transuranics
First Year Residence

Wholebody
Bone
Lung

50-YcsuCommittedDose
Wholebody
Bone
Lung
Liw

%r
First Year Residence

Wholebody
Bone
Lung

50-YearCommittedDose
Wholebody
Bone
Lung

1J7f=~

First Year Residence
Wholebody
Bone
Lung

50.YearCommittedDose
Wholebody
Bone
Lung

Totals for Inhalation
FirstYcsrResidence

Wholebody
Bone
Lung

So-YearCommittedDow
Wholebody
Bone
Lung
Liver

.—.————

... meansno data.

7.3x 10-’
2.6X 10-3
1.2x 10-~

1.3x 10-~
5.0x 10-’
3.0x 10-’

2.3X 10-4
8.4X 10-3
5.3x 1O-*

1.9x 10-’
7.0x 10-’
4.4x 10-’

2.8X 10-1
0.29
0.30
0.14

07.3x IO-J
7.4x 10-2
7.7x 10-2
3.7x 10-2

4.9x 10-3
5.1x 10-2
5.3x 10-2
2.5X 10-2

8.8x 20-=
0.91
0.95
0.45

6.1X 10+
8.9X 10-’
5.0x 10-4

—.
-.
--

.— -.
—

.-.

6.OX10-4
8.9X 10-3
8.9X 10-4

.— —. ---
.-
.-.

... --

... ...

7.8X 10-6
7.8X 10-6
1.2x 10-~

2.5X 10-7
2.5X 10-7
4.0x 20-8

1.9x 10-~
1.9x 10-~
3.OX10-’

3.0x 10-~
3.0x 10-’
4.8X 10-’

3.2X 1O-s
3.2X 1O-s
5.4x lo~

5.2X 1O-s
5.2X 1O-s
8.7X 10-’

1.3x 10-’
1.4x 10-3
2.2x 10-’

4.3x 10-+
4.3x IO-7
7.2X 10-t

8.1X 1O-s
2.6X 10-’
1.7x 10-~

1.9x 10-’
7.0x 10-f
4.4 x IO-3

2.3X 10-4
8.4X 10-3
5.3x 10-*

3.2X 10-’
5.2X 10-4
3.0x 10-3

2.8X 10-*
0.29
0.30
0.14

7.3x 10-3
7.4x 1O-Z
7.7x 10-1
3.7x 10-1

4.9x 10-3
5.1x 10-2
5.3x IO-1
2.5X 10-Z

8.8x 10-2
0.91
0.95
0.45
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TAW.ED-:X

INPUT PARAMETERSFOR DOSECalculations

Breathimr Rate

Irsg’estionRates

Reduce (kg/yr)
Leafyvegetables(kg/yr)
Milk(Q/yr)

Ave.rrw AgriculturalPro-
ductivity per Unit Area

Feed crops (kg/mz)
(dry weight)

Reduce or leafyvegetables
forgardenof maximum
exposedindividual
(kg/m’)(wetweight)

Consumptionrate of feedby
animai (kg/day)(dryweight)

Fractionof radioactivityre-
movedfrom piant bywashing

Soilingestedbycattle

22.8m>fday

Max Individual

520
64

310

Chumdera

Population (AverageIndividual)

176
18

112

Other

0.043

2.0

11.9b

0.5

250

(Ref. D18)

(Refs. D21,D22)

0.056

2.0 (Ret D22)

11.9 (Ref. 23)

0.5 (Ref. D24)

2s0 (Ref.D25)

Ibdionrrclides

Piutonium

Tmnsfer Parameters” GZ Chupadem Strontium Cesium Europirrm

F. I.ox 10-’ 1.0x 10-’ 1.4x 10-~ 7.1x 10-’ 2.OX10-~ (Ref. D26)
1.0x 10-6 i.ox 10+ 3.OX10-4 2.OX 10-2

&
5.0x io-3

5 x 10+ 1.1x 100
(Ref D27)

1.8X 10° 4.1x 10-2 2.1x 10-2
B, 1.2x 10+ 2.7X 10-’

(Refs.D20,D28)
7.2X 10-2 5.0x 10-’ 7.3x 10-’ (Refs. D20,D28)

aRef D29.
waken as 2.5%of bodyweight,wherethe averageliveweightofcattie at siaughterof 477kgwasused.
‘FM= fractionofeachday’sradionuclideintakeappearingin eachiiter ofmiik,F~= fractionofeachday’sradionuciideintakeappearingin each kilogramof
flesh,CR= concentrationratio forradionuclideuptakefromsoii10pastureor feed(pCi/kgdry weightper pCi/kgdry soil),and B.= concentration ratio for
radionuciideuptakefromsoii to edibieparts of vegetablecrops(pCi/kgwetweightper pCi/kgd~ soil).
~PlutoniumCR bawd on measurementsby Hakonson.



Experiments at contaminated zones of the Nevada
Test Site have indicatedthat cattle ingestabout 250 gld
of soil whilegrazing (Ref. D24). Transfer of the radio-
nuclidesfrom the cattle’sdiet into milk and meat were
estimatedusingthe factors litedin Table D-X. Estimates
of the amount of radionuclides consumed yearly by
humans in meat and milk are listedby area in Table D-
X[e

3. Dose Estimatesfrom Ingestion.The total intakesof
139$240Pu,90Sr,‘37CS,and 152Eufromconsumptionofbeef,
milk,and homegardenproductsare listedinTableD-XI.
The product of thesevaluesand the dosefactorsin Table
D-X provide the maximumyear dose and the 50-year
committeddose equivalentfor whole body, bone, liver,
and the lowerlarge intestine.The resultsof thesecalcula-
tions are listedin Table D-XII.

radionuclide intake. However, to grow 50°Aof their
produce and vegetables,individualswould have to go
through soil preparation activities.Measurementsmade
during soil preparation activities indicate higher re-
suspensionrates than normallyencountered(Ref. D30).
To estimatethe dose to the homegardenerrequiressome
broad assumptionsregardingbreathing rate, suspended
particle concentration,enrichmentfactor, dose factors,
and appropriate soil concentration.The breathing rate
usedfor this typeofworkwas43 J?/min,or that for heavy
work (Ref. D17). Air concentrationswere assumedto be
10 mg/m3,the threshold for nuisancedust. Enrichment
factors from Table D-VI were used. Soilconcentrations
used are the mean valuesof the summary data for O-5,
5-10, and 10-15-cmsoil samples in Chapter 4. The soil
preparation time was assumedto be 30 h for a growing
season. The parameters used are presentedin Table D-
XIII and estimateddoses in Table D-XIV.

C. SpecialPathways

The above dose estimatesassume human activitiesthat
do not create any special considerationsof sources of

TABLE D-X

INGESTION DOSE FACTORS USED

MaximumYear Dose
[(mrem/yr)(pCi)/gsoil)]’ 50-Year Committed Dose Equivalent (mrem/pCi)

Radionuclide WholeBody Bone WholeBody Bone Liver GI-LLI

Plutoniumisotopesb c 0.45 c 7.8 X10-4 3.4 x 10-4 c
90Srd c 5 9.45x 10-5 1.17x 10-3 5.7 x 10-5 7.78 X 1O-s
137(=sd 0.63 c 4.91 x 10-5 6.82 X 1O-s 7.87X 1O-S 2.59X 1O-s
lS2Eud -— --- 3.9 x 10-8 2.0 x 10-7 4.4 x 10-8 2.6 X 1O-s
.—————

‘ReferenceD30.
%cludes decay of 241Puto 241Amafter 50 years.
Wot calculated.
‘ReferenceD31 and D32 for 50-yearCommittedDose factors.
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TABLE D-XI

iNGESTED RADiONLJCLIDES (pCi/yr)a

Area of Interest

Trinity Site
Radionuclideand Medium Inner Fence

Trinity Site
BetweenFences

White Sands
MissileRange

Chupadera
Mesa

Far
FalloutZone

SS32
Bingham Antonio

Transuranics
Produce and vegetables 9.1 x 10’
Milk 1.46
Beef 12.2

3,9 x 103
0.045
0.38

1.3x 102
0.0055
0.012

3.4 x 103
0.055
0.46

5.8 X 103
0.095
0.79

4.6 X 103
0.052
0.44

2.2 x 104
0.25
2.12

3.4 x 103 5.8 X 103 4.6 X 103 3.9 x 103 1.3x 102Total intake 9.1 x 104
9osr

Produce and Vegetablesb c
Milk c
Beef c

2.2 x 104

6.3 X 103
6.1 Xld

1.10x 103

1.3x 104

8.0 X 1~
7.8 X 103
1.4x 103

5.2 X 103
5,1 x 103
9.2 X102

c
c
c

c
c
c

c
c
c

Total intake c
137(=s

Produce and vegetables 5.3 x 103
Milk 1.3x 104
Beef 3.1 x 104

1.7x 104 1.1x 104c cc

1.6X 102
3.8 X 102
8.9 X 102

1.1x 103
2.6 X 1~
6.2 X 103

9.0 x 1(P
2.2 x 103
5.1 x I(Y

6.8 x 102
1.6X 103
3.9 x 103

4.8 X 102
1.2x 103
2.8 X 103

2.2 x 102
5.4 x 102
1.3x 103

2.1 x 103Total intake 4.9 x 104
152EU

Produce and vegetables 8.7 X103
Milk 2.7 X 102
Beef 8.6 x 103

Total intake 1.7x 104

1.4x 103 9.9 x ld 8.2 X 10 6.2 X 103 4.5 x 103

7.1x 102
2.2 x 10’
7.1 x 102

1.9x l&
6.0

1.9x IF

1.1
0.034
1.1

c
c
c

c
c
c

c
c
c

1.4x 103 3.8 X 102 2.2 cc c

‘Estimated for average individualin population.
bFjftyper cent of produceand vegetablesare grown locally~ g~dens.
CNotcalculated because no soil data were available.



TABLED-XII

ESTIMATEDDOSESFROMINGESTTONOFFOODSGROWNINEACHAREA

Ingestion Doss in Area of Intarcst (rnrersr/yr)

—. . -. —

Dose Calcdetcd
Trinity site
Inner Fenm

TrinitySite
OuterFence

Transuranics
Maximumyear

Bone
50-YearCommittedDose

Wholebcdy
Bone
Liver
G1-LLIb

%
MaximumYear

Bone
SO-YearCommittedDose

Wholebody
Bone
Liver
GI-LLI

117~s

MaximumYear
Wholebody

50-YearCommittedDose
Wholebody
Bone
Liver
GI-LLI

!sl~u

50.YesrCommittedDose
Wholebody
Bone
Liver
GI-LLI

Totals for Ingestion
MaximumYear

W%OIC bcxly
Bone

50-YsarCommittedDose
whOk body
Bone
Liver
GI-LLI

70

a
71
31

●

●

a
n
●

●

14

2.4
3.4
3.8
1.3

7x 10-’
3x 10-’
7x lo<
0.4

14
—

2.4
74
35
1.3

2.6

a
2.6
1.2

●

1

●

1
●

8

0.4

0.1
0.1
0.1
0.03

s x10-’
3x10-4
6X 10-’
4 x 10-*

0.4
—

0.1
2.7
1.3
0.03

White Sands Chupadera Far
MissileRange Bingham Mesa FatloutZone

4.5

a
4.5
2.0

●

9

1.2
15
0.07
Lo

2.8

0.5
0.7
0.8
0.3

1x10-$
8X 10-’
2 x 10-’

8

2.s
13.5

1.7
20
2.9
1.3

3.6

3.:
1.6

a

9’

1.2’
15’
O.OT
1.IY

2.3

0.4
0.6
0.6
0.2

9
8
●

a

2.3
—

1.6
19
2.3
1.2

17

a
17
7.5

●

11.5

1.6
20
0.09
1.3

1.8

0.3
0.4
0.5
0.2

a
a
●

a

1.s
28

1.9
37
8.1
1.5

3.0

3.;
1.3

●

7.s

1.0
13
0.06
0.9

1.3

0.2
0.3
0.4
0.1

a
●

n
●

1.3
11

1.2
16
1.8
1.0

San
Antonio

0.1

a

0.1
0.04

s

m

0.6

0.1
0.1
0.2
0.05

0.6
.-

0.1
0.2
0.2
0.05

“Notcalculated.
bGastroirttestinaltract-large intcsdrsc.
Wo measurementsfor Binghamfor ‘Sr, w dosesare assumedto be equalto thosefor WhiteSands
MissileRange
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TABLE D-XIII

ESTIMATED AIR CONCENTRATION FOR SOiL PREPARATION FOR HOME GARDEN’

EffectiveSoil Concentration hCi/g)

Area 239-240 137(--IS

GZ
Imer fence
Betweenfences
WhiteSandsMissileRange
Binghamb
ChupaderaMesa
Far FalloutField

24+ 0.4
3.5* 3.3
15* 12

0.74● 0.49
0.73&0.85
0.15* 0.15

---
---

0.96+ 0.74
---

1.5* 1.1
1.3* 0,9

12.6+ 2.5
0.4+ 0.25
3.4* 2.2

0.25+ 0.09
1.0* 1.5

0.75* 1.1

‘Dust loading of 10000 @m3.
bEStimated from mea Mt%SUren3t2ntS.

‘Not calculated.

Air Concentrations (~Ci/m3)

x&f, 23H~u % 137C5

0.071 1.7x 10-S c 8.9X 10-9
0.071 2.5X 10-9 c 2.83X 10-’0
0.071 1.1x 10-* 6.8x 10-’0 2.4X 10-9
0.78 5.8X 10-9 c 2.0x 10-9
1.6 1.2x 10-S 2.4X 10-’ 1.6X 1O-s
1.6 2.4X 10-9 2.1x 10* 1.2x IO-*



TABLE D-XIV

ESTIMATE DOSES FROM SOIL PREPARATION FOR HOME GARDENa

50-YrCommittedDoses for

Transuranics
Whole body
Bone
Lung
Liver

%3r
Whole body
Bone
Lung

137c~

Whole body
,Bone
Lung

Totals
Whole body
Bone
Lung
Liver

Inhalation Dose (mrem/vr)

GZ GZ
—

Inner Fence BetweenFenees

0.11
1.2
1.2
0.59

b

b

b

3.8 X 10-5
4.2 X 10-5
6.5 X 10+

0.017
0.17
0.18
0.086

b

b

b

1.2x 10-6
1.3x 10-6
2.0 x 10-7

0.11 0.017
1.2 0.17
1.2 0.18
0.59 0.086

White Sands
MissileRange

0.073
0.76
0.80
0.38

4.0 x 1O-s
6.0 X 10-4
6.3 X 10-5

1.0x 10-5
1.1x 10-5
1.7x 10-6

0.073
0.76
0.80
0.38

Bingham

0.039
0.40
0.42
0.20

b

b

b

8.7 X 10-6
9.4 x 10-6
1.4x 10-6

0.039
0.40
0.42
0.20

Chupadera
Mesa

Far
FalloutZone

0.082
0.84
0.87
0.42

1.4x 10-3
2.2 x 10-2
2.2 x 10-3

6.9 X 1O-s
7.5 x 10-5
1.1x 1O-s

0.083
0.86
0.87
0.42

0.016
0;17

0.17
0.084

1.2x 10-3
2.0 x 10-2
2.0 x 10-3

5.2 X 1O-s
5.7 x 10-5
8.7 X 10-6

0.017
0.19
0.17
0.086

‘Assumptionsare breathingrate of 43 ~/min for 30 h/yr.
mot calculated.
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APPENDIX E

SOURCES AND EVALUATION OF RADIATION EXPOSURES

L INTRODUCTION

This appendix provides additional background on
someof the technicalaspectsof radiationand its effects.
It willfamiliarizethe interestedreader with the concepts
and terminologyused in the evaluationspresentedin the
main body of this report and other appendixes.It is not
comprehensivein that other concepts and terminology
applicable to other circumstances are not included.A
short bibliography is included at the end for those
desiringto read further.

II. RADIATION

Radiationis the transmissionof energythroughspace.
There are many kindsof radiation includingvisibleligh~
microwaves,radio and radar waves, and x rays. All of
these are electromagneticradiationsbecausethey consist
of a combinedelectricaland a magneticimpulsetraveling
through space. Much of this radiation is vital to us. For
example, light is necessary so that we can see. These
radiations can also be harmful: too much ultraviolet
radiation from the sun can cause sunburn or even skin
cancer on prolonged exposure. Energy can also be
transmitted through space by particulate radiations by
virtue of their motion. Some of the most common
particulate radiationsincludealpha particles,beta parti-
cles,and neutrons.The first two weregivennamesof the
fwstlettersof the Greek alphabetby theirdiscoverersas a
convenientway of designatingthem. It turns out that the
beta particleis an electron.The elecbwnis the fundamen-
tal negativecharge in all matter and is responsiblefor
electric currents. However, beta parti”ck.sare electrons
movingat very high speeds,even approachingthe speed
of light.The other particulate radiationsare also funda-
mentalparticlesfrom atoms.

The class of radiation important to this report is
ionizingmdiation.Ionizingradiationsareeitherwavesor
particleswith sufficientenergyto knockelectronsout of

the atoms or molecules in matter. This disruption is
termed“ionization.”

The simplestexampleis the ionizationof a singleatom.
The nucleus, or center of the atom, is composed of
particlescalledprotons and neutrons.The proton has a
positive charge and the neutron has no charge.
Negatively charged particles called electrons orbit
aroundthe nucleusand are heldin placeby the attraction
between the positive and negative charges. A simple
analogyto this is the planetsin orbit around the sun held
in place by gravitational attraction. In a neutral atom
there are exactlythe samenumberof electronsasprotons
and thepositiveand negativechargesare balanced.When
ionizingradiationknocksan electronout of an atom,the
atom is leftwith a positivecharge,and the freeek?ctronis
negativelycharged.These two are referredto as an “ion
pair.” Ionpairs arechemicallyactiveand willreact with
neighboringatoms or molecules.The resultingchemical
reactionsare responsiblefor causingchangesor damage
to matter, includinglivingtissue.

This brief description covers the basic concepts of
radiation and its effects.The rest of the discussionwill
elaborateon particularaspects: the types and sourcesof
ionizingradiation, the basic units for measuringenergy
depositedin matter by ionization,ways to estimatethe
amount of biologicaleffect and its significance,and the
nature of radiationstandards.

111.TYPES OF IONIZING RADIATION

The most common types of ionizingradiation are x
rays, gamma rays, alpha particles, beta particles, and
neutrons.

A. X and Gamma Radiation

X rays arepure energyhavingno mass.They are part
of the electromagneticspectrum,as are lightand micro-
waves,but withmuchshorterwavelengthsand,therefore,
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the abilityto transmitlarger amountsof energy.Gamma
rays are identicalto x rays exceptthat they originatein
the nucleusof an atom whereasx rays are producedby
interactionsof electrons.An x or gamma ray, havingno
electricalcharge to attract or repelit from the protonsor
electrons,can pass throughthe freespace in many atoms
and, hence, through relatively thick materials before
interacting.The most likelyinteractionoccurswhenthex
or gamma ray encountersan electron.Whenthis occurs,
someor all of the energy of the x or gamma ray willbe
transferred to the electron, which then will be ejected
from the atom. The electron may have enough energy
that it can, in turn,produceadditionalionizationsin other
atoms it passes through.The electron,once its energyis
spent, becomesa free electron (an electron not directly
associatedwithan atom) likethose foundin allmatter.

B. Alpha Radiation

A@cz particlesare made up of two neutronsand two
protons.This combinationis the same as the nucleusof a
helium atom. Because of the two protons, with no
negativeelectrons to balance their positivecharge, the
alphaparticleis positivelycharged.Alphaparticlestrans-
mitenergyas kineticenergy,or theenergyofmotion.The
faster they move,the more energythey carry,

The comparativelylargesizeand thepositivechargeof
an alpha particle mean that it interacts readily with
electronsand willnot slipthroughthe spacesbetweenthe
atoms easily. It causes many ionizations in a short
distance of travel. Because each of these ionizations
dissipatesenergy, the alpha particle travels only a very
short distance.For example,most alphaparticleswillnot
pass through a pieceof paper or the protectivelayer of a
person’sskin. However,if an alpha particleis produced
by radioactive material inside the body, it may cause
many ionizationsin more sensitivetissue.

C. Beta Radiation

Beta parhhks are electrons moving at high speeds.
They transmit energy as kinetic energy. High-energy
electrons approach the speed of light. They have com-
paratively small mass and a negative charge, so their
penetration through matter is intermediatebetween the
alpha particle and the gamma ray. They produce fewer
ionizationsalong their path than the alpha particle,but
more than gamma radiation.They can be absorbedby a
sheet of rigid plastic or a piece of plywood. However,

they can pass through the protectiveouter layer of the
skin and reach the more sensitiveskin cells in lower
layers.They can irradiateinternaltissuesif producedby
radioactivematerialsinsidethe body.

D. Neutrons

Neutrons are the particlesthat, withprotons,form the
nucleiof atoms. When free from the nucleus,they can
transmit energy as kineticenergy.There are two major
types of neutrons, fast and slow. Fast neutrons are
moving rapidly and, when they strike a nucleus of an
atom, they willgiveup someof their energy.Withheavy
nuclei such as those of lead, littleenergyis lost because
the neutronrebounds.However,withlightnuclei,such as
those of hydrogen (hydrogen has one proton with the
same mass as a neutron), the neutron undergoes a
“billiardbaU”type of collisionwith considerableenergy
transferredto the proton.Theproton thenmovesthrough
surrounding matter, producing less ionizationthan an
alpha particlebut more than a beta particle.

Slow neutrons do not have enough energy to cause
ionization.But because they have no charge, they can
penetrate into the nucleusof an atom. This disrupts the
balance in the nucleusand can result in the emissionof
radiations that produce ionization in the surrounding
matter. One example of this is the transmutation of
certain atoms of uraniuminto atoms of plutonium.

IV. SOURCES OF RADIATION

Radiation arises from radioactivity,both natural and
manmade,cosmic sources, and radiation-producingma-
chines. In this report, the sources of interest include
cosmic radiation and natural radioactivity,which both
contribute to normal background, and manmade or
technologicallyenhanced radioactivity,whichcontribute
radiationin additionto background.Thisreport doesnot
addressthe productionof radiationby devicessuch as x-
ray machinesor accelerators.

A. Radioactivity

The atoms of most familiarthingsare structurallythe
same as when they were formedand have littleprospect
of changing.Thus, most atoms of carbon in a tree or in
our bodieswillremain atoms of carbon. In time,an atom
may change its associationwithother atoms in chemical
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reactionsand becomepart of othercompounds,but itwill
stillbe a carbon atom.

There is a class of atoms, however, which are not
stable and willspontaneouslyemit radiationand change
to anothertype of atom or element.Theseatomsare said
to be radioactive.

Many radioactiveatoms such as isotopesof uranium
and radium, 40K(potassium-40),and “C (carbon-14)
occur naturally. In the cases of potassium and carbon,
only certain proportionsof the naturally occurring ele-
ments are radioactive and are known as radioactive
kot.ope.v.(Theradioactiveisotopeshavethe samenumber
of protons in the nucleusas do the stable isotopesand,
therefore the same chemical properties. However, the
radioactiveisotopeshave a differentnumberof neutrons
than the stableatoms.A particularradioactiveisotopeis
symbolizedby the letter symbolfor the chemicalelement
with a numericalsuperscriptrepresentingthe total num-
ber of protonsand neutronsin the nucleus.SeeTableE-I
for the symbolsand names of isotopesof concernin this
report.)

Many radioactiveatomscan alsobe“manmade”inthe
sense that 13Tc5,90f+r,~d radioactiveiSOtOpeSof phlto-

nium can be produced in large quantitiesduringnuclear
fissionof uranium in a reactor. However,theseisotopes
are also producedduringthe normalspontaneousfission-
ing of uraniumin nature. The differenceis that in nature
the reaction happens at a slow enough rate that the
number of naturally produced radioactive atoms of
cesium,strontium,and plutoniumis smalland dispersed.
Other manmade radioactive elementsproduced in nu-
clear reactors or by acceleratorsare not normallypresent
in nature.

Radioactive atoms attempt to achievea more stable
state by spontaneously decaying to alter the ratio of
protonsand neutronsin the nucleustoward a morestable
condition.

Radioactive atoms decay at a characteristicrate de-
pendent upon the degree of stability of the individual
atom.The rate is characterizedby a periodof timecalled
the ha~-Z~e.In one half-life,one-halfof the initialnumber
of atoms decay. The amount of radiation emitted also
decreasesby one-halfin the sameperiod.1nthe nexthalf-
Iife,the numberof atoms and the amountof radiationwill
again decrease by one-half,down to onequarter of the
originalamount. Half-livesare uniquefor each particular
type of radioactiveatom: that is, each isotopehas itsown
half-lifethat cannot be changed by man. Half-livesfor
differentradioactivematerialsrange from a fractionof a

secondto billionsof years. In fact, someare so longthat
certain radioactive materials made at the time of the
formation of the universe are still around. Examples
includesomeisotopesof thoriumand uranium.

When an atom decays, radiationmay be emittedfrom
the nucleusas alphaparticles,beta particles,neutrons,or
gamma rays. This changesthe character of the nucleus,
and the atom changesto an atomof a newelement.(One
particular type of decay, known as fission,resultsin the
productionof two new atoms.)Each type of radioactive
atom decays with emission of characteristic types of
radiation,each carrying speciticamountsof energy.For
example,natir~ 2MUalways emits alpha particleswith

energiesof about 4.8 relativeenergyunits,and manmade
Zggpuemits ~pha p~icles with energiesof about s. 1

relativeenergy units. Other than the slightditTerencein
the initial amount of energy, the alpha particles are
indistinguishable.

Atoms resulting from radioactive decay are called
“daughter”atoms,whereasthe originalatomis calledthe
“parent” atom. 1n some cases, the daughteratom result-
ing from the decay of a radioactive atom is, itself,
radioactive. For naturally occurring uranium and
thorium, there may be a sequenceof as many as 12-14
radioactive daughters before the original uranium or
thoriumatom finallyreachesstabilityas an atomof lead.

Table E-I lists the radioactive materials of primary
importance to this report givingthe half-livesand the
principaltypes of radiationthey emitduringdecay.

B. CosmicRadiation

The high-energyradiations that enter the earth’s at-
mospherefromouter spaceare knownasprima~ cosmic
rays. The origin of primary cosmic rays is still not
completelydetermined,but most of the observedradia-
tion originatesin our galaxy.Someis producedby solar
flares. Primary galactic cosmic rays are largely high-
energy protons. Primary solar cosmic rays have re-
latively low energy and have little effect at the earth’s
surface.

When primary cosmic ray particles enter the at-
mosphere, a complex variety of reactions occur,
especiallywith oxygenand nitrogennuclei.These reac-
tions result in the continuousproductionof radioactive
elements includingtritium, ‘Be, 14C,and 22Naamong
many others. The reactionsalso result in the production
of neutron and beta particle radiation, referred to as
secondarycosmicradiation.The amountof radioactivity
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TABLE E-I

RADIOACTIVE MATERIALS OF PRIMARY INTEREST
IN THE RADIOLOGICAL SURVEY

Isotope Approximate Half-Life Principal Mes of Radiation

Natural Radioactivity of Interest as Background

WI (Uranium-234) 247000years alpha, gamma
2S5U(Uranium-235) 710000000 years alpha, beta, gamma
2*W(Uranium-238) 4500000000 years alpha, beta, gamma
z~z’1’h(Thorium-232) 14100000000 years alpha
22!Ra(Radium-226) 1600 yeara alpha, gamma
‘22Rn(Radon-222) 3.8 days alpha, gamma
40K(Potassium-40) 1300000000 years beta, gamma

Radioactivity of Interest as Residual Contaminants
or Worldwide Fallout from Atmospheric Testing

Zsopu(Plutonium.23g) 24000 years alpha, gamma
2WI%(Plutonium.238) 87 years
z~lpu (Plutonium.241) 15 years
2flAm(Americium.241) 458 years
‘37Cs(Cesium-137) 30 years
‘Sr (Strontium-90) 28 years
‘H (Hydrogen-3 or Tritium) 13 years
Uranium and radium as given above

and radiation from cosmic rays increases significantly
with altitude above sea levelbecause of the decreasing
thicknessof the atmosphere.The influenceof the earth’s
magneticfield results in more cosmic radiation in polar
latitudesresponsiblefor the so-callednorthernand south-
ern lights.

V. UNITS FOR RADIATION AND RADIOAC-
TIVITY

Units to quantifyradiationor radioactivityprovidefor
uniformityin measurementsor comparisonsand permit
the establishmentof standards specifyingthe amount of
radiation allowableunder variouscircumstances.Radia-
tion units may initially seem obscure and diflicult to
understand. However, as in the case of the pound or

alpha, gamma
beta
alpha, gamma
beta, gamma
beta
beta

kilogram, familiaritywith the units makes them under-
standableand useful.

A. Radiation Units

The basicunit for measuringradiationis the rut-lIt is
the amount of radiationthat depositsa specifiedamount
of energy by ionizationin each gram of material (about
1/28 of an ounce).The amount of energyreleasedin the
materialis small;it increasesthe temperatureof the gram
of materialby a fewbillionthsof a degree.However,it is
not the amount of heat liberatedor the temperaturerise
that is important.Rather, it is the ionizationthat induces
chemicalchanges.The rad appliesto allradiationsand all
materialsthat absorb the radiation.
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The most commonly used radiation unit is the rem.
The rem quantifies the biologicalresponse to radiation
rather than the amount of energydeliveredto the tissue.
To understand this, remember that different types of
radiation produce ionizationsat differentrates as they
pass through tissue. The alpha particle travels only a
short distance,causing intensecloselyspaced ionization
along its track. The beta particle travels much farther,
causingmuch less ionizationin each portionof its track.
Therefore,the alpha particleis more damagingto tissue
than the beta particlefor the same numberof ionizations
becausethe damageto cellsin the tissueis localized.The
biologicaleffectivenessof the alpha particle is greater
than that of the beta particlefor the same total amount
(rads) of energy deposited, and this difference is ac-
counted for by the use of appropriatefactors. In general,
the factors used are 1 for x or gamma radiations and
most beta particles,5 to 10for neutrons,and 10to 20 for
alpha particles. The rem is defined as the amount of
radiation (in rads) from a giventype of radiation multi-
pliedby the factor appropriatefor that type of radiation
to approximate the biologicaldamage that it causes.
Thus, 1rad of energyfrom gammarays wouldresultin 1
rem, and 1rad from alpha particleswouldresult in 10to
20 rem of dose. Becausethe approximaterelativedegree
of damage from each of the types of radiationis known,
the rem can be used to estimatethe approximatebiologi-
cal effect. Within these limits of uncertainty, the rem
permits evaluationof potentialeffectswithoutregard to
the type of radiation or its source. One rem of exposure
from natural cosmicradiationresultsin the samebiologi-
cal consequencesas 1 rem from medicalx rays or 1 rem
from radiation produced by decay of either natural or
manmade radioactivity.

A frequent sourceof confusionencounteredin the use
of radiationunitsis their applicationto a standard weight
of tissue,rather than all of the tissueirradiated,Thus, a
person can receive1 rad or 1 rem of radiationfrom an x
ray of the teeth, where little tissue is irradiated; from a
chest x ray, where a moderate amount of tissue is
irradiated;or from full-bodyradiation,wherealltissuein
the body is irradiated. Although these are all 1 rem of
radiation,the effectswillbe differentdependingupon the
organs involved.Thus,one must alwayskeepin mindthe
portion of the body or organs involvedand make com-
parisonsonlyfor correspondingexposures.In thisreport,
radiationdoseswereevaluatedfor thewholebody,for the
lungs, and for bone. Whole-bodydoses must be com-

pared onlywithotherwhole-bodydosesor to whole-body
dose standards, and so on.

Becausemany of the radiation dosesdiscussedin this
report were small, the metric pref~es mini for “one-
thousandth”(1/1000 or 0.001, symbolizedas “m”) or as
micro for “one-millionth”(1/1000 000 or 0.000001,
symbolized“v”) were often used. One millionmicrorem
(~em) = 1000 millirem(mrem) = 1 rem. Milliremsare
used exclusivelyin the rest of this appendixto simplify
comparisons.

In some cases, radiation measurementsare expressed
as a dose rate, or the amount of radiation receivedin a
unit of time. For example, some instrument measure-
ments of background are reported in “microrem per
hour” or ~rern/h.To get total dose, the rate is multiplied
by the time of exposure.This is conceptuallysimilar to
multiplyingspeed(rate of travel,say in milesper hour)by
timeto get tot@distancetravelled.

Dose or dose rate may be expressed using rads or
reins, dependingon whether the reference is to energy
depositedor to biologicaleffect.

B. RadioactivityUnits

The basic unit for measuring the amount of radioac-
tivity or quantity of radioactive material is the curie,
named in honor of Madame Curie. The curie (Ci)
is the amount of radioactive material in which
37 000 000000 (37 billion)atoms are decaying each
second.This apparently peculiarnumber is the approx-
imate number of atoms decayingeach secondin 1gram
of pure radium, the element discovered by Madame
Curie. The mass of material in a curie varies from one
isotopeto another. The differenthaff-livesof each radio-
activematerialare the main cause for this variation.For
materials with short half-lives,a large fraction of the
atoms presentare decayingin any givensecond,and the
weightof 1 curie is small.For radioactivematerialswith
long half-lives,the weight of 1 curie will be large. For
example,the weightof 1curieof naturallyoccurring40K
is about310 pounds,or about 140 000 timesas much as
1 curieof radium.

The curieis a relativelylarge quantityof radioactivity
for most purposesof this report. Accordingly,the metric
pref~es are used to indicateunits in fractionalparts of a
curie, such as microcurie or picocurie,The units used
most often in the report are summarizedin Table E-IL
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UNITS OF RADIOACTIVITY

unit Abbreviation

curie Ci
millicurie mCi
microcurie pCi
picocurie pCi
attocurie aCi

TABLE &II

USED IN THE RADIOIXIGICAL SURVEY

The text ofien discussesradioactivityin environmental
mcdi~ such as air or soil. In thesecases, radioactivityis
reported as a concentrah”o?&or the amount of radioac-
tivityin or associatedwitha certainamountof air or soil.
Much of the information on radioactivity in soils is
reported as picocurk per gram @Ci/g) of some
particularradioactiveisotope.Thismeansthat thereare a
certain number of picocuriesof the isotope associated
with each gram (454 grams = 1 pound) of soil. For
example,a valueof 1pCi/g means that each gram of soil
haa an associatedradioactivityof about 2.2 alwayseach
minute.Concentrationsof radioactivityin air are gener-
allyreported as attocuriespercubicmeter(aCi/m3).This
means that there are a certain number of attocuriesof a
radioactive isotope dispersedthroughout the volumeof
air equivalentto a cube 1 meter on each side(1 meter =
1.09 yards). For example, a value of 3 aCi/m3 would
mean that a cubic meter of air contains radioactivityof
about 3.6 decays in a year.

VL DETERMINING HOW MUCH WDIATION IS
RECEIVED

Radiationdosescan be receivedfrom sourcesexternal
to the body, such as cosmic radiation or radiation
produced by radioactivityin the earth. Radiation doses
can alsobe receivedfrom radiationproducedby radioac-
tivity taken into the body by inhalation or ingestion.
Thesetwo modesof exposureare importantin this study
in terms of both normaldosesfrombackgroundradiation
or radioactivity and incremental doses attributable to
residualcontaminants.

Disintegration Equivalent Value in
per Second Other Time Units

37000000000 ---
37000000 -..
37000 ...
0.037 2.22 per minute
0.000000037 1.2 per year

The importantdistinctionbetweenradiationand radio-
activity must be emphasized at this time to avoid con-
fusion.When radiation interactswith a person’sbody, it
is quickly dissipated as ionization and eventuallyheat.
However,radioactivematerialscan entera person’sbody
and remain there for some period of time, emitting
radiation. Thus, it is incorrect to say that there is
“radiation in a person’sbody.” It is correct to say the
person has radioactivematerials in his body and radia-
tion is emittedfrom theseradioactivematerials.

A. ExternalPenetratingRadiation

Normal external penetrating radiation doses come
primarily from natural terrestrial sources or natural
cosmic sources. These doses affect the entire body,
includingall internal“organs.

1. Natural Terrestrial Sources. The radioactivity in
rocks, soils, and other natural materialsarises primarily
from three sources: uranium and its daughters (such as
radium),thoriumand its daughters,and potassium.There
are many other natural radioactive materials, but their
contributionsto human dose are small. The amount of
gamma radiation from these sources varies in ditTerent
parts of the country depending upon the amounts of
natural radioactivity in the soil. The average for the
coastal plain is about 15 mrem per year; for the non-
coastal plain, excludingthe Colorado plateau area, it is
about 30 mrem per year; and for the Colorado plateau
area, it is about 60 mrem per year. There are, however,
variations within these averages, with higher values in
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givenlocalities.For example,radiationup to 100mrem
per year from soils and rocks has been measured in
central Florida and in the granitic regions of New
England.In India and Brazil,terrestrialradiationreaches
several hundred mrem per year over large regionsand
evenhighervaluesin smallerparts of these regions.

Measurementsin the Los Alamos, New Mexico,area
indicate an average of about 57 mrem per year from
natural terrestrial sources. Because of the variety of
geologicformationsin the area, the range is from about
30 to 90 mremper year. Thus, the averageis about40’%0
higherthan for the U.S., as a whole,but the range is less
than for the U.S.

The same natural radioactive materials, especially
uranium and thorium, are responsiblefor penetrating
radiation doses from masonry structures.A United Na-
tions study reports that doses averageabout 30Y0higher
inside masonry structures than outdoors, Conversely,
structuresof woodor metalmaterialsafYordsomeshield-
ing and may reduce indoordosesfrom natural terrestrial
radioactivityby 25% comparedwith outdoordoses.

2. Natural Cosmic Sources.As previouslydiscussed,
cosmic radiation arises primarily from space outsideof
our solar system.The atmosphereprovidessomeshield-
ing,but there is a deftite increasein cosmicray intensity
as one goesto higheraltitudes.At sea level,cosmicrays,
including cosmic neutrons, produce about 30 mrem a
year. At the altitudeof Denver,Colorado (5000ft), they
produce about 55 mrem per year, and at Leadville,
Colorado(10 000 ft), they produceabout 120rnremper
year.

Airlinetravel at higheraltitudescan result in dosesof
0.2 to 0.3 mrem per hour or 1.5 to 2 rnrem total for a
singletranscontinentaltrip.

3. Medical DiagnosticX Rays and Other Manmade
Radiation. People receive manmade radiation from a
number of sources. By far, the most important are
medicalprocedures, includingdiagnosticx rays and the
medicaluse of radioactiveisotopes.The averageannual
whole-bodydose to a residentof the U.S. fromdiagnostic
medical procedures is estimated at 70 to 90 mrem per
year, or an amount about equal to normal background
radiation.

Other sources of manmade or man-enhancedradia-
tion, includingtelevision,smokedetectors,luminous-dial

watches, miningand millingof phosphate,and burning
coal and natural gas, add 2 to 5 mrem per year.

B. Radiationfrom InternallyDepositedRadioactivity

Many radioactive materials, both natural and man-
made, can be incorporated into tissues because their
chemicalproperties are identicalor similar to those of
isotopes in the tissues.For example,0.012°kof natural
potassiumis the radioactiveisotope40K.The radioactive
portion of potassium is incorporated into plant and
animaltissuesin the samemanneras the stablepotassium
isotopes because the chemical properties are identical.
Radioactive‘OSr,whichresultsfrom nuclearfission,can
be incorporatedin tissuesbecause its chemicalbehavior
is similar to that of calcium. Once such radioactive
isotopes are deposited in biological tissue, they emit
radiation that results in an internaldose to the organ or
organism.An importantpointis that internallydeposited
alpha emitters can be significant because the alpha
particle radiation is emitteddirectly into tissue,whereas
external alpha particle radiation is stopped by the
outermostskin layers.

1. Pathways. Although radiation from internallyde-
posited radioactive materials may cause the same ul-
timate effects as external penetrating radiation, the
evaluationis more complex.This is becausethe physical
and chemical processes that govern movementsof the
materials in nature and biological systems must be
considered.The evaluationof movementsof materialsby
suchprocessesas dispersionin the atmosphere,transport
in water, uptake in plantsor animals,and ultimately,the
biochemistryof the human body is oftentermedpatlovay
amdysk. There is nothinguniqueto pathway analysisof
radioactive materials; the methods and principlesare
equally applicableto movementsof natural substances
and nonradioactivepollutants.

The major types of environmentalpathway anrdyses
consideredin the radiologicalsurveywere resuspension,
hydrologictransport, and foodchains.Theseare allways
of transportingcontaminantsto the human body.

Resuspensionencompassesvariousmechanisms,such
as wind or mechanicaldisturbance,for makingparticles
of dust and soilairborne.Onceairborne,theparticlesand
any contaminants on them are potentiallyavailablefor
inhalation.
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Hydrologic transport encompasses movement of
materialsdissolvedin water and movementof materials
attached to sediments.Such movementscan make con-
taminantsavailablefor ingestionwithdrinkingwater and
uptake in plantsor animalsor can redistributesediments
to difYerentlocations.

Food chains encompass the movement of materials
through natural biologicalsystems. A typical sequence
starts with plants taking up materialsfrom soilor water
during natural plant growth or gardening.The next step
could be ingestionof plant materials by cattle or fish,
followedby ingestionof beefor fish by humans.

Once environmentalpathways have made materials
available for entry into the human body, the analysis
must determinehow the substancesof concern will be
assimilatedwithinthe body.This requiresan understand-
ingof the complexbiochemistryof the body to determine
where particular substances will be deposited and how
long they willbe retained.For example,both strontium
and plutoniumcan ultimatelybe preferentiallydeposited
in bone and are then retainedfor longperiods.However,
the amount depositeddepends stronglyon the chemical
formof the elementand whetherthe materialsgain entry
by inhalation or ingestion.For the same amounts of
radioactivity,strontiumis depositedto a greater degree
when ingested,and plutoniumis depositedto a greater
degreewheninhaled.

Internally deposited radioactivity gives off radiation
and thereby producesdoses as long as it is in the body.
Accordingly,dosesdeliveredmust be accountedfor over
a period of time beyond the period during which the
radioactivitywas ingestedor inhaled.

The 50-yeara%secommitmentsrepresentthe totaldose
accumulated in the body or specificorgans over a 50-
year periodbecauseof ingestionor inhalationof radioac-
tivityduringthe fwstyear. The 50-yearcommitmentsare
alwaysas large as or larger than first-yeardoses. In this
summary, only the 50-year commitmentsare compared
with the standards.

Conceptually,this is in agreementwiththe recommen-
dationsof the InternationalCommissionon Radiological
Protection(ICRP), and, in effect,for regulatorypurposes
charges the entire dose commitmentagainst the year in
which exposure occurs. The use of the 50-year dose
commitmentalso permitsmakingestimatesof riskover a
lifetime from the given exposure and simplifiescom-
parisonsbetweendifferentexposuresituations.

The dose commitments were calculated using pub-
lished factors from referencescurrently used in regula-

tion. The mathematical dose models employed in the
derivation of these factors were based primarily upon
recommendationsof the International Commissionon
RadiologicalProtection.

Other methodsof computingdoses are available,and
someare consideredmore up-to-datein termsof utilizing
the best current understandingof thebehaviorofisotopes
within the body. Additionally,there are conceptually
difYerentapproachesthat emphasizethe dose at the time
of maximumdoserate followingexposureas the basisfor
comparison with standards. This is significant for
isotopes such as plutoniumthat accumulate in certain
parts of the body and can lead to a constantlyincreasing
doserate underconditionsof chronicexposure.One such
approachhas beenproposedby the EPA as guidancefor
Federalagenciesin regard to plutonium.

Theseother approachesdo not resultin doseestimates
or comparisonswith standards for the radionuclidesof
concern sufficientlydifferentfrom the methods used in
this report to make any significantdfierence in the
conclusionsdrawn. For example, under conditionsof
chronicexposureto airbornezjgpu the dosein theyear of

maximumdoserate (takento bethe 70thyear)calculated
by alternatemethodsgave estimatesrangingfrom about
1.4 (for bone) to 2.6 (for lung) times the 50-year dose
commitment.These ditTerencesare of about the same
magnitude as other uncertaintiesin field data and are
smaller than some of the intentionallyoverestimated
assumptions incorporated into these evaluation.Thus,
there would be no significantchanges in the relative
ranking or general magnitude of estimated doses and
risks if other methodologieswereused.

2. Radiation from Natural Radioactivity.The most
prominant internal natural radioactive material in the
body is a radioactiveisotopeof potassium.Potassium40
is distributedthroughoutthe body and contributesabout
17 mrem per year to the whole body. Other natural
radioactivity taken in with food or air adds enough
radiationto bring the total whole-bodydose to about 27
mremper year.

Somenatural radioactivematerialstend to concentrate
in particularparts of the body. For example,radiumand
its daughtersconcentratein bone and contributea major
part of the approximately47-mrem-per-yearbonedose.

Radon, a natural radioactive gas given off by all
terrestrialmaterialsincludingsoiland masonryproducts,
is the largestcontributorto internallungdoses.Radon is
inhaled with air and decays by alpha-particleradiation
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through a chain of other radioactive daughters that
contributedoses as they, in turn, decay. Concentrations
of natural radon in the air can be greatly increased in
masonry structures or in tightly sealedstructureswhere
dilutionby ventilationair exchangeis low.

3. Radiation from WorldwideFaUoutRadioactivity.
Radioactivematerials released by atmosphericnuclear
weapons testing have been dispersed worldwide and
deposited on soils everywhere, By various pathways,
includingresuspensionand foodchains,smallamountsof
such radioactivity are incorporated into every human
body. The averagedose from worldwidefaUoutradioac-
tivity to the populationin the U.S. for the wholebody is
about 4.4 mrem a year. For lungs and bones, the doses
are lessthan 1°76of dosesfrom natural materials.

WI. POTENTIAL HARM OR RISK FROM RADIA-
TION

The damagedone by radiationresultsfromthe way it
affectsmoleculesessentialto the normalfunctionofbody
cells. Four things may happen when radiation strikesa
cell.

1. It may pass through the cell without doing any
damage.

2. It may damage the cell,but the cellpartiallyrepairs
the damage. (The abilityof a cell to repair someof
the damage from radiation explainswhy a given
dose of radiationdeliveredin smallamountsover a
long period of time is generaUybelievedto be less
damaging than the same total dose given aU at
once.)

3. It may damagethe ceUso that the cellfailsto repair
itself and reproduces in damaged form over a
period of years.

4. It may killthe cell.

The death of a singlecell may not be harmful, but
serious problems occur if so many cells are killedin a
particular organ that the organ no longer can function
properly.Incompletelyor incorrectlyrepairedcellsmay,
overa periodof time,producedelayedhealtheffectssuch
as cancer, geneticmutations,or birth defects.

Radiationat highenoughdoseswillkillin a shorttime.
The lethal dose is estimatedto be 400000 to 500000

mremfor gammaradiationwithdeath occurringin 10-30
days. However,the publicis seldom,ifever, subjectedto
such high doses. We will, therefore, concentrate our
attention on the effects that occur later, cancer and
geneticeffects.

A. Cancer

Information on the induction of cancer in humans
arisesfrom severalsources.The most importantdata on
externalradiation are for the Japanesewho survivedthe
blast effects but received radiation at Hiroshima and
Nagasaki and for the people who were ‘exposedto

kradiationduringmedicaltherapy.Informationon internal
emitters comes from the radium dial painters who in-
gested radium while painting dials in the early 1920s,
from a group of patientswho wefe administeredradium
as a tonic,and fromuraniumminerswhowereexposedto
radon and its daughter products. Evaluations of such
data have led to estimatesof the likelihoodof radiation-
inducedcancer.Theseestimatesare acceptedby the vast
majority of scientistsworking nationally and intern-
ationallywithradiation.

Before discussingthe actual risks, there are several
points that are fundamental in interpretingthe values.
Firs~ cancers or genetic changes caused by radiation
cannot be distinguishedfrom those that are occurring
everyday spontaneouslyor causedby othercarcinogenic
chemicals.About 400 000 deathsoccur from cancersin
the U.S. each year, or about 15to 20 per 10 000 people.
We can infer an effect from radiation only if the total
number of cancers (or of a particular type of cancer) is
increased by an amount we can detect. Valid com-
parisons are made even more ditlicult because some
population groups have higher normal rates of cancer
than others. This may be due to differencesin the way
they live and the possiblecarcinogensin their environ-
ment.Cancer alsooccurs moreoftenin olderpeoplethan
in youngerpeople.Thus, to detect increasesin effects,a
comparison (or control) group that is the same as the
exposedgroup is necessary.

This all leads to the fact that there havebeenno direct
measurementsof increasedcancer for low-levelradiation
exposures(1000-5000mrem). Data existonly for much
higherexposures(100 000 mrem and abovedeliveredin
a short time).Thus, scientistshaveestimatedrisksfor the
lower doses by assumingthat any dose results in some
effect (no threshold for effect) and that the relation
betwexmthe radiation dose and the effect (cancer) is
linear.That is, for each doubUngof the dosetherewillbe
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a doublingof the effect. This is an assumption that is
generally believed to provide an overestimate of any
effects. In fact many scientistsare now using a more
complex mathematicalrelation betweendose and effect
that estimatesrisks at 2 to 10timeslowerthan the values
givenin this report.

Second, another characteristic of cancer or genetic
effects from any cause is that, they are statistical in
nature.That is, not all of the individualswillbe affected.
Rather, a fewindividualsin the populationwillgetcancer
or have genetic defects and the remainder will not be
affected. Therefore, we express the risk as the likely
numberof effectsin a givenpopulation.For example,30
cancers per millionpeople means we expect 30 cancers
out of this group of 1 000 000 people,but cannot tell
which of the 30 willget cancer. Or, this examplecould
also be stated that an average individualin that popula-
tion has a risk of cancer of 30 chancesin a million.

Cancers of many types can result from radiation or
other carcinogens.These cancersdo not occur for some
periodof time after exposure,usually5 to 25 years.This
period of time is called the latent period. For example,
there is informationfrom the Japanese survivorsthat the
latent period for the first leukemiato appear is 1 to 4
years. The risk of leukemiais limitedto about 25 years
after the exposure.After this time, the risk of leukemia
goes down to the normal incidence.For other cancers,
the latent period is longer, about 10 to 20 years. How-
ever, informationis incomplete.

Estimates have been made of the number of cancers
that could result from a givenradiation exposure,using
the data for humans. These estimates generally are
consideredto be high becauseof the useof the linear,no-
threshold assumption in extrapolating from the high
levelsat whichpeopleactually were exposed.In spiteof
this, theseestimatesare usefulfor illustratingthe amount
of additionalcancer that couldbeinducedin a population
exposed to radiation (or conversely,the chance that an
individualexposedto radiationwillget cancer).

The estimatesof healtheffectsrisks givenin thisreport
were basedon the factors recommendedby the National
Academy of Scienceand the InternationalCommission
on Radiological Protection. Multiplyingan estimated
dose by the appropriate risk factor givesan estimateof
the probabilityof injury to the individualas a result of
that exposure.The risk factorsused are

For uniformwhole-bodydose
Cancer mortality 0.0000001per mrem

wholebody,

For specificorgan doses
Lung cancer 0.0000002per mrem

to lung,

Bonecancer 0.000000005per
mremto bone.

As an example,a whole-bodydose of 10 mrem per year
would be estimated to add a risk of cancer mortalityto
the exposed individual of one chance in a million
(1/1 000 000) per year of exposure.

Such risk estimates must be placed in appropriate
contextsto be usefulas a decision-makingtool. A useful
comparison is an estimate of the risk that can be
attributed to natural background radiation. Radiation
from variousnatural externaland internalsourcesresults
in exactlythe sametypesofinteractionswithbodytissues
as that from so-called“manmade” radioactivity.Thus,
the risksfrom a givendoseare the sameregardlessof the
source.

Natural background radiation for people in the Los
Alamos, New Mexico, area consists of the external
penetrating dose from cosmic and terrestrial sources,
cosmicneutron radiation, and self-irradiationfromnatu-
ral isotopesin the body. These sourcesgivea combined
whole-bodydose averaging about 158 mrem per year.
This can be interpretedusing the ICRP risk factors to
representa contributionto the riskof cancermortalityof
15chancesin a millionfor each year ofexposureor a risk
of 8 chances in 10 000 for 50 years of exposure to
natural backgroundradiation.As perspective,the overall
U.S. population lifetimerisk of mortality from cancer
induced by all causes is currently estimated at about 2
chances in 10.

B. GeneticEffects

One of the concerns of many people is the possible
effectof theirexposureto radiationon futurechildren.An
effect on the reproductivecellsof the body that can be
inherited by children is called a genetic effect and the
change itself is called a mutation. Many of these muta-
tions are unnoticeableor barelynoticeable.

There is no informationbasedon humanexposurethat
willallowan estimateof the riskof mutations.Thus,data
from an~malssuch as fruit flies and mice, along with
known abnormalitiesin human birthsand generalknowl-
edgeof genetics,have been used to arrive at an estimate
of the risks. Careful study of the survivors of the
Hiroshima and Nagasaki bombs and their descendants

119



has shown that these estimates are reasonable. The
informationavailableis not sufficientto providea precise
estimate,but a range of valueswill illustratethe magni-
tude of the risk.

About 10?4oof all births are estimated to have some
form of genetic mutation. These range in importance
from the trivial, such as a change in eye color, to the
serious,such as a stillbirthor a deformityin the bodyof
the child.Exposureto 1000mremof radiationduringthe
childbearing years is estimated to result in 6 to 100
additionalchangesper millionbirths in the fwstgenera-
tion.This may be comparedwith the 100 000 estimated
to occur in the same group without above-background
radiation.Continuedexposureto 1000mremfor genera-
tion aftergenerationis estimatedto eventuallylead to 10
to 150 additional births with genetic mutations per
millionbirths.If the actual radiationreceivedis higheror
lower, the numbers given above will change in propor-
tion.

C. Effectson the Fetus

You will otten see signs in the x-ray departments of
hospitals asking women to see the doctor if they have
reason to believethey are pregnant.The reasonis that the
fetus, particularly in the fwstthree months, is especially
sensitiveto radiation and may be damaged if exposedto
excessiveradiation. The doctor, therefore, may wish to
re-evaluatehis procedure.

Animal informationon singleexposuresto radiation
indicatesthat some changesdetectableby sophisticated
tests have occurred with a few reins. At presen~ no
speciticrelationshipbetweendose and the likelihoodof
damage has been developed.Because of this and the
relativelylowdosesattributableto residualcontaminants,
no eatimatesof effectswere made in this report.

VIII. STANDARDS FOR EXPOSURE TO RADIA-
TION

There are a number of organizations that provide
standards or regulationsgoverningthe amount of radia-
tion people should receive. Voluntary standards, or re-
commendations,are providedby the InternationalCom-
missionon RadiologicalProtection(ICRP) and the U.S.
National Councilon Radiation Protectionand Measure-
ments (NCRP). These are both groups of scientists
knowledgeableabout radiation who study the available

data and recommend appropriate limitations on the
maximumamount of exposure that shouldbe received.
They also make recommendationson appropriateequip-
ment and procedures.Their recommendationsare non-
bindingbut have been acceptedby many of the regula-
tory agencies.

The principal regulatory agenciesin the U.S., which
provideregulationson radiationexposure,are the Envi-
ronmental Protection Agency (EPA) and the Nuclear
Regulatory Commission (NRC). Other agencies that
provideregulationsin theirown areas of interestinclude
the Food and Drug Administration (FDA) and the
Occupational Safety and Health Administration
(OSHA).

The EPA is thelead agencyinthe sensethat it provides
basic guidance to be used by all Federal agencies.The
EPA has the responsibilityto provide general environ-
mental stand~ds for the Nuclear Regulatory Com-
missionand specflc responsibilitiesto producestandards
under the Clean Air Act, the Clear Water Act, and the
Resources Recovery and Conservation Act. The EPA
has adopteda policyof settingstandardsat as lowa level
as is believedeconomicallyfeasible.For this reason, the
EPA standards are frequentlylowerthan those from the
ICRP or the NCRP.

The Nuclear RegulatoryCommissionprovidesregula-
tions to cover nuclear reactors and all products as-
sociatedwithreactors,includingthe radioactivematerials
used for medicine. Because the Nuclear Regulatory
Commission does not regulate natural radioactive
materialsor x rays, the states have taken responsibility,
usuallyusingthe recommendationsof the NCRP.

The standards and regulations,or guides,fallinto two
general categories:(1) the primary radiation protection
standards and (2) the secondary standards for intakeof
radioactive materials. Within each category there are
generallytwo sets of values, one applicableto occupa-
tionally exposed persons and the second applicableto
membersof the public.Allcomparisonsin this report are
made with the standards appropriate for the general
public.

An important principle in all radiation protection
recommendationsand regulationsis that the amount of
radiationreceivedby peopleshouldbe kept as far below
the actual doselimitas is reasonablyachievable.That is,
the goal of a radiation protection program is not to see
that everyoneis kept at or just belowthe limits;instead,
the goal is to see that workingconditionsand practices
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are such that both the workers and the publicreceivethe
smallest amount of radiation that can practically be
achieved.

A. Primary RadiationProtectionStandards

Primary radzhtionprotection standarh give limits for
total exposure to external and internal radiation for the
whole body or for speci.tlcorgans. The standards, or
upper limits,for the publicare basicallyone-tenthof the
values permitted for occupationallyexposed workers.
The standards apply to incrementsof exposure in addi-
tion to natural background and in addition to medicd
exposures.

The upper limit adopted by all Federal agencies,
including the Department of Energy, for whole-body
radiation to an individualmember of the public is 500
milliremper year, For average radiation doses to an
exposed population, the Federal Radiation Council
(which has been incorporated into the EPA) recom-
mended that the averageexposureto that portionof the
populationreceivingthe highestannualdosebe limitedto
170 milliremin addition to natural or medicalradiation
exposure,(This averagelimitwas set to minimizepoten-
tial geneticdamage and was derivedfrom a limitof 5000
milliremover 30 years for largepopulations.)

The basic radiation standards as used by the Depart-
ment of Energy are shownin Table E-III. These include
both whole-body limits and specific organ limits. The
EPA has proposed Federal guidance for exposure to
transuraniumelements,also shownin Table E-III.

A final word about these standards and their meaning
is appropriate. Exposure to more radiation than
permittedby the standards is not analogousto stepping
off a cliff.That is, there is no sharp line betweendoses
causing excessiveharm and doses causing little or no
harm. The opposite situationis true for many chemical
poisons.An additionalexposureof 1milliremincreasesa
person’srisk to cancer or geneticmutation by the same
amount whetherit is a milliremof backgroundradiation,
the fwstmilliremabove backgroundradiation,or the first
milliremabove the 500 milliremlimit.

All of the doses evaluated in this radiologicalsurvey
under current conditionsof land use weresmallfractions
of those permitted above natural background and
medical exposure by the DOE Radiation Protection
Standards. The highest dose, from the unlikelycircum-
stance of a full-yearoccupancy of a smallportion of the
former wastetreatmentplant site,was estimatedat about

12940of the StandmdoAllotherdoseswerelessthan 2V0of

the standard.
For projected possibleland use conditions,the max-

imum dose estimates were for hypotheticalhome gar-
deners in one of the canyon areas (about 1.5Y0of the
standard) and construction workers (about 6% of the
standard). Continuousexposure to resuspendeddust in
the canyons was estimatedto result in less than 1.3?40of
the EPA proposed guidance for persons exposed to
transuraniumelementsin the generalenvironment.

The various doses evaluated are summarized in
Chapter 1 and describedmore completelyin Chapter 5,
SectionsII and III.

B. Secondary Standards for Intake of Radioactive
Materials

Secondarystandardsto be used in controlof exposure
by limitingthe intake of radioactivematerialsare calcu-
lated from the primary standards usingknowledgeof the
fate of the particularradioactivematerialin the body and
the time it remainsin individualorgans.These standards
are estimatedfor ingestionof water and inhalationof air.
They are expressedas concentrationsand are generally
calculatedso that the dosesreceivedfrom internalradio-
activity will not exceed the primary standard under
conditionsof continuousexposureto the contaminantsin
air or water.

The assumption of continuous inhalation of air or
ingestionof water, upon which the secondary limitsare
based, leads to a problem in their use. A frequent
misinterpretationis that the secondary standards rep-
resentmaximumconcentrationsto whicha personcan be
exposed regardlessof the time of exposure.This is not
true.The total intakeof radioactivitydeterminesthe dose
received,not the particular concentrationin air or water
at any given time. The secondary standards are calcu-
lated as annual averages. Thus, a person could be
exposed to 10 times the secondary standard concentra-
tion for a weekand receiveonlyabout 20940of the annual
intake permittedby the secondarystandard.

The secondary standards account for the fact that
some radioactivematerialshave a short half-lifeor are
rapidly eliminatedfrom the body. Tritium is eliminated
from the body with a half-lifeof 12to 13days.Thus, the
radiation receivedfrom a singledrink at the secondary
limit will be only a fraction of the annual limit that is
calculated for continuousintake. Another example,plu-
tonium,whichis very wellretainedin the bodyand has a
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TABLE E-ILI

W’ANDARDSAND GUIDES FOR RADIATION AND RADIOACTIVITY

DOE Radiation Protection Standards for
External ●nd Internal Exposures

Individuals and Population Groupn
in Uncontrolled Areas

Annual Dose Equivalent or
Dose Commitment

Type of Exposure

M’holebody, gonads, or bone marrow

Other organs

Based on Dose to Based on an Average
Individuals at Points of Dose to a Suitable Sample

Maximum Probable Exposure of the Exposed Population

0.5 rem 0.17 rem
(or 500 mrem) (or 170 mrem)

1.5 rem 0.5 mrem
(or 1500 mrem) (or 500 mrem)

EPA Maximum Contaminant Levels fkom Natural
Interim Primary DrinkingWater Regulation

Isotope Media Concentration

GrossAlpha Water 15 pci/1
(including “Ra but
excluding radon and uranium)

long half-life,will reach the annual radiation limitonly
after continuousinhalationor ingestionat the secondary
limitsfor 50 years.Thus, intake at or abovethis limitfor
days, weeks,or evenmonthswillnot resultin reachingor
even approachingthe primary standard dose limit.

The secondarystandardsare usuallystated as concen-
trations of radioactivityin air or in water, as definedin
Section V.B of this Appendix. The values used for
comparison in this report are presented in Table E-III.
The DOE secondary standards are calledConcentration

Guides. The EPA secondary standards for drinking
water are calledMaximumContaminantLevels,and for
airborne transuranicsare calledDerivedAir Concentra-
tions. None of the relevant secondary standards was
exceeded by any measured or theoreticallyestimated
concentrations. Evaluations in the radiological survey
were carried through to estimates of doses to permit
comparisonwith the primary standards.Accordingly,no
emphasiswas placedon comparisonswiththe seeondary
standards.
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