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Aerial view looking west toward the Jemez Mountains across the Pajarito Plateau, which is cut
into numerous narrow mesas by southeast-trending oanyons. The Los Alamos townsite is In
the center of the photo, the main LASLteohnioal area (TA-3) is in the upper left, and the airport
is at left oenter.
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FOREWORD

SUGGESTIONS ON HOW TO READ THIS REPORT

This report addresses a mixed audienceof laypeopleand acientifkallyoriented people,Wkhin each of
these two groups are those peoplewith a limitedintereatin this report and those with a more comprehen-
sive interest. An attempt has been made to make this report accessibleto all without compromisingits
scientificintegrity.Followingare directionsadvisingeach specificaudienceon how best to use this docu-
ment.

1. LA YPERSON W- LIM17ED INTEREST. Read Part I, the EnvironmentalMonitoring Sum-
mary, which describes the Laboratory’s environmentalmonitoringoperations and summmizesen-
vironmental data for this year. Emphasis is placed on signihnce of findings and results are ex-
plained in common language Technical terms are avoided. A glossary, list of acronyms and ab-
breviatio~ and list of units are in the front of the report to assist you.

2. LA X??ERSON W~ COMPREHENSIVE INT.EREST. Follow directions for the ‘Laypemon
With Limited Interest” given above Ako, summaries of each section of the report are in boldface
type and precedethe more technicallyoriented text. Read summariesof those sections that interest
you. Further detail can be gleaned by mding the text that follows each summary. Appendix A
(Standards for Environmental Contaminants) and Appendix F (lkscriptions of Technical Areas
and Their Associated Programs) may also be helpful to you.

3. SCIENTIST JZfTH LIMITED INT.EREST. Read Part ~ the Environmental Monitoring Sum-
mary, to determinewhichspecMcparta of the Laboratory’senvironmentalmonitoringprogram are
of interest to you You can then read summariesand technicaldetailaof these parta in the body of
the repmt Ako, detaikd data tables are m Appendix E.

4. SCIEN17ST U?fTH COMPREHENSIVE lNTEREST. Read Part I, the EnvironmentalMonitor-
ing Summary, which deacrii the Laboratory’s environmental monitoring operations and sum-
marizes environmentaldata for 1982. Ako, read the summaries(ii boldface)that head each mqjor
subdivision of this report. Further detail can be gkaned from the text and appendixes.

For further informationabout this repom contact the Los AlamoaNational Laboratory’sEnvironmen-
tal SurveillanceGroup (Group H-8):

Los Alamos National Laboratory
P. O. %X 1663
Los Alamos, New Mexico 87545
Attn: Environmental SurveillanceGroup, Mail Stop K490
Commercial Tekphone: (505) 667-5021
Federal Telephone System: 843-5021
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alpha particle

activation products

background radiation

beta particle

Concentration Guide (CG)

Controlled Area

cosmic radiation

curie (Ci)

dose

A charged particle (identical to the helium nucleus)
composed of two protona and two neutrons that is
emitted during decay of certain radioactive atoms.
Alpha particles are stopped by several centimeters of
air or a sheet of paper.

In nuclear reactors and some high energy research
faciliti~ neutrons and other subatomic particles that
are beiig generated can produce radioactive species
through interaction with materials such as air, con-
struction materials or impurities in cooling water.
These “activation products” are usually distinguish
for reporting purpow fkom“fission products.”

Ionizing radiation coming from sources other than the
Laboratory. It includes cosmic radiation; external
radiation from naturally occurring radioactivity in the
ear@ air, and wateq and internal radiation horn
naturally occurring radioactive elements in the human
bedy.

A charged particle (identical to the electron) that is
emitted during decay of certain radioactive atoms.
Most beta particieaare atoppedby 0.6 cm of aluminum
or less.

The concentrationof a radionuclidein air or water that
results in a wlmlebody or organ dose in the 50th year
of exposure equal to the Department of Energy’s
Radiation Protection Standard for externaland internal
exposures.This dose is calculated assuming the air is
continuously rnhaledor the water is the sole source of
liquid nourishment for 50 years,

Any Laboratory area to which access is controlled to
protect individuals from exposure to radiation and
radioactive materials.

High energy particulate and electromagneticradiations
that originate outside the earth’s atmosphere. Cosmic
radiation is part of natural background radiation.

A special unit of radioactivity. Gne curie equals
3.70 x 1010nuclear transformations per secmd

A term denoting the quantity of radiation energyabsor-
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dosq maximum boundary

dose maximum individual

external radiation

f~aion products

gallery

gamma radiation

gross alpha

gross beta

ground W-

half-lif~ radioactive

The greatest dose commitme@consideringall potential
routes of exposure from a facility’soperatio~ to an
individualat or outside the Laboratory boundary where
the highest dose rate occurs. It takes into account
shieldingand occupancy factors that would apply to a
real individual.

The greatestdose Commitmemconsideringall potential
routes of exposure from a facility’s operatio% to a
hypothetical individualwho is in an UncontrolledArea
where the highest dose rate occurs. It assumes that the
hypothetical individualis present for 100%of the time
(fidl occupancy) and does not take into account
shielding(for exampl%by buildings).

Radiation originatingfrom a source outside the body.

Those atomscreated through the splitting of larger
atoms into smaller on- accompanied by release of
W.

An undergroundcollectionbasin for spring discharges.

Shoti-wavelengthelectromagneticradiation of nuclear
origin that has no mass or charge. Becauseof its short
wavelength(high energy~ gamma radiation can cause
ionization. Other electromagnetic radiation (micr*
wav~ visible lighh radiowav~ etc.) have longer
wavelengths (lower energy) and cannot cause
ionization.

The total amount of measured alpha activity without
identilcation of specific radionuclides.

The total amount of measured beta activity without
identification of specific radionuclides.

A subsurface body of water in the zone of saturation.

The time required for the activity of a radioactivesub-
stance to decreaseto half its value by inherent radioac-
tive decay. After two half-liv~ one-fourth of the
original activity remains (1/2 x 1/2), atler three half-
Iiv% one+@h (1/2 x 1/2 x 1/2), etc.



internal radiation

Laboratory

Maximum Contaminant Level (MCL)

perched water

person-rem

population dose

rad

radiation

Radiation Rotection Standard (RPS)

rem

Radiation from a source within the body as a result of
depositionof radionuclideain body tissues by processes
such as ingestion, inhalation, or implantation.
Potaaaium40, a naturally occurring radionuclid~ is a
major source of internal radiation in livingorganisms.

Los Alamos National Laboratory.

Maximum permissiblelevelof a contaminanttinmter
that is deliveredto the free flowingoutlet of the ultimate
user of a public water system (see Appendix A and
Table A-III). The MCLS are specifiedby the Environ-
mental Protection Agency.

A ground water body above an impermeablelayer that
is separated from an underlying main body of ground
water by an unsaturated zone.

The unit of population do* it expremes the sum of
radiation exposures receivedby a population. For ex-
amplq two persons each with a 0.5 rem exposurehave
received 1 person-rem Alao, 500 people each with an
qxxmre of 0.002 rem have received 1 person-rem.

The sum of the radiation doses to individualsof a pop-
ulation. It is expressedin units of person-rem(for exam-
ple if 1000 people each received a radiation dose of
1rem their population dose would be 1000 person-
rem).

A specialunit of absorbed dose from ionizingradiatiop.
A dose of 1 rad equals the absorption of 100 ergs of
radiation energy per gram of absorbing material,

The emission of particles or energy as a result of an
atomic or nuclear process.

Standards for external and internal exposure to
radioactivity as definedin Department of EnergyOrder
5480.l& Chapter XI (see Appendix A and Table A-II
in this report).

The unit of radiation dose equivalentthat takes into ac-
count difTerentkin& of ionizing radiation and permits
them to be expressed on a common bask The dose
equivalentin rema is numericallyequal to the absorbed
dose in rads multipliedby the neceaamymodifyingfac-
tora
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roentgen (R)

terrestrial radiation

thermoluminescentdosimeter (TLD)

uraniuq depleted

uranium, total

tritium (3H)

tuff

Uncontrolled Area

A unit of radiation exposure that expressesexposurein
terms of the amount of ionizationproduced by x rays in
a volume of air. One roentgen (R) is 258x 10+
coulombs per kilogram of air.

Radiation emited by naturally occurring radionucli~
such as ~, the natural decay chains 23SU,~, or
‘~, or from cosmic-ray induced radionuclidesin the
soil.

A material (the Laboratory uses lithium fluoride)th~
afler being exposedto radiatiom luminescesupon being
heated. The amount of light the material emits is
proportional to the amount of radiation (dose)to which
it was exposed.

Uranium consisting primarily of ‘U and having less
than 0.72 wt% ‘SU. Depleted uranium generallycon-
tains less than 0.2 wt% ‘SU. Except in rare cases oc-
curring in naturq depleteduranium is manmack

The amount of uranium in a sample assuming the
uranium has the isotopic content of uranium in nature
(99.27 wt% ~, 0.72 wt% “U, 0.0057 wt% ‘U).

A radionuclide of hydrogen with a half-life of 12.3
yeara. The very low energy of its radioactive decay
makes it one of the least hazardous radionuclides.

Rock of compacted volcanic ash and dust.

An area beyond the boundaries of a Controlled Area
(seedefinitionof “Controlled Area” in this Glossary).
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ENVIRONMENTAL SURVEILLANCE AT LOS ALAMOS DURING 1982

by

Environmental Surveillance Group

ABSTRACT

This report documents the environmental surveillance program
conducted by the Los Alamos National Laboratory during 1982 Rou-
tine monitoring for radiation and radioactive or chemical substances is
conducted on the Laboratory site and in the surrounding region to
determine compliance with appropriate standards and permit earty
identification of possible undesirable trends Results and interpreta-
tion of data for 1982 are included on penetrating radiatio~ on the
chemical and rediochemical quality of ambient air, surface and ground
water, municipal water supply, soil and sedimen~ and fo@ and on
the quantities of airborne emissions and liquid efftuen~ Compkcms
with appropriate standar~ regulations, and background levels from
natural or other non-Laboratory sources provide a basis for concluding
that environmental effects attributable to Laboratory operations are
insignificant and are not considered hazardous to the population of the
area. Results of several special studies describe some unique environ-
mental conditions in the Laboratory environ

L ENVIRONMENTAL Monitoring SUMMARY

Los Alamoa National Laboratory policy emphasizes
protection of the ge~ral puMlc and environment from
any harm that could arise from Laboratory activitiesand
mitigation of environmental impacts to the gmateat
degree practicable. In keeping with this policy and
Department of Energy (DOE) requirements to assess
and document possible influencesof operations on the
environmen~this report providesdata and interpretation
of environmentalconditionsm t& vkinity of the Labora-
tory during 1982

A. Monitdng Operations

Routine monitoring for radiatiou radioactive
materials and chemical substances is conducted on the
Laboratory site and in the surrounding region to docu-
ment compliance with appropriate standar~ identify
possible undesirable trene provide information for the
public, and contribute to general environmental knowl-
edge. Information from monitoring of the environment
compkments data on specific r- such as those
from radioactive waste treatment plants and various
stacks at nuclear research facilitks.



Fig. LRL@adhatIollofLo8Alilm&

Monitoring and sampling locations for various typea
of measurements are organized into three main groups.
Regional stations are located within the five counties
surroundingLos Alamos County (seeFig. 1)at distances
up to 80 km (50 mi) from the Laboratory. They provide
a basis for determining natural conditions beyond tlw
range for potential influence of Laboratory operations.
Perimeter stations are located primsrily within about 4
km (2.5 mi) of the Laboratory boundary and emphasize
locations in a@cent residential and community areaa
They document conditions in areas regularly occupied
by the general public and likely to be influenced by
Laboratory operations. Onsite stations are within the
Labcwatoryboundary and most are in areas accessible
oniy to employees during normsl working hours. Their
data are useful for continuity of interpretation and for
documentation of conditions in parta of the Laboratory
site where the public has liitcd access (for example

2

commuterson cross-siteroads or near someboundaries>
The number of stations in each group is shown in Table
L

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I

TABLE I

NUMBER OF SAMPLING LOCATIONS

Ty@cfMonbring

External radiation”

Au

Surfaceandgroundwatcf
Soilsandsediments
FocdstutR

Number of Sampling
Stations in Group

Regional PeAneter Onsite

4

3

6

16

8

‘An additional B stations at the
Physics Facility and 91 StdiOIIS

Radioactive Waste Disposal Site
monitoring external radiation.

12 21
11 11
32 37
16 34
5 9

Los Alamos Meson
at the Los Alamos
were also used for

bAn additional 26 stations for the water supply and 33
special surface and ground water stationa related to the
Fenton Hfl Geothermal Program were also sampledand
analyzed as part of the monitoring program.

The typea of routk monitoring conducted at these
stationa include measurements of rachtion and collec-
tion of samples of air particulate, water, soil% and
foodstufh for subsequent tlId@S. Extend pmtrating

radiation (the x and gamma ray and charged particle
contributions from natural, cosmic, and terrestrial
sour- plus any Laboratory contributions) is measured
at 152 locations by thermoluminescent dosimetera
(TLDs): 37 routine sampling station%24 stat~ns at @
Los Ahunoa Meson Physics Facility, and 91 stations at
the Los Ahunos Radioactive Waste Disposal Site.
Airborne radioactivity samples are accumulated during
monthly intervalsby continuously operating samplers.at
25 locations. Surface and ground water samples are
collected periodicallyat 134 locations: 75 of which are
indicated in Table I, plus 26 for the Department of
Energy’swater supply wellsand distribution syate~ and
33 related to the Hot Dry Rock Geothermal Project at
Fenton HA

Samples of foodattis principally vegetabl~ fru~
and f~~ are collectedat 22 Iocationa.Soii and sediment
samples are collected periodically tlom 66 locations.

Additional samples are cokcted at VW’iOUS times and
locations to gain information about particular even*
such as mqjor runoff eventa in intermittent streams
nonroutine relm or special studies. During 1982
more than 18100 analyses for chemical and radio-
chemicalconstituents were performed on these environ-
mental sampl- Raking data are used for comparison
with standarda and natural backgroun~ dose calcula-
tiOll& and Other interpretations.

B. Summary of 1982 Results

The large number of samples and wide range of
purposes for which they are collected makes a brief
summary diflkult without leading to possl%le mis-
interpretation. Consequently, this summary presents an
overviewof monitoring results with sdected highlights,
emphasizingcomparisons with standards or other bases
for indicatingaignitlcance.Full details of the reaulm their
contex@ and interpretativemethodologiesare explained
in the body of the report and appendixes.

1. Radiation Doses

Individual whole body radiation dosea to the public
attributable to Laboratory operations are compared to
applicable Radiation Protection Standards in Table IL
Radiation dosea for various mechanismsof exposure are
expressedas a percentageof the 500 mrem/yr Radiation
Protection Standard for whole body radiation, This
Radiation Protection Standard is for doses from ex-
posures above natural background and medical ex-
posures. Dosea presented here are those calculated to be
possibledoses to individualsunder realisticconditionsof
exposures and do not include some of the maximum
hypothetical exposurea discussed in the body of this
report that have minimal likelihoodof occurring.

Maximum boundary doses and maximum individual
doses for the past 5 years are shown in Fig. 2 These
doses are compared to the 500 mrem/yr standard and
hiatoricalIyhave been less than 4% of the standard. In
1982 the maximum individual dose was 1.7% of the
standard. The apparent increase in maximum individual
dose between 1981 and 1982 resulted from estimates of
immased occupancy in a location near the Laboratory
boundary (where dosea have been devated for many
years).

Another perspective is
drnated doses with the

gained by comparing these
estimated whole body dose

3



TABLE II

COMPARISON OF INDIVIDUAL WHOLE BODY RADIATION
DOSES WITH RADIATION PROTECTION STANDARDS

Calculated Doses AttAbutableto
Labomtory Operationa fimnx

Direct external radiation
Airborne radioactivity
Food pathways

% Radiadon Proteedon Stan&u@

Regional Pedmeter Onaite—.

<0.001 <0.001 0.1
0.002 1.7 <0.001

<0.001 0.01 0.8

‘The Radiation Protection Standard for whole body rddon dose is 5W m~yr *ve n~ur~
background and medicaldoses for a memberof the publk

4‘----o --------------- RAD I AT 10N PROTECT 10N STANDARD ‘---.----------.”””.

20
T

19’78 19’79 1980 1981 1982
YEAR

attributable to natural background radiatiomThe highest Lus Alamos Meson Physics Facility (a linear particle
estimated dose due to Laboratory operations was about accelerator) and Omega West research nuclear reactor.
7% of the dose attributable to naturally occurring The maximumestimatedregionaldose is baaedon a food
radioactivity in Los Alamos in 1982 pathway that includesconsumption of liver horn a steer

The estimated maximum regional doses shown in that grazed in Los Alamos Canyon and drank water
Tabk 11 for direct external radiation and airborne containing some radioactivity on suspended sediments
radioactivity are both based on exposureto theoretically during a long spring runoff.
calculatedconcentrations of airborne emissionshorn the

4



Estimated perimeter doses from direct external radia-
tion and airborne radioactivity occur at a residencenear
the boundary north of the Los Alamos Meson Physics
Facility and are attributable to its operatiom The @r-
imeter food pathway is based on consumption of honey
from a hive lmated near the Laboratory boundary.

The onsite external radiation dose is that estimatedfor
a commuter regularlytravelingpasta Laboratory facility
on one of the Department of Energy’s roads normally
open to public travel. The onsite airborne pathway was
calculated for a half-dayvisit to the Laboratory’s science
museum. The onsite food pathway could occur from
consumption of venison from a deer frequenting a
canyon where treated radioactive liquid etlluents are
discharged

2. Significanceof Radiation Doses

To provide a perspective for comparing the
significance of radiation exposur+ estimates of the
added risk of cancer were calculated. Increases in risk
estimated for average individual exposurea to ioniziig
radiation from 1982 Laboratory operations are

presented m Table III, along with estimated incremental
risks from natural and d~ostic medical radiation. The
maximum potential Laboratory contribution to cancer
risk is small when compared to overall cancer risks. The
overall United States lifetimerisks of contracting some
form of cancer from all causes is 1 chance in 4. The
lifetimerisk of cancer mortality is 1 chance in 5. The Los
Alamos and White Rock incremdal dosea attributable
to the 1982 Laboratory operations are equivalentto the
additional exposure a person would get flying in a
commercialjet for 46 and 22 minum respectively.

The factors used for risk calculation are those given
by the International Commission on Radiological
Protection, which are based on observed radiation
damage at highdoses and linearlyextrapolated to effe@
at lowdoses and dose rates (that@ the iqjury is assumed
to be directly proportional to dose). The International
Commissionon RadiologicalProtection warna that these
radiation risk estimates should be used with cautiom
because the factors may overestimate actual risk. The
National Council on Radiation Protection and Measure-
ments has also taken the offkial position that linear
extrapolation methods “have such

TABLE III

ADDED INDIVIDUAL LIFETIME CANCER MORTALITY RISKS
ATTRIBUTABLE

Exposure source

‘IO 1982 RADIATION EXPOSURE

Added Risk (Chance)
to an Individual

of Cancer Mortali&.

AverageExposurefrom Laboratory Operations
Los Alamos Townsite lin60000000
WhiteRock Area lin125W0000

Natural Radiation
Cosmic, Terre@ri~ ad Self-Irradiation

Los Alamos Townaite lin82M10
WhiteRock Area lin90000

MedicalX-Rays (DiagnosticProcedures)
AverageWholeBody Exposure lin970(K)

a high probabii of

Dose (mum)
usedin Risk Eatimate

0.17
0.08

122”
111’

103

“Basedon measured dose rates for cosmic and tematrial componentswith reductionsmade for structural
and self-shieldin~



overestimatingthe actual risk as to be of only marginal
valu% if any, for purposes of rdistfc risk-benefit
evalutim” Thus, keep in mind that the radiation risks
are likely to be less than those stated in Table III.

3. Penetrating Radiation

Levels of penetrating radiation (including x and
gamma rays and charged particle contributions from
cosmic, terrestri~ and manmade sources) in the Los
Alamoa area are monitored with thermoluminescent
dosimeters (TLDs) at 61 locations divided into two
networks. The 24 onsite thermoluminescent doaimeter
stations are specially located to monitor radioactivity
from the IAS Alamos Meson Physics Facility and
showed an increase above background of 12 + 3
mrem/yr at the Laboratory boundary north of the
Facility.

The other network consists of 37 locations divided
into regional,perimeter, and onsite groups. No measure+
menta at these regional or perimeter locations for any
calendar quarter showedany statisdcally distinguishable
inereaae in radiation levels that could be attributed to
Laboratory operationa (see Table IV). Apparent dif-
fereneeabetween the regional and perimeter groups are
attributable to difTerenceain the natural radioactivity
eontent of geologic formations. Some measurements at
21 onaite stationa were expectably above background
levek reflectingongoing research activitiesat the Labo-
ratory.

4. Radioadvity in Air and Water

Measurements of radioactivity in air and water are
compared to stand- known as Concentration Guid%
that are set by the Department of Energy (see Appendix
A). The Concentration Guides are concentrations of
radioactivity in air breathed continuously or water
emstituting all that is drunk during a year that result in
whole body or organ doses equal to the Radiation
Protection Standards [standards for external or internal
exposure to radioactivity (see Appendix A)]. The 1982
results for the principal isotopes (iicluding amounts
present from worldwidefallout)potentiallyinfluencedby
Laboratory operations are shownin Table V as rangesof
percentages of the Concentration Guides. The values
shown represent a statistical range (from two standard
deviationa below to two standard deviations above the
mean) that eneompaases 90 to 95% of the individual

TABLE IV

EXTERNAL PENETRATING RADIATION
DURING 1982

Dose hnrem)

Group IWnimum Maximum Average

Regional 84 122 95
Perimeter 90 127 109
Onsite 104 196 136

results. All comparisons in Table V are with Concentra-
tion Guides applicable to individuals in the general
public, even though the publichas only restricted aeeeas
to many onsite locations.

& RadioaetMty in Air. During 1982, atmospheric
concentrations of gross alph% gross bet% americium,
plutonium, and uranium were measured at regiomd,
perimeter, and onaite sampling locations. For all analy-
~ the regional amual means were lower than the
perimeter and onsite annual means. This indicates there
was some Laboratory contribution to coneentratiom of
these radioactive species at the perimeter and onaite
locations. Data in Table V show that tritim plutonium
~9+~~ and uranium atmospheric eamentrationa
were smallpereentageaof their respectiveConcentration
Guidea. Results from only 3 of 100 plutonium PPu)
samples and 2 of 44 americium ~41Am)samples were
above analytical detection limits and so were not in-
cluded in Table V.

Atmospheric gross alpha and beta analyses serve as
indicators of overall radioactivity levels. The highest
gross alpha and beta coneentrationa were 0.6% and
0.4%, respectively,of the Concentration Guides. Gross
beta annual means were about 4 to 6 times lower than
last year. This decreased activity was primmily due to
the feet that there have been no atmospheric teats of
nuclear weapons within the past 2 years.

b. Radioactivity in Water. Surfaceand ground waters
are monitored to provide routinesurveillanceof potential
dispersionof radionuclkb from Laboratory operatioIM
Results of analyses are compared to the Concentration
Guides (see Table V) to showhow low concentrationsof

6



TABLE V

ANNUAL RADIONUCLIDE CONCENTRATIONS IN AIR AND WATER
AS PERCENTAGES OF CONCENTRATION GUIDES

% Concentration Guide’

Air
Tritium (%)
Plutonium (339+xopu)

Uranium (U)

Water
Tritium (3H)
Plutoniump@u)
Cesium(13’CS)

Regional Pedrneter

0.004-0.008 0.007-0.02 0.01-0.02
0.001-0.007 0.003-0.005 0.003-0.008

0.0005-0.002 0.0005-0.001 0.0007-0.001

0.0-0.03 0.0- 0.2 0.0- 0.7
0.0-0.00006 0.0- O.(KKO6 0.0-0.0002
0.0- 0.2 0.0- 0.6 0.0- 0.4

‘values in table are (R - 2s) to (X+ 2a) as percent of Concentration Guide.

rdlonuclides are in the environmen~ Other radb
nuclideameasured but not listed in this table are ‘Pu
(most analys~ were at or below analytical detection
limit.s~gross alpha and beta (used only as gross in-
dicators of radmactivity), and uranium (concentrations
low and generalIyindistinguishabletlom levek naturally
in the environment). Waters m onaite liquid eflluent
release aeaa contain measurably h@r concentrations
of radioactivity,but at levelsthat are still smalIfractions
of the Concentration Guides. These onsitewaters are not
a source of industrial, agricultu@ or munidpal water
supplies. Results of the 1982 radiochemical quality
analysesof water from mgiond perimeter,water supply,
and onsite noneffluent release areas indicate no signitl-
cant effectfrom effluent releasesfrom the Laboratory.

The water supply met all applicableUS Environmen-
tal ProtectionAgency chemicalquality and radioactivity
standards. The integrityof geologicalformations protect-
ing the deep ground water aquiferwas confiied by lack
of any measurements indicative of nomatural radioac-
tivity or chemical contamination in municipal water
supply sources.

5. Radioactivity in Other Media

Measurements of radioactivity in samples of ioil~
sediiens and a variety of fodstuffs are made to
provide information on leas direct natural mechanisms
that could result in exposures to people.Estimated dosea
potentially resulting from these mechanisms, or
pathways, such as wind resuspension of dust and
incorporation into food chain%are summarized in Sec-
tion I.B.1.

Measurements of radioactivity in soils and sediments
are also useful for monitoring and understanding
hydrologictransport of some radioactivitythat occurs in
intermittent stream channels in and adjacent to radioac-
tive waste disposal operations. PuebIo,Los Alamo%and
Mortandad Canyons alI have concentrations of radioac-
tivity on sediments at levels higher than those at-
tributable to worMwidefallouL Some radioactivity on
sediments in Pueblo Canyon (from pr&1964 eflluent
disposal)and up~r Los Alamos Canyon (from 1952 to
current treated eflluent disposal) haa been transported
during runoff eventa to the Rio Grande. Theoretical

7



estimates, confiied by measurement show the in-
cremental effect on Rio Grande sediments is small in
comparison with levelsof activity on soilsand sediments
attributable to worldwi& fallout and to variabilii in
such measurements.No radmactivityon sedimentsor in
water has been transported past the Laboratory bound-
ary in Mortandad Canyon.

Measurements of above-background but low-level
radioactivity on soils from a few locations indicate
probable deposition of some airborne emissions from
facilitiesknown to have had higher emissionrates in the
pas~ especiallyprior to 1974.

Most frui~ vegetable+ fish, and honey samples
analyzed in 1982 showed no incrementsof radioactivity
distinguishablefrom that attributable to natural sources
or worldwide fallout at any offsite location. Produce
collectedfrom severalgardens in areas possibly aflkcted
by Laboratory releases showed sliihtly elevated tritium
concentrations. The dose associated with this tritium is
0.001% of the Radiation Protection Standard for the
public.At onaitelocations near faciMieaemitting tritium.
some elevatedlevelsof tritiated water werefound in fruit
At severalperimeterand onaite locatiou trace amounts
of radionuclides associated with Laboratory eflluenta
weredetected in honey from experimentalhives.

6. Gther Monitor@ Results

Awborne radioactive emissions were monitored as
released from 88 pints at the Laboratory. The results

8

are summarized m Table VI and show an approximate
25% decrease in total radioactivity releasedduring 1982
when compared with 1981. This decrease is due to
improved control technologies and changes in program
activities. Liquid emuenta from two radioactive waste
treatment plants (Table VI) and one sanitary sewage
lagoon contained some radioactivity, all at levels well
within Concentration Guidea.

Nonrdloactive airborne emissions from the beryllium
fabrication shop, gasoline storage and combustion,
power plant gases and volatile chemica4 waste explo-
sive burning, and dynamic testing did not result in any
measurableor theoreticallycalculabledegradation of air
quality. A single National Pollutant Discharge Elimina-
tion System (NPDES) permit covers 103 industrial
discharge points and 11 sanitary sewage treatment
facilities.This year 8 of the 11sanitary sewagetreatment
facilities exceeded one or more of the NPDES liita
(excludingflowrate limitations)in one or more months.
Fewer than 6% of all samples from the 103 industrial
outfalls exceededNPDES liits.

Some special environmentalrmarch programs were
conducted this year to gain a better understandingof the
ecosystems at Los Alarms. Among these projects were
environmentalsurveillanceof radioactive waste disposal
sit% evaluationof tranauranic wastemanagementmeth-
o@ study of hydrologictransport of .sedimen@and use
of honeybeesas biologicalmonitors.
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TABLE VI

COMPARISON OF 1981 AND 1982 RADIOACTIVE RELEASES
FROM THE LABORATORY

Airbarne Stack Emiaabna.

Radioactive Activity Releaaed

[11982
Constituent units 1981 1982 K.—

241Am

41Ar

3H

13II

32p

23w39pu

u
Gaseoua Miied Activation Products
Mixed Fission Products
Particulate/Vapor Activation Products

Total

pCi
Ci
Ci
yCi
pCi
~Ci
yCi
Ci
pCi
Ci

0.029
300

7225
44
20
56

1273
352340

1544
—

Ci 360925

0.035

342

15 856

785

4.8

112

1373

251000

1184

182

267334

Up&l Emuenta
—.

Activity Released (mCi) ~~~~

RadMao@ea 1981 1982 ~1z

1.2
1.1
2.2

17.8
0.2
2.0
1.1
0.7
0.8

-- ,,.

0.7

238,239~ 59 19.9 0.3
241Am 24 19 0.8
49.90& 65 25 0.4
3H 17436 15330 0.9
137(=~ 123 210 1.7
234U 1.9 2.1 1.1
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IL BACKGROUND ON LOS ALAMOS

A Description of the Area

1. Geographic Setting

The Los Alamos National Laboratory and associated
residential areas of Los Alamos and White Rock are
located in Los Alarnos County in northcentral New
Mexico, approximatdy 100 km (60 mi) NNE of Albu-
querque and 40 km (25 mi) NW of Santa Fe @lg. 1).
The 111 kmz (27 500 acres) Laboratory site and adja-
cent communities are situated on Pajarito Plateau. The
Plateau consistsof a seriesof f~er-like mesas separated
by deep eastwest oriented canyons cut by intermittent
streams. The mesa tops range in elevationfrom approx-
imately 2400 m (7800 ft) at the flank of the Jemez
Mountain to about 1800m (6200 ft) on their eastern
margin terminating above the Rio Grande valley.

All Los Alamos County and vicinitylocationsreferen-
ced in thii report are identitkd by the Laboratory
Cartesiancoordinate system, which is based on English
units of measurement.This system is standard through-
out the Laboratory, but is independent of the US
Geological Survey and New Mexico State Survey
coordinate systems. The major coordinate markers
shownon the maps are at 3.048 km (10000 ft) intervals,
but for the purpose of this report are identified to the
nearest 0.30 km (1000 ft)oThe area within the Labora-
tory boundary is controlled by the Department of
Energy, which has the option to completely restrict
access. This control can be instituted when necessary.

2. Land Use

Most Laboratory and community developments are
confiied to mesa tops (see Fig. 3 and inside front cover).
The surrounding land is largely undevelopedwith large
tracts of land north, we% and south of the Laboratory
site hekl by the Santa Fe National Fores4 Bureau of
Land Management BandelierNational MonumenbGen-
eral Services AdrniistratioIL and Los Alamos County
(see land ownership map inside back cover). The San
IIdefonsoPueblo borders the Laboratory to the eaa~

Laboratory land is used for building sia test -
waste d~posal locations, roar& and utility rights-of-way.
However, these account for only a small fraction of the
total land area. Most land provides isolation for security
and safety and as reservesfor future structure locations.

A comprehensive Master Plan for Laboratory lands
helps assure adequate planning for the beat poasibk use
of availableland in the future

Limitedaccaw by the publicis allowedin certtdnareas
of the Laboratory reservation. An area north of Ancho
Canyon between the Rio Grande and State Road 4 is
open to hikers, rafters, and hunters, but woodcuttingand
vehicles are prohiiked. Portions of Mortandad and
Pueblo Canyons are also open to the public. An
archeologicalsite (OtowiTract) northwest of State Road
4 is open to the public subject to the restrictions of the
AntiquitiesAct.

3. GeoIogy-Hydrology

Most of the finger-likemesas in the Laboratory area
are formed by Banddier Tuff (see Fig. 4, t~. This is
aahfall and ashtlow pumice and rhyolite ti that form
the surface of Pajarito Plateau. The tuff ranges from
nonwekkd to weldedand is in excessof 300 m (1000 R)
thick in the westernpart of Pajarito Plateau and thins to
about 80 m (260 ft) toward the east above the Rio
Grande. It was depositedas a result of a major eruption
of a volcano in the Jemez Mountains to the west about
1.1 to 1.4millionyears ago.

The tufYslap onto older volcanics of the Tschkoma
FormatioQ which form the Jemez Mountains along ttie
western edge of the Plateau. They are underlain by the
conglomerate of the Puye Formation (see Fig. 4, con-
glomerate) in the central and eastern edge along the Rio
Grands. Chino Mesa basaks (see Fig. 4, basalt) inter-
fmger with the conglomerate along the river. These
formations ovedie the sikstone/sandstone Tesuque For-
mation (see Fig. 4, sediments),whichextends across the
Rio Grande valley and is in excess of 1000m (3300 h)
thick.

Los Alamos area surface water is ~“marily in inter-
mittent streams. Springs on flanks of the Jemez Moun-
tains supplybase flowto upper reachesof some canyons,
but the amount is insutlkient to maintain surface flows
across Laboratory area before it is depletedby evapora-

tion, transpiration%and infiltration. RunoR from heavy
thunderstorms or heavy snowmelt reaches the Rio
Grande several times a year. EMuents from sanitary
sewag%industrial waste treatment plana and cooling
tower blowdown are released to some canyons at rates
sufficientto maintain surface flows for as long as about
1.5 km (1 mi)

I
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Ground water occurs in three modes in the Los
Alamos area: (1) water in shallow alluviumin canyons
(2) perched water (a ground water body above an
impermeablelayer that is separated from an underlying
main body of ground water by an unsaturated zone),and
(3) the main aquifer of the Los Alamos area (see Fig. 4,
alluvium,perched water, and main aquifer).

Intermittent stream flows in canyons of the Plateau
have deposited alluvium that ranges from less than 1 m
(3 h) to as much as 30 m (100 h) in thickness. The
alluviumis quite permeable,in contrast to the underlying
volcanic tuff and sediments. Intermittent runoff in ca-
nyons infiltrates alluvium until its downward movement
is impeded by the less permeable tufT and volcanic
sedrnen~ This results in a shallowalluvialground water
body that movesdowngradient in the alluvium.As water
in the alluvium moves downgradien~ it is depleted by
evapotranspiration and movement into underlying vol-
csnics.]

Perched water occurs in one Iindtedarea about 40 m
(120 ft) beneath the mid-reachof Pueblo Canyon and in
a second area about 50 to 70 m (150 to 200 R) beneath
the surface in lower Pueblo and Los Alamos Canyons
near their confluence.The second area is mainly in the
baaaks (see Fig. 4, perched water and basalt) and haa
one discharge point at Basalt Springs in Los Alamos
Canyon.

The main aquifer of the Los Alamos area is the only
aquifer in the area capable of serving as a municipal
water supply. The surface of the aquifti rises westward
from the Rio Grande within the TeauqueFormation into
the lower part of the Puye Formation beneath the central
and western part of the Plateau. Depth to the aquifer
decreasesfrom 360 m (1200 R) along the westernmargin
of the Plateau to about 180m (600 R) at the eastern
margin. The main aquifer is isolated from alluvial water
and perchedwater by about 110to 190m (350 to 620 R)
of dry tuff and volcanic sediments. Thus, there is no
hydrologic connection or potential for recharge to the
main aquifer from alluvialor perched water.

Water in the main aquifer is under water table
conditions in the western and central part of the Plateau
and under artesian conditions in the eastern part and
along the Rio Grande? The major recharge area to the
main aquifer is from the intermountain baain of the
Vallea Caldera in the Jemez Mountains weat of Los
Alamos (see Fig. 1 and inside front cover). The water
table in the Caldera is near land surface. The underlying
lake sediment and volcanics are highly permeable and

recharge the aquifer through Tschicoma Formation
interflow brecciaa (rock consisting of sharp fragments
embedded in a fme-grained matrix) and the Tesuque
Formation. The Rio Grande receives ground water
dischargethin springs fed by the main aquifer.The 18.4
km (11.5 mi) reach of the river in White Rock Canyon
betweenOtowi Bridgeand the mouth of Rito de Frijolea
receives an estimated 5.3 to 6.8x 1(Ym3 (4300 to 5500
acre-feet)annually from the aquifer.

4. climatology

Los Akunos has a aemiari~ temperate mountain
climate. The average annual precipitation of 18 in. (45
cm) is produced by warm-season showers and thunder-
showers and cold-season migratory storms. Forty per
cent of the annual moisture total falls during July and
Augu~ primarily from aflernoon thundershowers.Win-
ter precipitationprimarily fds as anow,with acmnmla-
tiona of about 51 in. (130 cm}

Summersare generallysunny and pleasant.Maximum
temperatures are usually below 90°F (32°C). Brief
afternoon thundershowers are very COmmomespecially
in July and August. The high altitud%light wind%clear
skies, and dry atmosphere allow night temperatures to
drop into the 54 to 59°F (12 to 15°C) range. Winter
temperatures are typically in the range of 14 to 41‘F
(-10 to 5°C). Many winter days are clear with light
winds, so strong sunshine makes conditions quite com-
fortable evemwhen air temperatures are cold. Occasion-
ally, temperatures do drop to near O°F (-18°C) or
below.

Significant spatial and daily variations of surface
winds in Lus Alamos are caused by the complexterrah
With weak larg~scale winda and clear skies, a distinct
daily wind cycle exists: a light southeasterly upslope
windduring daytime houra and a light westerlydrainage
wind durig nighttime hours. On the east end of Pajarito
Plateau, near the Rio Grande Valley, a difTerentdaily
wind cycle is evidenu a moderate up-valleywind during
daytime hours and a light down-valley wind during
nighttime hours. On the whole the predominant winds
are westerly over the Laboratory and more south-
westerlynearer the Rio Grande Valley.

Historically, no tornadoes have been reported in LOS
Alamos County. However, strong wind gusts exceeding
60 mph (27 m/see) are common during spring months.
Lightning is very common over the Pajarito Plateau.
There is a high average of 58 thunderstorm days per
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year. L~htning protection is an important consideration
applied to each facility at the Laboratory. Hailstones
with diametersup to 0.25 in. (0.6 cm) are common, while
0.5 in. (1.3 cm) diameter hailstones are rather rare.

5. Population Distribution

Los Alamos County has an edmated 1982 popula-
tion of 18159 (based on the 1980 census adjusted for
1982). Two residential and related commercial areas
exist in the county (seeFig. 5 and tilde back cover).The
Los Alamos townsit~ the original area of development
(and now including residential areas known as the
Eastern Are% the Western ~ North Community,
Barranca Mes% and North Mesa) has an estimated
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population of 11179. The White Rock area (including
the residentialareas Whiie RoclLLa Send%and Pajarito
Acres) has about 6980 residena About one-third of
those employed in Los Alamos commute from other
counties. Population estimates for 1982 place about
125000 people within an 80 km (50 mi) radius of Los
Alamos.

B. Los Alamos National Laboratory

1. Programs and Facilities

Since its inception in 1943, the Laboratory’sprimary
missionhas been nuclear weapons research and develop
men~ Programs includeweaponsdevelopment magnetic



and inertial fusiou nuclear fkon, nuclear sakguards
and security, and laser isotope separation. There is also
basic research in the areas of physics, chemistry, and
engineering that support such programs. Research on
peaceful uses of nuclear energy has included space
application% power reactor progr~ radiobiology,
medicin% and magnetic and inertial fusion. In more
recent years other programs have been added in applied
photochemistry, @rophysi@ earth scien~ energy
resources, nuclear fuel safeguards, laser% computers,
solar energy, geothermal energy, biomedical and envi-
ronmental research and nuclear waste management
research.

A unique combination of facilities that contributes to
the various research programs exist at I.m Alamos.
These facdities include an 800 MeV linear particle
accelerator,a tandem Van de Graaff accelerator, a High
Energy Gas Laser Facility, and an 8 megawatt nuclear
research reactor. Some of these facilities encourage
participation and joint projects by researchers from
other laboratories and research facilities.

In August 1977 the Laboratory si@ encompassing
111 km2 (27500 acres) was dedicated as a National
Environmental Research Park. The ultimate goal of
programs associated with this regional facility is to
encourage environmental research that will contribute
understanding of how man can best live in balance with
nature while e~oying the bea&lta of technology. Park
rmources am available to individualaand organizations
outside of the Laboratory to facditate sdf-supported
research on these subjects deemed compatible with the
Laboratory programmatic mission.

A Final EnvironmentalImpact Statement(FEIS~ that
assesses potential cumulative environmental impacts
associated with current, known future and continuing
activitiesat the Laboratory was completedin 1979.The
FEE provides environmental input for decisions regard-
ing continuing activities at the Laboratory. It also
provides detail~ information on the environmentof the
Los Alamoa area.

The Laboratory is administered by the University of
California for the Department of Energy under contract
W-7405-ENG-36. The Labortory’s environmental pro-

gram, conducted by the Environmental Surveillance
Group, is part of a continuing investigation and
documentation program.

2. Waste Management

The Laboratory’s activitiesare conducted in 32 active
technicalareas (TAs) distributed over the site (seeFig. 5
and Appendm F for descriptionsof activitiesat the TAs).
Wastes requiring disposal are generated at virtually all
these locations. Sanitary sewageis handled by a number
of plants employing conventional secondary treatment
processes or by septic tanks. Uncontaminated solid
waste is d~osed of in the County-operated landfill
locatedwithin the Laboratory boundary. Nonradioactive
airborne emissions itidude combustion products from
the power and steam pIan@ vapors or fumes from
numerous local exhaust systems (such as chemistry
laboratory hoods~ and burning of high explosivewastes.

Most liquid radioactiveand chemicallaboratory waste
eilluents are routed to either of two waste treatment
facilitiesby a collectionsystem that is independentfrom
the sanitary sewage system. The balan~ of such wastes
from remote locations is accumulated in holding tanks
and periodicallycollectedand transported to a treatment
plant for processing. Radioactivity is removed by
physiochemical pmcesaes that produce a concentrated
sludge that is subsequently handled as solid radioactive
waste The treated eflluentsare rdeased to canyons.

From 90 to 95% of the total volume of radioactively
contaminated solid waste from the Laboratory is dis-
posed of by burial at the waste disposal area (TA-54).
The remaining 5 to 10% is classed as transuranic waste
and stored retrievable also at TA-54. Buried waste is
confii from the environment by the dry geologic
formation of the burial ground. Stored waste is placed in
berms of crushed ti or in concrete casks placed in
shath

Airborne radioactive emissions are discharged horn a
number of facilitiesatler receivingappropriate treatmen4
such as filtration for particulate, catalytic conversion
and adsorption of tritium, or temporary storage to
permit decay of short-livedactivation gases.



Ill. RADIATION DOSES

Small incremental radiation doses above those received from
background levels of natural and worldwide fallout are received by Los
Alamos County residents as a result of Laboratory operation The
largest estimated dose at an occupied location was 8.4 mrem or 1.7%
of the Radiation Protection Standard. This estimate is based on bound-
ary dose measurements of airborne and scattered radiation from the
linear particle accelerator at 7A-53. Other minor exposure pathways
may result in several mrem/yr doses to the public.

No significant exposure pathways are believed to exist for radioac-
WIty released in treated liquid waste effluents Most of the radioactivity
is absorbed in alluvium before leaving the Laboratory bcundarie&
Some is transported offsite in stream channel sediments during heavy
runoff. However, the radioactivity levels in these sediments are just
sligMly above natural background levels.

The total cumulative whole-body dose received by the population
living within 80-km of the Laboratory during 1982 was conservatively
estimated to be 3.1 person-rem. This is about 0.02% of the 13 S00
person-rem received by the same population from natural radiation
sources and 0.02% of the 12900 person-rem dose received from
diagnostic medical procedures. About 919’oof this dose, 2.8 person-
rem, was received by persons living m LosAlamos County. This dose is
0.1 ‘?/oof the 2100 person-rem received by the population of Los Alamos
County from natural background radiation and 0.1% of the 1800
person-rem from diagnostic medkal procedur=

The average added risk of cancer mortality to Los Alamos townsite
residents from radiation from this yeads Laboratory operations is 1
chance in 60000000. This risk is much less than the 1 chance in
82000 from background radiation. The Environmental Protection
Agency has estimated average lifetime risk for cancer incidence as 1
chance in 4 and for cancer mortality as 1 chance in 5.

A. Introduction

One means of evaluating the significanceof environ-
mental releases of radioactivity is to compare doses
received by the public from exposure to these releases
with appropriate standards’ and with dosea from
naturally present background radktion. The principal
exposure pathways considered for the Los Alamos area
wereatmospherictransport of airborne radioactiveemia-
sion$ hydrologic transport of liquid eflluenq food
chains and direct exywre to penetrating radiation. Ex-
posures to radioactive materials or radiation in the en-
vironment were determined by dwect measurements of
some airborne and waterborne contaminants and of ex-
ternal penetrating radiation. Theoretical dose calcula-
tions baaed on atmospheric dispersion were made for
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other airlnxne contaminants present at levelstoo low for
direct measuremen~

Doses were calculated from measured or derived ex-
posures utilizing models baaed on recommendations of
the International Commission on Radiological Protec-
tion (ICRP, see Appendix D for details) for each of the
followingcategories.s

1.

2.

Maximum Boun&IY Dose. Maximum dose to a
hypothetical individual at the Laboratory bound-
ary where the higheatdose rate occurs It assumes
the individual is at the Laboratory boundary con-
tinuously (24 hours a day, 365 days a year).
Maximum Individual Dose. Maximum dose to an
individual at or outside the Laboratory boundary
where the highest dose rate occurs and wherethere

I
1
r
I
I
I
1
r
I
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is a person. It takes into account occupancy (for
examplq 40 hours a week)and shielding(for exam-
pl~ by buildings) factors.

3. Average Dose. Average&sea to nearby residents.
4. Whole Body Cunudiztfve Dose. The whole body

cumulativedose for the populationwithinan 80 km
radius of the Laboratory.

Doses calculated for these categories are summarizedin
Table VII. The data on which these calculations are
baaed are discussed in the followingsection%while the
calculational procedure is described in Appendix D.

The maximum boundary dose and maximum individ-
ual dose over the past 5 years are summarized in Fig. Z
Over 95% of each of these doses is due to emissionsof
air activation products from the Los Alamos Meson
Physics Facility (LAMPF). The larger doses in 1981
resulted from the relatively larger 1981 LAMPF emis-
sions of 352340 curies. The LAMPF releases in 1982
decreased to 251000 curies, which is rdkcted in the
lower boundary dose in 1982. The maximum individual
dose in 1982 is a larger fraction of the maximum
boundary dose than it had been in previous yeara
becauseof estimatesof increasedoccupancyfor 1982A
30% reduction in dose due to shieldingfrom a building
was used for the 1982 maximum individualdose as well
as the previous maximum individualdoses.

In addition to compliancewith dose guidelin% which
define an upper limit for doses to the publi~ there is a
concurrent commitment to maintain radiation exposure
to individuals and population groups to levelsas low as
reasonablyachievable(ALARA). This policy is followed
at the Laboratory by applyingstrict controls on airborne
emissions, liquid effluen@and operations to minimize
doses to the public and to limit releases of radioactive
materiak to the environmen~ Ambient monitoring
described in this report documents the effectivenessof
these controls. The success of the ALARA program in
1982can be judged from the highest reported calculated
dose to a member of the public (8.4 mrem to the whole
body) beiig approximately 2% of the applicableRadia-
tion Protection Standard.’

B. Dosea to Individuals from Inhalation of and Ex-
posure to Airborne Emissions

The maximum boundary and individual dosea at-
tributable to inhalation of and exposure to airborne
releases are summarized in Table VIII with a com-
parison to the Radation Protection Standards for in-
dividutd doses’ (see Appendix A).

Exposure to airborne3H(as tritiated water vapor)was
determined by actual measurements. A background
correction was made assuming that natural and
worldwidefallout activity was representedby data from
the three regionalsamplinglocations at Eapaiiol%Pojoa-
qu~ and Santa Fe.

Exposures to ‘lC, 13N,1s0, ~d 41A from the hx3

Alamos Meson Physics Facility (a linear particle ac-
celerator) were inferred from direct radiation measure-
ments (see Se&on IV.A.1).Exposure from 4iAr released
from the stack of a research nuclear reactor at TA-2 was
theoretically calculated from measured stack releases
and standard atmospheric dispersion modda. These
models used 1982 meteorobgictd data measured at the
Laboratory (see Section IV.C and Appendix D). Doses
from these exposurea are discussed in Section III.E.

Estimates of maximum exposures (Table VIII) to
plutonium, americium, and uranium were calculated by
subtracting the averageconcentration at the regionalsta-
tions from the averageconcentration from the perimeter
station with the higheatmeasuredconcentration for each
of these radionuclides.

All other atmospheric releases of radioactivity (Table
E-I) were evaluated by theoretical calculations. AU
potential doses were found to be leas than the smallest
ones presented in this section and were thus considered
insigniflcanL

C. Doaea to IndMduala fkom LJqtdd EfIluents

Liquid etlluenta do not flow beyond the Laboratory
boundary but are absorbed in alluvium of the receiving
canyons. Time etlluenta are monitored at their point of
discharge and their behavior in the alluviumof the can-
yons below outfalls has been studied.w Small quantities
of radioactive contaminants transported during perioda
of heavy runoff havebeenmeasuredin canyon sediments
beyond the Laboratory boundary. Calculationsmade for
the radiologicalsurveyof Aci4 Pueblo, and Los Alamos
Canyons1° indicate a maximum exposure pathway
(eating liver from a steer that drinks water from and
grazes in lower Los Alamos Canyon) to man from these
canyon sedimentsresults in a maximum50-yrdose com-
mitment of 0.0013 mrem to the bon% 0.0001% of the
Radiation Protection Standard.’

D. Doses to Individuals fi’omIngestion of FoodshdTs

Data fkom sampling of frui4 vegetabla fish and
honey during 1982 (see Section IV.A.5 for a discussion
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3H(HTO) WholeBody

11C,13N,1S0 WholeBody

41~
Whole Body

TABLE VIII

BOUNDARY AND INDIVIDUAL DOSES
1982 AIRBORNE RADIOACTIVITY

Maximum IndividualDoacb
Maximum

Boundary Dose’

Location (:3Yr)

TA-39 0.18
(Station 25)d

Boundary 12

IV. of TA-53U

Boundary N. of 0.3
TA-2 Stack”

TA-54 0.009
(Station 22)d

Percentageof
Radiation
Protection

Location (mrdYr) **

P@rito Acres 0.069 0.01

(Station 13)d

Residence 8.4 1.7
N. of TA-53U

Apts. N. of 0.2 0.04
TA-2 Stacke

LA Airport 0.008 0.0005
(Station 8)d

%hximum boundary dose is the dose to a hypothetical individualat the Laboratory boundary wherethe
highestdose rate occurs. It assumes the individualis at the Laboratory boundary continuously (24 hours
a day, 365 days a year).
%hximum individualdose is the dose to an individualat or outside the Laboratory boundary wherethe
highestdose rate occurs and wherethere is a person. It takea into account occupancy (for exampk 168
hours a week) and shielding (for exampl%by buildings) factors.
‘3%ra 50-yr dose commitment bone is the critical organ. A maximum exposed individual(at Gulf Sta-
tiou Location 10) would receive a 50-yr bone dose commitment of 0.32 mrenL which is 0.02% of the
Radiation Protection Standard
‘See FQ. 10 for station locations.
%ee Fig. 5 for technical area (TA) locations.

of the samplingdata) were used to estimate doses due to
consumption of foodstuffs that may mult from
Laboratory operations. All calculateddoses are leasthan
0.02% of the Radiation Protection Standard

Of the six radionuclidcs(3H,%r, 137CS‘8~ ‘9P%
and total U) that the fruit and vegetable samples were
analyzed for, only the mean 3H levels in samples from
Los Alamo% White Rock/Pajarito Acre& and Cochiti
were statistically signitlcantlyabove the mean 3H levels
from samples taken from background areas. Consump-
tion of 120 kg/yr of fruit and vegetables(whichassumes
that a garden supplies 25% of the 479 kg of fruit and

vegetablesconsumed annually by a teenager, see Table
D-I) having the highest mean 3H concentration of 1.22
pCi/ml measured at these three* atler correction for
backgroun~ would result in a whole body 50-year dose
commitment of 0.007 mrenL which is 0.002% of the
Radiation Protection Standard. All other doses would be
less than this dose.

Samples of edible parts of fish showedno stadstically
signiilcant difkmce between radionuclide concentra-
tions in f~h taken fkoma reservoirdownstreamfrom the
Ltdmratory and concentrations in fish taken from up-
stream reservoirs for %lr, 137CS,‘P% ‘9PLLand total
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U. Fish digestive tracts and their contents were also
analyzed for the same radionuclides. While no
statistically significantdifXwencmbetweenupstream and
downstream samples were found for most radionuclideq
*37CSin higher trophic levelf~er gut and ‘Pu in bot-
tom feedergut werediRerentat the 95% cotitdence leveL
These difl’erences indicate ingestion of sedimenh No
above-background radiation doses would result from
consumption of f~h since radionuclideconcentrationsin
the edble parts of the fti from downstream areas were
indistinguishablefrom those from control locations.

Trace concentrations of radionuclidesassociated with
Laboratory effluents were found in honey samples.
Doses were calculated for each honey sample assuming
that an individualconsumed 5 kg of honey in a year. The
50-year dose commitment to whole body, which is the
organ receivingthe dose that is the highestfraction of the
Radiation Protection !hndar~ is 0.05 mrem, or 0.01%
of the Radiation Protection Standard

A possiile minor exposure pathway exists by eating
venisonfrom deer that cross into Laboratory property to
graze and drink. The maximum dose calculated via thii
pathway is 3.9 mrem./yr and unlikely to occur.11

E Doses to Individuals from External Penetmting
Radiation (from AirborneEmissionsand Direct
Radiation)

No measurements (see Section IV.A.1) of external
penetrating radiation at regional and perimeter stations
indicated any discemable increase in rdlation levelsat-
tributable to Laboratory operations, except those along
State Road 4 north of the Los Alamos Meson Physics
Facility (TA-53). The special thermoluminescent
dosimeter network at the Laboratory boundary north of
the Los Alamos Meson Physics Facility indicated a 12
mrem incrementabove naturaI background as shown in
Table VIII. This incrementis attributed to emissionof air
activation products from the Los Alamos MesonPhysics
Facility.

Based on shielding,this 12 mrem incrementtranslates
to an estimated 8.4 mrem whole body dost to an in-
dividual living at the Laboratory boundary just north of
the Los Ahunos MesonPhysics Facility.This dose repre-
sents 1.7% of the Radiation Protection Standard for a
member of the public.’ This location north of the Los
AIamos Meson Physics Facility has been the area where
the highest boundary and individual doses have been

measured sincethermoluminescentdosimetermonitoring
began there 5 years ago. The boundary doses at this
location are discussedin SectionIV.A.1.The decreasein
dose from 17.1 mrem in 1981 to 12 mrem in 1982 is
probably mainly attributable to the decrease in the Los
Alamos Meson Physics Facility’s airborne emissions
from 352340 Ci in 1981 to 251000 Ci in 1982.

A maximum onsite dose to a member of the public
from external radiation from all Laboratory airborne
emissions of 0.0017 mrem was estimated for a person
spending4 hours at the Laboratory’s sciencemusemm

The average annual dose to residents in Los Alamos
townsite attributable to Laboratory operations was 0.17
mrem (whole body). The corresponding dose to White
Rock residents was 0.08 mrem (whole body} These
doses are 0.03% and 0.02%, respectively,of the Radia-
tion Protection Standard.’These doses weretheoretically
calculated using measuredstack releaaea(Table E-I) and
1982 meteorological data (Appendix D). They were
about 80% lower than last year, because radioactive
stack releases (see Table VI) were much lower in 1982
and because measurementsmade in 1982 indicatedthat
the composition of emissions from the Los Alamos
MesonPhysics Facility containeda greaterproportion of
shorter-livedradioisotopes.

Emissions dispersed from TA-2 and TA-53 cmdd
result in a theoreticallycalculated annual regional dose
of 0.008 mrem (whole body) at Espaiid& This dose is
0.002% of the Radiation Protection Standard

OnSite measurements of above background doses
from d-t rdlation wereexpectedand do not represent
potential exposure to the public except in the vicinityof
TA-18 (a nuclear criticality study area) on Pajarito
Road. Members of the public regularly utilizing the
Department of Energy-controlledroad passingby TA-18
would likelyreceiveno mom than 0.37 mretn/yr of direct
gamma and neutron radiation. This value was derived
from 1975 data12 on total gamma plus neutron dose
rates using 1982 gamma doses measured by ther-
moluminescentdosimeters.Exposure time was estimated
by assuming a person made 15 round trips per week at
an averagespeedof 65 km/h pastTA-18 whileteatswere
beiig conducted. The onsite station (see Section IV.kl,
Station 24 in Fis 6) near the northeast Laboratory
boundary recordedan abovenatural background dose of
67 mren which reflects a localized accumulation of
137CSon sediments transported horn a treated eflluent
release point upstream.
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F. Whole Body Cumulative Doses (see Table VI) were much lower in 1982 and because

Cumulative 1982 whole body dosea attributable to
Laboratory operations both to persons livingwithin 80-
km of the Laboratory and to Los Alamos County resi-
dents are compared to exposure from natural radiation
and medical radiation in Table IX Population data are
baaedon the 1980 US Bureau of Census count (adjusted
for 1982 see Appendix D). These doses are about 70%
lower than last year, because radioactive stack releases

measurementsmade in 1982indicatedthat the estimated
composition of emissions from the LAMAlamos Meson
Physics Facility contained a greater proportion of
shorter-livedradioisotopea.

The calculated 3 person-rem from 1982 Laboratory
opaations is probably high because of the conservative
assumptions that were used (see Appendix D) to calcu-
late the dose. The whole body population dose from



TABLE IX

WHOLE BODY POPULATION DOSES DURING 1982

ExposureMechankm

AtmosphericTotal U, ‘~ 239~ ‘lAm
AtmosphericTritium (as HTO)
Atmospheric llC, 13N,lsO
Atmospheric4*Ar

Total Due to Laboratory AtmosphericRekases

Total Due to Natural Sources of Radiation’

AverageDue to AirlineTravel
(4.22 mrem/h at 9 km”)

D@mstic MedicalExposure
(-103 n3rem/yrper person”)

——

Los Alan30scounty
WholeBody

Populatkn Dose
--rem)

0.03

0.35
205

0.36

2.79

2100

15

1900

80-kmRegion
whok-Body

Population Dose
(person-rem)

0.03

0.35
2.22

0.46

3.06

13500 I
b

12900

WaIculationsare based on thermoluminescentdosimetermcasurements,They includea 10%reductionin
cosmic radiation from shieldingby structures and a 40% reduction in termtrial radiation from shiekling
by structures and self-shieldingby the body.
%lot estimated for the population in the 80-km region.

Laboratory opmtions to the estimated 125000 inldi-
tants withinan 80 km radius of Los Alamos is estimated
to be 3 person-rem, which is approximately the popula-
tion dose to Los Alamos County inhabtits. This is
because other population centers are far enough away
that dispersion dilution, and decay in transit (par-
ticularly for l*C, ‘N, lsO, and 41Ar)make their exposure
undetectable and theoretically less than 10% of the es-
timated 3 person-rem.By contr~ natural radiation ex-
posure to the inhabhnt.s within an 80 km radius is
13500 person-rem.

Thus doses potentially attributable to releases horn
Laboratory operationscontribute about 0.1% of the total
dose received by Los Alamos County residents from
natural radiation, about O.1% to the same population
from diagnostic medical radiation, and about 0.02% of

the dose from natural radatiou receivedby the popula-
tion within an 80 km radius of the Laboratory.

G. Estimatesof Risk to an Individual from Labomtory
Rekases

Risk estimatesof possiblehealtheffectsfrom radiation
doses to the public resultingfrom Laboratory operations
have been made. However, these calculations may
overestimate actual risk. The National Council on
Radiation Protection and Measurements” has warned
“risk estimates for radiogeniccancers at low doses and
low dose rates derived on the basis of linear (propor-
tional) extrapolation from the rising portions of the dose

I
I
I
I
1
I
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I incidencecurve at high doses and high dose rates... can-
not be expected to provide realistic estimates of the ac-

1
tualrisks from low level, 1ow-LET @near energy
transfer) racktiona, and have such a high probabfity of
overestimating the actual risk as to be of only marginal

1

valu%if any, for purposes of redstfc risk-benefitevalua-
tion.”

The International Commission on Radiological
ProtectionlGestimates that the total risk of cancer mor-
tality from uniform whole body irradiation for in-
dividuals is 0.0001 per renL that is, there is 1 chance in
10000 that an individualexposedto 1000 mrem (1 rem)
of whole body radiation would develop a cancer. In
developingrisk estimates, the International Commission
on RadiologicalProtectionlGhas warned “radiation risk
estimates should be used only with great caution and
with explicitrecognitionof the possibilitythat the actual
risk at low doses may be lower than that implied by a
deliberately cautious assumption of proportionality.”

During 1982,persons livingin Los Alamos and White
Rock receivedan averageof 122 and 111 mre~ respec-
tively, of wholebody radiation from natural sources (in-
cluding cosmic and terrestrial radiation with allowances
for shielding, self-irradiation and cosmic neutron ex-
posure, but excludingthat radiation receivedfrom airline
travel, huninous dial watches, building materitd$ etc.).
Thu% the added cancer mortality risk attributable to
natural whole body radiation in 1982 was 1 chance in
82000 in Los Alamos and 1 chance in 90000 in White
Rock (Table III).

Laboratory operations contributed an averagedose of
0.17 mrem to individualsin Los Alamos and 0.08 mrem
to individualsin White Rock. These doses are estimated
to add lifetimerisks of about 1 chance in 60000000 in
Los Alamos and 1chance in 125 (XXI000 in WhiteRock
to an individual’srisk of cancer mortality due to 1982
Laboratory activities (Table III).

For Americans the average lifetime risk is a 1 in 4
chance of contracting a cancer from allcauses and a 1 in
5 chance of dying from the disease.1731aThe Los Alamos
and White Rock incremental doses attributable to
Laboratory operations are equivalent to the additional
exposure a person would get from flyingin a commercial
jet aircrti for 46 and 22 miILrespectively.

The additional exposure and subsequent risk to Los
Alamos County residents are well within variations in
natural exposure and risks in life that are accepted
routinely by most people. For exampl% one study19
showed the annual dose rate on the second floor of
single-familyframe dwellingswas 14 mrem/yr less than
the dose rate on the fmt floor. Energy conservation
measures, such as sealing and insulating housea and in-
stalling passive solar systems, are likely to contribute
much larger doses to Los Alamos County residentsthan
Laboratory operations becauseof increased radon levels
inside the homes.The EnvironmentalProtection Agency
has estimated the annual wholebody dose to individuals
from global fallout to be 4.4 mrem.m
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IV. MONITORING RESULTS

A. Radiationand Radioactivity

1. PenetratingRadiation

Levelsof penetratingrediatbr+including x and gamma rays and charged
particle contributions from ccemk, terrestrial,and manmade scurcea--in the
Lca Akmoa area are monitored with thermoluminescent dceimetem Data
from regional and perimeter Iccaticna fcr each calendar quarter did not show
any atatiatkally discernible increaae in radiation levels attributable to Labora-
tory cperaticmu Onsite meaaurementa were slightly above background levelsA
reflecting research activities at the Laborat~. A special group of doaimetera,
whkh mcnitci’e radioactivity of gaaeous emissions from the Lca Alamce
Meecn Physics Facility, ahowed a small increaae in radiation Ievets due to
operation of this linear particle accekrator.

Natural penetrating radiation haa two components.
The natural terrestrial component results from decay of
% and of ra&oactive daughters fiwmtk decay chains
of 23~h and ‘*U. The cosmic component includes
photon radiatio% charged particl% and neutrons.
Thermoluminescentdosimetera (TLDs) are used at the
Laboratory to measure this penetrating radiation. The
TLDs afler being exposed to radiation, emit light upon
beiig heated. The amount of light is proportional to the
amount of radiation to which the TLD was exposed.The
TLDs used in the Laboratory monitoring program are
insensitiveto cosmic neutron%so the neutron contribu-
tion to natural background radiation is not measured

Cosmic ionizing radiation increases with elevation
because of reduced shieldingby the atmosphere. At sea
level it averages between 25 and 30 mrem/yr. Los
Alamo%with a mean elevationof about 2.2 km, receives
about 60 mrem/yr from the cosmic component. The
regional monitoring locations, ranging from about 1.7
km elevation at Pojoaque to about 2.65 km at Fenton
Hill, receivefrom 50 to 70 mrem/yr.13

In contrast to this fairly constant cosmic componen4
doses from the natural terrestrial component in the Los
Alamos area are highly variable. Temporal variation at
any particular location (Fga. 6 and 7) is about 15 to
25% because of variationa in soil moisture and anow
COVer.13Figure 7, which compares TLD data from the
last 6 years, shows this temporal variation in the regional
and perimeteraverages.The variation in onaite averagea
is more influencd by changes in research programs at
particular Laboratory sites than by changes in soil
moisture or snow cover. There is also spatial variation
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because of dfierent soil ad rock types in the area.li
These natural sour- of variation make it diflicult to
detectany increasesin the radiion levelfrom manmade
sour- especiallyif the magnitudeof such an increaseis
smallcompared to natural fluctuatio~

Levels of penetrating radiation-including x and
gamma rays and charged particle contributions from
cosmic, terrestrial, and manmade sources-in the Los
Alamoaarea are monitored with TLDs deployed in two
independentmtworka. The environmentalnetwork con-
sists of 37 locations divided into three groups. Three of
thaw locations 28 to 44 km from the Laboratory
bouIxIary at air sampling stations in the neighboring
communities of Espaiiolq Pojoaq~ and Santa Fe
along with the Fenton Hill Site 30 km weat of LOS
Alamo%form the regional group (Figs. 1 and 6). The
perimetergroup consists of 12 dosimetersplaced within
4 km of the boundary. Twenty-one locations within the
Laboratory boundary comprise the onaite group. The
dosimetera are changed each calendar quarter. See
Appendix B for more information on handling of the
TLDs.

Tables IV and E-II summarize the annual total doses
by the regional, perimeter, and onaite groups for 1982
Figure 7 shows a comparisonof above background dose
averages for the last 6 years. No measurements at
regional or perimeter locations in the environmental
network for any calendar quarter showed any
statistically discernible increase in radiation levels at-
tributable to Laboratory operations Onsite measure
ments were slightly above background levels reflecting
research activitks at the LaboratorY.
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The second network monitors radiation from radioac-
tive gas released by the Los Alamos Meson Physics
Facility (a linear particle accelerator) TA-53. The dose
contribution from the Los Alamos Meson Physics Fa-
cility’soperations is very small.To improvethe accuracy
and decrease the uncertainty of this measurement 12
TLD sites are located at the Laboratory boundary north
of the Los Alamos Meson Physics Facility along 800 m
of canyon rim. Twelve background TLD sites are
similarly located about 9 km from the facility aIong a
canyon rim near the southern boundary of the Labora-

tory (Fig. 6). This background location is not influenced
by any Laboratory radiation sources.

These 24 TLDs are changed in accordance with the
operational schedule of the Los Alamos Meson Physics
Facility. The ditTerencebetween the average of the
dosimetersat the north and south boundaries represents
the contribution to the dose from Los Alamos Meson
Physics Facili~s operations and is plotted in Fig. 8. The
Los Alamos Meeon Physics Facility network showedan
increase above background of 12 + 3 mrem/yr at the
Laboratory boundary north of the Los Alamos Meson
Physics Facility due to its operation.
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2. Atmospheric RadioaOt~

Worldwide background atmcapharic rdicactivity is compcaad of fallout
from atmcepheric nuclear weapon teat% natural radioactive ccnatituanta in
duet from the earth’s surface, and radioactive materials resulting from
interaction with cosmic radiation. Air is routinely sampled at several lcca-
tiona on Labcratcfy land, along the Laboratory perimeter, and in distant areas
to determine the existence and compcaiticn of any contributions to radio-
nudide Ievela from Laboratory operation& Atmospheric concentration of
groaa alpha, groaa beta, americium, plutonium, and uranium are meaaured
and analyzed. The highest meaaured concentration of these radioactive
materiala were ha than 10% of the Department of Energy% Concentration
Guides, while moat of the annual average concentraticna were ha than 1% of
the Concentration Quid-

& Introduction Atmospheric radioactivity samples
are collected at 25 continuously operating air sampling
stations in Los AIamos County and vicinity.Onsite and
perimeter station locations are shown in Fig. 9 and
identifiedby map coordinates in Table E-III. Perimeter
stations are within 4 km of the Laboratory boundary.
The regional monitoring stations, located 28 to 44 km
from the Laboratory at Espaiiolz Pojoaqu~ and Santa
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Fe (Fig. 1),are referen~ points for determiningregional
background for atmospheric radioactivity. A complete
descriptionof sampling procedures and statistical treat-
ment of data is given in AppendixB.

When interpreting data from this air sampling pro
gram, one must be aware of natural and faUoutradioac-
tivity levels ti their fluctuatioxm Worldwide back-
ground atmospheric radioactivity is largelycomposedof
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fallout from atmospheric nuclear weapons test%natural airborne radioactivity as a result of changing meteoro-
radioactiveconstituents in dust from the decay chains of
%h and 2WU,and materials resultingfrom interactions
with cosmic radiation (such as tritiated water vapor).
Background radioactivity concentrations are sum-
marized in Table E-IV and are useful in interpreting the
air samplingdata.

Because airborne particulate are mostly from soil
reauspensiom there are large temporal fluctuations in

logical conditions. Periods of high winda result in
relatively high suspended particulate concentration%
whereas periods of heavy precipitation remove many
airborne particles. Spatial variations are dqmdent on
these same factors.

b. Annual Gross Alpha and Bela Radioaodvity.
Gross alpha and beta analyses serve as indicators of
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overall radioactivity concentrations in the air. The an-
nual average4-weekgross alpha and beta concentrations
are summarized in Table X and described in detail in
Table E-V.

The gross alpha data showed that the regionalannual
mean (L6 x I&ls pCi/ml) was significantlylower than
the perimeter annual mean (3.1x 10-ls t,LCi/@ and
onsite annual mean (3.9x 10-ls BCi/m#)oThis is ex-
pected because the regionsl stations are 28 to 40 km
distant from the Laboratory, so they are not influenced
by its operation

The gross beta data showed the regionalanmud mean
(25 x 10-ls ~Ci/m$ to be lower than the perimeter
annual mean (37 x 10_ls pCi/r@ and onsite annual
mean (42 x 10-ls BCi/n@ The gross beta annual means
were about 4 to 6 times lower than last year (Fig. 10).
This decreasewas primarilybecausethe last atmospheric
test of a nuclear weapon was on October 16, 1980.

c. TrMum. Atmospheric tritiated water concentra-
tions fbr each sampliig station for 1982 are summarized
in Tablex detailedin Tabk E-V~ and plotted in F@ 1L

Cpsa&a

B. 17
C. 26
0. 17
E. 17
F. 14
G. 14
H. 16

The regional annual mean (11 x l&i2 uCi/m#) was
significantly Iower than the perimeter annual mean
(21 x 10-12BCi/rn$ and onsite annual mean (34x l&12
IICi/nd). Tntium emissions from TA-33 caused the
TA-33 (Station 24) annual mean (88x l@2 pCi/ml)
and the nearby TA-39 (Station 25) annual mean
(149x 10-’2 ~Ci/n@ to both be higher than the other
onsite station annual means These concentrations are
0.0018% and 0.0030%, respectively,of the Department
of Energy’s Controlled Area Concentration Guide for
tritium m air.

d. Plutonium. Amual average ‘*Pu concentrations
are summarizd in Table X and detailed in Table E-VIL
There werejust 3 of I(Mmeasured ‘*Pu concentrations
greater than the minimum detectablevalue of 2 x 10-16
BCi/rn.4.TIMh@est of the three detectable values was
50x 10-18pCi/nd, which occurred at the Gulf Station
(Station 10} It was 0.07% of the Department of
Energy’s Concentration Guide for 2* in air for
UncontrolledAreas.

EF

i’i%wiw)I
-

‘1

F& 10. Menthlyavcragegmmbcta acdvkyinair, 1973-l%by aamphgstation greupai
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Forxw2’@uinair, the- “onal(2.3x10-l*pCi/dJ
perimeter(2.5xl &l*pCi/ml]and onsite(3.4x10_18
BH7Rlj annual means were sII relatively low. The
higkt measured ‘*2 *U coneeatration was 38 x 1(Y1S
pcild at the radioactive solkl waste disposal ar~
TA-54 (Station 22). ThB concentration is 0.002% of the
Department of Energy’s Guide for 239+% in air for
Controlled Areas.

e. Uranium and Amsrieium. The 1982 atmospheric
uranium concentrations are summarizedin Table X and
listed in Table E-VIII. Uranium concentrations are
heavilydependent on the immediateenvironmentof the
sampling station. Those stations with higher annual
averages and maximums are all in dusty q where
historically a higher tllter dust loading accounts for
collection of more natural uranium from resuspended

soil particka. This year the highest amual average was
at the Los Alarms Airport (Station 8). It was 112pg/m3,
which is 0.0018% of the Department of Energy’sCon-
centration Guide for uranium m air in Uncontrolled
Areas.

The 1982atmospheric 241Amconcentrations are 6un2-
marized in Table X and listed in Table E-IX. Analyses
for 241Amare done because it is a daughter of ‘lPu and

Mlh. Wqn-K*is much easier to detect than
plutonium contains 241Pwso fallout from atmospheric
nuclear teats often contain 241Puand 241Am.This year
only 2 of 44 analyses for ‘1A322were above the
detectablelimitof 2 x l&l* BCi/nd. The highestof these
two concentrations was 11 x l&18 MCi/m#at Santa Fe
(Station 3) and was 0.0004% of the Department of
Energy’s Concentration Guide for 241Amin air in
UncontrolledAreaa.
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TABLE X

SUMMARY OF ANNUAL ATMOSPHERIC
RADIOACTIVITY MONITORIIW FOR 1982

Mean as
%Of

Concentration
(3ui&

Maximum Minimum
Observed

Annual
MeanAnalysis Group units

Gross alpha Regional
Perimeter
Onsite

10-1spci/d
10-15pcild
10-ls pcvd

4.6 +20
12+6
13+6

0.6 + 0.3
0.0 ● 0.1
0.3 ● 0.2

16+4
0.0 ● 0.1

8+2

0.5 + 0.6
1.1+ 0.8
1.3● 1.4

-1.6 + 1.1
4.6 +7. 1
-26 +21

-1.3 + 1.2
-1.7 + 6.2
-1.6 + 1.4

-0.5 +28
-1.5 * 2.7
-1.4 + 3.2

5.7 + 2.5
26* 25
7.8 + 2.6

1.6+ 0.3
3.1 * 0.3
3.9 * 0.3

25*2
37*4
42*3

11+4
21+7
34+15

-0.6 + 0.6
1.3 * 3.1

-0.6 + 0.3

23+ 1.6
25+ 0.8
3.4 + 1.7

0.7 * 3.0
0.07 * 0.33
0.04 * 0.20

61* 34
44*13
52+ 8.4

2.7
5.2
0.2

OrOss beta Regional
Perimeter
OnSite

10-ls yci/ml
10-1spci/d
10-1$pci/m#

39* 10
11O*28
94+ 24

0.08
0.12
0.004

Tritiated
water vapor

zw~

Regional 10-12yci/d
10-12pci/ml
10-12yci/d

45 * 14
330 * 100
690 + 220

0.005
0.011
0.0007OnSite

Regional
Perimeter
Onsite

2.2 + 6.7
50+9

3.2 *23

9.1 * 13
11 +3.8
38+ 8.8

0.0
0.004
0.0

Regional
Perimeter
Onsite

10-16pcihd
10-16~ci/m.4
lo-1~pci.hl

0.004
O.(NM
O.(MO2

10-ls ~ci/nl#
10-1$J,lci/d
10-18yci/nL#

Regional 11*7.2
2.5 + 3.7
9.5 * 3.5

0.0004
0.0000
0.0000OnSite

Total U ~m3

pglm3
pg/m3

Regional
Perimeter
OnSite

230 +46
240*49
130 +27

O.CN)l
0.0007
0.00003
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3. Radioactivity in Surface and Grand Waters

Surface and ground waters are monitored to provide routhw surveillance of
dispersion of radionuclides from Laboratory operation Results of thase
analyses are ctxnpsred to the Department of Energy’s Concentration Guides
for water. Regional background concentrations are an indication of the small
amount of radionuclides (natural and fallout) in the environment. The 1982
radiochemkal quality analyses of water from regional, perimeter, water
supply, and onsite noneffluent release areas indkste no significant effect from
effluant releases from the Laboratory. Waters in onsite liquid effiuent release
areas contain trace amounts of radioactivity. These onsite waters are not a
source of industrial, agricultural, or municipal water supplies.

a. RegknaI and Perimeter Watera Analyses of sur-
face and ground waters from regional and perimeter
stations reflect base line levels of radioactivity in areas
outside the Laboratory boundary. Regional surface
waters are collected within 75 km of the Laboratory
from six stations on the Rio Grande, Rio Cham4 and
Jemez Rivers (Fig. 1A Table E-X). Surface water from
these rivers is used for irrigation of crops in the Rio
Grande Valley, both upstream and downstream from
Los Alamos. Waters of the Rio Grandq Rio Chamq
and Jemez Rivers are part of recreational areas on state
and federal lands. Samples are also collected from 6
perimeter stations located within about 4 km of the
Laboratory boundaries and from 25 stations in White
Rock Canyon of the Rio Grande (Fig. 13, Table XI).

ScAu? Y
A

?mlomzpm
MMTCUINQ.WATOMS

EERMALILW

Fig. 12. Rcg&nal aurface water, ucdimt@ andsdlsamplhgbca-
tiona.

Water from Los Alamos and Guqje Reservoirs is used
during the summer for irrigation of lawns and shrubs at
the Laboratory and public schools. These two locations
are also sampled as part of the perimetergroup.

A comparison of the maximum concentrations found
in these waterswith the Department of Energy’sConcen-
tration Guides (seeAppendix A) for UncontrolledAreas
is givenin Table XI. However,the Concentration Guides
do not account for concentration mechanisms that may
exist in environmentalmedia. Consequently,other media
such as sediments, soils, and foods are monitored (as
discussed in subsequent sections). Detailed data from
regional,perimeter,and WhiteRock Canyon stations are
in Tables E-XI, E-XII, and E-XIII, respectively. See
Appendix B.3 for methods of collection, analysk and
reporting of water data.

Radionuclide concentrations in surface and ground
waters from the six regional and six perimeter stations
were low and showed no effect from release of liquid
etlluents at the Laboratory. Plutonium concentrations
wae near minimum detection levelsand were wellbelow
Concentration Guides for UncontrolledAreas.

Stations in White Rock Canyon are divided into four
groups. Three groups are of similar aquifer-related
chemicalquaMy,whilethe fourth group reflectsIodized
conditions in the aquifer. Flow flom three streams that
enter the Rio Grande in White Rock Canyon are also
analyzed.Treated sanitary eflluent from the community
of White Rock is also collected and analyzed as it
reaches the Rio Grande. Radionuclideconcentrations in
water from the 26 stations reflect naturally occurring
radionuclides(Table E-XIII).

Excludedfrom this discussionis Acid-PuebloCanyoU
a former release area for industrial liquid wastq which
has four offsite stations and three onsite stations (Fi~
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13). As a known relesse area and for hydrologic
continuity,aUmonitoringresults from Acid-PuebloCan-
yon are discussed in the following section concerning
onsite surfaceand ground waters.

b. Onsite Surface and (3round Watem Onsite stullph
ing stations are grouped accordingto those located away
from effluent release areas and those located in areas
that receive or have received industrial liquid effluenh
Sampling locations in onaite nonetlluent release areas
consist of sevca test wells completed into the main
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aquif= and three surface water sources (I?Is 13, Table
E-X). Maximum concentrations of radioactivity at the
10 stations are in Table XI. The concentrations were
low, near or below detection limits, and well below
Concentration Guides for Controlled Aretm Results of
detailed radioachanical analyses are in Table E-XIV.

Canyons that receive or have received induatM
ctllucnts are Aad-Pueblo, DP-Los Alamm Sanw and
Mortandad Samples are collected from surface water
stations or shallow observation holes completed in the
alluvium (Fig. 13, Tables E-XV through E-XVIII).
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Maximumconcentrations of radioactivity in each of the
four canyons are giwm in Table XL Radioactivity
observed in Acid-Pueblo Canyon (Table E-XV) results
from residualsof treated and untreated radioactiveliquid
waste etlluenta released into the canyon before 1964.
Radionuclidesthat were absorbed by channel sediments
are now being resuspended by runoff and municipal
sanitary effluents.

Sandia Canyon receives cooling tower blowdown
from the TA-3 power plant and some sanitary efiluent
from TA-3 facilities(TableE-XVI).The DP-Los Ahunos
Canyon receives industrial eflluents that contain low
levelsof radionuclides and some sanitary effluentsfrom
TA-21 (Table E-XVII). Tritium concentrations above
background in upper Los Alamos Canyon in shallow
wdl LAG-1 are due to releaseof cooling water from the
research nuclear reactor at TA-2 Mortandad Canyon
receives treated industrial eflluent containing radb
nuclides (Table E-XVIII). Water in these canyons con-
tains radionuclidesfrom treated etlluents from the treat-
ment plants.

Acid-pueblo, Dp-Los Alam@ and Mortandad Can-
yons all contain surface and ground water with
measurableamounts of radioactivity that are wellbelow
Concentration Guides for Controlled Areas. Surfaceand
ground watera of these canyons are not a source of
municipal, industrid or agricultural supply. Surface
waters in these canyons normalIyinfiltrate into alluvium
of stream channels within the Laboratory’s boundaries.
Gnly during periods of heavy precipitation or snowmelt
does water from Acid-Pueblo and DP-Los Alamos
Canyons reach the Rio Grand& In Mortandad CanyoU
there has been no surface water runoffpast the Labora-
tory’s boundary since hydrologic studies in the canyon
began in 1960,3 years before release of any industrial
eflluents.

c. Water Supply. The municipal and industrial water
supply for the Laboratory and community is from 16

deep wells (in three wellfolds). The wellsare located on
Pajarito Plateau and in canyons east of the Laboratory
(Fig. 13).Water is pumped from the main aquifer,which
lies about 350 m below the surface of the Plateau. The
gallery discharges from a perched water zone (a ground
water body above an impermeablelayer that is separated
from an underlying main body of ground water by an
unsaturated zone) in volcanh on the flanks of the
mountains weat of the Plateau.

During 1982 production from the wells and gallery
was about 5.8 x ld m3,WA the walls furnishing about
97% of the total production and a gallery about 3%.
Water samplea are collected from the wells and at six
stations in the distribution system. The five stations in
the distributionsystan are locatedwithinthe Laboratory
and community, while the sixth is located at Bandelier
National Monument (Fig. 13, Table E-XIX). The water
supply distribution system at TA-57, the Fenton Hill
Geothermal Site is also sampled. This water is pumped
from a wellabout 133 m deep at the site.

A comparison of maximum concentrations found in
these waters with the Environmental Protection
Agency’s National Interim Primary Drinking Water
Standards* is given m Table XI. Detailed radiochemical
analysesof water from the we~ gallery,and distribution
system (iicluding Fenton Hill)are presented in Table E-
XIX. Radiochemical standards are related to the safety
of drinking water.21 Radiomtivity in water from the
well%gallery and distribution system is low and nat-
urally occurring in the aquifer. Gross alpha activity in
water from WeU PM-4 (20 + 8.0 x I(T9 yCdtd) is
above the standard (15 x 10+ yCi/nd). However,
mixture of water from Well PM4 with other weIls
reduces the concentrations in the distribution system to
acceptable levds (Table E-XIX). Radium-226 analyses
of water from Well PM-4 was 0.03 x 10-9 ~Ctim~,
much less than 5 x 10-9 j.tCi/nd drinking water stan-
dard. The high gross alpha activity may reflect con-
taminationof the sample tier collection.
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4. Radioactivity in Soils and $adhnanta

WII samples are colleoted from 23 stations and aediient samples from 42
stations in and adjacent to the Loa Aiamos area Concentrations of ‘37CS,
‘+=Pu, gross alpha, and gross beta from regional soii and/or sediment
stations were siightiy above regional ieveia The iow conoentretions are due to
variability of worldwide faiiout. $emples from soil and sediment perimeter
stations and onsite stations had oonoentrationa of radioactivity in excess of
normai or regionai ievek Concentrations of radioactivity from these stations
are iesa than twioe the normai or regionei level% except in areas vvheretreated
radioactive effluents are reieaaed.

a. Regional Soii and Sedirn- Regional soils are
colfectedin the same general locationsas regionalwaters
(Hg. 12). Regional sedinmta me also coiiected at the
same general locations with additional samples coilected
from Otowi to Cochiti on the Rio Grande. The exact
locations are presented in Table E-XX and detailed
results are in Table E-XXI. See Appendix B.3 for
methods of coilectiou analy~ and reportingof soil and
sedimentdata

Regional and perimeter soil and sediment radio-
chemicai data collected from 1974 through 1977 are
used to distinguish between background radioactivity
(the result of natural and worldwi& fallout)and radioac-
ttilty from nuclear weapons teata.23These data are used
for comparison with 1982 soil and sediment results
(Table XII). soil analyses from regionelstations indicate
that ‘37CSconcentrations at three stations and a ‘9Pu
concentration at one station wereslightlyabove regional
levelsfor the period 1974-1977.Sedimentanalyses from
regional stations indicated that a 2%Puconcentration at
one statioG ‘9Pu concentrations at three statiom+ and
gross alpha and beta concentrationsat two stations were
slightly above background levds found for the period
1974-1977.AUthese concentrations are low and due to
variabtity of naturally occurring or variability in worid-
widefallout

b. Perimeter Soiia and Sediments. Six perimeter soil
stations are sampled in areas within 4 km of the
Laboratory. Ten sediment samples are coikcted from
major intermittent streams that cross Pajarito Plateau.
Locations of the soil and sedimentstationa are described
in Table E-XX and shown in Figs. 14 and 15. Detailed
analysesare in Table E-XXIL

Perimeter soil analyses indicate concentrations of
“’CS (three Staticms) ~% (four stations> gross beta

(two stations> 3H (two stations> and total U (one
station) were slightly devated when compared to re-
gional levds 1974-1977. Perimeter sediment analyses
indicated concentrations of 137CS(one station)j 2%
(one station) gross alpha (one station~ gross beta (one
Stationk and total U (two stations) were slightly above
levelsof 1974-1977.Some of the elevatedlevelsmaybe
rdated to the rdeases (soii%airborne; sediment trana-
port from Iiqukirdeaae areas) from the Laboratory, such
as airborne from TA-21X (see Section VI.H) or liquid
effluentshorn treatment plants (seeSectionsVLG,4 and

J).

c. Onsite soil and Sedh22enkMite soil samples aie
collectedfrom 10stations withinLaboratory boundark
Sediment samples are coiiected from 24 stations witldn
the boundaries (Fig. 14,Table BXX). Analytical results
are shown in Table E-XXIII and maximum concentra-
tions in Table XIL Locations of soil end sediment
stations are shown in Figs. 14 and 15.

Soii analyses indicate that concentrations of ‘7Cs
(two stations~ ‘%% (two stations> gross alpha (one
station~ gross gets (three stations), 3H (five atations~
and total U (one station) wereabove normal or regional
levds from 1974-1977(Table XII).

Sediments from stations in Acid-pueblo, DP-Los
Aiamo% and Mortandad Canyons had radionuclide
concentrationsin excessof background levels(Table XII
and E-XXIII). These canyons have or are now receiving
treated industrial effluents.The radionueiidesin effluents
are adsorbed or attached to sediment particles in the
alluvium. These concentrations are generally highest
near the point of discharge from the treatment pian~
They decrease downgradient in the canyon as the
sediients and radionuciides are transported and dis-
persed by the effluentsand periodic storm runoff.
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5. Radioactivity in Foodstuffa

Meat fruit, vegetable, and fish samples collected in the vidnity of the
Laboratory showed no apparent influence from Laboratory operations. Fruit
collected onsite and produce from several gardens that could have been
influenced by Laboratory releases had slightly elevated concentrations of
tritiun Fish gut samples from Ccchiti showed slightly higher concentrations
of ‘37CSand 2*Pu than did gut samples from fish taken at bec&ground
Iccation& These ralativaty small increases indicate possible ingestion of
sediment. However, no increases in any radicnudidea were detected in edible
portions of fish. Honey samples collected on w near the Laboratory showad
trace amounts of radicmuclidaa primarily associated with effluent discharges.
Radiation doses from consumption of foodstuffs are discussed in Section
llLD.

a. Introduction, Frui~ vegetable f~ and honey

samples were collected during 1982 to monitor food-
stuffs for possible radioactivecontamination from Labo-
ratory operations. Fruits and vegetableswerecollectedin
the Los Alamos area and in the Rio Grande Valley
aboveand belowconfluencesof intermittent streams that
cross the Laboratory and flow into the Rio Grande (see
Fig. 12). Fish were colkcted from locations above
(Abiqui&Heron, and El Vado reservoirs that are on the
Rio Chain% a tributary of the Rio Grande) and below
(Cochiti Reservoir) confluences of these intermittent
streams.

Fruit and vegetables collected in the Rio Grande
Valley in the Espaiiola area and f~h collected at the
Abquiu, HeroL and El Vado reservoirs would be
unaffected by Laboratory operations. These locations
are upstream from the confluences’with the Rio Grande
of intermittent streams crossing the Laboratory. They
are also distant from the Laboratory so are unaffected
by airborne emissions.These areas were used as control
locations for fruit, vegetablq and f~h sampling pro-
grams.

Fish sampleswere taken from bottom feeders,such as
carp and sucker$ which have a greater probability than
higher trophic orders of ingestingany activity that might
be associated with sediments. Higher level feederswere
also sampled. Honey was collected from hives estab-
lished in 1978 at several locationswithin the Laboratory
boundary near waste stream outfalls and a tritium
facility. Background honey samples came from other
locations: Barranca Mesa (ii La AlamosJ P@rito
Acr~ and Chimayo, New Mexico.

Fruit and vegetable samples were analyzed for
tritiated water, %r, 137C4total U, ‘m and ‘“pu. Fish
sample analyses included%r, 137C&total U, ‘fi and
‘9Pu. Honey samples were analyzed for tritiated water,
7= 22N% W4n, S7C0, 83Rb, l~cq 137c~ md toti U.

b. Fruits and Vegetables, Data in Tables XIII and
XIV summarize fruit and vegetable sample results for
tritium, strontium, cesiunL uranium, and plutonium
according to diRerent water supplies. Sample moisture
ranged fmm 60 to 95% of total sample weight

Concentrations of ‘8Pu, 2WPU%r, 137CSand total U
in ffuits and vegetablesat locations potentially at%cted
by Laboratory activities were statistically indist-
inguishable from concentrations in samples taken in
background areas. Concentrations for these radio-
nuclides were low and typical of values expected from
natural background or worldwidefallout ~

Tritium concentrations in water extracted from fit
and vegetables were statistically higher in the produce
samples collected in Los Alamo& WMteRock/Pajarito
Acr~ and CochiE than were the concentrations in
samples from background locations. Tritium concentra-
tions in background samples ranged from 0.3 to 1.4
pci/mfl, and concentrations in offsite samples from
areas potentially atMcted by Laboratory operations
ranged from -0.1 to 4.8 pCi/n&

Since there are no concentration limits for tritium in
produce these measured tritium levelswerecompared to
limits for concentrations of tritium in water. This com-
parison is conservative(more restrictive),since the limits
on tritium in water are based on an annual water intake
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TABLE XIII

TRITIATED WATER CONTENT OF FRUITS AND VEGETABLES

Tritiated Water

of Average
Location water Source samples (+ 1s) Range

Espaiiola Rio Grande’
Espaiiola Rio Chamaa
Cochiti Rio Grandeb
Los Alamos Community System
WMteRock/Pajarito Acres Community System
TA-35 Community System
TA-21 Precipitation
TA-3 Community System

‘Upstream from Laboratory stream confluence.
bllownstream from Laboratory stream confluence.
Wounting uncertainty.

(an~ consequently,tritium intake)larger than the annual
intake of produ~ which would result in concentration
limits for tritium in water lower than those in produca
The tritium concentrations in produce measurt+ here are
well bdow the Department of Energy’s Concent@ion
Guide for water in UncontrolledAreas of 3(MOpCi/d3c
and the Environmental Protection Agency’s Nation~
Interim Primary Drinking Water Standard for tritium in
drinking water of 20 pCi/nd21 (see Appendix A). The
radiation dose that may result from these tritium levelsis
discussed in Section111.D.

The tritium content of peaches at TA-35 was similar
to previously reported relatively higher values at that
location.2sThe TA-35 facilii releases airborne tritium
(see Table E-I). Elevated tritiated water concentrations
were also measured in apples and peaches from trees
located near a facilityin TA-21, and in peach= at TA-3,
where airborne tritium ia also released. These few
peaches and apples do not represent a significant
pathway to man because they represent a very small
volume of edible material, and have considerably leas
tridum than the UncontrolledArea Concentration Guide
for wate?c (30(Mx 10+ vCi/@.

5 0.66 + 0.38 0.3 to 1.3

5 0.50 + 0.20 0.3 to 0.8

16 1.2 * 1.1 0.3 to 4.8
5 1.22 * 0.55 0.6 to 1.9
9 1.02+ 0.63 +.1 to 22
1 17.0 * 0.4’ —.

2 4.25 + 0.35 4.0 to 4.5
1 4.2 + 0.3C —

Average
Moisture

(%)

85+3
88*3
83+8
89+7
85*5
87
81+1
88

G FML No sWcaUy significant diRerenccs be
tween averageradionuclideconcentrations inedible flesh
of fih from background areas and from Cochix the area
potentially athcted by Laboratory operatiou were
found for any radionuclides monitored by the sampling
program (see Table XV). The radionuclide concentra-
tions that were measured were low and typical of
worldwidefallout.

Radionuclide concentrations m gut samples from
Cochiti were indistinguishablefrom those in gut samples
from background areas for all radionuclideaexcept‘1%
in bottom feeder gut and ‘7CS in gut samples from
higher trophic levd feeders. Increased radioactivity in
gut samples is rdated to rngeation of sediments. All
radionuctideIevds found in these gut samples were low,
and mean values werein the range of the levelsnormally
found in sedmenta due to natural background or world-
widefallout.The radiologicalimpact of these concentra-
tions is discussed in Section IILD.

Both %Srand 137CSare present in the environmentdue
to worldwide fallout from nuclear weapons testing. Of
the 52 samples analyzed for %%, detectable concentra-
tions were found in 43 samples: 29 from background
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areas and 14 from Cochiti, Mean values for samples
fmm background areas and for sampl~ from Cochiti
were statiaticsliy indistinguishable.

Low levelsof 137Csweredetected in 13 of 60 samples
analyzed Results were scattered with mean values from
areas not influenced by Laboratory operations being
slightlyhigher than those downstreamfrom the Labora-
tory for three of four sample types

Two sample$ one from a background area and one
from Cochi@ had detectable ‘EPu. Seven samples had
detectable ‘SPU. Of these seven sampl~ three sampi~
all from bottom feeder meat were from background
areas. The other four sampl~ whichwereall of fish gu~
were from Cochiti. Aii detectable ‘*Pu and ‘9Pu
concentrations were on the order of or less than the
mean ‘*Pu and ‘9Pu levels found in sediments from
background locations. Detection of plutonium in fish is
expected,becauseplutonim is in the environment at low
levelsfrom worldwidefallout frcm nuclearweapons teats
and atmospheric reentry and burnup of a satellite
containing a ~aPu power source. The impacts of these
sources serve as background fbr the impacts of any
potenthdLaboratory plutonium releasesthat wouldonly
atTectCochiti reservoir.

As expecti a large proportion of samples ftom both
Cochiti and control areas (55 of 61 samples, or 90%)
had detectable levels of uranium. Uranium is present
naturaiiy in the environment and ia detectable in fd-
tis at trace levels similar to those found in this
sampling. No statistically significant ditlxence was
found betweenuranium concentrations at Cochiti and at
control locations

d. Honey. Honey samples were analyzed for 3H
(tritiated water) 7Bq ~% “Mn, ‘7C0, ‘3Rb, lwC&
‘7Cg and total U. Redts are shown in Table E-XXIV.
Also shownare analytical results from previousyears for
3H (tritiated waterb 7BG2*N4 137Ct+and total U.

The honey samplingprogram servesas an indicator of
biologicallyavailable radionuciides. It can be seen from
Table E-XXIV that honey samplescoiiectedborn onsite
hives were generally higher in most radionuclides than
the offsite honey samples from Chimayo, Barranca
Me- and Pajarito Acres. The radiological dosea as-
sociated with consumption of honey are discussed in
Section IILD.

6. Radioactive Airborne Emissions and Liquid Effluents

Quantities of airborne radioactive emissions released from Laboratory
operations in 1982 were iower for mixed fiadon produc~ phosphorus, and
gaseous mixed activation products when compared to 1981. The emissions
were higher for piutonium, uranium, tritium, argon, iodi~ americium, and
particulate/vapor activation prcducts. The increases and decreases were
due to changing programmatk activities and ventilation system imWove-
ments at various facilities at the Laboratory. Overaii, the 1982 airborne
radioactive emissions were about 25% iower (93 580 Ci ieaa) than in 1981.
Liquid effhmnta from two waste treatment pianta contained radioactivity levels
weii below the Department of Enargy’s Controiied Area Concentration
Quide&

Radioactive airborne emissions are discharged at the Los Alamos Physics Facility. Releases of various
Laboratory from 88 stacks and liquid effluents are isotopes from the Laboratory are detailed in Table E-I.
dischargedhorn 2 industrial waste treatment plants and Quantities of airborne radioactivity released depend
1sanitary sewagelagoon system.The airborneemissions on the kinds of research programs conducts so vary
consist principally of ftiered ventilation exhausta from aignitlcantiy from year to year (see Figs 16-18 and
giovebox~ experimental facilities, process facilities Table VI). During 1982 tritium emissions were signifi-
(such as liquid waste treatment plants) the research cantly higher at TA-33. The TA-33 tritium handling
reactor at TA-~ and the linear particleaccelerator at the facility is quite old and a new facility will soon be
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constructed to house these tritium operations The
in~~e in 1311dsdons weredue to system testing and
renovations at the Chemistry-Metallurgical Research
Facility. There was a large decrease in emissions of
gaseous mixed activation products at the Los Ahunos
Meson Physics FaciIity. The emissions were down over
100000 Ci during 1982 because of eliminationof leaks
in the coolingwater system for the linear accelerator.

In addition to airborne rekaaes from facilitim some
depleteduranium (uranium consisting primarily of ‘*U)
is dispersedby experimentsemployingconventionalhigh
explosives.In 1982 about 1059 kg of depleteduranium
were used in such experiments.Baaedon known kotopic
composition of the depleted uranium, this mass is
estimated to contain approximately 0.37 Ci of activity.
Most debris from these experiments is deposited on the
ground in the vicinity of the ftig sites. Ltied ex-
perimental information indicates that no more than
about 10% of the depleted uranium becomes airborne,
Approximatedispersion calculations indicate that result-
ing airborne concentrations would be in the same range
as attributable to natural crustal-abundance uranium in
resuspended dust. This theoretical evaluation is com-

patible with the concentrations of atmospheric uranium
measured by the routine air samplig- program (see
Section IV.A.2). Estimates of nonradioactive releases
from these experimentsare discussed in Section IV.B.2.

Treated liquid eflluentscontaining low kvds of radio-
activity are rdeaaed from the Central Liquid Waste
Treatment Plant (TA-50> a smaller plant serving a
uranium processing facility (TA-21), and a sanitary
sewage lagoon system serving the Los Alamos Meson
Physics Facility. Detaikd results of the etlluent radioac-
tivity monitoring are in Tabk VI, Table E-XXV, and
Figs. 16, 17, and 19.

A total of 2,7 x 1074 of effluentwas discharged from
the TA-53 sanitary lagoon system containing 0.17 Ci of
‘F@ 29 Ci of %G and 15 Ci of 3H.The source of the
radioactivity was activated water from beam-stop cool-
ing systems. Samples of water, sedimen@ and transpi-
rate from trees adjacent to the discharge from the
lagoons have been collected this year and the results of
this samplingprogram are discussed in Section VLD.

Releases from the larger radioactive liquid waste
treatment plant (TA-50) are d~charged into a normally
dry stream channel in Mortandad Canyon wheresurface
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flow has not passed beyond the Laboratory boundary
since before the plant began operation (s= Fig. 2~
Discharges from the smaller plant (TA-21) are rnto DP
CanyoG a tributary of Los Alamoa Canyon where
runoff does at times flow paat the boundary and
transports some residual radioactivity adsorbed on sedi-
ments (see Fi~ 2). Effluentfrom the Los Alamoa Meson
Physics FaciIity’s sanitary lagoon system sinks into
alluvium with the Laboratory’s boundary (see Section
VI.D).

7. UnplannedReleases

& Industrial Waste L& Leak On March 19, 198Z a
section of industrial waste line serving the Radb
chemistryTechnical Area (TA-48)was found leaking.A
limited volume of liquid from the waste line carrying
fission products from radioactive materials laboratories
flowedout of the security area of TA-48. It proceeded
through a pipq under a road along the north end of
TA-48, and into Mortandad Canyon. All atkted areas
were wellwithin Laboratory boundaries.

Eight soil samples from the contaminated areas and
three soil sampks from background locations were

taken. The samples were analyzed for gross alph%gross
be~ and gamma activity. No sample had above-
background levelsof gross alpha activitygreater than the
lowe detection limit of 25 pCi/g. However, gross beta
levels were elevated, ranging from 124 to 4175 counts
per minut%for samplesfrom the contaminated areaa.AU
background samples had fewer than 50 counts per
minute of gross beta activity. The gamma spectra
indicated the presence of f~sion products (%ln, ‘*CO,
‘co, 65Zn,%’, and 134CS).Two of these radionuclides,
*34CSand ~o, have half-livesgreater than a year.

A field survey was performed in the TA-48 site and
atkcted area of Mortandad Canyon using portable
radiation detection instruments. Aa expect~ con-
taminated soil was found in the area of the leak and m
the drainage areas into Mortandad Canyon. The con-
taminated zone extended about 15m down the slope of
the Canyon sid% where the contaminated zone end~
apparently due to absorption of the liquid into the soil.
Surveys extending thm the point where the contamina-
tion ended down to the canyon floor detected only
background levelsof radiation.

The soil sampling and field surveys determined the
areas and degreeof soil contamination and radionuclides

47



involved.On the basis of these resulw the tiected soil
from the areas along both sides of the road north of
TA-48 were removed (down to bedrock) up to the edge
of Mortandad Canyon and replaced with clean soil.
Radiological surveys of the exposed bedrock found no
residual contamination. Soil samplestaken after the area
was restored registeredbackground levelsof gross alpha
and gross beta activity.

b. Trkhun Release at the Van de Graaff Facility. On
March 24, 1982 about 10 Ci of tritium leaked from a
pump in the Van de GraatTFacility (TA-3) and into a
room, setting off room air tritium monitors. Approx-
imately 80% of this tritium was released directly from
th~ room between 10:30 and 11:30 &m.; the remainder
was rdeased through a 10-mhigh vent at 400 p.m. The
tritium was believed to be almost entirely in gaseous
form as HT.

Radiological doses to the public resulting from the
release w=e estimated using meteorological modeling
and tritium air sampling rcmhs. Samples from five air
samplers from the Laboratory’s routine air sampling
network were analyzed for tritium. These samples were
of tritiated water vapor (HTO) not of gaseous tritium
(I-IT).

The maximum do% which occurred approximately
50 m downwind of the morning release PC@ was 0.4
mrem to the whole body, or 0.08% of the Radiation
Protection Standard for members of the public (500
mrem/yr for whole body radiation). The highest dose
occurringoffsite(on West Jemez Road) was 0.003 mrem
to the whole body, 0.006% of the Radiation Protection
Standard These doses wereestimatedusing meteorologi-
cal modeling.

The dose associatedwith the highest measured tritium
in air concentration(at Station 5, Arkansas Avenue)was
0.014 mrew or 0.0009% of the Radiation Protection
Standard Since this station was farthest from the release
point of any station sampled and since meteorological
analysis indicated this station was out of the zone
principallyat%cted by the rel~ it is probably due to
the commonly observed fluctuations of tritium in air
concentrations. All other doses calculated from
measured tritium in air concentrations were lower than
0.0044 mrem.

e Cooling Water Release at Omega Sk On October
26, 1982 a releaseof about 1100~ of secondarycooling
water occurred from the nuclear research reactor at
Omega Site (TA-2). The released cooling water eOn-
tained activation products that generallyhave short half-
Iives(an hour or less)and tritium (half-lifeis 123 yr]

The rdease occurred over about a 30-mii period at a
rate of about 40 ~pm and was into Los Alamos Canyon,
which is a tributary to the Rio Grands. Stream flow at
the reactor site was estimated at 750 #pm at the time of
the release.Consequently,the rekased coolingwaterwas
diluted about 20 to 1. Stream flow in Los Alamos
Canyon did not reach State Road 4 (SR-4 is the
Laboratory boun~, see Fig. 1> The Rio Grande lies
about 6.4 km east of SR-4.

A total of 25 surface water, shallow ground water in
the alluviunLand sediment samples were collected for
analysis (gross alphz gross be@ gamm% and tritium)
upstream and downstream from Omega Site on October
27 and November4,1982 No radioactivityin any of the
sampleswas at concentrationsthat couldbe attributed to
the secondarycooling water rel-
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I B. Chemical Constituents

I 1. Chemical Quality of Surface Waters

Chemical analyses of surface and ground waters from regional, perimeter,
I and ondte nonefftuent release areas varied etightty from previous year&
I However, ttwse variations in concentrations were within the normal range of

seasonal fluctuations. Chemical quality of water from the munidpal suppty for
the Laboratory and community meets standards set by the Environmental
Protection Agency. Analyses of samples from onaite efttuent release areas
indicated that some constituents were higher than in naturally occurring
waters However, these waters are not a source of municipal, industrial, or
agricultural suppty.

a. Regional and Perimeter Surface and Ground
Waters. Regional and perimeter surface and ground
waters are sampled at the same locations as are used for
radioactivitymonitoring(Table BX). Surface waters are
sampled at 6 regional statiow 6 perimeter statio~ and
25 stations in White Rock Canyon (Figs. 12 and 13).
Maximum concentrations for five parameters are in
Table XVI. Maximum concentrations are compared to
drinking water standards for referencq even though the
waters are not used for municipal or rnduatrialsupply.
Individual analyses from the regional perimeter, and
White Rock stations are presented in Tables E-XI, E-
XII, and E-XIII, respectively. (See Appendu B.3 for
methods of collectiorLanalyses, and reporting of water
data.)

The chemicalquaMy of surface water varies at given
stations during a year because of dilution of base flow
with runoff from precipitation. There haa been no
significantchange in water quality from previous years’
analyses.

b. OnaiteSurfaceand Ground Watem Water samples
are collectedfrom three surfacewater stationa and seven
wells completed in the main aquifer (Table E-X). Max-
imum concentrations for selected constituents are in
Table XVI. They are located in onsite areas that do not
receive industrial effluents@lg. 13). Detailed results of
analyses are given in Table E-XIV. Detailed chemical
data from onsite eflluent releaseareas and water supply
wellsare shown in Tables E-XV through E-XIX. Water
quality at the surface water stations varies slightly as
base flow is diluted with varying amounts of storm
runoff.The quality of surface and ground waterahaa not
changed significantlyfrom previous years’ analyses.

Maximum concentrations of selected
found in each canyon are summarized in

constituents
Table XVI.

Tables E-XVthrough E-XVIIIdetail individualchemical
quality analyses of surface and ground waters from 36
stations in canyons that recave sanitary and/or indus-
trial etlluent (Pig. 13, Table E-X). Detailed chemical
analyses showing 26 chemical and metal ions from two
stations in each of the four eilluent release areas are
shown in Table E-XXVI. Additional chemicalquality of
surface and ground waters from miscellaneousareas are
in Table E-XXVII.

Acid-PuebloCanyon receivedindustrialeftluentsfrom
1943 to 1964. Currently, it receives treated sanitary
etlluen@ which are now the mqjor part of the flow.The
eflluentsare from a Los Alamos County operated plant.
Sandia Canyon receives cooling tower blowdown and
some treated sanitary eflluents. DP-Los Alamos and
Mortandad Canyons receive treated industrial effluents
that contain some radionuclid= and residual chemicals
used in the waste treatment processes. The high total
dissolvedsolids(TDS) and chloridesresult from effluents
released into each of these canyons. The maximum
concentration of chloride occurs in Sandia CanyoU
fluoride occurs in Mortandad Canyon. All of these
concentrations were above &inking water standarck
However, these onsite waters are not a source of
municipal, industrid or agricultural supply. Maximum
concentrationsoccurrednear eflluentoutfalls.The chem-
ical qualityof the water improvesdowngradientfrom the
outfalla.Surface flowto the Rio Grande in these canyons
occurs only during periods of heavy precipitation of
spring snowmelL
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TABLE XVI

MAXIMUM CHEMICAL CONCENTRATIONS IN SURFACE AND GROUND WATERS

Number
of n2g/t

stations Cl F N03 TDS pH—— -—

Offsite stations
Regional Stations
Perimeter Stations
White Rock Canyon

Summary
Maximum Concentration
MaximumConcentration as

Per Cent of Standard

250 2.0 45 lCN)O 6.5- 8.5

6 44 0.6 0.9 334 8.2
6 11 0.5 7.5 251 7.7

25 47 1.3 34 460 8.5

Onaite stations
Noneflluent Areas 10 92
Eflluent Release Areas

Acid-Pueblo Canyon 8 123
DP-Los ~~OS 8240
Sandia 3 187
Mortandad 7 45

Summary
Maximum Concentration 187
MaximumConcentration as 75

Per Cent of Standard

‘References21 and 22

47 1.3 34 460 8.5
19 65 76 46 lCUI

c Water Supply. Municipal and industrial water
suppliesfor the Laboratory and communityare sampled
at 16 deep wells 1 gallery (an underground collection
basin for spring discharges] 5 stations in the distribution
system, and at BandeIierNationaI Monument (Table E-
X, Fig. 13). Water at Bandelieris from the Los Alamos
system. Also shown as part of the distribution system is
Fenton Hill (TA-57} which has its own supply well.The
Fenton Hill site is located about 30 km west of Los
Alamo%Appedlx A gives federal and state standards
and criteria for municipal water supptim. Maximum
concentrations of chemical constituents tlom well, gal-
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1.9

1.2
18.5
1.9
7.5

18.5
925

.

390

76
124

7.5
650

650
166

345

395
1160
868

1207

1207
120

9.7

8.1
8.2
7.8

10.5

10.5
123

lery, and distribution system stations are compared to
standards in Table XVII. Detaii analysesare in Table
E-XIX.

The concentration of fluoride in water from Well
LA-lB was 26 mg/#, which exceeds the standards21
(Table XVII). Iron concentrations(0.325 mg/~) in water
from the gallery in Water Canyon exceedthe secondary
standards. However, mixing of water from the other
wells reduces concentrations at points of use to levels
that are withjn standards. Water from all sours wells
and the gallery is basic with pH ranging from 7.5 to 8.6
(average of 8.1). In the distribution system the pH

I
I
I
I
I
1
I
I
I
I
I
I
I
I
I
I
I
I



TABLE XVII

MAXIMUM CHEMICAL CONCENTRATIONS IN WATER
(anaIyaesin mg/1)

SUvPb

SUPPLY AND DISTRIB~ION
●

DMribution

Chemical
contaminant Standard

Ag
As
Bd
Cd
Cr
F
Hg
N03
Pb
se

c1
Cu
Fe
Mn
S04
Zn
TDs
pH

Primary
0.05
0.05
1.0
0.01
0.05
2.0
0.002

45
0.05
0.O1

Secondarf
250

1.0
0.3
0.05

250
5.0

500
6.5-8.5

Well
and

Gallerv

<0.0005
0.048
0.09

<0.001
0.022
2.6

<0.0002
7.6
0.005

<0.003

16
0.013
0.325
0.005

27
0.12

408
8.6

Per cent
of

standard

<1
96

9
<lo

44
130
<lo

17
10

<30

6
1

108
10
10
2

82
101

. .

LAMAhnos
Bandelier

TA-57

<0.0005
0.019
0.09

<0.001
0.040
1.2

<0.0002
21
0.003

<0.003

41
0.020
0.056

<0.002
10
0.91

274
8.5

Per cent
of

standard—. .,. . ... .

<1
38

9
<10

80
60

<10
5
6

<30

16

2
19

<4
4

18
54

100

‘Reference21.
preference 22.

ranged from 7.5 to 8.5 (averageof 8.2). In the distribu- Water from Well LA-6 is not used as part of the water
tion system the pH is at or within standards (Table supply for LosAlamos. The water from the wellcontains
XVII). Comparison of quality of water in the distribution excessive amounts of arsenic that are 3.7 times the
system at Los Alam@ Bandelier National Monumen$ starxlard The water cannot be mixed with water from
and Fenton Hill with the Environmental Protection other wells to reduce the concentrations below the
Agency’s standards shows that the two systems (La standards.
Alamos and Fenton Hill) are in compliance
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Nonradioactive Airborne Emissions and Liquid Effluents

Nonradioactive airborne emissions from the beryllium fabrication shop,
gasoline storage and combustion, power plant, waste explosive burning, and
dynamic testing did not result in any meaaurabte or theoretically calculable
degradation of air quality.

A single National Pollutant Discharge Elimination System permit covers
nonradioactive liquid effluents from 103 industrial dtecharge points and 11
sanitary treatment facilitk This year 8 of 11 sanitary sewage treatment
faeilitiea exceeded one or mc+’eof the National Pollutant Discharge Elimina-
tion System ~rmit limits (excluding flow rate limitations) in one or more
month& Fewer than 6% of all samples from the industrial outfalls exceeded
National Pollutant Discharge Elimination System permit limit&

a. Particulate Air Quality. Airborne particulate con-
centrations in the Los Ahunos and White Rock areas are
routinely measured by the New Mexico State Environ-
mental ImprovementDhkion. The highest24 h averages
and annual averagea are compared to the New Mexico
Ambient Air Quality Standards for particulate in Table
XVIII. Table E-XXVIII summarizes these data for
1982.The annual geometricmeans for Los Alamos and
White Rock are well within state standards. Although
true 7day and 30day averages cannot be calculat~
there is no indication that they would exceed state
standards. In 1982 the annual geometric mean of 48
pg/m3 for Los Alamos was relatively higher than pre-
viousyears.The highestpreviousannualgeometricmean
was 38 pg/m3

b. Airbmne Emissions. Airborne emission sources at
the Laboratory that are routinely assayed include the
beryllium shop, gasoline storage and combustion, the
TA-3 power plan~ gas and volatile chemical usag%
wasteexplosiveburning, and dynamic testingoperations.
These sources are discussed separately in the folowing
paragraphs.

Beryllium concentrations in stack gases from the
berylliumshop during 1982 ranged from 0.001 to 0.043
@m3. The state ambient air quality standard for
berylliumis 0.01 @m3, as a 30day average. Although
the stack gas concentration can intermittentlyexceedtils
valuq dispersion of the gas upon discharge reduces the
ambient concentrationto belowthe state standard Total
beryllium emissions for the year were about 13.6 mg.

TABLEXVIII

SUMMARY OF ATMOSPHERIC PARTICULATE CONCENTRATIONS
IN LOS ALAMOS AND WHITE ROCK DURING 1982

National Secondaryand
New MexicoAmbientAir

owdity Standardafor
Particulate (ug/m3)

Los Alsmos White Rock
(@m? (@m’)

Maximum24 h average 150
Maximum7 day average 110
Maximum30 day average 90
Annual geometricmean 60

122 135
— —
— —

48 37
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I This is considerably higher than in 1980 or 1981, when

emissionswere2 to 5 mg. Prior to 1980,emissionsof 15

I to 20 mg per year wereusual. The emissionswerehigher
this year because of increased use of the Beryllium
Fabrication Shop.

I A large fleet of cars and trucks is maintained for the
i Laboratory complex by the Zia Company. During fiscal

year 1981,a total of 2.3 x 106~ of gasolinewereused by
this fleet to cover 9.8 x lC$km. These figures are nearly
identical to those for fwal years 1980 and 1981.

Carbon monoxidq hydrocarbons, nitrogen oxi~
sulfuroxid~ and particulate are emittedduring vehicle
operations. There also are gasoline evaporative losses
associatedwith gasolinestorage and vehiclerefueling.By
breaking down total gasoline usage among the size
classes of vehiclesand by applyingthe most appropriate
Environmental Protection Agency emission factorsn’2g
to these dt@ air emissionsassociated with maintenance
and operation of the vehicle fleet were estimated (Table
XIX). The emissionsare up slightly from 1981.

The TA-3 power plant is fueled with natural gas and
thus comes under state regulations for gas burning
equipment. These regulations specify maximum allow-
able nitrogen oxide emissions, but also contain a
provision exempting facilitiesthat have a heat input of
less than 1 x 1012Btu/yr/unit. Heat inputs for the TA-3
power plant individual boilers during 1982 were 0.64 x
1012Bt~ 0.70x 1012Btw 0.53 x 1012Btu, respectively.

TABLE XIX

MWIMATES OF AIR POLLUTANT EMISSIONS
ASSOCIATED WITH MAINTENANCE AND

OPERATION OF THE VEHICLE FLEET

Estimated Change
Amount From 1980

Pouutant (metrictons) (%)

Gasolineevaporativelosses 6.9 +6.2
Carbon monoxide 357 +5.3
Hydrocarbons 16.7 +7.7
Nitrogen oxides 9.7 +3.2
Sulfur oxides 1.2 +9.1
Particulate, exhaust 0.7 0.0
Particulate, tires 1.3 +8.3

Total heat input for the power plant was 1.87 x 1012Btw
but inputs for the individualboilers were below the 1 x
1012Btu/yr exemptionthreshold

Measured concentrations of nitrogen oxides (NO~ in
the power plant stack gas ranged from 9 to 48 ppm and
averaged 34 ppm, which is about 20% of the standard
that would apply if the heat input threshold was ex-
ceeded Sulfur dioxide(SO~ analysesof the stack gas are
not performed routinely, but the sulfhr content of the
natural gas fed to the boilers is so low that it precludes
any significant SOZ emissions. Table XX shows esti-
mated total power plant emissions for 1982, baaed on
EnvironmentalProtection Agency emisdon factors” for
natural gas burning facilities.

The Laboratory complex uses large quantities of
various volatile chemicalsand gases, some of which are
released into the atmosphere by evaporation or exhaust.
Using data from stock records, a table of patterns of
chemicalusageover past years has beencompiled(Table
E-XXIX). Data for 1982 were not available for this
report.

During 1982 a total of 16238 kg of high-explosive
wastes was disposed of by open burning at the Labora-
tory. Estimates of emissions (Table XXI) were made by
using data from experimentalwork carried out by Mason
& HangerSlas Mason C09 Inc?OOpen burningof high-
explosive wastes is permitted by New Mexico Air
Quality Control regulations.

Dynamic experiments employing conventional ex-
plosives are routinely conducted in certain test areas at
the Laboratory and may contain quantities of potentially
toxic metal% including beryllium, lea~ and uranium.

TABLE XX

ESTIMATES OF STACK GAS EMISSIONS
FROM THE TA-3 POWER PLANT

. .... . - .. . . .. .--- . ..... . . ,.. “.

Estimated Amount
Pollutant (metrictons)

Sulfuroxides 0.48
Hydrocarbons 0.80
Carbon monoxide 13.5
Particulate 8.0
Nitrogenoxides 193
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TABLE XXI

ESTIMATED EMISSIONS
BURNING OF EXPLOSIVE

FROM
WASTES

Estimated Amount

Pollutant (kit)

Carbon monoxide 127
Particulate 292
Nitrogenoxides 491

Some limited fieldexperiments,based on aircrafl sampl-
ingof debris clouds providedinformationon the propor-
tion of such materials aerosolized.This information was
employed to prepare estimates of airborne concentra-
tions at the Laboratory boundary based on the amounts
of explosivesusedduring 1982 The results are presented
in Table E-XXX along with comparisons to applicable
air quality regulations. The average concentrations of
uranium, beryllium,and lead are all less than 0.008% of
applicable standards.

During February of 1982 a partially fuUcylinder of
fluorinewas shot open at Area L because of a Ieakii
valve that precluded handling in any other fashion. The
exact amount of fluorine in the cytinder was unknown.
Assuming a half-full cylinder (maximum possible con-
tent), dispersion modeling indicated that rather high
instantaneous fluorine concentrations were possible
within 1km of Area L. However, visual observation of
trees in the vicinityof Area L for severalweeks after the
releasedid not find any damage.

Juniper trees at Area L were damaged in August by
fumes arising from aqueous decomposition of lithium
hydride in disposal pits. Analysis of foliage from the
damaged trees indicated lithium concentrations as high
as 16 ppm. This is above the toxic limit established for
other speciesof vegetation in controlled studies.

During the fallof 1982,severalcylhders of potentially
dangerous gases were disposed of at TA-36 by blowing
them up with waste explosivea.These cylinders were
damagedor corroded to such an extent that compressed
gas supplierswould not take them back and movement
for any great distance was unsafe Disposal was contin-
gent upon stie meteorologicalconditions and air moni-
toring of the initial shots indicated that the gases were
thoroughly decomposedand/or dispersed

c. Monitoring Rain for Chemical Constituents In
June of 198Z a National Atmospheric Deposition Pro-
gram (NADP) rain gauging station was put into opera-
tion by the Los Alamos National Laboratory. The
primary purpose of the NADP rain gauge network
which covers the entire United States, is to monitor for
acid raim but rain samples are analyzed for a variety of
substances in addition to PH. The bucket is removed
eve~ week “&dsent to tfie Central Analytical Labora-

tory of the Illiiois State Water Survey, whereall NADP
analyses am performed. Table XXII shows the data
receivedto date for 1982.

d. Liquid EffIuen& Nonrtdoactive liquid waste dE-
charges are authorized by a new National Pollutant
Discharge EliminationSystem (NPDES) permit number
NM 0028355 issued by the Environmental Protection
Agencyet%ctiveSeptember25, 1981.For administrative
reasons the permit was not implemented until April 1,
1982 The new NPDES permit authorizes discharges
from 103 industrial outfalls in 10 categories and 11
domestic waste outfalls. Tables E-XXXI and E-XXXII
summarize the effluent quality of the domestic and
industrial outfalls. The delay tlom September 25, 1981,
to April 1, 1983 in implementingthe new permit was
caused by a lack of resolutionof certain issues regarding
state certificationby New Mexico.

In 1982 corrective action was taken to mitigate
continued noncompliance at the Laboratory’s steam
plant. Construction of intermittent sand faltersscheduled
for 1982 completion at one of the domestic waste
treatment facilities was delayed until 1983 because of
harsh winter weather. The Environmental Protection
Agency and the local area offke of the Department of
Energy (with Laboratory input) have been negotiatinga
Federal Facility ComplianceAgreementthat contains an
abatement schedule concerning two domestic waste
treatment facilitiesand seven industrial waste treatment
facilities. The proposed compliance datea range from
January 1983 to September 1989.The Federal Facility
Compliance Agreement is scheduled to be signed in
1983.

The two radioactive waste treatment plants have the
largest number of Iiiits with whkh to comply, and those
plants exceeded one or more limits in fewer than 1% of
the samples taken. Details of the effluent quality from
these two plants are given in Table E-XXV for
nonradioactive (including several not regulated by the
NPDES permit) and radioactive constituents.

I
I
I
I
I
I
I
1
r
I
I
I
I
I

54



I
I

I
I Week

in 1982

TABLE XXII

1982 ACID RAIN GAUGE RESULTS
(all results in ppm)

Conductivity
pH (@o/cm) Ca Mg K—.. —

6/29 - 7/6
7/’6- 7/13

I 7/13 - 7/20
7/20 - 8/17
8/17 - 8/24
8/24 - 9/7
9/7 - 9/14

9/14 - 9/21
9/2 1- 9/28
9/28 - 10/25

6.1
5.1
5.0
4.8
4.9

—

5.0
5.2
4.1
6.2

30.0
16.9
17.3
12.8
9.7

—.
8.0
5.8

53.4”
10.8

1.89 0.56 0.15
0.70 0.09 0.06
0.64 0.08 0.05
0.31 0.03 0.02
0.17 0.01 0.02

.—. -

0.26 0.03 0.02
0.17 0.02 0.01
0.54 0.12 0.46
0.71 0.13 0.05

C. Meteorology

1. Weather Summary

Weather during 1982 for Los Alamos was wet and
ccwl.The year was in great contrast with the past few
years when conditions were warm with normal or less
than normal precipitation.Snowfallfor the calendaryear
nearly set a record at about 100 in. Numerous heavy
thunderstorms during summer brought heavy rains and
some haiL The year was the wettest since 1969 and the
coldest since 1976. The 1982 weather is summarized in
Fig. 20, Table E-XXXIII, and Table BXXXIV.

The year began with a lo-in. snowstorm on New
Year’s Day. January had more than 19 in. of snowfalL
However,February had more snow with a total of 36 in.
A snowstorm on the 4th dumped 19 in. of snow and
paralyzed the Los Alamos area. Over 6 in. of snow fell
on the 1lth. Low temperature records were set on the
5th and 6th with the heavy snow cover. The mercury
rose into the 60s for three consecutive day% however,
stardng on the 20th. March was free of big snows, but it
was rather wtt The storm track movedwellnorth of Los
Alamos in April, allowinga respitefrom heavy precipita-
tion. Typical strong, springtime winds blew on several
days with a maximumwindgust of 61 mph occurringon
the lat.

Na NHA

0.62
0.08
0.07
0.02
0.02

0.04
0.03
0.61
0.23

0.70
0.27
0.22
0.23
0.23

—

0.19
0.15

<0.02
0.35

N@

2.89
1.63
1.39
1.58
0.96

L

0.87
0.45

<0.02
0.72

0.59
0.17
0.11
0.08
0.04

,_

0.08
0.04
0.14
0.39

S04

2.32
1.90
1.26
1.35
1.26

1.;
0.97
0.81
1.14

<0.008
<0.003
<0.003
<0.003
<0.003

—.- .“
<0.003
<0.003
<0.003
<0.003

The heavyprecipitationreturned in May with almost 2
in. of rain. Much of this precipitation fellon the 5th (0.8
in.) when several inchesof snow fellon the north side of
Los Alamoa and the Jemez Mountains. An upper air
ridge formed over the southern United States in June
causing generally dry and pleasant conditions. There
were however, heavy thunderstorms nearby during the
month. For instancGWhite Rock and the eastern area of
Los Alamos had over a half inch of rain and slight hail
damage on June 20.

A strong monsoon circulationdevelopedatler the first
week of July and continued through much of September.
Heavy rains fell through thii period. Heavy thunder-
storms on July 11 produced 3 in. of hail near the airport
causing State Road 4 to be closed temporarily.Thunder-
showers became even more prevalent in Augu&
especially on the north side of Los Alamos. Rainfall
totals of 8 in. were recorded in August in the Western
and Barranca Mesa areas of Los Alamos with 4.5 in.
falling at the Occupational Health Laboratory (TA-59).
Heavy thunderstorms developedover the Jemez Moun-
tains and were carried by a persistent weak south-
southwestcrly wind over the north part of Los Alarms.
Another 2.67 in. of rain fell in September at the
Occupational Health Laboratory.

A drying trend occurred in October. However, an
early snowstorm and cold wave resulted in 5 in. of snow
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Fig. 20. summsryof 1982 weather in Los Alamos(dataftomOeeu@ondHealthLaboratory,OHI+TA-S9).

on the 1lth and 12t~ and record-breakingtemperatures
in the 20’s on the 9* loth, and 13th Precipitation was
again above normal in November, however, less than 4
in. of snow feU. Heavy precipitation continued into
Decemberwith over 2 in. of precipitationand over 24 in.
of snow.A snowstormfrom the 8th to the loth produced
nearly a foot of snow.The temperaturedipped to O°F on
the 29* setting a new daily low record.

2. Wind Roses

The 1982 wind speed and direction measured at the
Occupational Health Laboratory (OHL, TA-59) are
plotted in wind roses (see Fig. 21).A wind rose is a circle
from the center of which emanate lines representingthe
directionjhnn which the wind blows. The length of each
line is proportional to the frequency of the wind speed
interval from that particular direction, Each direction is
one of the 16 major compass points (N, NN~ etc.) and
is centeredon a 22.5° sector of the circle.The fkequency
of the calm wind%definedas those having wind speedof
less than 1 m/see and no directiomis given in the circle’s
center.

The OHL wind data were measured at a height of
23 m with ova 97% data recovery for 1982 The wind
roses in Fig. 21 includean annual summary for 1982and
summaries for daytime and nighttime hours. Daylight
hours were dtilned as the hours when measured solar
insolation was greater than 0.01 langleys/min. Los
Alamos is a generally light wind site with an annual
average wind speed of 2.9 m/see. Only 14% of wind
speeds in 1982 were greater than 5 m/see, while 35%
were less than 2.5 m/see.

The distribution of wind direction reflects (1) the
location of Los Alamos on the southern side of the
midlatitude westerli~ and (2) the northwest-southeast
slope of the Jemez Mountains and Pt@rito Plateau.
Predominanceof winds from NW to SW is produced by
“westerlies,” which are often as far south as New
Mexico.The slopeof the terrain producesa distinct daily
pattern under weak atmospheric pressure gradients. At
night drainage winds (less than 25 ndsec) flow down
from the Jemez Mountains out of the NW and WNW.
During the day, light upslope winds come up out of the
SE to SSE
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3. Rainfall summary the three sites. The exeeption is the third quarter (July-

September)whenOHL (TA-59)receivedmore rain from
Above-normalamounts of preeipitationfellon the Los thundershowers than did S-Site (TA-16). All quarters

Alamos area in 1982. Figure 22 shows 1982 quarterly show above-normsl rainfallat aIIsit% exeept during the
and annual precipitation for three sites m Los Alamos seeond quarter (April-June),when only about 2 in. of
County. See F@ 3 and 5 for locationsof the sites. Note precipitation fell at all three sites.
that precipitation generally increases with elevation for
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V, ENVIRONMENTAL PROTECTION PRO-
GRAMS AT LOS ALAMOS

A. Laboratory Environmental Rev&wCommittee

The Laboratory has a Laboratory Environmental
Review Committee to provide a critical management
overview of environmental concerns. The Laboratory
EnvironmentalReview Committee membershipconsists
of representatives from the Associate Director for
Technical Suppo@ the Legal AfTairsOtlicG and the
Engineering,Budge4 and Health Divisions.The Labora-
tory Environmental Review Committee has responsi-
bility to review environmental documents prepared for
the Department of Energy by the Laboratory. Addition-
ally, the Laboratory Environmental Review Committee
identiles and reviews items of environmental interest
that are generatedby Laboratory activitiesor that akt
Laboratory programs and property.

An Environmental Evaluations Coordinator, based in
the EnvironmentalSurveillanceGroup, assists the Labo-
ratory Environmental Review Committee by (a) co-
ordinating with user group$ Health Divisio~ and Engi-
neering Division on environmental documentation and
(b) providing input to construction or programmatic
project design at the earlieat stage for appropriate
environmentaldeasion makin~

Projects that may require an environmental assess-
ment or environmentalimpact statement are screenedby
the EnvironmentalEvaluationsCoordinator to determine
the necessary preliminaryenvironmentaldocumentation.
When need~ various resource people are identifkd by
the Environmental Evaluations Coordinator to assist in
preparation of the dratl environmentaldocumen~

The Environmental Evaluations .Coordinator also
coordinates input on environmental matters for other
otlicial documents and the Quality Assurance program
(see next section). The Environmental Evaluations
Coordinator and the Environmental Surveillant
Group’s respresentative to the Quality Assurance pro-
gram work with those responsible for construction
and/or programmatic activities to assure that proper
environmental consi&rations are made during project
design and that they are implemented in the Quality
Assurance program.

B. Quality Assurance

The Laboratory has a Quality Assurance program31
for engineering construction, m~lcation, and mainten-
ance of Department of Energy facilitiesand installation.
The purpose of the program is not only to minimizethe
chance of deficiencies in construction but also to
improve the cost tiectiveness of facility design, con-
structing and operatio~ and to protect the environment.
The Quality Assurance program is implemented from
inception of design through completion of construction
by a project team approach. The project team consists of
individuals from the Department of Energy’s program
diviaiou Department of Energy’s Albuquerque Opera-
tions and Los Alamos Area Offkes, Laboratory operat-
ing group(s), Lahratory Engineering Divison, design
contractor, hapection organization, and construction
contractor.

Under the project team approach, each organization
having responsibility for some facet of the project is
likewise responsible for its respective aspects of the
overall Quality Assurance program. For example+it is
the inspection organization’s responsibility to provide
assurance that the structures systems, and components
have been constructed or fabricated in accordance with
the approved drawings and specifications.

Laboratory representatives are responsible for
coordinating reviewsand comments from all groups with
a vested interest in the project. In particular, the
Environmental Surveillance Group reviews proposed
new construction, maintenance activiti% and modifica-
tions to existingfacilitiesto minimizeany environmental
degradation. Consideration is given to the present con-
dition of the site (soils, geology, ground water, surface
water, air quality, archeology, flor~ faun% drainage
feature$ etc.), environmental consequences of the
proposed project (airborne emissions, liquid eflluent.sj
industrial wase solid wast%noise levels trtilc patterns,
etc.), and environmental impact assessment (air, water,
land visual, noise, odor, biot%etc.).

C. Archeologicaland Historical Protection

Protection of archeological and historical sites at the
Laboratory (mandated by several Congressional Acts
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and ExecutiveOrder 11593)is also part of the &wiron-
mental Evaluations Coordinator and Quality Assurance
programs. A proposed location for a new facility is
surveyed for archeological and historical features. If a
feature is found, siting is adjusted to preservei~

The Laboratory has a contract with the Museum of
New Mexico to provide archeological survey$ make
evaluations of archeologic or historic featur% and
provideprofessionalexpertisefor cultural resource man-
agement.The Laboratory is currentlydraftinga Cultural
Resources Management Plan to guideprotection efforts.

A survey of more than 450 archeologicalsites at the
Laboratory was made between March 1973 and July
1975.This survey of the pre-Cohunbian Indian ruins is
summarized in a Laboratory reporL32A further report
summarizing excavtttions on the Laboratory between
1975 and 1978 was issued this year.33 (No further
excavations are anticipated pending completion of a
Cultural Resource ManagementPlan.) Thesesurveysare
used during construction planning to avoid damage to

archeologic or historic sites. Additional surveys of
proposed construction sites are undertaken routinely.

Sevend unique pre-Columbian ruins were recom-
mended for registration as national historic sites, and
formal nomination procedures are underway. Registra-
tion will ensure their preservation for future generations
by establishingformal responsibilityfor their protection
Nine new sites, both pm-Columbian and Idstori%were
located tlds year and added to the inventory of sites.

‘ho public tours of archeological sites within the
Laboratory’s boundary were conducted in 1982 These
tours allow the public to see archeologicalsites that are
normally inaccessiblebecause of security restrictions for
the surrounding Laboratory land This year the tours
included an Indian ruin at TA- 15 (a large plaza site of
major research potential) and Tshirege (the largest pre-
Columbian communityon Pajarito Plateau).These tours
were extremelypopular, with more than 600 Laboratory
employeesand visitors participating in each of the 1982
tours.
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VI. RELATED ENVIRONMENTAL STUDIES

The Environmental Sciences Group (IS-6) at the
Laboratory conducts research and experimental studies
under auspices of the Department of Energy. Some of
the research programs conducted by LS-6 complement
routine monitoring and research(seeAppendix G for list
of pubiicatins)conducted by the Environmental Surveil-
lance Group (H-8) by providing a better understanding
of the ecosystem surrounding the Laboratory in relation
to its operations. Following are highlights of several of
these research programs.

A. Environmental Assessment of Reviaii the Defini-
tion of Transuranic Wastes [L J. Walker and W. R.
Hansen (H-8)]

Transuranic (TRU) wastes containing fewer than 10
nanocuries of TRU per gram of waste (10 nCi/g) may
presentlybe disposed of as low levelwastes via Shallow
Land Burial. Those TRU wastes exceeding 10 nCi/g
must be segregated and stored in a retrievable manner
for a minimum of 20 years. Currentiy, Los Alamos
National Laboratory buries radioactivewastes at depths
slightly greater than those normally considered as
ShallowLand Burial.

The Department of Energy is considering redefining
TRU wastes as those containing 100 nCi/g or more. For
some TRU wastes, “Greater Confinement” may be a
possible way to handle small volumes of special wastes.
Greater Confinement denotes disposal of radioactive
wastes by Isnd burial at depths greater than Shallow
Land Burial, but less than the depths of a geological
repository. It also includes other selected technologies
such as engineered improvement%greater fwation and
immobilizatio~ and decreased mobility of the waste
forms.

The Laboratory’s Environmental SurveillanceGroup
was selectedto:

1. environmentally assess the impact of changing of
the limits of TRU waste from 10 to 100 nCi/g,

2. evaluate environmental considerations of Greater
Confinementof TRU wasteaunder local conditions
at Los Alamo&and

3. evaluate environmentaland dose assessment meth-
odologiesused in preparation of the Drafl Environ-
mental Impact Statement on 10CFR61, “Licensing
Requirements for Land Disposal of Radioactive
Wastes,” NUREG-0782, September 1981.

Among the results of this study were the following:
1. Deeper burhd reduces surface interactions such as

human and vegetative intrusion, and erosional
effects.However,deeperburialmay placewastes in
closer proximity to ground water.

2. A paradox is created in that the more reliable a
dispossl system ~ the less predictable sre the
failure mechanisms (because the system has been
engineeredto prevent or minimizefailunx).

3. Existing TRU inventoriescould be disposed of by
Greater Confhernent at Los Alamos without a
high probability of release of the buried isotopes.
However, members of the decay chains from the
buried wastes (daughter products), including “U,
‘SU, 231Pa, and 226R%could be released many
years tier burial. Over the course of the fist few
thousand years, the potential hazards are from the
TRU wastes. However, in the time frame of a
million year$ potential hazards from the decay -
products become more dominant.

4. Additional studies are required to more adequately
measure several of the critical parameters required
in mathematical models used to predict movement
through subterranean soil and ground water.

WhileGreater Confkment of TRU wastes by deeper
burial is possible at Los Alarms, the availabilityof large
land areas required for entry, turnaroun~ and exit of
vehiclesmay be severely lided at Los Alamos. Under
this concep~ the burial pits wouldbe deeper so that TRU
wastes could be layered into the deepest part of the pits
and then covered with subsequent layers of lower
concentrated wastes. This would require a much longer
pit in order to keep the slope at one end shallowenough
to allow vehicular access.

B. Plutonium and Cesium m Soils from Stream Chan-
nels and Banksof Los Alamos LiquidEflluent-Receiving
Areas [J. W. Nyhan, G. C. Wh& and G. Trujillo
(LS-6)]

Stream channel sediments and adjacent bank soils
found in three intermittent streams used for treated liquid
effluentdisposal at Los Alamos were sampled to deter-
mine the distribution of ‘SPU, ‘9+2’%, and 137CS.
Radionuclide concentrations and inventories were de-
termined as functions of horizontal distances from the
waste outfall and stream channel, samplng depth, a few

61



physiographic and hydrologic properties of each in-
tensive study are% and the waste use history of three
eflluent-receivingareas

Radionuclide concentrations in channel sedhnents
generallydecreasedwith distances up to 10km from the
outfalls, an important observation in waste management
practices dealing with control of releasedcontaminants.
At sites receivingappreciableamounts of waste eflluent$
stream bank soils exhlhkxl radionuclideconcentrations
that decreased with distances greater than 0.38 m from
the stream channel and with sampling depths greater
than 20-40 cm, probablydue to the h~her reactivityand
lower permeabdity of these finer-texturedsoils (loams)
relative to the coarser-textured channel sediments
(sands).

Radionucideconcentrations and inventorieswere also
influencedby stream bank physiographic relationships:
concentrations and total amounts of radionuclideswere
inverselyrelated to bank height withinthe segmentof the
stream channel normally”exposed to surface flows of
effluent discharges and runoff events. Coefficients of
variation of radionuclide inventory estimates in channel
sediments ranged from 0.41 to 2.6, due largely to the
variabilityin radionuclideconcentrationsat each Site

The fact that the three liquid eflluent-receivingareas
had ditTerentwaste use historiesallowedseveralobserva-
tions to be made about the long-term deposition of
environmental contaminants added to these typical
southwestern intermittent streams. Elevenyears qfter the
last time Acid-Pueblo Canyon was used as an etlluent-
receivingare%the mqjor inventoryof radionuclideswas
not found m the stream channel soils, but rather in the
soils in the adjacent stream banks. These soils thus
appear to be a reservoir of radmnuclideslong afler the
effluent-receivingarea was decommissioned. TM ob-
servationis easily explained by differences in residence
times of channel sedimentsversus adjacent bank soils in
watersheds no longer receiving waste discharges: seal-
ments are directly exposed to violent runoff event$
which sweep channel sediments and easily eroded bank
soils rapidly downstream, eventually leaving less con-
taminated sedimentsand contaminated stable bank soils
behind.

The other interestingobservation related to waste use
history had to do with ratios of plutoniumisotopes found
in stream bank soils and channel sediments relative to
the ratios in current eflluents.Channel sedimentsclosely
reflect the isotopic ratios of plutonium found in current
effluen~w but bank soils contained plutonium ratios
difTerentfrom either of these types of samples.A period
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of time greater than 6 years (the period of time cor-
responding to the initiation of large 23% disposals in
Mortandad Canyon in 1968up through our 1974sample
collection date) is evidently required before the pluto-
nium in current liquid wastes is equilibrated with the
bank soilplutonium in these intermittent streams.This is
an important aspect to keep in mind for waste manage-
ment clean-up practic~ that @ contaminants in liquid
wastes currently added to an intermittent stream could
be removed by removing only channel sediments and
only a small portion of the bank soils from these
canyons.

C. Waste Disposal Area Surveillance[D. MaM1eldand
W. Hansen (H-8)]

Waste disposal area surveillanceprovides for collec-
tion and interpretation of data necessary to guide waste
management decisions about potential radiological im-
pacts of solid radioactive waste disposal on the environ-
ment. This surveillance program responds to DOE
directives developed to assure consistency with fderal
environmental policy. The program is designed to iden-
tify radiological trends at nine radioactivedisposal sites
at Los Alamos. One of the sites is currently active and
the remainder are closed or decommissioned.

Since sampling @an in late 1979, surface soil and
associatedbiota have been sampled.Additional sampling
started in 1982 haa begun to providedata about external
penetrating radiatio at disposal site exclusionfences,and
about potential subsurface migration of contaminants
from Area G (TA-54) repositories.

The thermol~inescent dosimeterdata for allsitesis in
Table XXIII. After deletingresults near known sources
of rdlation (Stations Cl 1, G7, and T3), and aher
groupingdisposal areas that are in closeproximityto one
another (Areas T, A, and U; and B and V), the data were
analyzed (Table XXIV). The results show that back-
ground radiation ranged from 27 mrem to about 40
mrem during the fourth quarter of 198235 A few
locations were marginally above site background radia-
tion. They willbe studiedmore intensivelyas Laboratory
resourcespermit.Remedialaction willbe investigatedfor
the sources near Stations C11, G7, and T3. None of
these measurements extrapolated to a full year’s ex-
posure would exceed 30% of the permissible annual
exposure to the maximally exposed individual of the
generalpublic (if that person were in full-timeresidence
at the point of measurement).wActual residencetime at
the fence is not likelyto be more than a few hours
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TABLE XXIII

WASTE DISPOSAL AREAS: THERMOLUMINESCENT DOSIMETER
MEASUREMENTS FOR THE 4th QUARTER OF 1982

station

Al
A2
A3
A4
AS

B1
B2
B3
B4
B5
B6
B7
B8
B9
B10
Bll
B12
B13
B14
B15
B16
B17
B18
B19
B20

. B21
B22
B23

cl
C2
C3

mrcm mfem mrcm
(x+ 2s)

32k2
31+3
33+2
30+2
31+2

30+2
34+2
36+2
38+2
31+2
34k2
31+2
32*2
31+2
29k2
33k2
32*2
36+2
31+3
33A2
37*2
37+2
37+2
36*2
37k2
33k2
35*2
31+2

31+2
35*2
38+2

Station

C4
C5
C6
C7
C8
C9
Clo
Cll
C12
C14
C15
C16
C17
C18

El
E2
E3
E4

F1
F2

G1
G2
G3
G4
G5
G6
G7
G8
G1O
G11

(x* 2s)

34+2
37*2
37k2
35+2
32+2
35+2
32*2
68+. 2
28*2
32+2
32&2
29+2
34&2
29+2

35+2
36+3
36*2
40+2

28.+ 2
27*2

35+2
37+2
36*2
41+2
43k2
36*2
50+2
36*2
38*2
35+2

Station

G12
G13
G14
G15
G16
G17
G18
G19
G20
G21
G22
G23
G24
G25
G26
G27

T1
T2
T3
T4
T5
T6
T7

U1
U2

V1
V2
V3

(x* 2a)

36+2
35k2
42*2
36k2
37k2
36+2
34*2
37k2
38*2
35*2
34*2
39+2
37+2
43&2
35&2
36+2

33k2
33*2
56*2
32k2
35*2
31+2
32&2

36+2
32+ ,2

30&2
34*2
34k2
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TABLE XXIV

EXTERNAL PENETRATIN(3 RADIATION EXPOSURE AT
WASTE DISPOSAL AREAS FOR THE 4th QUARTER OF 1982

Exposure
kern)

Maximum
Minimum
X*2S
Number of samples

Area(s)

56 38
30 29
34+13 34*5
14 26

Six subsurface monitoring holes were drilled at Area
G in 1982. TufYpulverizedby the sampling auger was
sampled at 91 cm depth and at 152 cm intervals
thereafter to a depth of 1920 cm. TuR samples were
analyzed for 3H,total U, and ‘9+~ The empty holes
have been capped to prevent intrusion of contaminants
prior to backfillingin 1984.Moisture was collectedfrom
the sealed test hole atmosphereat a depth of about 13.7
m to indicate vapor phase 3H concentrations, distinct
from liquid phase 3H concentrations in soil samples.
Vapor phase 3H for each of the holes is in Table XXV.
Liquid phase 3H results are not yet available Total U
results for holes H-2 and H-3 are given in Table XXVI.
Liquid phase 3H distributions correspond to 3Hdiatriiu-
tion in surface soil and vegetation.n Total uranium

TABLE XXV

c E F G—— .

68 40 28 50
28 35 27 34
35+ 18 37*4 28+2 38*7
17 4 2 26

measurements in holes H-2 and H-3 are typical of local
soils and rock. The 23W% analyses have not been
completed.

Surface reconnaissance results at Area G (TA-54)
through 1981 also indicate migration of low level 3H
from waste repositories through soil to biota and to
atmosphere by evapotranspiration. Results also show
surface redistribution of low-level surfacedeposited
23*% by wind Results did not indicate uranium

TABLE XXVI

TOTAL URANIUM IN AREA (3 TEST HOLES

(cm)

Total Uranium (@g)

Hole 2 Hole 3

VAPOR PHASE lR1’TIUM
CONCENTRATIONS IN AREA G

TEST HOLES AT ABOUT 14 m DEPTH

Location nd H20 nCi/1—.

H-1 16.5 1.0 * 0.3
H-2 20.0 1.3 * 0.3
H-3 18.6 0.4 * 0.3
H-4 15.7 930 ● 14
H-5 17.6 9000 * 130
H-6 10.9 11 Ooo+ 150

0-91
91-243

243-396
396-549
549-701
701-853
853-1006

1006-1158
1158-1311
1311-1463
1463-1615
1615-1768
1768-1920

4.9 * 0.5
4.7 * 0.5
4.6 + 0.5
4.4 * 0.5
5.1 * 0.5
4.6 + 0.5
4.0 ● 0.4
4.6 + 0.5
4.7 * 0.5
4.6 + 0.5
5.6 + 0.5
7.2 + 0.6
6.0 + 0.6

4.9 * 0.5
3.9 * 0.5
5.0 * 0.5
4.6 + 0.5
4.9 * 0.5
4.8 + 0.5
4.5 * 0.5
5.0 ● 0.5
4.6 + OS
4.9 + 0.5
4.8 + 0.5
5.6 + 0.5

17.1 * Lo
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concentrations greater than natural background in SOL
vegetatio~ or air. Observed3Hand ‘g+wPu concentra-
tions were far below health protection standards or
guidelines.3G*w

D. Transport of Radionuclides from the LAMPF
Lagoons [G. H. Brooks Jr., R. W. Ferenbaugh, and W.
D. Purtymun (H-8)]

Monitoring of the discharge water from the Los
Alamos Meson Physics Facility (LAMPF; TA-53)
lagoons continuedduring 1982to determinethe extent to
whichactivation product radionuclidesfrom the lagoons
are transported along the canyon into which the dis-
charge flows. Samples of water and sediment from the
stream channel were sampled periodically at the loca-
tions shown in Fig. 23. Table E-XXXV shows a data
summary for %e, 3H,and ‘Na for the years 1979-1982.

In 1982, water samples were collected at sample
location 5 for the fust time Previously, no water ever
was found below sample location 4. Both the water and
sediment data show that there has been some radio-
nuclidepenetration as far as sample location 5, although
moit of the activity is above this location. TM appeara
to represent a further penetration of radionuclidesalong
the canyon than was previously found The increase in
radionuclide concentrations below sample location 1
reflects a change in stream channel morphology from a
bare-soiltrench to a marshy area that acts as a sediment
and radionuclide trap.

An effort to determine the uptake and distribution of
severalradionuclidesin tie biota surrounding the waste

disposaIponds also was conductedduring the summerof
1982.Samples includedsoil,water, vegetatio~ mice,and
one prairie rattlesnake. Preliiary investigations
showedthat contamination dwectlyaround the pond was
relativelynonexistent(believedto be due to the lack of an
adequate transfer medium), so the study area was
expandedto includethe overflowstream that runs east of
the ponds. Since the final statistical analysis is still in
progress, the followingare preliminary interpretationsof
the “raw” data. Once the final statistical analysis haa
been completd detinite conclusionscan be drawn.

. The fist element of interest is cesium (134CS).

Cesium is known to accumulate as trophic levels
increase, and the preliminary data confiim this
relationship. However, the data here do not show
the levels of accumulation seen in other studies.
Reasons for the relatively low-accumulationfactor
could be the high per cent of clay in the soil
(completing the cesium] poor translocation in the
plant itself, or the high-potassium content or
alkalinity of the soil.

● The second element of interest is beryllium ~Be).
There tends to be Iittl%if any, bioaccumulation of
this element in the study area. The greatest concen-
trations tend to be in the soil, where high clay
content soils (with high cation exchange capacities)
are known to have a great holding capacity for
beryllium. Of the little beryllium taken up by the
plan~ even less will reach the shoots and leaves as
beryllium is poorly translocated If the beryllium
does reach the next trophic level, it is known to be

—.
● Sample locationa -. L- L& Alamw C4myon”

— Perennial stream \
r

_.

— — Intermittent 8tream -.~ ; “\

/ ~.__

)

/

LAUPF Lagoona%:.:./.-./”:.’-’””
4

~“
metwm

Fig. 23. Samplingbcadons in vicinityof the Los Alamos Meson F&s&wFaoility’sIa@otm.
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rapidiy excreted (short biological half-life)and will
pose littie threat to organismsof interest.

● Manganese(s4Mn),the least biologicallytoxic of ail
elements studi~ tends to show an increase in
concentration through the first two trophic Ieveis.
The concentrations then taper off and can aimost be
seen to reach equilibrium between the soii/plant
trophic levels.The path of manganese foUowsthat
seen in other studies, showing low accumulation
rates due to the high-organic content of the soii.
What is interesting to note is tha~ with movement
farther out the transect (away from the stream and
soil of high-organicmatter), the manganese tends to
be in greater proportions in the soiiin reiation to the
other elementsat that sample location.

● The next element is cobait (57CO).Accumulation
tends to increase for the water to the soil, but from
sod to plant$ there seems to be a deftite decrease
in concentration (with iittle seen in the fourth and
fifth trophic levels). This follows what haa been
shown in other studies. One reason for the decline
could be the extremeiy short biologicalhaif-lifeof
manganese.

. The lmt element is ru~dium ~3Rb)oRes~ts show
that this has accumulated with increasing concen-
trations to the third trophic level,but then decreases
through the next ievd. ThMcontradictsother studies
that have shown rubidium to have a great tendency
to biomagnify (10-1000 times) with progression
through trophic levek. A ~ssible reason for these
results may once again be high clay content, low
pH, or competitionwith high potassium concentra-
tions in the soil.

Aa previously indicated, these interpretations are
preliminary and should be treated as such. When the
fmai statistical analysis haa been completed, deftite
conclusionscan be drawn. The statisticalanalysis shouid
SI1OWdefinition of exact paths of biomagtitcation and
determination of what if any, interactions are taking
place.

E. Honeybees as Biological Monitora [R. W. Feren-
baugh, M. K. Wailwork-Barber, and E. S. Ciladney
(H-8)]

Investigations into the use of honeybeesas biological
monitors continued through 1982.39Reds obtained
fkomthe beehive monitoring network to date are shown

in Table E-XXIV.The oniy consistentlyhigh numbers in
these data are the tritium anaiyses in honey obtained
from the hiveat TA-33.This is not unexpectedconsider-
ing the routine reieasesfrom that site.

Preliminary experiments in which uranium-spiked
sugar water was fed to bees in cages showed that the
uranium could be detected in the various components of
the hive (bees, honey, beeswax,larvaq etc.).a However,
a more sophisticated technique will be required to
examine transfer coefllcients among these components
and to study cyciingwithin the hive. These experiments
wiiibe continued in cages buiit withina new greenhouse
facility,whichshotdd ailowyear-round studies insteadof
restriction to only the summer month%

F. TemperatureRegulationand Energetic of Lizards at
the Los Aiamos National EnvironmentalResearch Park
[R. G. Bowker (Alma College)and R. W. Ferenbaugh
(H41)]

1. Introduction

Although reptiles are generallymost abundant in low
elevationhabitats, the area around Los Aiamos Nationai
Laboratory (2225 m eievation)nonethelesshaa a variety
of reptile species. Preliminary surveys of the area
indicate the presence of nine iizard species representing
three families (Table XXVII). During the summer of
1981, a study of aspects of the physiology and ecoiogy
of two iizard species (Cnemiabphorusvelox,Sceloporus
undukvus) was begum and this research was expanded
during the summer of 1982 to include three additional
species (C. exanguis, Crotaphytus coflan%,Umsaurus
ornatus).The physiological studies primarily involved a
comparison of the abilitiesof the fivespeciesto regulate
body temperature (BT). Directiy reiated to this, the
energy requirements of the species also were being
determined.The ecological studies involved determina-
tion of the temporai and spatial d~triiutions of the
species.

2. Materiais and Methoda

A typicai thermoregulationstudy consisted of placing
an animal in a temperature gradient (constructed either
in the field or in a laboratory) diowing the lizard to
move about and thereby regulate BT, and recording the
BT continuously. In the energetic studies, resting
metabolic rates (nd CO~g-h) were measured at 25, 30,
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TABLE XXVII

LIZARD SPECIES COLLECTED ON OR NEAR
LOS ALAMOS NATIONAL LABORATORY PROPERTY

Family Teiidae
Cnenddbphorusexanguis
Cnemidophorusneomexicanu#
Cnemidophorustessaktus
Cnemidophorusvekbx

Family Iguanidae
Crotaphytus colbis
Phqwwsoma dbuglhssii
Sceloporus Wduhltus
Urosaurus ornatus

Family Scincidae
Eumeces multivirgatus

Chihuahua whipt.ail
New Mexicanwhiptail
Checkered Whipti

Plateau whiptail

co~ared lizard
Shoti-homed lizard
Eastern fence lizard
Tree lizard

Many-lined SkiIlk

‘Observed at Bandelier National MonumenL

35, and 38°C using an infrared C02 analyzer. Data on
the activity times and distribution of the various species
were gathered when the animals were collected for the
physiologicalWork.

3. Resultsand Discussion

The lizards typically regulated BT by shuttling be-
tween the sun and shade (or from warm to cool) in the
thermal gradient enclosure.This movement resulted in a
sine4ikefluctuationof BT with time.There were speciea-
specific dithrences in their behavior in the thermal
gradient. Certain species (C. Vekzx,C. Exanguis, U.
oranatus) tended to be more active (shuttled more
frequently) than did the other species (Cmtaphytus
colkk, ScelopoIW unduiktus).This typitks the behavior
of the speciesin nature, the three speciesthat wereactive
in the thermal gradientare active-huntersin na~ while
the sit-and-waitpredators were relativelyinactive in the
thermal gradient, Regardleas of the @uency of move-
ment in the temperature gradient all of the species
maintained relatively high-body temperatures (between
36 and 38”C) and did so with considerable precision
(standard deviationa less than 2“C). ‘I%w the five

species of lizards examined to date maintain BTs com-
parable to those of mammalian speciew

The energeticstudiesweredesignedto complementthe
thermoreguhion experimentsand to provide data for a
predictive model of the foraging requirements of each
species. The general assumption is that the metabolic
rate of ectothermal animals follows the Arrhenius rela-
tionship; that @ there will be an expmential increaseof
metabolic rate as BT increaaa, with metabolic rate
doubling approximately every 10°C. A preliminary
analysis of the lizard energetic data providea some
surprising fmdinga. Although tthe metabolic rate did
generally increase as body temperature increased from
20 to 38°C, the relationship was not strongly tempera-
ture dependentfor any of the species.In fa~ moat of the
species showed either a plateau or a decrease in
metabolic rate when their body temperature was near
their preferred temperature (for exampl%for Umwurus
ornatus the metabolic rate at 30”C averaged0.50 d
CO~g-h and declinedto 0.35 d CO~g-h at 38”C).

Sinceall of the speciesexamined to date are relatively
precisethermoregukitors they thereforemust invest both
time and energy to achieve thermal homeostatia. If the
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obvious temperaturemetabolic relations are not impor-
tant in this temperature range+then this raisea some
interesting questions as to the value of precise
thermoregulation. These questions are currently being
explored

G. Formerly Utilized Sites Remedial Action Program
[R. W. Ferenbau~ T. E. Buhl,A. K. Stoker, and W. R.
Hansen (H-8} J. C. Rodgers (H-6)]

Under the Formerly Utilized Sites Remedian Action
Progr~ three locationsat Los Alamos were selectedas
potential candidates for mmedal action.These siteswere
the former TA-10 site in Bayo Canyon for conducting
experiments with high explosives, the former TA-45
radioactivewaste treatment plant site on the east rim of
Acid CanyoU and the Acid/Pueblo/Los AIamos Can-
yon complex into which untreated efllumts and subse-
quently treated etlluen@from the TA-45 treatment plant
wered~charged. Radiologicalsurveysof these sites were
performed to determine the amount of r~idtud radioac-
tivity mmtig.41”42 Setaof altemativ~ rangingfromno
action to total cleanup, were defined for each si~ and
engineeringand environmental analyses were prepared
for each alternative.’=’

On the basis of the engineering and environmental
analyses, an alternative for each site was selected At

Bayo Canyon, where all residual radioactivity is
subsurface at a depth of >5 nL a minimal action
alternative was selected This consisted of demarcating
the area of subsurface residual radioactivity to prevent
d-bance before the radioactivityhas decayed to safer
levels.At Acid Canyon an area in the upper reaches of
the canyon where residual radioactivity exceeded
cleanupcriteria was excavated and the excavatedmat-, ,
rial taken to Area G (TA-54) for disposal. The environ-
mental analysis of lower Pueblo and lower Los Alamos
Canyons is incomplete and awaits results from flow
modelsof the canyon system to predict future dispersion
patterns.~9

H. Plutonium in Sofl near Technical Area 21 [W. D.
PurtymW N. Becker,R Pe~ and M. Maes (H-8)]

TechnicalArea 21 (TA-21) was used as a plutonium
processing area horn 1944 until mid-1978. Air exhaust
systemsat TA-21 contained filtersthat removedmost of
the plutonium. Studies were made in 1970 to determine
the deposition of plutonium in soil around TA-21.XThe
13 stations sampled in 1970 were rewunpled in 1982
(Fig. 24). The same sampling technique was used in
collection of both sets of samples. The samples were
collectedas a sample 8.9 cm in diameter and to a depth
of 5.1 cm. Five samplca were collected m a square of

- 111- 1/,-
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o 400 800 km

Fig.24. seummplblg beat&muar@cuttoTechnkalAN!a2l(TA-2l).
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about 9 m on a side and one sample collected in the
center of the square.

The ‘*Pu concentrations in 1970 ranged from 0.000
to 0.011 pCi/g with an averageof 0.004 pCi/g, whilethe
23932concentrations ranged from 0.021 to 0.51 pCi/g
with an averageof 0.20 pCi/g. Levelsof plutonium based
on regional soil samples were 0.004 pCi/g for ‘l% and
0.023 pCi/g for 239Puin 1970 and were about 0.009
pCi/g for 2*Pu and 0.025 pCi/g for ‘9Pu in
1974-1977,3s In 1970 regional leveIs for 2WPUwas
exceededonly at Location 3, whereas the 23%%regional
level was exceeded at all stations except Location 10
(Fig. 24).

The ‘8Pu concentrations m 1982 ranged from -0.13
to 0.15 pCi/g with an average of 0.009 pCi/g, whereas
‘9Pu concentrations ranged from 0.006 to 13pCi/g with
an averageof 1.7pCi/g (TableXXVIII). Regional levels
for ‘8Pu were exceeded at Locations ~ 3, 4, and 5 in
1982 Regional levels of ‘9Pu were exceeded at all
locations except 7, 10 and 11 in 1982

From 1972 to 1982 the average concentrations of
‘*Pu about doubled, whereas the average concentration
of ‘~u increasedabout 8 times.The ratio of ‘9~38Pu
increased from about 50 to 187 (Table XXVIII). The
ratio of ‘9PuP*Pu shown by regionalanalyses is about
2.8,

The distribution in both sets of samples shows a
nonuniform deposition of plutonium with a general
decreasein concentrations with increasingdistance from
the stacks.The largest concentrationand largest increase
in concentrations were at Locations 3 and 4, which are
adjacent and downwind from the areas of the mqjor
stacks.

Plutonium analyses for individualstations is shown in
Table E-XXXVI. The soil samples collected in 1982
wereako analyzed for 137CSgross alphz gross be@ 3~
%lr, and total U. Concentrations of these radionuclides
and radioactivity were at normal environmental levels
(Table E-XXXVI).

I. Radionuclidesin Sedhnentsin Pueblo Canyon [W. D.
Purtymun, N. Becker,R. Pet- and M. Maes (H-8)]

Untreated effluents containing radionuclides were re-
leased into Acid-Pueblo from 1943 through 1951.
Pueblo Canyon is a tributary to Los Alamos CanyoW
lower Los Alamos Canyon is, in turn, tributary to the
Rio Grande (Fig. 25). To reduce the amounts of
rdlonuclides present in the etlluen~ a treatment plant
(TA-45)began operation in 1951 and was operated until
June 1964.

TABLE XXVIII

PLUTONIUM CONCENTRATIONS IN SOILS ADJACENT TO
TA-21 IN 1970 AND 1982

Concentrations in pCi/g

November 1970 July 1982

338pu %U 238~ 239~

No. of Analyses
Minimum
Maximum
Average
2s
239P@8PuRatio

RegionalConcentration’

13 13 13 13
O.OMI* 0.003 0.021 + 0.006 -0.13 + 0.24 0.006 + 0.004
0.011 * 0.005 0.51 +O.ll 0.15 * 0.02 13+ 1.00

0.004 0.201 0.009 1.7
0.006 0.38 0.12 7.4

50 187

0.004 0.023 0.009 0.025

“References25 and 35.

69



““*-”””~3;_y_...._...-..._
(REMOVED)

PUEB~ 2 &;~R&
A SURFACE WATER STATION
o SEDIMENT STATION
/INTERMITTENT STREAM
/ PERENNIAL STREAM

SCALE
o 0.5 I km

1
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Radionuclidesin the effluent releasedinto the canyon
are adsorbed or exchanged with ions in the alluvium,
thus reducing the amount of radioactivity in surface
flow. Plutonium and cesium in waste eflluents are
adsorbed or retained with finer sediments in the stream
channel. During the fall through sprin~ concentrations
of radionuclidestend to build up at the point of emuent
d=harge in the stream channel. This buildup is then
dispersed by transport during storm runoff, especially
during heavy summer showers. In general, the concen-
trations of radioactivity decrease with increasing dis-
tance from eflluentOutfall.w

For general monitori~ samples of sediments in the
stream channel are collected across the active stream
channel to a depth of 6 cm. Samples for this study were
taken during construction of a sanitary sewage line on
the floor of Pueblo Canyon. Samples of sediments were
collected from the wall of the trench dug for the line.
Sampleswere collectedat three locations (Fig 25) at 20
cm intervalsfor the total depth of the trench (maximum
(160 cm] Analyses were performed on the samples for
*37C$~Pu, ‘9Pu, and total U (Tables XXIX and E-
XXXVII).

Concentrations of ‘7CS were below regional levelsin
the environmen~Trace amounts of’~ were found in
almost all of the analyses. The concentrations generally

decreased with increasing depth. The average 2UPU
concentration increased with increasing dutance from
the plant outfall (Site 1,0.016 pCi/g; Site 20.13 PC3/g;

and Site 3, 0.55 pCi/g). The concentrations of 239Pu
followed the same trend as the ‘aPu, with increasing
depth the concentrations decreased The average ‘Pu
concentration increased downgradient in the channel
(Site 1, 0.47 pCi/G Site 26.5 pCi/g; and Site 3, 150
pCi/g) The average ratio of ‘9Pu/n*Pu increased from
29 at Site 1 to 271 at Site 3 (Tables XXIX and E-
XXXVII). The bulk of the plutonium release into the
canyon was 229PU.

Total uranium was below regional occurring levels
(4.6 @g) at Sites 1 and 2 At Site 3 several samples
contained total uranium ranging from 6.0 to 6.7 pg/g?4

The average concentration of plutonium increased
downgradient in the canyon at the three sampling sites.
The highest concentrationsoccurred at Site 3 becauseof
total loss of stream flow that occurs in this reach of the
canyon during the late spring, summer, and early fall.
Stream flow(sanitary and industrial@luents) during the
period of operation of the plant at TA-45 was depleted
by evaporation and infiltration into the sediments of the
channel. Thii carried the plutonium in solution deeper
into the sediments where they were retained by ion
exchange or adsorption with clay minerals in the sedi-
ments.
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TABLE XXIX

CESIUM, PLUTONIUM, AND 17)TAL URANIUM CONCENTRATIONS
IN SEDIMENTS IN PUEBLO CANYON

Number
of 137C* 233~

Analyses (pa/g) (mm (pa/g)

Site 1

Minimum
Maximum
Average
2s
‘9P@8Pu Ratio

Site2

Minimum
Maximum
Average
2s
‘91h#nPu Ratio

Site3

Minimum
Maximum
Average
2s
‘9~Pu Ratio

Natural or Regional
Concentrations”

●Reference35.

5 -0.40 * 0.12 0.001 * O.000 0.007 * O.000
5 0.20 * 0.10 0.035 * O.000 2.03 ~ 0.060
5 -0.02 0.016 0.468
5 0.45 0.27 1.75

29

8 0.04 + 0.08 -0.009 + 0.300 0.140+ O.000
8 0.29 + 0.06 0.806 ~ 0.020 14.3* 0.4CN)
8 0.15 0.125 6.48
8 0.16 0.554 11.5

54

Total U

(14!#13)

4.0 + 0.8
4.4 ~ 0.8

4.2
0.4

3.2 ~ 0.6
4.5 + 1.0

3.8
0.9

8 0.01 * 0.10 0.005 * O.O(K) 0.213 + 0.020 2.8 ~ 0.6
8 0.16 * 0.20 2.51 + 0.260 615 + 14 6.7 + 1.4
8 0.08.0.553 .0.553 150 5.6
8 0.12 1.78 444 2.7

271

J. Storm Runofi Transpoti of Plutonium [W. D.
purtymun, N. Becker, R. Peters, and M. Maea (H-8)]

Untreated etlluents containing radionuclides were re
leased into Upper Pueblo Canyon from 1943 through
1951. To reduce the amount of radionuclidespresent in
the effluen~ a treatment plant began operation in 1951
and was operated until June 1964. Similarly,a treatment
plant haa operated ftorn 1950 to the present releasing

1.24 0.009 0.025 4.6

treated etlluents into DP Canyon (a tributary to Los
Alamos Canyon) above the junction with Pueblo Can-
yon.

Radonuclidea in the eflluents are adsorbed or ex-
changed with ions in silts and clays of alluvium in tie
canyom thus reduang the amount of radioactivity in
surface flow.Buildupof radionuclidesin alluviumnear a
treatment plant outfall is dispersed by storm runoff,
spring snowmelc and summer thunderstorms. The m~or
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transport of radionuclides from these canyons is with discharge (as much as 2000 J/see) and suspended
storm runoff (solutionor suspendedsediments).

Samples were collected during spring snowrdt and
heavy summer runti in Pueblo and Los Alamos Can-
yons. The samples were analyzed for plutonium in
solution and suspended sediments, AckMional radio-
nuclideswereanalyzed in solutionof the summer runoff.
Radioactivity in solution is defined as fdtrate passing
through a 0.45pm pore-sizetllter, whereas radioactivity
in suspendedsedimentsis definedas residueon the titer.

During the spring of 1982 snowmelt runoff samples
were collected in I-m Alamos Canyon at Stations 2 and
3 (Fig. 26). The runoff began at Station 3 on May 4 and
ended about May 25. The mean discharge was about 1.5
~/sec with a mean sediment discharge of about 200
mg/1. The flow extended down the canyon beyond
Station 3. Flow loss into the alluvium precluded any
water reaching the Rio Grande.

There was very little ‘*Pu in solutionat eitherStations
2 or 3 in the spring runoff whencompared to concentra-
tions of control amiyses (Table XXX). Trace amounts
of ‘9Pu occurred in solution. The mqjor transport of
plutonium was in suspended sediments (Table XXX).
Concentrations of ‘9Pu were greater in suspended
sediments than were concentrationsof 2%. In general,
concentrations of plutonium in solution and suspended
sediments decreased downgradient in the canyon from
Station 2 to Station 3.

During 1982 summer runoff was collected at four
stations (Table XXX), In contrast with the snowmelt
runoff with low discharge and suspended sedimedt
concentrations over a long period of time (21 days in
1982) the summer runoff events occurred with high

sediment concentrations (20 WI mg/1). The runoff
eventsare of short duration (generally kss than 4 h).s
Runoff from the 10 runoff events reached the Rio
Grande during fiveof those even@.

At Station 1 at the mouth of Pueblo CanyoL trace
amounts of ‘Pu in schtion and measurable amount of
‘9Pu m solution and both 23*Puand 239Puin suspended
sediments occurred in the summer runoff. The bulk of
the plutonium was ‘k. The plutonium concentrations
in Pueblo Canyon were higher than what occurred at
Stations 2, 4, and 5 in Los Alamos Canyon. There was
Iittl%if any, 23*Puin solution in runoff at Stations 2, 4,
and 5, whereas measurableamounts of a9Pu in solution
and ‘*u and a9Pu were found in the suspended
sediien~

In general,concentrationsof plutonium in the summer
runoff decreased downgradient in the canyon. It is
apparen4 in both the spring and summer runoff, that
there is very littleplutoniumtaken into solutionfrom that
which was adsorbed or exchangedwith ions in silts and
clays in the alluvium.Major transport of the plutonium
occurs with the radionuclidesf~ed in the silts and clays
(suspended sediments} Runoff that doea reach the Rio
Grande carries trace amounts of residual plutonium in
the alluviq which results from releaseof effluentsfrom
the treatment plants.~

Individual plutonium analyses horn spring and sum-
mer runoff are shown in Table I?FXXXVIIIand E-
XXXI~ respectively.The summer runoffwas analyzed
for 137C~gross alph%gross bet%3H,total U, and ‘Sr in
solution. Individualanalyses are shown in Table E-XL
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TABLE XXX

AVERAGE PLUTONIUM CONCENTRATIONS IN SOLUTION AND
SUSPENDED SEDIME~ DURING SPRING AND SUMMER RUNOFFS

Number solution
--- ---

of “’l%
Samples (l&9 yCi/m#)

SpringRunoff
Station 2 4 0.019 ● 0.330
Station 3 3 0.004 + 0.016

SummerRunoff
Station 1 4 0.012 * 0.034
Station 2 10 0.008 +“0.021
Station 4 1 -0.006 + 0.028
Station 5 5 0.004 * 0.011

Control-1980
Guaje Canyona 2 0.013 * 0.030

‘Reference24.

K. Storm Transport of Radionuclides from Area G,
Technical Area 54 [W. D. Purtymun, N. Becker, R.
Peters and M. Maes (H-8)]

Area G, Technical Area 54 (TA-54) is used for
disposalof solid radioactivewastes.Area G is locatedon
a mesa named Mesita del Buey. Mesita del Buey trends
southeas~ and is about 3.2 km long and 0.4 km wide.
The surface slopes from an elevationabout 2100 m near
its western end to about 2010 m at its eastern end at
Area G. It is bounded on the north and south by
canyons cut 15 to 30 m below the mesa surface and
several small side drainages serrate the edgeof the mesa.

The surface and underlyingrocks of Mesita del Buey
are ashflows and ashflows of rhyolite tufFunderlain by
volcanic basalta interbcdded with sediments. The tufYis
about 75 m thick. There is no known perched water at
Area G between the surface of the mesa and the main
aquifer of the Los Alamos axea. The main aquifer
(capableof municipaland industrialwater supply) liesat
a depth of 250 m below the surface of the mesa.
Movement of water in the aquifer is to the east and

z39pu

(lo+ yci/xd)

0.027 + 0.061
0.014 + 0.028

0.058 + 0.119
0.017 * 0.045
0.020 + 0.040
0.035 + 0.152

-0.002 * 0.012
.. . .

Suspended Sediments
238~ 23%

(pa/g)

1.39 + 1.37
0.840 * 0.0113

0.333 + 0.682
0.462 + 1.10
0.002 * 0.002

0.0744 + 0.170

-0.04 + 0.13

(Pa/d . . . -

9.68 + 8.88
3.51 * 0.764

5.71 + 5.56
3.81 + 10.9

0.016 + 0.006
2.37 + 4.24

0.10 + 0.28

southeast where a part is discharged into the Rio
Grande?l

In 1956, Area G was designated for the disposal of
solid radioactivewaste (Fig. 27). The wastea range from
rubber gloves and glassware to parts of obsolete build-
ings and equipment that cannot be decontaminated
They are buried in pits ranging in size from 9 to 30 m
wide 45 to 180m long, and 4 to 10 m deep.The waste is
placed in layers 1 to 2 m deep, and each layer is covered
with approximately0.5 m of crush tufY.The pits are tilled
to within 1 m of the land surface and covered with 1.5 to
2 m of crushed tuff.This final cover is slightlymounded
above the original grade to encourage surface runoff.
Some wastes are placed in vertical shm which range
from 0.6 to 1.8m in diameter and up to 20 m deep.

Containment of the radionuclides is the purpose of
their burial of wastes at Area G. Initial containment is
accomplished with burial of wastes in pits or SW
After burial, the mqjor means of potential transport of
contaminants to the environment are in the hydrologic
cycle. Hydrologic characteristics and conditions of the
soil, seal material over the wast%and tuff underlying the

73



\..

+’
+ ENTRANCE

\

\

\
t

01 :
“*— ..

SCALE

‘Qmm

~ FENCE
-.-INTERMITTENT sTREAM

A SEDIMENT STATION

Fig. 27. Surface water gauging station in Area G (TA-S4)Md scdimmt sampting stations adjacent to Area G.

wastes indicate no recharge from the mesas to the main
aquifer.Transport of radionuclidesby surface runoff on
the mesa seems unlikelybecause the wastes are buried.
However, transport of wastes to and handling of the
wastes at the site could result in surface contamination.
This contamination would be subject to transport by
storm runoff.

Radionuclides transported by storm runoff have an
aflhity for attachment to sediment particles by ion-
exchange or adsorption. Thus, the surface runoff would
be concentrated in sedimentsof the stream channels that
drain Area G. Nhe stations were located outside the
fence at Area G for collection of sedhnents that were
transported off the area by storm runoff (Fig. 27).

The sediments analyzed for 137CS3H, and total U
were withinor belowconcentrations found in the natural
environment at all nine stations (Tables XXXI and E-
XLI). The 3H concentration at Station 4 was above
regionalconcentrations. The ‘*u concentrations found
in sediments from Stations 4, 8, and 9 and ‘9Pu
concentrations at 4 and 6 exceed regional level$ thus
indicating transport of surface contamination by runofT.
from Area G. The maximum’% concentration (0.042
pCi/g) is a factor of about 5 times greater than the
regional concentration (0.009 pCi/g). The maximum

‘9Pu concentration (O.167 pCi/g) is a factor of about 7
times greater than regional “concentrations (0.025
pcilg).35

Radiochemictdanalyses were performed on six sum-
mer runoff events from a portion of Area G (Table
XXXI). The samples were collected at the gauging
station (Fig. 27). The analyses of the runoff were
performed on the solution and suspended sediments.
Radioactivity in solution is defhed as fdtrate passing
through a 0.45 ym pore-sizefflter,whaleradioactivity in
swspendedsediments is definedas the residue Iefion the
fflter. Only the plutonium was analyzed as suspended
Sedimenmsince the mass of the sedimentscollectedwas
not great enough for other analyses.

Trace concentrationsof 23*Puand’% werefound in
solution in the six runoff events. The ‘*Pu concentra-
tions were slightly greater than the 239Puconcentrations
(Table XXXI). Most of the events contained 238Puand
‘9Pu concentrations in excess of those found in the
control analyses(TableXXX). As in solution,there was
more ‘Pu in the suspended sedimentsthan 23~u.

In summary, there is some transport of surface
contamination from Area G. Concentrations of the
radionuclides are low and pose no problem. Area G is
wellwithin the confhws of the Laboratory.
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TABLE XXX

RADIOCHEA41CALANALYSES OF SEDIMENTS
AND RUNOFF AT AREA G, TA-54

--- ..A— ___

137(-+~
“ml

sediments (@/g) -. w~g).

No. of Analyses
Minimum
Maximum
Average
2s

Natural or Regional
Concentrations in

9 9
0.17 + 0.06 0.002 * 0.002
0.76 + 0.14 0.042 + 0.010

0.30 0.011

0.41 0.025

1.24 0.009
1981”

No. of Analyses
Minimum
Maximum
Average
2s

Control-1980
Guaje Canyonb

9
0.002 * o,.f)02
0.167 + 0.020

0.032
0.104

0.025

(maid)%8:
9 9

35+ 0.6 2.3 + 0.4 .
22* 1.0 4.8 + 1.0

6.3 3.2
12 1.9

6.4 4.6

Runoff

238pu

(lo-’ jlcvd)

6
0.004 ● 0.012
0.072 + 0.038

0.027

0.051

0.013 * 0.030

6
0.004 ~ 0.026
0.070 + 0.040

0.013
0.056

— —

‘Reference35.
preference 24.

4.002 + 0.012

L Fenton Hill Site (TA-57) Surfaceand Ground Water
Quality [W. D. Purtymun, R. W. Ferenbaugh, N.
Becker,M. Maea (H-8) and H. Adams (H-7)]

Los Akunos National Laboratory is currently evaluat-
ing the feasibilityof extracting thermal energy from hot
dry rock geothermal reservoirs at this Fenton Hill Site
(TA-57). The concept involv~ drilling two deep hol~
comecting these holes by hydraulic fracturing and
bringing thermal energy..to the surface by circulating
water through the system.

Suspended Sedinmts

238~

(PwI)

5
0.640 * 0.120

1.38 + 0.080
1.08
0.282

-0.04 * 0.13

5
0.010 * 0.006
0.329 + 0.002

0.133
0.240

0.10 + 0.28

The chemicalquality of surface and ground waters in
the vichity of TA-57, about 3CMunwest.of Los Alamos
(Fig. 28> haa been determined for use in geohy&ologic
and environmental studies. Results of past studies and
detaileddata have been reported elsewhere.s2The chemi-
cal quality of water ia organized around stations with
common chemical properties and total dissolved solids
(TDS).

Surface water stationa (12 on Jemez River, the Rio
Guadalupe and their tributaries) are divided into 4
generalgroups based on common chemicalproperties of
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ITABLEXXX13

PREDOMINATEIONS IN SURFACEAND CiROUNDWATERS
AND PONDSAT FENTON IIII& 19S2 I

cowlmkmbtutg/E I
Na ti’ms Ca HC03 TDS—— . ——

IGroun6 water (ealtt)SurfaceWater
so6ium-cltM6e

Redodo Creek (U)
JemezRiver (R)
JemezRiver (s)

Cekium-Warbortate
FH-1 (sUp#y-)
Loo.2 (Wall)
LOO.39 (*)

11 13 86
as 110 464
97 135 514

52
50
13

120
148
40

326
252
66 I

I
I
I
I
1
I
I
I
I

TDsNa HCO,
Ca HCO, TDS—— —

806ium-B~e
JS-23 (Spr)
JS-4, 5 (Spr)
I&. 4 (Spr)
LOC.31(spr)
RV-2(HotSpr)
RV-4@d Spr)
RV-S(HotSpr)

Celaum-Bkarbonate
SenAmortbcreek(N)
RiocebOna(’r)
RioGuadalupe(Q)
Lake Fork 2 (LF-2)
LakeFork3 (LF-3)
LakeFork 4 (LF-4)

18
17
33
16
25
53
19

,s4
84
72
64
48

112
72

194
194
154
154
130
218
142

18 72 130
18 6S 138
50 156 216
20 84 200
14 64 130
17 72 146

Ca so, TDs—— . so, Ck-— F TDs.

Pomle-Fentoa MSCeMum&lfate
Sulphurcreek (v)
SulphurCreek (F)

59 2s0 430
16 31 106

112 1188
89 520

4,7
3.9

5430
2238

upperm-l
LmverGTP-3

LiNa HC03 TDS—— Ae B—. cd

So6hm.BXnate
JemezRiver(J)

0.003
0.003

upper m-l
LowerG~-3

6.56 40
3.13 13

9.6
4.016 68 140

Na cl TDs—— —

Grourld water
So6ium-chlcfkk

m. JF-1 (H04Spr)
k. JF-5 (HotSW)

345 540 156s
855 14s0 3964

and (3) sodium bicarbonate (Table

During 1982 the quality of surface and ground water
I

and bicarbonate
XXXII).

(Table XXXII). Thepredominate ions and TDS
predominate ions are (1) sodium and chloride+(2) cal-
cium and bicarbonate (3) calcium and sulfab and
(4) sodium and bicarbonate.

Ground water stations (five hot and mineral spring%

two wells and five springs) are grouped with
predominate ions: (1) sodium and chloride (2) calcium

within h-e drainage area of Fenton Hill @A-57) varied
slightly,whichwas attrhted to normal seasonalfluctua-
tions. The TDS of Supply Well at FH- 1 increased

1

slightlywhen compared to previousyears concentrations

1
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of TDS. This is probably due to the declinein water level
of about 2.7 m from 1976 through 1982. Chemical
quality of water from the well is below primary and
secondary standards for use as water supply(seeSection
IV.b.1.c).

Ponds at the site contain water used in drilling
operations and water used in the experimentalloop in the
dry lmt rock about 3000 m below land surfaa The
water in the ponds is highly mineralized(2238 to 5430
mg/~) in 1982 (Table XXXII). Certain elements in the

ponds (sulfate chloride and TDS) are of special interest
to investigators.ArseniGboro~ cadmium fluorid~ and
lithhun concentrations must be monitored as specifiedin
the National Pollutant Discharge Elimination System
Permit Water from the ponds is releaaed into a dry
canyon that is tributary to Lake Fork Canyon south of
the site (Fig. 28). Monitoring of surface water in Lake
Fork Canyon LF-2, LF-3, LF-4, and ground water from
springs at Locations 31 and 39 failed to detect any

EXPLANATION

H VILLAGE OR PUEBLO

@TA-57

A SURFACE WATER STATKN

● WELL

4 SPRING

/
Oml 2_3 4&6 km

Fig.2S. Wetecsan@ng bationslnvkinlty of Faiton IiiUGeo&mmd Site (1’A-57).
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change in chemical constituents that could be related to
the releaseof water from the ponds.

Vegetation and soil samples are taken from the
canyon below the holding ponds to “determineif thereis
any buildup of arseni~ boron, cadmium, fluori& or
lithium. Samples are taken from the channclat distances
of 100m, 200~ 400m, and 1000m’belowthedis-
charge point, Control samples are taken from the bank
of the canyon at the same dtinces and from the ayon
channel far below the point where the discharge sinks
into the alluvium.

Results of the analyses from the past several years are
shown in Table E-XLII. The results are mixed. Somq

such as boron in foliage and fluoride in soti show a
distinct accumulation pattern. GtheW such as arsenic in
roots and lithium in vegetatio~ show a less distinct
accumulation patte~ and still other%such as cadmium
and lithium in soil, show very little pattern at d. This
may merely reflect the different soil physiochemical and
plant biophysiologicai properties of these elements.

Direct observation of the vegetation (grass and small
aspen) growing in the channel shows no apparent
detrimentaleffect of the discharge.

M. Development of Supply Well PM-4 [W. D.
Purtymun, N. Becker, and M. Maes (H-8)]

Construction of supply Well PM-4 began in January
1981 and was completed when the well was put into
production in July 1982.The well is about 1200 m north
of Well PM-Z on the south rim of Caiiada del Buey. The
well was located in an area where it was possible to
develop a high-yield well (production rate at greater than
63 l/see with less than 30 m of drawdown).53S

The well was completed at a depth of 890 m. Strati-
graphic units penetrated by the well in descending order
are the Bandelier TufY,Basaltic Rocks of Chino M-
the Puye Conglomerate and Temque Formation (Table
XXXIH). Drilling time log is based on a 38-cm bit usihg
airfoam to about 295 m, drilling mud to 905 m with a
bit pressure about 9100 kg. Stratigraphic nomenclature
use in Table XXXIII is as described by C3riggs.s5

The top of the Main Aquifer of the Los Aiamos area
(only aquifer capable of municipal and industrial water
supply) was encountered at a depth of about 320 m in
the lower part of the Basaltic Rocks of Chino Mesa. The
lower part of the Puye Conglomerate and Tesuque
Formation are within the zone of saturation at the wefl.
The well was developed (removsl of drilling mu~ S@

.....

and clay from formaiicm and gravel pack) by jetting the
perforated casing wi& water followed by swabbing,
bailing, and”purnping. .

Step “testto determine ptuhfing mtteof the permanent
.pamp was made at rates of 5263, 76,85, 95, and 97
#/sw. A~ a .parnping rate ‘of 97 J!/wA the maximum
drawdmvn of watc$ level at the end of 3 h of pumping
i’as 16in with a specWc oapac’ity of 6.0 #/see/m of
drawdoti Based on step tesm the pumping rate of the
permanent pump was set at about 95 l/see.

The well produced about 2.9 x Id 1 of wauf from
July through December 1982 at an average pumping rate
of about 88 @c. The average drawdown has been
about 125 n& indicating a specific capacity of about 7
l/see/m of drawdowh. &ly Well PM-3 of the 16 supply

wellshas a greater specifii capacity than this new well.
Water from the well is a sodium-bicarbonate type

(predominate ions) imd “ksimilar in chemical quality to
water from supply Well PM-2. The total dissolved solids
are low at 124 n@J. The water is sotl with a hardness of
42 mg/#. Analyses of the water indicates the chemical
quality meets the primary and secondary standards for
municipal use as set by the US Environmental Protection
Agency.z’szGross alpha activity in water from the well
was 20 x 10-9 @.Ytd, which exceeded the standard
used for screen of 15 x 10-9 vCi/d; however, the
mixture of the water from Well PM-4 with water from
other wells redu&d the concentrations to acceptable
levels. The low radium (22tR%0.03 x 10-9 yCi/m$ of
water from Well PM-4 indicates the gross alpha activity
may be the result of contaniination of the sample atler
collection.

N. An Environmental Study of Etnisdons horn Testing
of Sh@ed-Chhrg% Depleted Uranium Munitions [T.
Gunderson, T. BuM R. Romero, and D. Van Etten
(H-8)]

L Introduction

The US Army Missile Command Redstone Arsenal,
Alabaxnajrequested assistance in an environmentalstudy
of emissions from testing of shaped-charge, depleted
uraniummunitions. This study was done at Los Akunos
National Laboratory in Technical Area 36 at U Firing
Site. The IJ Firing S& is in s controlled area where
public ac&ss is restricted. The Laboratory’s Environ-
mental Surveillance Group (H-8) and Detonation Phys-
ics Group (M-3) participated in the study.

I
I
1
I
I
I
I
I
I
I
I
I
I
I
I
I
1
I
I
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TABLE XXXIII

GENERALIZED GEOLOGIC AND DRILLING
TIME LOG OF SUPPLY WELL PM-4

BandelierTuff
Tshiregemember
Otowimember
Guaje member

BasalticRock of Chino Mesa
Basalt (unit 3)

Puye Conglomerate
Fanglomeratemember
Totavi lentil

Tesuque Formation
Clayston%siltstonq sandstone
Basalt
Siitstone,sandstone
Basalt
Interflowbreccia
Basalt
Claystone
Basalt
ClaystonGsiltstone,sandatone

Note: Top of main aquifer at

2. SamplingMethodology

Airborne emissions from seven teat shota were samp-
led using high-volume and virtual-impactor air
samplers. These samplers were placed downwind from
the test area so the cloud fkom the munition and
resuspendedsoil caused by the blast could be sampled.
In addition to this sampling, surface and core soil
samples were taken at the IJ Firing Site to help estimate
the degree of uranium soil contamination. Some
particulate fallout samples were also taken.

‘nliCknesa
(m)

67
98
18

152

85
12

162
9

34
18
12
27
12
34

150

323 m

Depth DriUingTin3e
(m) (mWm)

67 4.9
165 6.6
183 6.6

335 20

421 16
433 20

594 16
604 33
637 20
655 43
668 26
695 49
707 23
741 46
890 16

3. Comparison of MeasuredAirborne Uranium Con-
centration with Nuclear Regulatory Commission

The Nuclear Regulatory Coremission (NRC) stan-
dards for occupational exposure require that no individ-
ual be exposed to air concentrations of uranium in
solubleform that exceed200 @m3 when averagedover
a 40-hour week. At U Site, exposurea to airborne
uranium are well within these limits Individuals at the
site remain in a protected bunker for several minut~
tier the shot until the cloud has passed horn the area.
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Thii procedure effectivelyreduces the exposureto negli-
gible levels.

To evaluate potential uranium hazards that might
exist at other sites where observers may be located
outsideand be directlyexposedto the C1OU4the 40hour
week average air concentration of uranium resulting
from exposure to the highest uranium concentration
measured at IJ Site was calculated. That concentration,
16900 yg/m3 averaged over the 17 seconds estimated
for passage of the cloud would be 2 @m3 if averaged
over a 40-hour week,or approximately 1% of the NRC
standard. While this calculated averageis wellbelowthe
NRC standard, data indicate that exposure levels from
many repeated tests in the same area may cause the
standard to be exceeded.

Because of the 5 km distance from IJ Site to the
Laboratory boundary, uranium concentrations in air in
uncontrolled areas were small. However, at test sites in
the country where the boundary may be close to the
fting si@ offsiteconcentrations maybe of concern. In a
calculation similar to that performed abovq the highest
measured uranium concentration (16 900 ~g/m3 was
used to estimate an annual average to provide an
estimateof an upper limit on the uranium concentration
resulting from these testa. The one-year average was
calculated to be 0.009 tig/m3 for a single test which is
O.1%of the NRC standard. Again, a program involving
many tests during a year would require individual
evaluation to ensure that thii standard would not be
exceeded.

4. Uranium Concentrations in Soils Around Firing
Site

The soil samplingdata showthat uranium contamina-
tion haa been spread widely at U Firing Site. This was
expect~ since IJ Firing Site has been in operation for
over 20 years and several hundred tests have been
conducted there. Average background uranium concen-
trations in soil in the Los Alamos area range from 1 to 3
parts per million. All soil samples from IJ She were
above backgroun~ ranging from about 2 to 600 times
background lands.

5. Radiological Dose Assessment

The 50-year inhalation dose commitments to lung,
bonq and kidney, the three organs receivingthe highest
dos~ were 5, 0.$ and 0.2 mre~ respectively.These

doses resulted from a single exposure If the individual
were exposed to clouds from several shots, the doses
would be additive.

These dosea can be compared to the Department of
Energy’soccupational exposure dose standards of 5000
mrem per quarter (1500 mrem per year) for Iung and
kidney, and 10000 mrem per quarter (30000 mrem per
year) for bone. The standards for membersof the public
are 1500mrem per year for lung, kidney, and bone.

6. Conclusions

● Based on either radiological or chemical toxicity
consideration%measured average airborne concen-
trations or uranium in clouds resultingfrom testing
of shaped-charge depleted uranium munitions did
not exceedairborne uranium standards at IJ Firing
site.

● ‘f’Mtinghundtig of uranium munitionsat one firing
site results in extensivesoil contamination at that
site.

● The radiologicaldose from exposureto any one test
fuing of a shapeckhsrge, depleted uranium muni-
tion is relatively imignificant. However, the doses
are additive for repeatedexposures.

O. Aerial Gamma Radiation Survey of Los Alamos
National Laboratory [D. Mafileld (H-8) and A. E
Fritszche (EG&G Aerial MeasurementsSection)]

The EG&G Company conducted an aerial gamma
radiation survey of the Laboratory during September.
This gamma radiation survey was the first to cover the
entire Laboratory site since 1963, although a limited
aerialgamma survey was conducted by EG&G in 1975
as part of a TA-1 cleanup operation. The object of the
new gamma survey was to provide an overviewof the
distribution of gamma radiation in the Laboratory
environsfrom Laboratory sources.This data willsupple-
ment point measurementsordinarilytaken in the Labora-
tory’s environmentalsurveillanceprogram.

The aerial siuvey will be useful in guiding manage-
ment decisionsregardingradiologicalimpacts of Labora-
tory activitieson the environs. The survey will facilitate
Laboratory responses to those DOE directives that
assure consistency with federal environmentalpolicy. It
willalso be used to providepublic informationregarding
the degree of public exposure to radiation from Labora-
tory sourc= or the impact of Laboratory operations on
the environs.

I
I

I
I
I
I
I
1
I
I
I
I
I

I
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Preliminary results from the 1982 survey show the
plume from the Los Alamos Meson Physics Facility
stack to be the dominant source of environmental
gamma exposure from the Laboratory. No unexpected
sources of gamma radation wereobserved.

P. Plutonium in Reservoir,Sediments[W. D. Purtymun,
N. Becker,R. Peter%J. Salazar, R. Romero (H-8)]

Low concentrations of plutonium are found in soils as
the result of worldwidefallout from atmosphericnuclear
tests. Sheet wash and erosion transporta the soil into
river systems. The soil% now aedimen* eventually
becometrapped in reservoirs.

Sediient samples were collectedfrom four reservoirs
in northern New Mexico.Thnx of the reservoh Herou
El Vado, and Abiquiu are in the drainage above Los
Alamos whereas Cochiti Reservoir is in the &ainage
below Los Alamos (Fig. 29). The study was made to
determine fallout concentrations of plutonium in the
sediments and evaluate possible transport of plutonium
from the Laboratory.

The samples were collected from a boat using a
Eckman dredge.The dredgq about 20 cm long by 10 cm
wide,was loweredto the bottom and tripped with a brass
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messenger.The bottom sample was collectedto a depth
of about 6 cm, depending on the compaction of the
sediments. The sediments were fme-grained silts and
clays with some organic material. There were consider-
ably more organic materials in sediments from Cochiti
Reservoir than from the other reservoirs (HeroU El
Vado, and Abiquiu). A mass of 1kg was used for each
analysis. This is about 100 times the usual m- which
lowers the limit of detectionby one significantfigure.

Samples were collected from the upper, middle and
lower parts (next to dam) of the lakes at Heron and I?.J
Vado Reservoir. At Abiquiu the samples were collected
in upper and lowerparts of the reservoir.Sevensamples
were collected in Cochiti Reservoir (Fig. 29).

The ‘*Pu concentrations ranged from 0.0001 to
0.0012 pCi/g, with an average of 0.0007 pCi/g (Table
XxXIV). There was no significant ditTerencein pluto-
nium concentrations in the reservoir sediments when
compared to the river sediments. However,when pluto-
nium concentrations in reservoir and river sedhnents
were compared to those in the soils, the soil plutonium
concentrations were about a factor of 2 times greater
than the sediment plutonium concentrations (Table
XxXIV).

The 23% concentrations in the reservoir sedhnents
ranged from 0.0052 to 0.0257 pCi/g, with an averageof
0.0142 pCi/g. The average ‘Spu concentrations in
reservoir sediments were about a factor of 3 times
greater than in the river sediments, and a factor of 1.5
times greater than the concentrations in the soils (Table
XXXIV).

In comparing the amounts of the two isotopea of
plutonium, the ratio ‘9PWWPU was about 20 in reser-
voir sediments.The ratio ‘9M8Pu decreased to about
6 in river sediments and to about 2.5 in soils.

There was no signifkant difference in the ‘I%
concentration in sedimentsfrom the four reservoira.The
‘Pu concentration appeared to be slightly greater in
sedimentsfrom Cochiti Reservoir than in sedimentsfrom
the other three reservoirs. However, it was not con-
sidered signiflcan~ when the uncertainty terms as-
sociated with analyses from Heron Reservoir were
considered.The ‘%uppu ratio in sediments from the
four reservoirs indicated that there was only regional
concentrations in the reservoir sediments.

Plutonium analyses from the individual stations are in
Table E-XLIII.

F&. 29. klCfVO&8kt8diJ3cOktiOnofscdimm@innoctlkern
NewMexieo.
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TABLE XXXIV

SfUMMARYOl? PLUTONIUM CONCENTRATIONS IN RESERVOIR SEDIMENTS, 1982
(averageof a number of analyses)

Heron Reservoir
E4Vado Reservoir
Abiquiu Reservoir
Cochiti Reservoir

Summary

Mtilmum
Maximum
E*2S

Control (f + 2s) 1981’
sediments (River)
soils

Number
of 23s~

Analyses (@/g)

“Reference35.

3
3
2
7

15
15
15

3
6

0.0006 ~ 0.0007
0.0003 + 0JIO06
0.0005 * 0.0003
0.0009 * 0.0004

0.0001 * O.0000
0.0012 * O.0001
000007+ 0.0007

0.0007 + 0,0013
0.0040 + 0.0049

Q. Activities of the LOSAlamos National Environmen-
tal Research Park, 1982 [K. W. Bostick(M-6)]

The Los Alamos National Environmental Research
Park (LA/NERP) was established in 1976 as a field
laboratory for ecological research to study the environ-
mental impacts of energy developmen~and as a source
of public information on environmental issues. The
emphasis of research on the park is to develop criteria
that facilitateenergy developmentin ways that are least
harmful to the environment.

The LA/NERP encompasses approximately 111 km2
of DOE land at Los Alamos. The steep elevation
gradient (1500 m in 25 km) and canyon/mesa terrain
give the Research Park a wide spectrumof southwestern
habitat types in a compact area. A unique feature of the
LA/NERP is that some areas within the park have been
protected from activities such as agriculture%lumbering,
or miniig for nearly 40 years.

Studies on the LA/NERP are conducted by Labora-
tory statYand by graduate and undergraduate students
from regional universities. Some of the work is con-
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239pu

(pCik)

0.0137 + 0.0122
0.0095 * 0.0077
0.0097 + 0.0048
0.0178 + 0.0072

0.0052 + 0.0000
0.0257 ~ 0.0012
0.0142 + 0.0105

0.0041 * 0.0053
0.0093 * 0.0099

Ratio

23
32
20
20

52
21
20

e.

2.5

ducted in cooperation with federal and state agenci~
such as the National Park Servicesand the New Mexico
Department of Game and Fish. Research projects spon-
sored by this program are selected by the LA-NERP
Advisory Committee. Current research activitiesinclude
work on forest fiie ecology, plant habitat characteriza-
tion, big game biotelemetry research, lizard physiology,
and work with endangeredspecies.

In keeping with the NERP charter to promote public
understanding of environmental issu~ a si~lcant
effort of the LA/NERP statT is devoted to public
presentations. During 1982 25 talks or presentations
were given primarily to schools and educational or-
ganizations. The Laboratory’s display at the 1982 New
MexicoState Fair featured the LA/NERP. Over 44000
@coplesaw this display featuring topics on animal
disturbance of waste cover profdes, biotelemetryof deer
and elk in areas disturbed by oil shale developmentand
fir% endangered species at the LA/NERP, and the
concepts and the need for studiesof ecosystemstructure
and function.



I R. Use of Pellet-GroupPlots to MeasureTrends in Deer
and Elk Populations [M. M. Rowland G. C. White, and

I E. M. Karlen (LS-6)]

Distribution and abundance of mule deer (O. hemi-
onus) and elk (C. elephus) were studied from 1976-1981
near Los Alamos New Mexico, using pellet group
counts. Data were shown to fit the negative binomial
distribution. One of four modelssGwas chosen that best
represented distribution and fkquency of pellet groups
amongyears and vegetationtyp~ for deer and elk. Mule

I deernumbers varied among years in all vegetationtypes;

I the population trend was generally downward E4k
numbers (winter only) increased in ponderosa pin% but
remained unchanged in other areas. Deer pellet groups
were distributed similarly from year to year and were
nonrandom (that is, clumped). Elk pellet groups were
also clumped, but were more randomly distributed in
mixed conifer during the latter part of the study. In
ponderosa pinq where deer were most abundang pellet
groups were more randomly distributed Similarly, elk
numbers were highest in mixed conifer, where pellets
were also most random. Neither weather nor fwe ap
peared to greatly affectdeer or elk numbers.

S, EstimatingErosional Lossesof Fallout Plutonium [G.
R. Foster and T. E. Hakonson (IS-6)]

Fallout from atmospheric testing of nuclear weapons
in the 1950s and 1960s deposited plutonium over all of
the United States. Soon after fallouL the plutonium
becamestrongly adsorbedon soilparticl~ especiallythe
tine particlesof silt and clay?7 A major pathway for the
movementof plutonium in the environmentis the erosion
of soil and the transport of sediment from erosional
processes, a pathway extending frmn the landscape to
rivers to the oceans.

M@or erosive agents are raindrops strking exposed
soil, and surface runoff from rainfallat rates greater than
water can infiltrate into the soil. Surface runoff is the
mqjor transport agent that moves eroded soil particles,
sedimen~ over the landscape. Erosion is a function of
climat%soil erodibility, topography, land ~ and veg-
etative cover and can be predicted with the Universal
Soil-Loss Equation.w We used erosion rates estimated
by the US Department of Agriculture SoilConservation
Service59at 200000 locations across the US to estimate
removalrates of fallout plutonium by soil erosion.

Erosion does not rapidly remove plutonium. We
estimated that after 100 years, about 50% of the
originallydeposited plutotium will remain in soils in the
Southwes6 60% in the Midw~ 70% in the NorthwesL
and 80% in the Southeast and the Northeast.a Pluto-
nium removal rates at a specifii site depend on the
particular combination of factors controlling erosion at
the site Cropland is especiallysusceptibleto erosiombut
sediment eroded from cropland is diluted in plutonium
because tillagemixes plutoniumover a greater soildepth
than plutonium occurringin undisturbedsoils.ThereforG
sediient eroded from undisturbed land has higher
concentrations of plutonium than does sediment eroded
from cropland However, erosion rates on undisturbed
land are usually significantlyless than those on cropland.
Erosion on undisturbed land is closely related to the
natural vegetation cover. Even though rainfall is much
less in the Southwest than in the Southe@ erosion ratea
on und~turbed land in the Southwestare greater because
of sparse natural vegetation.

Not all eroded sediment(less than 4% on the average)
59Ninety-six per centreaches the outlet of mqjor rivers.

of eroded sediment is deposited somewherebetween the
point where erosion produces the sediment and river
outlets. Deposition is a selective process causing sand
particles to be deposited before clay. Since plutonium is
primarily associated with the clay, deposition enriches
the concentration of plutonium in the sediment load.
Concentration of plutonium in sediment is about 2 to 3
times that in soil.

Based on the enrichment of plutonium (ratio of
sedimentdeliveredto that eroded) and estimated erosion
ra~ we calculate the annual delivery of plutonium in
mqjm rivers to range from 0.02% of the initial inventory
for the Northeast and Southeast to 0.05% for the
Midwest to 0.08% for the semiarid Southwest to 0.04%
for the Northwest.5sIf atmospheric deposition of pluto-
niumhad beenuniform at 1mCi/km2,plutonium activity
on sediment would range from almut 0.01 pCi/g of
sediient in the Midwest to 0.02 pCi/g in the Southeast
and the Northeast to 0.04 pCi/g in the Southwestand the
NOrthWeSL58These estimated plutonium delivery ratea
and concentrations agree well with observed data (see
Table XXXIV).

Much of the plutonium on eroded sedimentwill travel
only a short distance from its origin before the host
sedimentparticles are deposited The deposited sediment
is permanently located at least within the timeframe of a
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few hundred years. Therefore most of the plutonium
initiallydeposited on the landscapewill remain there but
will be redistributed in space because of erosion and
deposition. Furthermore+ in many _ the delivery
rates of plutonium in major riverswouldnot be expected
to decreasegreatly in the next 100 to 200 years.

T. Pndimhry Results of Meaaurements and Modeling
of Gamma Absorbed Doses Due to Releases from
LAMPF [B. M. Bowex T. E. BuhI,J. M. Dew@ W. R.
HanseL D. Talley, A. I. Chew W. A. OlseU and D. M.
Van Etten (H-8)]

1. Introduction

During the summer of 1982, three portable, high-
-pressureionizationchambers (HPICS)wereplaced in the
field to measure short-term gamma radation levels
caused by the Los Alamos Meson Physics Facility’s
(LAMPF) plume This was in addition to the
thermoluminescent dosimeter (TLD) network that
routinely measures long-term gamma radiation levels.
Gaussian-typeatmosphericd~pemion modelwas used to
estimate gamma levels from the plume concentration at
the fence tine. The model prcdcts absorbed dosea from
gamma rays emitted from a passing plume

2. Preliminary Model Results

Absorbed doses horn gamma radiation Were
measured and predicted for the laat 7 months of 1982.
Figure 30 shows the measured and predkted gamma
absorbed doses Note that the calculatedabsorbed dosea
are higheron the east end of the TLD netwo~ reelecting
a greater frequency of SSW and SW winds, The
measured external radiation contribution from LAMPF
was calculated by subtracting a background external
radiation dose (measured by another TLD network
unaffected by Laboratory operations) from measured
external radiation doses in each of the three sectors along
the fenceline.The predictionsare reasonablycloseto the
measured vahes exceptfor the NNW sector.The Omrad
measuredcontribution for the NNW sector may be due
to the highdegreeof spatial variabilityof the background
external radiation dose Note that the highest absorbed
dose is predicted for the NE sector. For this reaaou the
four westernmostTLDs have nxently been rel-ted to
the east of the network in the NE sector.

Daily model predictions were made for 11 days on
which all necessary data was available and measurable
absorbed dose was obtained. Figure 31 shows the
comparison of predicted and measured daily gamma
doses.There is a good correlationbetweenpredicted and

I

A
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measuredvalues, Note that the modelunderpredictain 9 logicaland source-term data to predict gamma radiation
of the 11 day$ so that some refinementof the modelmay emitted by air activation products released from
be necessary for application in the irregular terrain at LAMPF. Long-term predictions tend to agree with
Los Alamos. measurements. However, the spatial variability of back-

ground external penetrating radiation is larger than the
3. Summary and Conclusions contribution of the sour% thereby putting some uncer-

tainty in the results. The predicted values are shown to
A network of monitors measuring gamma radiation be strongly ccxrelatedwith measureddaily values.

for short- and long-timeperiods wereused with meteoro-
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APPENDIX A

STANDARDS FOR ENVIRONMENTAL CONTAMINANTS

The concentrations of radioactive and chemical con-
taminants in air and water samples collectedthroughout
the environment are compared with pertinent standards
contained in regulationsof severalfderal and state agen-
cies in order to verify the Laboratory’s compliancewith
these standards. Laboratory operations patainhg to the
environmentare conducted in accordancewith directives
and procedures contained in DOE Order 5480.lA (En-
vironmental Protectio& Safety, and Health Protection
Program for DOE Operations),Chapter I (Environmen-
tal Protection, Safety, and Health Protection Standards)
and Chapter XI (Requirements for Radiation Protec-
tion); and DOE Order 5484.1 (Environmental Protec-
tion, Safety, and Health Protection Information
Reporting Requirements),Chapter III (Effluentand En-
vironmental Monitoring Program Requirements).

In the case of radioactive materials in the environ-
ment guidescontained in Chapter XI are used as a basis
for evaluation. The standards are listed in Table A-I as
Concentration Guides (CGa).A CG is the concentration
of radioactivity in air breathed continuously or water
constituting all that ingested during 50 years that WU
result in whole body or organ doses equal to the Radia-
tion Protection Standards in the ffileth year (RP!l@
listed in Table A-II) for internal and external exposures.

Obviously, there are uncertainties in reiating CGs to
RPSS. Uncontrolled area CGs correspond to RPSS for
the general public, whereas controlled area CGS corres-
pond to RPSS for workers. Thu%common practice and
stated DOE policy in Chapter Xl are that operations
shall be “conductd in a manner to assure that radiation
exposure to individualsand population groups is limited
to the lowest levels reasonably achievable.”

Because some radioisotopes remain in the body and
cause exposure long atter intake has occurre$ the RPSs
require consideration of dose commitment caused by in-

halation ingestion, or absorption of such isotopes. For
Purpo= of this repcx%50-yr dose commitments were
calculated where appropriate using dose factors from
reference A1.

For chemicalpollutanta in water supply, the controll-
ing standards are those promulgated by either the En-
vironmental Protection Agency (EPA) or the New Mex-
ico Environmental Improvement Division (NMEID, see
Table A-III). EPA’s primary maximum contaminant
level (MCL) is the maximum permissiblelevelof a con-
taminant in water which is deliveredto the free flowing
outlet of the ultimate user of a public water system.A2

The EPA’s secondary drinking water regulations con-
trol contaminants in drinking water that primarily afTect
aesthetic qualities relating to public acceptance of drink-
ing water. At considerablyhigherconcentrationsof these
contaminant health implicationsmay also exist as well
as aesthetic degradations.~

Radioactivity in public water supply is governed by
EPA regulations contained in 40CFR141. These regula-
tions providethat combined‘Ra and ‘Ra shall not ex-
ceed 5 x 10-9BCi/nd (5 pCi/~) and gross alpha activity
(iicluding “R& but excludingradon and uranium) shall
not exceed 15 x 1W9pCi/m# (15 pCi/fl). A screening
levelof 5 x 10-9pCi/mJ?(5 pCi/~) is establishedas part .
of the monitoring requirements to detemdne whether
specificradium analyses must be performed. Plutonium
concentrations are compared to the EPA gross alpha
MCL of 15 X 10-9 pCi/m.l (15 Pci/t)oM

For manmade beta and photon emitdngradionuclid~
the EPA drinkiig water regulations specify that a con-
centration be limitedto a levelthat wouldresult in a dose
of 4 mrem/yr calculated acc43rdingto a specified
procedure. The EPA calculated value for tritium (3H)is
20 x 10+ BCi/d and for ceaium(137CS)is 200x 10-9
pcilrnvz
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TABLE A-I

DOE CONCENTRATION GUIDES (CGs)

Concentration Guides for Uncontrolled Area@ Concentration Guides for Controlled Areas*

Nudide

3H

‘Be
11C,13N,150
41A

89sr

%@
1311d

137(-S

238~

239pud

241~

U, natundc

CG for Air CG fa Water

(yCi/mt)

2 x 10-7
—

3 x 10-8
4 x 10–8
3 x 10-10
3 x 10-11
1 )( 10-10
5)( 10-10
7 x 10-14
6)( 10-14
2 x 10-13
(pg/m3)c

6 X 106

!NWmt)

3 x 10-3
2 x 10-3

—
—

3 x 10-6
3 x 10-’
3 x 10-7
2 x 10-5
5 x 10-6
5 )( 10-6
4 x 10–6

6 x 10-7

CG for Air CG fm Water

Nuclkie (Ywmf) (MM@
3H 5X1O-6 1 x 10-1
7Be — 5 x 10-2
11(-,13N,150 1X1O-6 —
41~ 2X1 O-6 —
89sr 3 x 10-8 3X1 O-4
~r I x 10-9 1 x 10-s
13Ild 4 x 10+ 3 )( 10+
137C* 1 x 10-8 4xlC@
238~ 2)( 10-12 1X1 O-4
239~d 2 x 10-12 1X1 O-4
241~ 6)( 10-12 1 )(10-4

(p~m3F

U, naturalc 1.8 )( 108 2 )( 10-s

“Thistable contains the most restrictiveCGs for nuclidesof major interest at the Laboratory (DOE Or-
der 5480.1~ Chapter XI).
~CGs apply to radionuclide concentrations in excess of that oeeumhg naturally or due to fallout.
COnecurie of natural uranium is equivalentto 3000 kg of natural uranium. Hence,uranium masses may
be converted to the DOE “uranium special curie” by using the factor 3.3 X 10-13 pcvpg.
me CGs of ‘~u and ~r are the most appropriate to w for gross alpha and gross beta Cm respec-
tively.
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TABLE A-II

DOE RADIATION PROTECTION STANDARDS FOR
EXTERNAL AND INTERNAL EXPOSURES

Individuals and Population Groupa in UneontrcdledAreas

Annual Dose Equivalent or Dose Commitment’ (rem)
Basedon Dose to Individuals Basedon an AverageDose

at Points of to a Suitable Sample
Type of ExpOSure MaximumProbable Exposure of the ExposedPopulationb

Wholebody, gonads,or bone marrow 0.5 0.17
Other organs 1.5 0.5

Individuals in Controlled Areas

Type of Exposure

Wholebody, head and trunk, gonads lens of
the eyes: red bone marrow, active blood
forming organs.

Unlimited areas of the skin (except hands
and forearms).Other organr+tissue%and
organ systems (except bone).

Bone

Forearmse

Hands’ and f=t

--- . .
Dose E.qluvalent
[Dose or Dose

Exposure Period Commitment”.(rem)]

Year
Calendar Quarter

Year
Calendar Quarter

Year
Calendar Quarter

Year
Calendar Year

Year
Calendar Quarter

5d
3

15
5

30
10
30
10
75
25

,-.. . .

‘In keepingwith the DOE policy on lowest practicable exposure,exposureato the public shall be liited
to as small a fraction of the respective annual dose limits as is practicable.
bSeeParagraph 5.4, FRC Report No. 1 (ReferenceA4) for discussionon concept of suitable sample of
exposed population.
CAbeta exposure below a maximum energy of 700 keV will not penetrate the lens of the eye; therefore,
the applicable limit for these energies would be that for the skin (15 rem/year).
‘In special cases with the approval of the Deputy Assistant Secretary for Environmental Safety and
Health, a worker may exceed5 rem/year providedhis or her averageexposureper year since age 18will
not exceed 5 rerdyear. This does not apply to emergency situations.
‘AUreasonable effort shall be made to keep exposureof forearms and hands to the general limit for the
skin.

. . . .
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TABLE A-III

MAXIMUM CONTAMINANT LEVEL (MCL) IN WATER SUPPLY FOR
INORGANIC CHEMICALS AND RADIOCHEMICALS

Inorganic Chemical MCL
Contaminant (n@J) RadiochemkaI Contaminant

Pr”Una3’yStandard’
Ag 0.05 137c~

As 0.05 Gross alphad
Ba 1.0 3H

Cd 0.010 238~

Cr 0.05 z39~

Fb 2.0
Hg 0.002
N03 45
Pb 0.05
Se 0.01

Secondary Standardsc
c1 250
Cu 1.0
Fe 0.3
Mn 0.05
so, 250
Zn 5.0
TDS 500
pH 6.5- 8.5

.-. ----- ---- --

‘Reference A2.

MCL
(yci/d)

200 x 10-9
5 x 10-9

20x 10-6
15x 10-9
15X lo-

bBased on annual average of the maximum daily air temperature of 14.6 to 17.7°C.
preference A3.
‘See text for dwussion of application of gross alpha MCL and gross alpha screeninglevel
l.tCi/mA
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APPENDIX B

SAMPLING PROCEDURES AND STATISTICAL TREATMENT OF DATA

A. ThermoluminescentDosimeters

Lithium fluoride (LiF) chips, 6.4 mm square by 0.9
mm thick, are used in the environmental and Los
Alamos Meson Physics Facility (LAMPF) networks.
The chips are annealedat 400°C for 1 h and then cooled
rapidly to room temperature.This is followedby anneal-
ing at 100°C for 1 h and again cooling rapidly to room
temperature. In order for the annealing conditions to be
repeatable,the chips are put into rectangular borosilicate
glass vials that hold 48 LiF chips each. These vials are
slipped into a borosilicate glass rack so they all can be
placed at once into the ovens maintained at 400°C and
10WC.

Incandescent lighting is used exclusively during all
phases of annealing,dosimeter preparation, and readout
to prevent ultraviolet-induced spurious thermo-
luminescence(TL). Four chips are placed in a molded
heat sealablevinyl pouch measuring 1.5 cm diameter by
3 cm long. Thk assembly constitutes one dosimeter. A
calibration set is prepared each time chips are annealed.
The calibration set is read at the start of the dosimetry
cycle.The number of dosimeters and exposurelevelsare
determinedfor each calibration in order to eillcientlyuse
available TLD chips and personnel. Each set contains
from 20 to 50 dosimeters. These are irradiated at levels
in the range between O mR and 160 mR. using an 8.5
mCi 137CSsoarce calibrated by the National Bureau of
Standards.

A factor of 1 rem (tissue) = 1.050 mR is used in
evaluating the dosimeter dattz This factor is the
reciprocal of the product of the roentgen to rad conver-
sion factor of 0.958 for muscle for 137CSand the factor
0.994, which corrects for attenuation of the primary
radiation beam at electronic equilibrium thickness. A
rad-to-rem conversion factor of 1.0 for gamma rays is
used as recommendedby the International Commission
on Radiation Protection.BlA method of weighted least
squares linear regression is used to determine the
relationship between TLD reader response and dose
(weightingfactor is the variance).B2

The TLD chips used are sIIfrom the same production
batch and wereselectedby the manufacturer so that the
measured standard deviation in TL sensitivity is 2.0 to
4.0% of the mean at a 10 R exposure.At the end of each
field CYC1%whether calendar quarter or the LAMPF
operation cycle, the dose at each network location is
calculated along with the upper and lower limits at the
95% confidencelevel.B3At the end of the calendar year,
individual field cycle doses are summed for each loca-
tion. Uncertainty is calculated as summation in
quadrature of the individualuncertainties.

B. Au sampling

1. Sampliig Procedures

Samples are collected monthly at 25 continuously
operating statior3s.B4Air pumps with flow rates of ap-
proximately 3 @c are used. Atmospheric aerosols are
collected on 79 mm diameter polystyrene filters. The
filters are mounted on a cartridge that contains charcoal.
This charcoal is not routinely analyzedfor radionuclides.
However, if an unplanned release occ~ the charcoal
can be analyzed for any 1311it may have collected.Part
of the total air flow (2.4 -3.1 m#/see) is passed through
a cartridge containing silica gel to adsorb atmospheric
water vapor for tritium analyses. Air flowrates through
both sampling cartridges are measured with variable
area flow met- and sampling timeBrecorded. The en-
tire air samplingtrain at each station is clesn~ mp~
and calibrated on an as-needed basis.

Gross alpha and gross beta activitieson the monthly
air falters are measured with a gas-flow proportional
counter on collection day and again 7 to 10 days after
collection.The fmt count is used to screen samples for
inordinate activity levels.The second count (made after
absorb~ naturallymurring, radon-thoron daughters
had reached equilibrium with their long-lived parents)
provides a record of long-lived atmospheric radioac-
tivity. Immediately upon being retrieved from the fielt

95



the filters are mounted on counting planchets and
covered with mylar. This insures adequate sample
preservation.

Two clean, control filtersare used to detect any Wssi-
ble contamination of the 25 sampling fflters while they
are in transit. The control filtersaccompany the 25 sam-
pliig filters when they are placed in the air samplers and
when they are retrieved. Then the control falters are
analyzed for radioactivity just like the 25 sampling
filters. Analytical results for the control faltersare sub-
tracted from the appropriate gross analytical results to
obtain net analytical results.

At one location (N050-E040) atmospheric radioac-
tivity samples are collecteddaily (Monday through Fri-
day). Atmospheric particulate matter on each daily filter
is counted for gross alpha and gross beta activities on
collection day and again 7 to 10 days after collection.
The first measurement provides an early indication of
any major change in atmospheric rdloactivity. The
second measurements are used to observe tenqmral
variations in long-livedatmosphericradioactivity.

Afler beiig measured for gross alpha and gross beta
activities, the monthly filters for each station are cut in
half. The fust group of falterhalvesis then combmedand
dissolved to produce quarterly composite samples for
each station. The second group of filter halves is saved
for uranium analysis.

The filters are ignited in platinum dishes, treated with
HF-HNOJ to dissolvesilic%wet ashedwith HNO#20z
to decompose organic residue, and treated with HNO~-
HCl? to ensure isotopic equilibrium. Plutonium is
separated from the resultingsolutionby anion exchange+
For 11 selected stations, americium is separated by ca-
tion exchange from the eluent soluti s from the

Tplutonium separation prcmss. The puri led plutonium
and americium samples are separately electrodeposited
and measured for alpha-particleemission with a solid-
state alpha detection system. Alpha-particle energy
groups associated with the decay of ‘Pu ‘9Pu, and
241Amme integrated, and the concentration of each
radionudide in its respectiveair sample calculated.This
technique does not differentiatebetween‘*u and ‘Pu.
Uranium analyses by neutron activation analysis (see
Appendw C) are done on the second group of fflter
halves.

Silica gel cartridges from the 25 air sampling stations
are analyzed monthly for tritiated water. The cartridges

contain a small amount of blue “indicating” gel at each
end to indicate a desiccant over-saturation. During cold
months of low absolutehumidity, samplingflowrates are
increased to ensure collectionof enough water vapor for
analysis. To avoid sample preservation problem water
is distilledfrom each silica gel sample immediatelyupon
beiig retrieved from the field. This distillation yields a
monthly average atmospheric water vapor sample. An
aliquot of the distillateis then analyzed for tritium by li-
quid scintillationcounting.

Analytical quality control and qudlty assurance for
analysis done in the air samplingprogram are described
in Appendix C (Part C). In brief, both blanks and stan-
dards are analyzed in conjunctionwith normal analytical
procedures. About 10% of the analyses are devoted to
the quality control and assuranceprogram.

2. StatisticalAnalysis

Measurements of the air particulate samples require
that chemicalor instrumentalbackgroundsbe subtracted
to obtain net values. Thus, net values lower than the
minimum detection limit (MD~ Table C-IV) of an
analytical technique are sometimes obtained. Conse-
quently, individualmeasurementsresult in valuesof zero
or negativenumbers becauseof statistical fluctuationsin
the measurements. Although a negative value does not
represent a physical reaMy,a valid long-termaverage of
many measurements can lx obtained only if the very
small and negative valuesB5are included in the popula-
tion.

Uncertainties reported for maximum and minimum
concentrations reflect uncertainties introduced both in
the field (flow rate and time determinations), and
laboratory (counting, pipettin& etc.). These values in-
dicate the precisionof the maximumsand minimumsand
represent twice the propagated measurement uncertain-
ties.

Standard deviations for station and group (regional,
perimeter,onsite) means are calculatedusing the follow-
ingequation:

1
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where

Sr= standard deviationof G
F= annual mean of a station or group of stations
cl= concentration for station i
N= numlxx of concentrations(samplingperiods).

C. Water, Soil, and SedimentSampling

Surface and ground water sampling points are
grouped (regional, perimeter, and onsite) according to
location and hydrologic similarity. Surface and ground
water grab samples are taken one to two times annually.
Samples from wells are collected her stilcient pum-
page or bailingto ensure that the sampleis representative
of the water in the aquifer. Spring samples (ground
water) are collectedat point of discharge.

The water samples are collected in 4 1 (for
radiochemical)and 1 # (for chemical)polyethylenebot-
tles.The 4 ~ bottles are acidifkd in the fieldwith 5 ml of
concentrated nitric acid and returned to the laboratory
within a few hours for filtration through a 0.45 ~ pore
membrane filter. The samples are analyzed
radiochemicallyfor dissolved cesium (137CS),plutonium
(U8PUand 239Pu),and tritium (as HTO), as well as for
total dissolved gross alph~ bet& and gamma activities.
Total uranium is measured using the neutron activation
method (see AppendixC). ,

Water is collected for chemical analyses at the same
time as for radlochemical analysis and returned to the
laboratory for filtration.Samplesfor trace constituents in
the water supply are collected and acidifiedin the field
and returned immediatey to the laboratory for filtration.

Storm runoff samples are analyzed for radionuclides
in solution and suspended sediments. The samples are
falteredthrough a 0.45 ~m filter.The radioactivity com-
position of the solution is defined as filtrate passing
through the falters, while the suspended sediment
radioactivityis definedas the residueon the falter.

Soil samples are collectedby taking fiveplug$ 75 mm
in diameter and 50 mm deep,at the center and corners of
a square area 10 m on a side. The five plugs are com-
bined to form a composite sample for radiochemical
analyses. Sediment samples are collected from dune
buildup behind boulders in the main channels of peren-

nially flowing streams. Samples from the beds of inter-
mittently flowingstreams are collected across the main
channel. The soil and sedimentsamples are analyzed for
gross alpha and gross beta activities,137Csand ‘Pu and
239Pu.Moisture distilledfrom soil samplesis analyzedfor
3H.A fewselectsamplesare analyzedfor ~r.

The average concentrations of radionuclides and
chemical constituents are reported for a number of in-
dividual analyses in Tables E-XI through E-XIX and
Tables E-XXI through E-XXIII. The miniium and
maximum values reported are individualanalyses in the
groups whilethe average is computed from all of the in-
dividualanalyses in the group. The uncertainty following
the primary value representstwicethe standard deviation
of the distribution of observed value$ or the analytical
variation for individualresults.
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APPENDIX C

ANALYTICAL CHEMISTRY METHODOLOGY

A. Radioactive Constituents

Environmental samples are routinely analyzed for the
following radioactive constituents: gross alph% gross
bet% gross gammw isotopic plutonium americiu~
uranium, cesium, iritium, and strontium. The detailed
procedures have been published in thk append~ in
previous years.CI.C2 occ~on~y other radonuclides

from specific sources arc determined: 7Be, ‘iN& %,
SICr,Goco,~Zn, s~Rb,lUR~ 13’C~1’%%~d 2uR~ ~

but ‘Ra are determinedby gamma-ray spectrometryon
large Ge(Li) detectors. Depending upon the concentra-
tion and matri& 22cRais measuredby emanationc3or by
gamma-ray spectrometry of its 214Bidecay product.c’
Uranium isotopic ratios (U5UP8U) are measured by
neutron activation analysis whereprecision of +5% are
adquate. a More precise work still rquires mass spec-
trometry.

B. Stable Constituents

A number of analytical methods are used for various
stable elements.The choiceof method is based on many
criteria, including the operational state of the instru-
ments expected concentrations in sampl~ quantity of
sample available+sample matrix, and Environmental
Protection Agency (EPA) regulations.

Instrumental techniques available include neutron ac-
tivation, atomic absorption, ion chromatography, color
spectrophotometry,ion selectiveelectrodes and combus-
tion analysis. Standard chemical methods are also used
for many of the common water quality tests. Atomic ab-
sorption captillities include flame, graphite+mercury
cold vapor, and hydride generation, as well as flame
emission spectrophotometry. The methods used and
references for determination of various chemical con-
stituents are summarized in Table C-L

C. Analytical Chemistry Quality Evaluation Program

1. Introduction

Control samples are analyzed in cqjunction with the
normal analytical chemistry work load. Such samples
consist of several general types: calibration standards,
reagent blanks, process blanks, matrix. blanks~
duplicates, and standard referencematerials.Analysis of
control samples fill two needs in the analytical work.
FirX they provide quality control over analytic~
proc~ures so that problems that might occur can be
identified and corrected. Secondly, data obtained from
analysis of control samples permit evaluation of the
capabilitiesof a particular analytical&chniquefor deter-
mination of a given elementor constituent under a cer-
tain set of circumstances. The former function is
analytical control; the latter is quality assurance.

No attempt is made to make control samples un-
known to the analys~ However, they are submitted to
the laboratory at regular intervals and analyzed in
association with other samples; that is, they are not nor-
mally handled as a unique set of samples. We feel it
wouldbe dif?icultfor analysts to givethe samplesspecial
attention, even if they were so inclined.We endeavor to
run at least 10%of stable constituent analysesand selec-
ted radioactiveconstituent analyses as quaMy assurance
samples using the materials describedabove. A detailed
description of our Quality Assurance program and a
complete listing of our annual results have been
published.cSc’=7’c5a‘9*CW

2. Radioactive Constituents

Quality control and quality assurance samples for
radioactive constituents are obtained from outside agen-
cies as well as prepared internally. The Qudlty
Assurance Division of the Environmental Monitoring
Systems Laboratory (EPA—Las Vegas)provideswater,

I
I
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TABLE C-I

ANALYTICAL METHODS FOR VARIOUS STABLE CONSTITUENTS

Techniaue Stable Conatitaents Measured Referenoea

Standard Chemical Methods

Color Spectrophotometry

Neutron Activation
Instrumental Thermal

Instrumental Epithermal

Thermal Neutron Capture
Oamma Ray

Radiochemical

Delayed Neutron Assay

Atomic Absorption

Ion Chromatography

Ion SelectiveElectrodes

Combustion

pH, Total Alkalinity, Hardness,
SO~, TDS, Conductivity,COD

NO~,P07

Al$b,~B%Br,C&Ce+CqCl,Cr,
Co,Dy@WAWHf@J&G~w
Mg,MUKAb$m$c,Sc+Na$r#,
T%Tb,~13,W,V,YbJ?m

Al$b~sJ3%Br,C~Cr$,G@u,
In,I.L@g,Mn~o,Ni,K$~~
SiJW$r,Th,Ti,W,UJ?h@

MB,C&CAC,@~FGMg
N,P,K$~Na$,’11

Sb~s,C@t@,H&Mo,OgPd
~@~g,T~~W,U,hC~
Pr,Nd$mEw~Tb~y,Ho@,
YI)JW23WP*U, =Tll, ~Tu

u

Sb~$B@e,BiCACkCr,Co,Cu
(3@n,Fe#b,L4M@@Hg,Mo,
N~K$c$3@g~a@,TGTl$w
TiiVzn

l?_,C1-,Br-,NO~,
NOZ$O~2$O:2,
POZ3

F_,NHj

C,N,H$

C6

C6

C7,1Z13,14,15

C7,9,16,17,18,19,20,21

C7,2%23,24,25,26,27,28,29

C5,6,7,30,31,32.#3,34,35,36,
37,38,51

C7$,I0,11,39,40

C6,41,43,44,45,46,47,48,5%
5334

C49

C50,C55

C29
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foodstuff, and air filter standards for analysis of gross
alph&gross bem 3H,%, ‘Co, c%, %r, lWRUlWCS,
‘WCS‘R% and ‘9Pu as part of an ongoing laboratory
intercomparison program. They also distribute reference
soil samples that have been characterized for ‘SU, ‘U,
~%, ‘2U, “cRa, “’RtL and 21@b.The National
Bureau of Standards (NBS) provides two soil and sedi-
ment Standard ReferenceMaterials (SRM) for environ-
mental radioactivity.These SRMSare certifkd for ‘Co,
%%, 137CS,‘Ra, ‘~ ‘I@ ‘9’* 24iAnLand
several other nuclides.

Soil, rock, and ore samples obtained from the Cana-
dian GeologicalSurvey are used for quaMyassurance of
uranium and thorium determinations in silicate
mtirices.al our own “in-house” standards are prepared
by adding known quantities of liquid NBS radioactivity
SRMS to blank matrix materials.

3. Stable Constituents

Quality assurance for the stable constituent zirmlysis
program is maintained by analysis of certifkd or well-
characterized environmental materials. The NBS has a
large set of silicate, water, and biological SRMS. The
EPA dwiutes mineral analysis and trace analysis
water standards. Rock and soil certitkd standards have
been obtained from the CGS and the United States
GeologicalSurvey(USGS). Detailsof this program have
dSO been pubfish~.cW*csT.as,csg,cw

The analytical control program for a specificbatch of
samples is the combination of many factors. These in-
clude the “fit of the calibration curve,” instrument dr@
calibration of the instrument and/or reagents, raovery
for SRMS,and precisionof results. In addition, there is a
need for a program for evaluation of the quality of
results for an individualwater sample. These individual
water sample quality ratios are the sum of the milk
equivalent (meq) cations to the sum of meq anion%the
mq hardness to the sum of mq Cat+ and Mg+4,the ob-
served total d~solved solids (TDS) to the sum of solids
the observed conductivity to the sum of contributing
conductivities,as wellas the two ratios obtained by mul-
tiplying (0.01) x (conductivity)and dividingby the mq
cation%and the mq anions. A summary of these ratios
is given for 1982 waters by sample set in Table C-II.

A detailed investigation of these individual quality
assurance ratios can be suggestive of the need fot
reanalysis of specflc constituents. However, one must
realize that obtaining a ratio of 1.00 is not alwayspossi-

ble. Reanalysis of a sample is based on these ratios the
presence of constituents not request@ and historical
considerations.

4. Indicators of Accuracy and Precision

Accuracy is the degree of ditTerencebetween average
test results and true results, when the latter are knownor
assumed Precision is the degree of mutual agreement
among replicate measurements (frequently msessed by
calculating the standard &viation of a set of data
points). Accuracy and precision are evaluated from
results of analysis of standards. These results are nor-
malized to the known quantity in the standard to permit
comparison between standards containing diRerent
quantities of the analyte:

Reported Quantity
r =

Known Quantity

A mean value (R) for all normalizedanalyses of a given
type is calculated as followsfor a givenmatrix type (N is
total number of samples):

&r,
R=-

N

The standard deviation(s) of R is calculated assuminga
normal distribution of the population of samples (N).

F(R - r,)’
s =“

(N - 1)

These calculated values are presented in Tables C-III
and C-IV. The mean value of R is a measure of the ac-
curacy of a procedure.Valuesof R greater than unity in-
dicate a positive bias and values less than unity a
negative bias in the analysis.

The standard deviation is a measure of precision.
Precision is a tlmction of the quantity of analyte; that i%
as the absolute quantity approaches the limit of detec-
tion, precision deteriorates. For instant% the precision
for some 3H determinations is quite large because many
standards approached the limits of detection of a
measurement.We are attempting to address this issueby
calculating a new quaMy assurance parameter:

1
I
I
I
I
I
I
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I
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I
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I
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TABLE C-III

SUMMARY OF ANALYTICAL QUALITY ASSURANCE RESULTS FOR
STABLE CONSTITUENTS AND SELECTED RADIOACTIVE CONSTITUENTS

Analysis

Ag
Al
Aa
Ba
Br
Ca
Cd
c1
co
Cond
Cr
Cs
Cu
Eu
F
Fe
Hard
Hf
Hg
I
K
La
Li
Mg
Mn
Na
NO~
P
Pb
pH
PO,
Rb
Sb
Sc
se
s
Sm
so,
Sr
Ta
Tb

[R* S (N)]

—

0.98 + 0.02 (8)
1.01+ 0.06 (5)
1.01* 0.12 (37)

—
0.98 (2)

0.92 + 0.16 (38)
—

1.04+ 0.06 (24)
—

0.98 + 0.09 (31)
0.99 + 0.15 (94)
0.97 ● 0.09 (12)
0.98 + 0.06 (31)
0.99 + 0.10 (8)
1.00 * 0.03 (35)

—

0.99 * 0.11 (35)
1.25 (2)

-.
0.96 * 0.06 (9)
0.98 ~ 0.07 (10)
1.08+ 0.13 (32)
0.93 + 0.06 (11)
1.03+ 0.05 (46)
1.04* 0.05 (21)

-.

0.92 + 0.10 (8)
—
--
—

1.06+ 0.09 (18)
1.26 (1)

0.99 * 0.05 (170)
—

1.01 + 0.06 (6)
1.01 + 0.09 (lo)

-.

1.03 + 0.08 (33)
0.90 +O.ll (16)
1.07 + 0.21 (27)

Waters
[R + S (N)]

1.00+ 0.07 (7)
—

0.96 + 0.11 (13)
1.03 * 0.13 (5)

— --
1.04* 0.03 (6)
1.05 + 0.23 (103)
1.01+ 0.04 (29)

-.

0.98 + 0.04 (14)
0.99 * 0.06 (7)

--

1.06 + 0.06 (25)
—

1.01* 0.05 (5)
LOO+ 0.08 (35)
1.00* 0.03 (4)

—

1.06~ 0.06 (6)
—

0.99 + 0.02 (4)
-.
—

1.04+ 0.06 (6)
1.02+ 0.07 (32)
0.99 + 0.03 (6)
1.05 * 0.12 (17)

-.

1.00 * 0.07 (26)
0.98 + 0.04 (11)
0.78 + 0.07 (6)

—
-.
--

0.96 + 4).09 (8)
—
-. -

1.00 + 0.14 (11)
0.99 (2)

—
—

Biok@ds and Air Partkulates
[R *s(N)]

—

0,98 + 0.07 (17)
0.97 * 0.33 (5)

-.
0.93 + 0.08 (21)
1.01 + 0.16 (12)
0.91 + 0.15 (29)
1.03 ● 0.07 (20)

-.
-.
—

1.12 + 0.15 (15)
0.98 + 0.06 (13)

—

1.03 + 0.22 (27)
—
—
—.

0.70 (2)
1.05* 0.13 (6)
0.90 * 0.13 (4)

—

0.96 + 0.11 (12)
—

1.01 * 0.05 (21)
0.99 * 0.17 (13)

—
—

0.90 * 0.04 (9)
--
—
—

0.99 * 0.12 (50)
0.95 + 0.08 (25)

—
—
—
-.
-.
—
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TABLE C-III

Analysis

TDs
Th
T1
Tot alk
‘S’=*U (natural)
‘S’X8U(depleted)
v
Zn
3H(<2000 pCi/#)
3H(>2000 pCi/~)
‘Be
‘Na
137(-s

2?h
236pu

~$1+1
~~Am

Silicates
[R + S (N)]

1.04 + 0.06 (19)
0.98 * 0.09 (11)

1.01 * 0.07 (88)
1.01 + 0.06 (8)

0.99 + 0.06 (5)
.—

--
—

1.07 + 0.08 (11)
1.04 + 0.16 (41)

1.00 (2)
0.77 + 0.41 (13)
0.90 + 0.18 (22)
1.27+ 0.55 (7)

[R~~N)]

0.95 + 0.07 (25)
—
—

1.07 + 0.04 (5)
0.99 * 0.03 (18)

—
—

0.9540.12 (24)
1.05 + 0.25 (73)
0.99 + 0.08 (99)
0.95 * 0.12 (17)
1.11 +0.13 (9)
1.02 + 0.17 (48)

—
—
--
—..

Biobgicals and Air Partkulates

—

—

—

—

1.01 + 0.11 (25)
—

1.02* 0.06 (11)
0.94 * 0.05 (7)

—

—
—

—

—

—

—

—

—

TABLE C-IV

SUMMARY OF RADIOACTIVE CONSTITUENT
QUALITY ASSURANCE RESULTS

ON EPA PROGRAMS

constituent Numbw of Samolea R*s

Groaa alpha
Gross beta
3H (<2000 pCi/#)
%r
137CS

‘Ra
239~

U (naturat)

24
24
15
6

15
12
6

12

1.14 * 0.22
1.12 + 0.12
0.95 * 0.13
0.95 * 0.11
0.97 + 0.16
0.86 * 0.07
0.96 + 0.05
0.86 i 0.23

103



TABLE C-V

DETECTION LIMITS FOR ANALYSES OF TYPICAL
1

ENVIRONMENTAL SAMPLES

I

Parameter
Approximate Sample
volume or weight

Air sample
Tritium
238pu

239pu

241~

Gross alpha
Gross beta
Uranium

(Delayed neutron)

Water sample
Tritium
137C5
238pu

239pu

241~

Gross alpha
Gross beta
Uranium

(Delayed neutron)

Soil Sample
Tritium
137C5

238pu

239pu

241Am

Gross alpha
Gross beta
Uranium

(Delayedneutron)

3 m3

2.0 x Id m3
20 x I@ m3
2.0 x Id m3
6.5 x l@ m3
6.5 x I@ m3
2.0 x ld m3

0.005 t
0.5 t
0.5 (
0.5 t
0.5 t
0.9 t
0.9 t
0.025 f

1 kg
100 g
10 g
10 g
10 g
2g
2g
2g

Deteedon
count
Time Cone@ration

50 min 1 x 10-12 ~ci/tn/
8 X 1~ - 2)( l@8 pCi/d
8)( K# seo 3)( l@18 pCi/mt
8 x ld sec 2 x l@18 BCi/mt
100 mill 3)( 10-16 ~cdd
100 mill 3 x 1~16 yCtim/
6osec 1 pg/m3

50 min
5xlo4sec
8xl@see
8xl@see
8xltisee
100 Inin
100 mill
50 Sec

50 min
5xlo4sec
8xltisea
8xl@see
8xl@see
100 mill
100 mill
20 Sec

7 x 10-7 jlci/mf
4)( 10-8 pci/lnt
9 x 10-12 pcdmt
3 x 10-11 pci/lnt
2 x 10-10 ~ci/in/
1 x 10-9 ~ci/mt
5 x 10+ ~ci/mf
1 J,lg/t

0.003 pcvg
10-1 pcvg
0.003 pci/g
0.002 pcvg
0.01 pcvg
0.8 pCi/g
0.003 Pa/g
0.03 @g
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where~~ and XCare the experimentallydeterminedand
certified/consensus mean elemental concentration
respectively.The SEand SCparameters are the standard
deviations associated with ~~ and ~,, respectively.An
analysis will be consideredunder control when this con-
dition is satisikd for a certain elementin a given matrix.
An evaluaton of this approach will be presented in the
1982 Quality Assurance Reportcsg

Data on analyticaldetector limits are in Table C-V.
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APPENDIX D

METHODS FOR DOSE CALCULATIONS

I

A. Introduction

Annual radiation doses are evaluated for three prin-
cipal exposure pathways: inhalation, ingestion, and ex-
ternal exposure (which includes exposure from immer-
sion in air containing radionuclidesand direct and scat-
tered penetrating radiation). Results of environmental
measurements are used as much as possible. Calcula-
tions based on these measurements follow procedures
recommendedby federal agenciesto determineradiation
doW.Dl,D~

Estimates are made of the:
1. Maximum boundary dose to a hypothetical in-

dividual at the Laboratory boundary where the
highest dose rate occurs. It assumes the individual
is at the Laboratory boundary continuously (24
hours a day, 365 days a year).

2. Maximum individual dose to an individual at or
outside the Laboratory boundary wherethe higheat
dose rate occurs and where there is a person. It
takes into account occupancy (for exampl% 40
hours a week) and shielding (for example, by
buildings) factors.

3. Average doses to nearby residents.
4. Whole body person-rem dose for the population

living within an 80-km radius of the Laboratory.
Four age groups are considered: infan~ cM4 teen,

and adult. Dose calculations utilize parameters such as
annual food consumption and breathing rates specificto
each age group. ValuesD29D3providedfor these and other
parameters used in the calculations are in Table D-I.

Age specificdose conversion factors used for inhala-
tion and ingestion calculations are in Table D-II. These
factors give total dose received (in mrem) by an organ
during the 50-yrperiod followingintake of a radionuclide
(the 50-yr dose commitment)per amount of radonuclide
(in pCi) either inhaled or ingested.~

All dose conversionfactors (exceptthose for ‘Be)were
taken from Hoenes and Soldat.Ds The ‘Be dose conver-
sion factors, which were not published by Hoenes and
SoldaLDswere taken from values recommended by the
International Commissionon RadiologicalProtection.m

Table D-III also lists a second set of dose conversion
factors based on the dose (ii mrem) receivedin the fwst
year, rather than the 50-yr dose commitment.
Procedures for calculatingdoses using these two sets of
dose conversion factors are identical. The fwst set gives
total dose incurred cluringthe 50th year followingintak~
the second givesdose receivedin the fwstyear. Dose es-
timates in ~e text are ident.ifkdas to whichtype of dose
they represent.

B. Inhalation Dose

Amual average air concentrations of 3H,‘8Pu, ‘@u,
‘lAnL and total U, determinedby H-8’s air monitoring
network, are corrected for background by subtracting
the average concentrations measured at regional sta-
tions. These net concentrations are then multiplied by
standard breathing ratea for the four agegroups to deter-
mine total annual intake via inhalation, in pCi/yr, for
each radionuclide. Each intake is multiplied by ap-
propriate dose conversion factors to convert intake into
50-yr dose commitments for bone+ liver, total body,

thyroid, kidney, lung, and gastrointestinal (GI) tract.
First year dose is estimated for bone total body, thyroicl
lung, and GI tract. Organs chosen for dose calculations
include those expected to receive the largest dose from
the radionuclides being considered. Parameters used in
the calculations are in Tables D-I, D-II, and D-III. As
noted in Tables D-II and D-III, dose conversionfactors
for 3Hincludean increaseof 1.5over inhalation intake to
account for skin absorption.

This procedure for dose calculation conservatively
assumes that a hypothetical individualis exposed to the
measured air concentration continuously throughout the
entire year (87$5 h). This assumption is made for the
boundary dose, dose to the maximum exposed in-
dividual, and dose to the population livingwithin 80 km
of the site.

Organ doses are determinedat samplingsites for each
radlonuclide. A final calculation estimates the total in-
halation dose to an organ by summing doses to that
organ from each radionuclide.

rJF
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TABLE D-I

PARAMETERS USED IN DOSE ASSESSMENT

Parameter Infant Child

Annual breathingrate (m3/yr)
Food consumption rate

Fish (kg/yr)
Fruits (kg/yr)
Vegetables (kg/yr)
Grain (kg/yr)
Meat and poultry (kg/yr)
Milk (f/yr)
Honey (kg/yr)

1400

Shielding factor for residential structures

—

—

—

—

—

330
—

Occupancy Factor

All lmation~ except where noted in text

Volubilityof inhakd radionuclidea

3H

Total U

236pu

239.240pu

24’AU3

Number of trips, longer than one day=

taken by Laboratory personnel in 1982

3700

6.9
114
281
125
41

330
“3

Teenager

8000

16
139
340
151
65

400
5

Adult

8000

21
114
281
125
110
310

5

0.7

1.0

Soluble

Insoluble

Insoluble

Insoluble

Insolubk

16695

I

110



------ ..
1ABLE U-U

AGE SPECIF3CDOSE CONVERSION FACTORS FOR 5@YR DOSE COMMITMENT

InfantDoseConwrabnFactors
(d50Yr Parpcitnta3ca fnlbatyaar)

Radb-
mlclide Pathway Bone Llvel Total Eo6y -nlYrold Lruw GI-3.W

3H

*r

137Q

TotalU

238~

239~

241A~

3H

%

137C*

Total U

238~

239~

2d1A~

lnhalation~
In8cation

0.0 4.62 X l@7 4.62 X l&7 4.62 X 10_7
0.0 3.08 x 10-7 3.08 x 10-7 3.08 x 10-7

4.62 X l&7
3.08 X IV7

4.62 X 1V7
3.08 x 10-7

4.62 X 1(Y7
3.08 X lCr7

Ingcation 1.85X 1CF2 — 4.71 x 10-3 23IX1O-4— —

Ingestion 5.22 x 1o-1 6.11x104 4.33 x ltrs 0.0 1.64X10-4 1.91x 10-6

Inhalation
Ingestion

5.00 x 1(F 0.0 3.52 X l@3 0.0
4.67 X l&3 0.0 3.56X lti 0.0

1.00 x 10+

9.93 x I@
3.27 X I&l
0.0

3.77 x 10-5
6.08 X I&s

Inhalation
Ingestion

5.02 6.33 X IO-1 1.27x 10-1 0.0
1.34 x 10-3 1.69 X Id 3.40 x 10-5 0.0

4.64 x 10-1
1.21x lti

9.03 x 10-1
0.0

4.69 X I&s
7.57 x 10-~

Inhalation
Ingestion

5.50 6.72 X I(Y1 1.34x 10-1 0.0
1.45x m-3 1.77x 10-t 3.54 x 10-5 0.0

4.95 x 10-1
1.28XI@

8.47 X I&]
0.0

4.28 x 10-5
6.91 x 10-$

Inhalation
hrgcation

1.84 8.44 X l@l 1.31x @ 0.0
1.53x 10-3 7.18 X lti 1.09 x 1o-1 0.0

7.94 x 10-1
6.55 X lti

4.06 x 10-1
0.0

4.78 X l&5

7.70 x 10-5

Churt Doaa Convaraiotllwtora
(mrad50yrprt pCiMakaiaffratycar)

InhalatiorP
Ingestion

0.0 3.(Mx 10-7 3.04 x 10-7 3.04 x 10-7
0.0 203 X I(P7 203 X l&7 2.03 x 10-7

3.04 x 133-7
203 X 10_7

3.04 x 10-7
2.03 Xl&7

3.04 x 10-7
203 X ltY7

1.70 x 104 — 4.31 x lLh3Ingestion 229 X lti

3.27 x lLH 3.13 x ltP 4.62 X l&s 0.0Ingcation 1.02 x 10-t 3.67 X I@s 1.%X 10-6

Inhalation
Ingestion

4.27 x 104 0.0 259 x l&3 0.0
3.42 X 10_3 0.0 207 X 1P 0.0

7.00 x 10-3
5.60 x 10-t

1.63 X WI
0.0

3.74 x lVS
6.03 Xl@

Inhalation

-

4.74 6.05 X 1~1 1.21x 10-1 0.0
1.25 x 10-3 1.56 X ld 3.16 X l&5 0.0

4.47 x lV1
1.15x 10-t

6.08 X l&]
0.0

4.65 X 10_5
7.50 x Irs

hrbalatbn
hrgeatial

5.24 6.44 X ml 1.28x 10-1 0.0
1.36 X 1&3 1.65 X Id 3.31 x l@ 0.0

4.78 X m-l

1.22 x 1(P
5.72 X 10_l
0.0

4.24 X 10_5
6.85 x l&5

1.74 7.85 X lrl 1.24x 10-1 0.0 7.63 X 1~1

6.03 X 1(F4
202 x 10-1
0.0

4.73 x 10-s
7.64 x lr51.43 x m-3 6.40 X lb 1.02x 10-1 0.0

..
%clurkamhcrcascof50% toacc0u0t forskinabao@m.
whtrointaatinal-LOwer largainteath
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1
I

I
I
I
I
i
I
I
I
I
I
I
I
I
I
I
I
I

D-II (Cent)

Tan Dtme CwwerdaI FauorI

(mMnwoYrp erpcib510f nRr2tY0ar)

ndide Puhw8y Bone Lhfer Tad Bo6y T&0&5

1.59x 10-7 1.59x 10-7 1.s9 x 10-7
1.06 x 10-7 1.06x 10-7 1.06x 10-7

0.0
0.0

1.59x 10-7
1.06 x 10-7

1.59x 10-7
LO6X1O-7

1.59x 10-7
1.06 x 10-7

8.30x 10-3 205 X l@3 233 XI@—.

In,sesdon lo12xlti 1.49x I&f 5.19X l@ - 5.07 x 10-5 1,97x 1(H 212X I@

Inhalation
Insesion

1.42X 104
1.14x 10-3

0,0 8.66 x 10-4
0.0 6.93 Xl@ —

3.33 x 10-3
267 XI@

8.43 X 104 3.85 X l@5
6.21 X MY5

Inhalation
In&3tIon

286
7.21 x 10-1

4.06 x NH 7.22 x 10-2
1.02x 10-4 1.82X l~s -,

3.IOX 10-1
7.80 x 10-~

3.12 X I&t
—

4.79 x 10-s
7.73 x 11Y5

4.50X 10-1 8.05 X l&2
1.12X 10-4 201 x 10-5Ingestion

3.31
8.27 X lb

3.44 x 10-1
8.57 X l@5

293 x 10-1 4.37 x l&5
7.06 x NP

Inh211don
Ingation

1.06
8.62 XI@

4.07 x 10-1 7.10 xl@
3.29 x Id 5.75 x lrs

-5.32 X llY1

4.31 x 10-4
1.05 x 10-1 4.88 X 1(F5

7.87 X 1(F5

A&5t DoacCamrakMFut0rs

(mrd50yrper pCiintakein first yaar)

Inhdatio#
Ingestion

0.0
0.0

1.58X 1@7
1.05 x lcr7

1.58X 1&7

1.05 x 10-7
1,58X 1&7

1.05x l&7

1.74x 10-5.

—

—

-. -

—

—
—-

1.58X 10_7
1.05 x 10-7

1.58X 1@7
1.05x 10-7

1.58X MY7
1.05x 10-7

Ingestion 5.7 x Im9 6.9 X IN 3.4 x 10-9 6.9X 1V9 1.OX10+

Ingestion 1.74x 10-5 L74 x 10-5 1.74 x 10-5 1.74 x 10-5

1.36 XI@

1.74x 10-5 1.74x 10-5

Ingc32ion 0.0 4.57 x 10-6 8.72X l&7 1.40 x l&5

Iwxtion 0.0 1.75x 10-7 291 X 10_7 4.44 x 10-6

7.58 X 1V3 1.86x 10-3 219xl@— — —

6.22 X l&5 1.48x K# 1.21x 10-4 4.79x 10-5 1.59xl@

1.23x 10-5

4.90 x 10-2
—

259 x I@

Ingestion 7.97 x 10-$ 1.09x 10-4 7.14 x 10-5 3.70 x 10-5 211xlti

Inhalation
Ingestion

9.93 x 10-3
8.01 X lti

0.0
0.0

233 x 10-3
1.87x 10-4

3.63 X l&5
5.86 x 10-s

274
6.80 X 1P

3.87 X Ilk]

9.58 X l&5
630 x 1(P

1.71x 10-5
296x l@
7.32 X l&S

1.82X l@l
—

4.52 X l@5

7.30 x 10-5

4.13 x 10-5
6.66 X l~s

Inhalation
lngc33ion

Inhalation

3.19
7.87 x lti

4.31 x 10-1
1.06x Id

7.75 x 10-2
1.91x Ws

3.30 x 10-1
8.11 X 1&5

1.72 X l(T1

6.06 X l&2 4.60 x l@
7.42 X l~s

1.01 3.59 x 10-1 6.71 x l&2 5.04 x lrl
4.07 x 10-4In&3dOn 8.19 X lti 2.88x KH 5.41 x l@5

%dtxiesanincru3cof50%@~ for&in akr@on.
Wstroinwinalqower large intc32in&
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I C. Ingestion Dose

Results from foodatti samplin&described in Section
IV.A.5,are used to calculatedoses to the same organs as
considered for the inhalation dose. The procedure is
similar to that used in the previous section. The
radionuclide concentration in a particular foodstuff is
multiplied by the annual consumption rateD2to obtain
total annual intake of that radionuclide.Multiplicationof
the annual intake by the radionuclide’singestion dose
conversion factor for a particular organ gives the es-
timated 50-yr dose commitment and fist year dose to
the organ. Consumption rates and dose conversion fac-
tors used in the calculationsare in Tables D-I, D-II, and
D-III.

Doses are evaluated for ingestion of 3H, %, 137C%
total U, ‘*W and ‘9Pu in fruits and vegetables;3H,‘B%
‘N% ‘Mu “co, $sRb, ~3’C* ~7C~ and total U in
honey; and ‘Sr, 137CStotal U, ‘g~ and ‘9Pu in Esh.

Consumption rates in Tabk D-I correspond to values
recommendedby the Nuclear Regulatory CommissionD*
for calculation of dose to the maximum exposed in-
dividual.The singleexceptionis the honey consumption
rat% which, since it has no recommended value, was
based on professionaljudgment.

D. External Radiation

Nuclear reactions with air in the target areas at the
Los Alamos Meson Physics Facility (LAMPF, TA-53)
cause the air activation products ‘lC, ‘N, and lsO to be
formed.These isotopes are all positron emittersand have
20.4-min, l(l+nin, and 122-sec half-liv~ respectively.
Neutron reactions with air at the Omega West Reactor
(TA-2) and the LAMPF form 4’Ar (1.8 h half-life).

The radioisotopes **C, 13N, ~d 1sO m SOWCeS Of

gamma radiation that are due to formationof two 0.51I-
MeV photons through positron-electron annihilation.
The 4*Aremits a 1.29 MeV gamma with a 99% yield.

External radiation doses are monitored with H-8’s
thermoluminescentdosimeter network. Measured doses,
considered as whole body doses in this repo% are in
Table E-11.Background estimates at each sitq based on
historical dat%considerationof possible nonbackground
contributions, and if Possibl$ values measured at loca-
tions of similar geology and topography, are then
subtracted from each measured value. This net dose is
assumed to represent the dose due to Laboratory

activities that an individual would receive if he or she
were to spend 100% of his or her time during an entire
year at the monitoring location.

Boundary and maximum individual doses from 41Ar
releases from the Omega West Reactor (TA-2) are
estimated using standard meteorological models and
measured stack reJease.sD8(see Table E-I). Procedures
used in making the calculations are described in the
followingsection.

At onsite locations at which above background doses
were measura but at which public access is Iimi@
doses baaed on a more realisticestimateof exposuretime
are also presented. Assumptions used in these estimates
are in the text.

E. Population Dose

Calculation of whole body population dose estimates
(in person-rem)are based on measureddata to the extent
possible. For background radiation, average measured
background doses for Los Alamo& White Rock, and
regional stations are multipliedby the appropriate pop-
ulation number. Tritium average doses are calculated
from average measured concentrations in Los Alamos
and White Rock above background (as measured by
regional stations).

These doses are multipliedby population data incor-
porating results of the 1980censu%which is summarized
in Table D-IV. The population data has been slightly
modified to account for population changes between
1980 and 1982. The modification is based on an ex-
trapolation of the 19701980 growth rates.

Radionucli&s emitted by Los Alamos Meson Physics
Facility an~ to a lesser exten~ by the Omega West
Reactor contribute over 95% of the population dose.

For 41Ar,‘*C, 13N,and lsO, atmospheric dispersion
models are used to calculate an average dose to in-
dividuals living in the area in question. The air con-
centration of the isotope [~r,O)]at a location(r,O)due to
its emission from a particular source is found using the
annual average meteorologicaldiapersioncoefl’icient[z-
(r,tl)/Q] (based on Oaussian plume dispersion models)
and the source term Q. Source teru obtained by stack
meaaurement$ are in Table E-L

Dispersion factors for the LAMPF and Omega W&t
Reactor are given in Table D-V. The dispersion factors
werecalculated from 1982 meteorologicaldata collected
near LAMPF during the actual time periods when
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TABLE D-IV

ESTIMATES OF NUMBER OF PEOPLE LIVING WITHIN 80 km OF LABORATORY

A, Cities and towns included in preliminary census resuhs~

Town

Alcal&
Bemaliio
Chama
Chimayo
Cochiti Pueblo
Cuba
Espaiiola
Jemez Pueblo
Jemez Springs
Los Alamos
Nambe Pueblo
Pecos
Ranchos de Taos

No. of
People Town

432
3 310
1 136
2688

804
666

7487
1 542

312
11 179
1 124

970
1 500

San FelipePueblo
San IldefonsoPueblo
San Juan Pueblo
San Ysidro
Sandia Pueblo
Santa Ana Pueblo
Santa Clara Pueblo
Santa Fe
Santo DomingoPueblo
Tesuque Pueblo
Teauque
WhiteRock
Zia Pueblo

No. of
People

1 534
1492
4291

203
239
395

7320
50804

2 187
362

1 036
6980

517

Total 110510

B. Estimate of number of people not included in 1980 census results. 14558

C. Estimate of total number of people living within 80 km of Laboratory. 125068

.

‘1980 census counts. Source: US Bureau of the Census.

radionuclides were being released from the stacks. The
~/Q includes the reduction of the ~ur~ ~rm due to
radioactive decay.

The gamma dose rate in a semi-iimite cloud at time L
y, (r,8,t~ can be represented by the equationD8

y.(r,tl,t) = 0.25’~ ~r,(l,t)

where

y~(r$o,t) = gamma dose rate (rad/see) at time L at a
distance r, and angle (3,

~ = average gamma energy per decay (MeV) (1.02
MeV for position emitters and 1.29 MeV for
41Ar),and

x(r,tl,t)= plume concentration in Ci/m3 at time L at a
distance r, and angle e.

The annual dose is calculated from the dose rate and
then multiplied by the appropriate population f~e to
give the estimated population dose.

Background radiation doses due to airline travel are
based on the number of trips taken by Laboratory per-
somel. It was assumed that 85% of these trips were
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TAELE D-V

DISPERSION FACTOR ~Q) USED FOR POPULATION DOSE ESTIMATES”

source
Half-Life

Location Radionuelkle (rein)

TA-2
TA-2
TA-2
TA-2
TA-53

TA-53

TA-53

Boundary 41A

Maximumindividual 41~

Los Alamos 41A

White Rock 41*

Eoundary
ls~

13N

Ilc

41Ar

Los Alamos
1s0

13N

Iqj

41~

Whke Rock 1so
13N

11(-J

41&

81ncludescorrection for radioactive decay.

taken by Laboratory personnel residing in Los Alamos
County and that non-Laboratory travel was 10%of the
Latwratory trips. Average air time at altitude for each
trip was estimated to be 4.5 h, where the average dose
rate is 0.22 mrem/h.D9
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APPENDIX E

ENVIRONMENTAL DATA TABLE8

TABLE EI

RADIOACTIVE EFFLtJENT

238~

23%

Qlci)

-.

74
-.
—
—
16
-.

1.3

235u

Z3yJ MIT’
(yci)

1311

@

A

785

41A

(cl)

342
—

—

—

—
—
—

—

32p

(pci)

—.

—

3H

(Ci)

Wh4AP
(Ciy

P/vAP
(CiyLocation

TA-2
TA-3
TA-9
TA-15
TA-18
TA-21
TA-33
TA-35
TA-41
TA-43
TA-46
TA-48
TA-50
TA-53
TA-54
TA-55

——

@ci)

—

.-

—

—

—

(pci)

—

321 76 1938 —

—

—
— . .

—

—
.-

—

—

-.

..—

—.

—. —

—.. .-.
— —

4.8

—
—

—
0.035 1043 0.44 169

13 6($I—

—

—

—

—

—

—

—
—

—

—

— — —.

—

-.
130.- —

1.4
-.

9.9
6.5

—
0.020
2.6

2.0
7.3

-. . — — —

—

—

—

1094 “ -. — — —

14 -. — — —

251 0000.07 182—. —. — -

.- — — — —
—19-. — .-

“Mixedf~sion products
bG/MAP = Gaseous Miied Activation Products. Main contaminants are llC, *3N,and lsO.The half-lives
of **C,13N,and 150 range from about 2 to 20 minutes, so these nuclides decay rapidly.
cP/VAP = Particulate or Vapor ActivationProducR Thirty-fivenucIidesweremonitored.Main contami-
n~ts Ue 195Hgfor vapor and 192Aufor particulate

Note: ---means no dischargeof that fadionuclide at that location.
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TABLE E-III

LOCATIONS OF AIR SAMPLING STATIONS

Latitude
or

Station N-S Coord

Regional (24L44km)

1. Eapaiiola 3(jo()()f

2. Pojoaque 3jt0521

3. Santa Fe 35“40’

Perimeter (O-4km)

4. Barranca School
5. Arkansas Avenue
6. Cumbres School
7. 48th Street
8. LA A~rt
9. Bayo STP

10. Gulf Station
11. Royal Crest
12. White Rock
13. Pajarito Acres
14. Bandelier

Onsite

15. TA-21
16. TA-6
17. TA-53 (LAMPF)
18. Well PM-1
19. TA-52
20. TA-16
21. Booster P-2
22. TA-54
23. TA-49
24. TA-33
25. TA-39

N180
N170
N150
N11O
N11O
N120
N090
N080
S080
S21O
S280

N095
N025
N070
N030
N020
S035
S030
S080
S165
S245
S190

Longitude
or

E-W Coord

.
106006’
106°02’
106°56’

E130
E030

Wolo
E170
E250
E120
E080
E420
E380
E200

E140
EQ30
E090
E305
E155
W025
E220
E290
E085
E225
E230
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TABLE E-IV

REGIONAL AVERAGE BACKGROUND ATMOSPHERIC
RADIOACTIVITY CONCENTRATIONS

Radioactive EPA” Laboratory Uncontrolled Area
constituent units 1981 1982 Coneentratiun Guide

Gross alpha
Gross beta
241/qm

238pu

239pu

3H

u
u

10-15~cihd
I(F5 ~Ci/m#
10-18Jlci/rrLe
10_18~Ci/mJ
10-18yci/d
10-12pCi/ml
10-18pci/nl.l
pg/m3

Not reported
15 + 18

Not reported
2.4 + 4.0
23+31
Not reported
44&38
133 +49

1.6 * 0.3
25*2

0.7 * 3.0
-0.6 + 0.6

23+ 1.6
11*4
20+11
61 +34

6 X101
3xl&
2 x 1011
7xld
6xl&
2X1($
2X104
6xl&

— .

WS EnvironmentalProtection Agency,“Environmental Radiation Da@” Report 25-26 (October 1981)
and “Environmental Radiation Da@” Report 27 (December 1981). Data are from the Santa Fe, New
Mexico sampling location and were taken from October 1980 through August 1981.
bData annual averages are from the regional stations (l%paiiol&Pojoaque+Santa Fe) and were taken
during calendar year 1982.
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TASLE E-VI

ANNUALATMOSPHERICTRITIATEDWATERVAPOR CONCENTRATIONS

Total Numbw Nombar
Conmmkm-pcvd (l@2 Ilcihnl)

Ak of d Mean
VolmI@ Monthly Sanq)lw

stetioo LodLlo _ CnLb M@ Mid Mu#(m~ %:@— —

R@on81 Stadona (28-44 km)—wmaldld A1’eaa

1. Espaiioh 78 12 3 38• 12 0.5 + 0.6 8.9 + 6.5 0.004
2 Pojoaque 78 12 0 33* 10 1.7 * 0.8 11*6 0.005
3. Santa Fe 78 12 1 45* 14 1.7 k 20 12+7 0.006—— .

Regional Oroup Summary 234 36 4 45* 14 0.S k 0.6 11*4 O.ms

Pedmuer Stukm 0-4 km)—hwntdkd Altu

4. Barmnca 8chool
5. ArkMSM Ave
6. Cumbm school
7. 48th Street
8. LA Airport
9. Bayo STP

10. Gulf StatiOn
11. Royal Crest
12 White Rock
13. Pqjdto Acra
14. BM6dkr

Pwimctcr G’OIlp Slmlmafy

onsitestdom-contrdkl Areu

78
78
78
78
78
18
18
78
78
78
78

858

12
12
12
12
12
12
12
12
12
12
12

132

15. TA-21
16. TA-6
17. TA-53 (LAMPF)
18. Well PM-I
19. TA-52
20. TA-16
21. Boo2tcr P-2

22 TA-54
23. TA-49
24. TA-33
25. TA-39

0n2itcol’oupsummmy

78
78
78
78
78
78
78
78
78
78
78

858

12
12
12
12
12
12
12
12
12
12
12

132

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
1
0
0
0
0

1

33& 10
25A8
25k8
39 i 10
69*22

130*40
14*4
21+6
93*3Q

330 * 100
109+34

330 * 100

77*24
21*8
13*4
93*3O
4s * 14
28*8
38 k 12
45* 14
23*8

280*80
690*220

690k220

1.1 A 0.8
1.6 k 0.2
26+ 1.4
2.8 + 1.0
3.4 * 1.4
3.8 k 1.8
4.6 A 1.6
2.3 * 0.8
23 k 0.8
21 k 0.8
2.3 * 1.2

1.1 k 0.8

3.1 ● 1.2
4.4 * 1.6
3.0 * 1.2
29* LO
1.9 ● Lo
1.8 k 1.4
1.3 k 1.4
3.0 * 1.4
1.6 k LO
1.5 * Lo
3.6 + 1.4

14*6
12+4
10*4
10*5
19* 13
26 k 21
8.7 ● 1.5
12A4
24*19
65* 62
31*2O

21+7

16+ 12
11*3

7.3 * 1.9
26+ 17
25*9
10*6
13+6
23*8

6.9 + 3.8
88& 52

149 * 140

o.Lm7
0.006
0.005
o.m5
0.009
0.013
0.W4
O.(X)6
0.012
0.033
0.016

0.011 “-” “ ““”

0.0003
0.0002
0.0001
o.m5
0.00(35
0.0002
O.m
0.0005
O.owl
0.0018
O.ww

1.3 * 1.4 34*15 0.W07

Uir volums (m2) 8t mwaga 8mk4cntOOOdkbm0f77kPa bmOmurk predmretn615”c.
bMblilnum6etdabk Hm&= 1 x l&12 ~Ci/mL
‘Wnartahk arei2~dcviati00a (aee~B.2).
QmXrOllcd Afa COlwentmtbn Oukk -5 x lti #cr/ndo
wwntdk6Afca c0wwrUbn01dd0=2x lo-711ci/nd.
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TABLE E-VI13

ANNUAL ATMOSPHERICURANIUM CONCENTRATIONS

(~ in pg/m3)

Total Nwdwr
Atr of

Vdtm# -y
stath LOOatkn (my Sampka——

Baa.
<MDLb

Maan

%:(3halfM& MM . .

- ~ (= Ion)-unlmntfdkd Areas

L Eqmiida 93024 4
2 PojOaque 73816 4
3. Santa Fe 88989 4—.

Regional Group Summary 255829 12

1
1
0

77A 16
230 k 46

55*I1—.
230 ●46

5.7 *25
13 k 3.6
25* 5.7

5.7 *25

50*31
98k94

0.0C4)8
0.CM)16
0.0006—
O.mlo

37* 13 . .
2 61*34

Pedmeur fkarhw (o-4 km)—unOOdrOw k

4. Barranca
5. Arkansas Ave
6. Cumbrcs Sdwl
1. 48th Street
8. LA Akpmt
9. Bayo STP

10. Gulf Station
11. Royal Cm
12 white Rock
13. P@aritO A-
14. Banddkr

90923
83744
80626
83566
93687
83388
88263
84257
84890
72821
64818

4
4
4
4
4
4
4
4
4
4
4

0
0
0
1
1
0
3
3
0
0
1

57* 12
91 ● w
28* 6.4
53* II

240 *49
65 ~ 14
36 k 7.8
29 k 6.5

130 A 26
77A 16
36* 7.9

240 &49

29 k 6.5
21 + 4.8
21*5.O
11*3.2
11 *3.1
28A 6.3
2.6k25
4.8 k 27
28+ 6.4
37 k 8.2
19+. 4.8

26 k 2.5

47* 13
44k33
25A 3.6
33* 17

112* 100
45 i 16
14 * 16
15 & 10
63*44
56*22
28 ~ 8.8

44*13

0.0008 .
0.0007 “
O.m
0.0W5
0.0018
0.0W7

.O.01M2 ‘. “.
0.01X33
0.0011
o.oc09

P“cnmctw Group Summary 910983 44 9 0.0W7

ondta8tatkma-contdd Arw

15. TA-21
16. TA-6
17. TA-53 (LAMPF)
18. Well PM-1
19. TA-52
20. TA-16
21. Boosts P-2
22 TA-54
23. TA-49
24. TA-33
25. TA-39

83370
82763
84524
84434
85 137
87990
82779
92659
94814
94814

4 0
4 1
4 0
4 0
4 2
4 2“
4 0
4 0
4 0
4 0
4 0— —.

44 5

130 +27
16 k 9.8
74* 15
65• 13
71* 15
37* 7.9
63* 13

I1O*23
56 i 12
49 *.1O

100*Z?

59* 12
12* 3.3
27* 6.1
35& 7.5
13 i 3.6

7.8 k 26
32+7.1
67 i 14
35* 7.5
25+ S.6
24* 5.6—.
7.8 k 26

94:31
31 * 15
53 &.22
51 * 13
42+ 33
23*15
49* 13
86*22
48+ 9.0
37 k 13
54*35

52A 8.4

, 0.00005
0.0W02
“o.olMo3
o.m3
0.0W02
O.00001
o.w03
O.ms
o.cmoo3
o.m2

86005 o.m3

Onsitc Oroup Summary 954989 o.m3

. .
●Air vdumcs (m3) at average ambknt condkiona of 77 kpa baromctrk pmmure and 150(2
lJMinimUm6et@abk limit = 1 pg/m3.
Wwertaintks A2 sampk atandad &viatbm (8ee Appnndk B.2).
~ontrdkd Area Conccatration Gukk .1.8 x ld 3@m3.
ulwOntrdkd Araa Cmm%ahth Gdde -6 x Id pg/m3.

Note: titi&n_dwkqtiK@~@&nti~Hq~~
Can bCCOnVCrCCdtOtbe DOEuurardUM qdalcurie” byuain8the factor 3.3x 10_i3 BCi/p8.
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TABLE E-X

LOCATIONS OF SURFACE AND GROUND

Station

Latitude
or

N-S
coordinate

WATER STATIONS

Longitude
or

E-W
coordinate

Regimal SurfaceWater
Rio Chama at Chamita
Rio Grande at Embudo
Rio Grande at Otowi
Rio Grande at Cditi
Rio Grande at Bernalillo
Jemez River

36°05’
36°12’
35°52’
35037’
35017’
3504W

Perimter stations
Los Alamos Reservoir N105°
Guaje Canyon N300
Frijoles S280
La Mesita Spring N080
Sacred Spring N170
Indian Spring N140

White Rock Canyon
Group I
Sandia spring
spring 3
Spring 3A
spring 3AA
spring 4
Spring 4A
spring 5
spring 5AA
Ancho Spring

S030
Silo
S120
S140
S170
S150
S220
S240
S280

Group II
Spring 5A S230
Spr@ 6 S300
spring 6A S31O
Spring 7 S330
Spring 8 S335

106007’
105°58’
106°08’
106019
106°36’
106°44’

W090
E1OO
E180
E550
E540
E530

E470
E450
E445

E11O
E395
E390
E360
E305

E390
E330
E310
E295
E285

Map
Dedgnatid

—
—
—
—
—
—.

7
8
9

10
11
12

13
14
15
16
17
18
19
20
21

22
23
24
25
26

Typeb

Sw
Sw
Sw
Sw
Sw
Sw

Sw
Sw
Sw
GWD
GWD
GWD

SWR
SWR
SWR
SWR
SWR
SWR
SWR
SWR
SWR

SWR
SWR
SWR
SWR
SWR

‘Regional Surface Water sampling locations m Fig. 9, Perimeter, White Rock CanyoU onsit~ and
EffluentRdease Area samplhg locations in Fig. 13.
%W = surface water, GWD = deep or main aquifer, GWS = shallow or alluvial aquifer,SWR = spring at
White Rock CanyoU and D = water supply distribution system.
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TABLE E-X (cent)

spring 8A
spring9
Spring 9A
Doe Spring
spring 10

White Rock Canyon Stationa
Group III

spMg 1
Spring 2

Group IV
Spring 3B

Streama
Pajarito
Ancho
Frijoles

Sanitary EfIluent
Mortandad

Onsite
Teat Well 1
Teat Well 2
Test Well 3
Teat Well DT-5A
Teat Well 8
Teat Well DT-9
Teat Well DT-10
.Caiiada del Buey
Pajarito
Water Canyon at Beta

Effluent Release Areaa
Acid-PuebloCanyon

Acid Weir
Pueblo 1
Pueblo 2
Pueblo 3

Latitude

N:S
Co@inate Coordinate

S315
S270
S325
S320
S370

N040
N015

S150

S180
S295
S365

S070

N070
“N120
N080
Silo
N035
S155
S120
NO1O
S060

N125
N130
N120
N085

E280
E270
E265
E250
E230

E520
E505

E465

E410
E340
E235

E480

E345
E150
E215

E170
E140
E125
E150
,E215

E070
E080
E155
E315

Map
Deaignatid Typeb

27
28
29
30
31

32
33

34

35
36
37

38

39
40
41
42
43
44
45
46
47
48

49
50
51
52

SWR
SWR
SWR
SWR
SWR

SWR
SWR

SWR

SWR
SWR
SWR

SWR

GWD
GWD
GWD
GWD
GWD
GWD
GWD
Sw
Sw
Sw

Sw
Sw
Sw
Sw



TABLE E-X (cent)

... . .. .

Hamilton Bend Springs
Teat Well 1A
Teat WelI 2A
Baaalt Spring

DP-Loa Ahmoa canyon
DPS-1
DPS-4
LAO-C
LAO-1
LAO-2
LAO-3
LAO-4
LAO-4.5

Sandia canyon
Scs-1
SCS-2
SCS-3

Mortandad Canyon
GS-1
MC()-3
MCO-4
MCO-5
MCO-6
MCO-7
MCO-7.5
MC(3-8

Water Supply and Distribution
La Alamos Well Field

Well LA-lB
well LA-2
well LA-3
Well LA+
well LA-5
Well LA-6

N-4
coordinate

N11O
N070
N120
N065

N090
N080
N085
N080
N080
N080
N070
N065

N080
N060
N050

N040
N040
N035
N030
N030
N025
N030

N115
N125
N130
N070
N076
N105

Longmae

Eaw
Coordinate Dcshmadoxf Tmeb

E250
E335
E140
E395

E160
E200
E070
E120
E21O
E220
E245
E270

E040
E140
E185

E1OO
E11O
E150
E160
E175
E180
E190

E530
E505
E490
E405
E435
E465

53
54
55
56

57
58
59
60
61
62
63
64

65
66
67

68
69
70
71
72
73
74

76
77
78
79
80
81

-

s
GWS
GWS
s

Sw
Sw
GWS
GWS
GWS
GWS
GWS
GWS

Sw
Sw
Sw

Sw
GWS
GWS
GWS
GWS
GWS
GWS

GWD
GWD
GWD
GWD
GWD
GWD
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I
TABLE E-X (eont)

I

Guaje Well Field
Well G-1
Well G-1A
Well G-2
Well G-3
Well G-4
Well G-5
Well G-6

Pqjarito Well Field
Well PM-1
Well PM-2
Wel PM-3
Wel PM-4
Well PM-5
Water Canyon Gallery
F~e Station 1
Fue Station 2
Fire Station 3
Fue Station 4
Fwe Station 5
BandelierNational Monument Headquarters
Fenton Hfl (TA-57)

N-S E-w Map
Coordinate Coordinate Dedgnatkm’ Typeb I

N190
N197
N205
N215
N213
N228
N215

N030
S055
N040
S030
N015
S040
N080
N1OO
S085
N185
solo
S270
35”53’

E385
E380
E365
E350
E315
E295
E270

E305
E202
E255
E205
E155
W125
E015
E120
E375
E070
W065
E190
106”40

82
83
84
85
86
87
88

89
90
91
92
93
94
95
96
97
98
99

100
101

GWD
GWD
GWD
GWD
GWD
GWD
GWD

GWD
GWD
GWD
GWD
GWD
GWD
D
D
D
D
D
D
D

I
I
I
I
I
I
I
I
I
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RADIOCmCM AND CHEMICAL QUA3.ITY OF SURFACE AND GROUND
WATEM FROM WHITE ROCK CANYON, OCTOBER 1982

137~

(lo-9 pcvd)

15*6O
79*114

-36 i %
54*lal
13& 32

-m*so
-10 *32
-39 *53

23*43

-5 *31
O*21
6&46

-10 &44
11*24
8*14

-10 i 24
“20i38
-42 * 36

14*22
26*52

31A78

8*38
46*6O
-9 *53

31 &52

25
-42 +36

79*114
8

57

(W&d)

-0.1 * 0,4
-0.1 * 0,4
-4.1*O.4

0.0 k 0.4
0.0 * 0.4
0.2 & 0.4
0.2 * 0.4
0.4 * 0.4
0.6 * 0.4

0.3 * 0.4
0.1 * 0.4
0.2 * 0.4
0.1 * 0,4
0.2 * 0.4
0.0 k 0.4
0.2 * 0.4
0.2 ● 0.4
0.4 ● 0.4

-0.2 * 0.4
0.0 ● 0.4

0.8 * 0.4

0.5 ● 0.4
0.5 * 0.4
0.3 * 0.4

0.7 k 0.4

25
4.2 * 0.4

0.8 + 0.8
0.2
0.5

23a~

(K@Uc!ihd)
Tad U
(@)

0.8 & 0.8 .
28* 0.8
0,8 & 0.8
L4 k 0.8
0.9 * 0.8
0.9 A 0.8
ao k 0.8
0.6 & 0.8
0.0 & 0.8

L~ & 0.8
0.0 * 0.8
0.0 d 0.8
1.6 k 0.8
0.9 k 0.8
0.8 & 0.8
O.O”&0.8
0.0 & 0.8
0.0• 0.8

2.7 k 0.8
5.6 k L2

20• 4.0

a9 * 0.8
0.0 k 0.8
0.0 k 0.8

L4 k 0.8

23
0.0 & 0.8
20* 4.0

L7
8.0

1982
Date

Oroop x
Saa6i9 Slxiog
sprhg3
Spring 3A
Spdllg 3AA
Spilig 4
Sprhg 4A
spring 5
spring SAA
Adw Spiiog

9-27
9-27
9-27
9-27
9-27
9-27
9-27
9-27
9-27

0.020 * 0.060
0.020 * 0.120
0.020 +.0.040

-O.(X)7 * 0.036
0.010 + 0.040
0.010 ● 0.30

4M06 * 0,016
0.006 k 0.02s

-0.007 i 0.028

0.010 * 0.060
0.020 * 0.140

-0.014 ● 0.036
0.030 * 0.040

-0.013 & 0.032
0.005 * 0.032

-0.006 * 0.038
0.023 & 0.034

-0.021 i 0.038

0.3 & 1.4
1.3 * 1.4
0.0 & Lo
0.1 & 1.2
0.0 * 1.2
1.8 d 1.6
0.2 ● 1.2
0.3 k 1.4

-0.2 * 1.2

0.8 k 1.6
0.0 * Lo

-0.1 ● Lo
0.6 k 1.2
3.7 * 2.2
0.2 * Lo
6.8 k 3.2

-0.3 * 1.0
0.2 * 1.0

0.8 & 1.4
3.9 * 2.8

14* 8.0

5.2 & 2.8
-0.5 ● Lo
-0.1 * 1.0

2.3 + 3.2

25
4.5 * 1.0

14+ 8.0
Z8
9.8

3.2 & 1.8
4.6 h 1.8
3.4 & 1.6
3.9 & 1.8
3.9 ● 1.8
32• 6.0.
1.4 & 1.6
4.9 * 2.0
4.3 k 1.8

4.6 k 1.8
3.7 * 1.6
1.9 * 1.4
1.1 * 1.4
5.8 k 2.0
27* 1.6
5.3 * 2.0
1.8 & 1.6
1.5 * 1.4

4.2 k 1.8
3.4 k 1.8

14+ 3.6

7.9 * 2.4
3.4 + 1.6
3.3 + 1.6

m & 4.0

25.
1.1 k 1.4
32& 6.0
5.9

13.6

Oroup n
Spring 5A
SPrhS6
Spling 6A
spring 7
Sprhg 8A
Spling 9
S@ig 9A
Doe Spring

spring 10

9-27
9-28
9-28
9-28
9-28
9-28
9-28
9-28
9-29

0.006 * 0.022
0.012 ● 0.032

-0.W8 * 0.000
0JM5 A 0.016
0.011 * 0.030
0.008 A 0.030
0.020 ● 0.040

-0.007 * 0.022
0.023 k 0.038

0.C06 * 0.028
o.m6 * 0.034
0.020 & 0.040

4015 & 0.024
0.016 * 0.034

-0.020 ● 0.040
-0.030 * 0.040
-0.013 ● 0.015
-0.010 ● 0.060

Oroup m
spring 1
spring 2

9-27
9-27

-0.006 * 0.012
-0.005 * 0.010

4.010 * 0.040
-0.010 + 0.024

Ofoaplv
Spthg 3B 9-27 0.005 * 0.016 0.005 ● 0.026

P@itO
Al?cbo
Frijoh

9-27
9-28
9-29

0.006 * 0.020
0.034 * 0.036
0.017 * 0.030

-0.012 + 0.032
0.030 * 0.020
O.w & 0.022

Saailay Efnualt
Mmtmdd 9-27 O.m * 0.020 0.005 ● 0.024

No. of Adysw
Minimum
Maximum
Average
28

25
+.W8 + 0.000

0.034 & 0.036
0.008
0.023

25
-0.030 & 0.040

0.030* 0.040
0.000
0.033
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St8tJon

Orolp[
Sandiaspring

Sping 3
Spting 3A
spring 3AA
spring 4
Spring4A
Splills 5
spring SAA
AnclKIspring

Oroupn
Spring5A
spring 6
spring 6A
spdng7
spring 8A
spring 9
Spring9A
Dlxspdng
spring 10

Oroup 111
Spaing 1
spring 2

Oroup Iv
Spring 3B

Pajuito
Alwbo
Frijolca

Smitmy Eftlwnt

No. OfhdySC#
Minimum
Mwdmum
Avaoge
28

TABLE E-XIII (coot)

(Cmmntrdm h Illg/1)

w—

45
45
49
41
51
66
64
58
73

54
71
73
73
75
71
71
71
66

30
36

45

66
68
56

83

25
30
83
60
28

34
20
20
18
22
22
20
37
16

30
19
11
17
14
12
11
16
12

22
2a

24

22
17
10

35

25
10
37
20
15

>

3.1
1.7
1.8
0.3
4.4
4.8
4.8
6.9
3.9

3.1
3.9
2.9
3.8
3.0
3.1
3.2
3.6
3.2

L5
1.6

21

4.6
3.7
3.3

7.9

25
0.3
7.9
3.4
3.3

K Na

3.0
3.0
3.0
3.1
28
22
20
3.0
2.3

3.2
21
21
27
22
L6
1.5
1.6
1.7

2.2
1.9

4.9

26
21
20

15

25
1.s

15
3.0
5.2

16
15
15
17
13
12
12
15
10

24
12
10
18
12
11
10
11
11

31
72

125

13
10
8

90

25
8

125
24
57

C% HCQ P04 S04
—— —.

o

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
0

0
0

0

0
6
0

0

2s
o
6
0
2

165
104
104
101
93

106
112
187
94

160
107
69

120
80
83
79
%
82

152
273

428

116
89
62

279

25
62

428
134
166

<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1

<0.1
<o. I
<0.1
<0.1
<0.1
<Q.1
<0.1
<0.1
<0.1

<0.1
<0.1

<0.1

<0.1
<a i

0.1

44

25
<0.1
44

1.9
17.6

5
4
5
4

10
5
4
4
2

8
3
4
8
2
2
2
2
3

7
11

17

5
3
4

33

25
2

33
6

13

cl—

4
3
3
3
6
6
5
5
2

5
3
2
3
2
2
2
2
2

3
6

4

5
3
3

47

25
2

47
5

18

F N03 TDS—— .

0.6 <0.1 178
0.4 1.5 143
0.4 1.4 148
0.4 as 134
0.4 3.4 182
0.5 3.1 182
0.4 0.5 182
0.4 0.2 189
0.4 1.9 137

0.4 Lo 174
0.4 <al 151
0.3 1.3 128
0.4 0.4 168
0.4 a2 142
a4 a4 134
0.4 . 1.2 115
0.5 Lo 138
0.4 0.9 131

0.6 20 143
1.3 2.1 266

0.6 7.5 400

0.4 5.4 166
0.4 L4 H.6
0.2 24 115

1.1 34 @

25 25 25
0.2 <0.1 115
1.3 34 460
0.5 3.0 177
0.5 13.4 166

Hud pH——

98
58
57
46
74
71
72

117
55

88
65
36
63
44
39
38
50
41

61
77

64

76
55
39

125

25
36

125
64
47

7.8
8.2
8.1
7.4
7.4
7.7
8.1
7.1
7.3

7.4
7.0
7.9
6.8
8.5
8.1
8.0
8.0
7.5

8.1
8.1

7.7

8.3
8,4
7.5

7.5

25
6.8
8.5
7.8
a9

(mS/m)

2$
17
17
16
21
19
18
29
15

27
17
11
19
13
13
12
14
13

24
41

60

19
15
11

66

25
11
66
22
28

Note: The i value mpre$entstwice the stem-kddevhtbn ofthc distributionofolwrvcd W5UC6.If only
oncanalysis krcpor@tbmtbcvaluc ~tWiMtbC IUMXdOtytCMl fortbdyak
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83dba

T- Wd 1
Tat Well1
Tat WCS 2
Tut was 2
Tut We3 3
TestWCU UT-5A
TestWell8
Te3tWd 8
Ted Wdl 9
Te3tWd 10
TeaWell IO
Cdixbddswy

Wueruw
Ww$awu

ND.$afAndy3e3

Maximum
Awa@
28

TASLE E-X3V

RAD30CNEMICAL AND CH@M3CAL QUALITY OF 8URFACE
AND GROUND WATER8FROM0N811E8TAT30NS

1983 ln~ =% % omn Auu Onusstm 335 TotalU
M (l@ PcVmf)—. (10-9IICV* (lIHIlc!l/d) (Io+tlaid) (10-$IIafd) (Id MMd) (PSW -,, . ------- .

4-7
9-23
4-8
1021
4-8
10.6
4-8
11.1
KM
4-8
11-1
4-5
4-7
9.22
4-16
11-4

-4*4O
4i38
l*m

116i 212

8*44
-2*4O
-35* 122
19*28

-20*40
53*86
14*3B

-30*20
-n* 14
14*4O
-7*3O

M
-72* MS
116i 212
3.9
84

-0.014k O.000
O.moiaoso
003St 0.016
O.mS* 0.024
0.005* 0.024
-o.oo4*o.om
-0.026* 0.014
0.010* ao40
-0.004* 0.014
4M05 * 0.010
o.030*o.Iea
O.OOQiO.018
0.011*0.039
-atx33*aooo
-0.006●0.032
-ao20*o.180

16
-0.026i 0.014
0.030 *0.OSO

awl
0.031

-0.014* 0.014
0.o1oi am
4a39 * 0.010
-o.oo5*o.026
-o.230*aoso
4008 i ao22
-0.046*0.030
ao20*ao80
-0.CQ4i0.018
-0.011i 0.016
ao80*a160
4o17*aoo8
-0.033●0.012
o.cn39*ao20
-0.012* ao38
o.170*o.lal

16
4.046* 0.030
o.170*o.m

-0.001
0.0s6

ZO*2.4
LO*.I.8
a3*a8
a3 * 1.2
1.4i 1.6

-0.2* Lo
0.6i LO
-0.1ka8
6.6i 3.2
1.3k 1.2

-0.s* 1.4
0.9* 1.2
3.7i 2.6
2.O*U
Q4 % 1.2
-0.3* Lo

16
-0.si 1.4
6.6*32
1.3
3.s

11*2.O 3.2k0.6
5.1*2.() .1.3*O.4
3.7● 1.6 . L6k 0.6
4.6 i 1.4
24* 1.6
09* L4
M * 1.4
3.8*1.6
6.5iZ0
2.2i“1.6
1.6* M
4.2i L8
20*4.O
12* 3.0
6.9●2.2
6.4k 20”

16
-0.6+ L4
20*4.O
5.4
10

(CaHmdam inW/t)

=tiF8atbn NOj TLB PM—— —— ——

TestWell1
Tat Wdi 2
TestWdi 8
TestWell10
Cihfhddswy

Wuauseh

4-17 53 as 39 345 7.4
4-830.50.5808,2
4-8 2 0.2 L3 32 9.7
4-8 2 0.2 <0.S 42 9.6
4-5 19 L9 <0.s 1s7 7.0
4-7 92 0.1 4.s 267 6.9
4-16 7 0.3 0.3 155 7.3

No.cfhdy$a
Minimum
Maximum
Ava8se

23...
Nate The + vdaa rqwuans lwiccthe3tm6ud6eddm dthe6hbuioa 0fob30m6vduuuody

Oneaadydabrepmtd, thmtbvdw rqmsmtstwketbe Imcmdntyterm Yortboalmlyd&

77 7 77
2 0.1 <0.S 32 6.9
92 L9 39 34S 9.7
2S 0.6 6.1 134 8.0
69 1.3 29 334 3.4

2s* Lo
a4io.6
0.6* 0.4
a3*a6
9.1*0.6
L3*a6
4:4* a6
21i Lo
Ioioa
&l*as
2.8*a6
6.8*0.8.
8.3i a6

16
a4 i a6
25*LO
6.6
14

1.2+0.8
a7*o.8
a6 * a8
a6*o.3
a9*a8
ao*a8
a6ia8..
a7 i a8
1.1*as
0.8ias
aO k a8
1.oia8
a7*a8 . ... .
ao*a8
1.2* 0.8
&6*a8

16
tlo*a8
1.2*0.8
a7
a8

. . .
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Al A8 Ba cd,— u

ao22

F w

<0.0002
<aooo2

m

IMAhmm Fld6
Wdl LA-19
Wa LA-2
Wd LA-3
wellLA-5

<0.oco3 ao29
0.013
aoo3
0.032

0.06
ao9
0.06
ao7

aool
4.001

2.6
1.9
0.7
Lo

0.4
a3
Lo
0.4
a3
a2
a2

a3
a2
0.3
a3
0.4

0.1

17
0.1
2.6
0.6
1.2

a3
1.0
0.7
a3
1.2
L2
al

7
0.1
1.2
0.7
a9

2.3
2.0

1.2
1.8
1.7
1.4

<0.003
<aoo3
<0.003
<0.003

<aoo3
<0.W3O.om

4.0W5 solo
solo

aoo8

<aoo3
<0.001

ml

<0.003

aaje Pic4d
Wd (31
Wdl O-1A
wellG2
WellG3
Wca0.4
WellGS
WCJIG6

<aooo3 4.003
aoo9
ao48
0.018

CO.003
CO.003
4.003

O.M
ao4
ao3
ao2
0.02
ao2
ao2

1.2
1.2
0.9
1.0
M
3.0
0.6

<0.C03
<0.W3
<0.003
O.OM

<0.003
<0.003
<aoo3

d3.m3
<0.003
<0.003
<0.003
<aoo3
caoo3
<aoo3

<0.om3 0.006 <Omo2
awn
<0.0002
<0.0002
<0.0002
CO.0002

<aooo2
<aooo2
@moo2
am
<o.c@2

caooo2

17
<aooo2
caooo2

aom
Co.om
<0.ow3

<0.lY31
aool

aol1
aoo3
am

<aool
aool

aoo2
aoo3

0.010‘a.C4Kn
-M
wellFM-1
WellPM-2
Well PM-3
WEEPM-4
Wdi PM-5

am
Caoo3
<aoo3
<aoo3
<aoo3

ao9
ao2
003
ao4
ao4

4.001
<Oml

<OJM3
a3.oo3
aces

<aoo3
caoo3

<0.003
<0.003
<o.ao3
<aoo3
<0.003

1.1
0.4
a7
7.6
3.0

<0.aM3 aoo4
am
4.001
<0.oo1

0.oo2
aoo6
aoo2

aoo2

17
aoo2
ao22
aoo8
O.oli

Watm CamyLm
co.oo3 ao2 a7 <aom

NO.OfAndyIm
Mk6mm
Maximum
Averw
21

17 &lo3
ao46
ao13
ao27

17
ao2
ao9
O.w
0.03

17
aool

17
a4
7.6
1.7
3.4

17
<0.003
aoo3

17
<0.003
<0.W3
com3
o

d.olNn <0.oo1
0.oo1O.ocQs

o O.ow

<aoom
caooo2
<aooo2
<aooo2
#oOo2
Co.oml
<0.wol

7
caoool
<aooo2
aooo2
aoool

<0.W02

F3fcsta$mll
Fke8tak+12
Fim8mtlm13
Fk8BMim14
Pim8miknls
Bmk3brmt30MlMmnmlmm
FmtmIHM(TA-57)

aooo3
aooo3

4003
ao19
<aoo3
aoo9
0.012
0.013

4.003

ao6
M9
M7
ao2
ao3
w
ao2

=3.001
Caool
#.ool

aoo3 <0.3
21

<a3
1.7
1.1
a7

<a3

<aoo3
a3.oo3
<aoo3
<aoo2
<0.003

aol 1
aoo3
ao40
0.018
0.012

4.0W3
4.0003

<aoo3
cam3
0.W3

<0.oa33 <0.003
-@.ooI

7

ml <aoo3

N0.4tAndyIw

Maxhmmi
AveIw
29

7 7
<0.oo5
ao19
solo
0.011

7
ao2
ao9
ao3
ao3

7 7
<a3
21
Lo
1.3

7 7
&Mn aou aa33

0.om3
O.owo

O.uo
ao13
ao26

0.014
ao3

aoo3
0.003
O.Mo

aoo3
aoo3“aool

aooo aooo

l.a AkmlMwdl LA4
UBEPA MuImum Cmmmbmt
Led

<Mo03 a183
ao3

a4
4s

aoo6
ao3

<0.a22
0.03 1.0 “0.01 “0.01
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TABLE E-XIX (oomt)

~Ck=iL=IQIUIUtYFmMddPeIU=
(Coacentredona h mg/1)

c1

16
16
4
2

3
3
3
3
3
3
3

6
2
8
2
3

<1

17
<1
16
5
9

3
6
7
3
7
7

41

7
3

41
11
27

4

250

Cu Fe Mn S04 Zn TDs
—,— pH

7.9
8.5
8.3
8.6

7.9
8.3
8.3
8.3
8.2
8.3
7.6

7.6
8.0
S.o
8.2
8.2

7.5

17
7.5
8.6
8.1
0.6

8.0
S.3
8.1
8.2
8.3
8.5
7.8

7
7.s
8.5
8.2
0.5

8.6

6.5-8.5

Los A5aolo8FMd
Well LA-lB
Wds LA-2
well LA-3
well LA-5

Guqje Field
Wdl (3-1
Well G-IA
Well G-2
well 0.3
Wd 0-4
Well G-5
Wdl G-6

P@mitO FleM
Well PM- 1
Well PM-2
Well PM-3
Well PM4
Wdl PM-5

W* canyon
GdIery

No. of AlldySCS
Minimum
Mdmum
Avemge
28

Fire Station 1
Fire Station 2
Fii station 3
Fire Statbn 4
F&e Stabn 5
Banddkr Nmimml Monument
Fenton HiU (TA-5~

No. of Aoalyaes
Mbdmum
Madmum
Averege
2a

Los Alumxwdl LA-6

USEPA Maximum
Contmnhm Levd

0.003
0.006

<0.002
<0.002

0.028
0.100
0.007

<0.005

<0.002
0.008

<0.002
<o.a)2

27 <0.01 40s
12 .<0.01 204
5 <0.01 162
3 <0.01 170

0.003
0.013

<0.002
0.010
0.012

0.W7
o.lM6
0.010
0.018
0.062
0.012

<0.005

0.010
<o.m2
<0.002
<0.002

0.002
0.002

<o.a)2

<2 0.02 162
<2 0.02 152

2 <0.01 16s
<2 0.12 120

3 0.09 126
4 <0.01 160
2 <0.01 134

<0.002
o.a)3
0.W4

<0.m
<o.a12

<0.a)s
<0.als
<0.005

0.020
0.050

<0.002
<0.002
<0.002

0.003
0.055

2 <0.01 1ss
2 0.04 134
3 0.01 203
4 <0.01 169

10 <0.01 211

0.325 <0.002 2 0.02 114

17
<0.002

0.013
0.004
0.W7

17
<0.005

0.325
0.039
0.156

17
<0.002

0.055
0.W6
0.026

17 17 17
<2 <0.01 114
27 0.12 408
5 ao2 176

13 0.06 133

<0.002
0.011
0.020

O.(M6
0.030

<0.005
0.016
0.056
0.021
0.036

<o.c02
4.002
<0.002
<0.002
<0.002
<0.002
<0.002

<2
8
3
2

10
9
s

ao7
<0.01
<0.01
<0.01
<0.01

0.05
a91

12s
190
200
160
205
1%
274

0SW4
<0.002

0.007

7
<0.0U2

0.020
0.007
0.013

7
<0.axl

0.056
0.024
0.036

7
<OJx12
<0.002

0.002
aooo

7
<2
10
6
7

7
<0.01

0.91
als
0.67

7
128
274
193
90

<0.002

0.05

2

250

ao7

5.0

222

500

aol I

1.0

0.90s

0.3

Note The * vduerqxaenta twice tbestmdorddeofti dMdbuth OfObe$vedvaluee. If only
oneula5y8i6 isrepOrt@ t51antbevdu8 mpmellts twioetsle unceataintytemlfor theandyscs.

142



TABLE E-XX

LOCATIONS OF SOIL AND SEDIMENT STATIONS

station

b@tude

N:S E:W Map
cOOdnate Coordinate Designation’

Regional Soilsb

Rio Chama at Chamita
Embudo
Otowi
Near Santa Cruz
Cochiti
Bemalillo
Jemez

onsite soils
? TA-21
3 East of TA-53
q TA-50
)0 Two Mile Mesa
II East of TA-54
It R-Site Road Esst *

I? Potrillo Drive ~~ kf~ d)

14 s-site
\ $ N- Test well DT.9
~~ Near TA-33

—

36°05’
36°12’
35°52’
35”59’
35”37’
35”17’
35”W

N240
N134
N060
S165
N051
N020

N095
N051
N035
N025
S080
S042
S065
S035
S150
S245

106°07’
105°58’
106°08’
105”54’
106”19’
106°36’
106°44’

E215
E168
W075
E085
E218
E31O

E140
E218
E095
E030
E295
E103
E195
W025
E140
E225

—

.-.

—

—

.-

—

— . .

S1
S2
S3
S4
S5
S6

S7
S8
S9
Slo
Sll
S12
S13
s 14
S15
S16

‘Soil sampling locations in Fig. 14; sediment sampling locations in Fig. 15.
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Station

TABLE E-XX (eont)

Regional Sediments
Chamita
Embudo
Otowi
Sandia
Pajarito
Ancho
Frijoles
Cochiti
Bemalillo
Jemez River

Perimeter Sediments
Guaje at SR-4
Bayo at SR-4
Sandia at SR-4
Mortandad at SR-4
Caiiada del Buey at SR-4
Pajarito at SR4
Potrillo at SR-4
Water at SR-4
Ancho at SR-4
Frijoles at National Monument Headquarters

Ellluent Release Area Sedinmta

Acid Pueblo Canyon
Acid Weir
Pueblo 1
Pueblo 2
Hamilton Bend Spring
Pueblo 3
Pueblo at SR4

Latitude

I&
Coordbate

36°05’
36°12’
3S052’
S060
S185
S305
S375
35”37’
35”17’
35”40’

N135
N1OO
N025
S030
S@O
S105
S145
S170
S255
S280

N125
N130
N120
N105

N070

LQngitude

E:W
coordinate

Map

De&nation’

106°07’
105°58’
106°08’
E490
E410
E335
E235
106”19
106°36’
106044’

E480
E455
E315
E350
E360
E320
E295
E260
E250
E185

E070
E085
E145
E255
E315
E350

—

—

—

.-

—

—

-.

..-

—

—.

12
13
14
15
16
17
18
19
20
21

22
23
24
25
26
27

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



TABLE E-XX (eont)

-de
or

N-S Emw Map
Station Coordinate Coordinate Designationa

Sediments (eont)

DP-Loa Alamos Canyon
DPS-1
DPS-4
Los Alamos at Bridge
Los Alamos at LAO-1
Los Alamos at GS-1
Los Alamos at LAO-3
Los Alamos at LAO+.5
Los Alamos at SR4
Los Alamos at Totavi
Los Alamos at LA-2
Los Alamos at Otowi

Mortandad canyon
Mortandad near CMR
Mortandad West of GS-1
Mortandad at GS-1
Mortandad at MCO-5
Mortandad at MCO-7
Mortandad at MCO-9
Mortandad at MCO-13

N090
N075
N095
N080
N075
N075
N065
N065
N065
N125
N1OO

N060
N045
N040
N035
N025
N030
N015

E160
E205
E020
E120
E200
E215
E270
E355
E405
E51O
E560

E036
E095
EI05
E155
E190
E215
E250

28
29
30
31
32
33
34
35
36
37
38

39
40
41
42
43
44
45
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TAELE E-XXV

QUALITY OF EFFLUENTS FROM LIQUID
RADIOACTIVE WASTE TREATMENT PLANTS FOR 1982

Waste Treatment Plant I..axtion

TA-50 TA-21

Activity Average Activity Average
Radioactive Released Concentration Released Concentration

Iaotopea (mci) (yci/d) (mCi) (pcvd)

238~

239fi

241Am

‘Sr
%r
3H

137c~

234U

3.0
16.6
17.8
11.8
12.8

14200
209

1.2

Nonradioactive

Constituent

Cda
Ca
cl
Cr (Total~
Cu’
F
Hga
Mg
Na
Pb”
Zn’
CN
CODa
N03(N)
P04
TDs
pHa
Total EffluentVolume

7.5 x 10-a 0.10
4.2 X 10-7 0.22
4.5 x 10-7 0.97
3.0 x 10-7 0.03
3.2 X 10-7 0.59
3.6 X 10+ 1130
5.3 x 104 0.62
3.0 x 10-8 0.89

2.7 X 2@*
5.9 x 10-*
2.6 X 10-7
8.2 X 10-9
1.6X 10-7
3.1 x 104
1.7x 10-7
2.4 X 10-7

Waate Treatment Plant I..mation

TA-50 TA-21

Average
concentration

(n3g/1)

0.029
56
82
0.046
0.23

20
0.0007
2.3

883
0.035
0.075
0.086

59
335

0.91
3400
10.9-12.5

3.976 X 107 ~

Average
Concentration

(mg/J)

0.29
34
48

0.15
0.13

117
0.0006
3

1020
0.033
0.21

—
209
456

1.2
3900

5.2- 12.5
3.671 X 106 #

‘Constituents regulated by National Pollutant Discharge Elimination System permit.
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TABLE E-XXVIII

TOTAL SUSPENDED PARTICULATE IN AIR AT LOS ALAMOS
AND WHITE ROCK DURING 1982

(Data fmm New Mex&x Environmental Improvement Division, All wn~ntrationa in @m’.)

I.as Akunos (Annual Geometric Mean = 48)

Jan Feb Mar Apr May June July Aug SE@ Ott Nov Dec—— —. —.— __ _

Number of Samples — — 4 5 5666.6 666
Maximum —_ 78 72 122 110 62 95 84 115 40 83
Minimum -- — 27 42 18 51 25 16 22 31 18 22
Mean —— 63 54 62 70 41 56 62 66 29 44
* 1s —- 24 1S 39 22 13 28 25 31 9 23

White Rock (Annual Geometric Mean = 37)

Number of Samples — — 3 5 6 6 5 7 6 667
Maximum —— 59 86 87 130 134 58 51 135 28 30
Minimum —_ 29 33 8 40 63 23 10 17 9 6
Mean —— 41 59 50 81 91 37 32 57 19 20
+ Is —— 16 22 30 40 28 12 16 42 10 10
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ESTIMATED CONCENTRATIONS OF TOXIC ELEMENTS
AEROSOLIZED BY DYNAMIC EXPERIMENTS

Annual Average

1982 Fraction
Concentration

(ng/m3)
Applicable

Total Usage Aerosolized standard
Element (W (%) 41u33 8km (u#m’)——

Uranium 1059 10 0.10 0.04 9oo&
Be 26.0 2 0.0007 0.0002 10b(30 day av)
Pb 100.3 100c o.11 0.04 150($(3 month av)

‘Department of Energy Order 5480.I/& Chapter XL
%xtion 201 of the Ambient Air Quality Standards and Air Quality Control Regulations adopted by the
New Mexb Health and social Serviees Boar~ April 19, 1974.
‘Assumed percentage aerosoliiation.
’40 CFR 50.12.
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TABLE E-XXXII

INDUSTRIAL LIQUID EFFLUENT QUALITY SUMMARY’

Range OR

[
Deviation 1Limiting Standarda

or

DHb

Number
of

outfaus
Causing

Deviations

Number
of Permit

Outfalls Constituents

Number
ofDischarge

Category

Power Plant 2’ TSS
Free Cl
pH

o
0

12

0
0
2

—

—

2.2- 11.0

Boiler Blowdown 1 Tss
Fe
Cu
P
pH

o
“o
9
1

11

0
0
1
1
1

.-

.-

1.1- 5.1
1.6

10.4-11.9

Treated Cooling
Water

30 TSS
Free Cl
P
pH

o
4
0
1

0
2
0
1

—

11.0-22.0
—

9.2

Noncontact
Coding Water

30 pH 2 5.9- 9.2 2

0
0
1
2
1

Radioactive Waste
Treatment Plant
Dkeharges

2 NH3
COD
TSS
Cd
Cr

o
0
1
2
3

—

—

1.3
2.8-12
1.4-3.1

Cu
Fe
Pb
Hg
Zr
pH

o
i)
o
0
0
0

—
—
—

—

--

—

0
0
0
0
0
0

High Explosives 20
Waste Discharges

COD
Tss
pH

6
4
3

1.6-21
1.0- 1.6
3.3- 5.6

3
4
3
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TAELE E-XXXII (cmt)

Range of Number

Number
Discharge of
Category Outfalls

Photo Waste 15c
Discharges

Printed Circuit 1
Board Develop-
ment Wastes

Acid Dip Tank 1
Rke

Gas Cylinder 1
Cleaning Waste

Permit
Consdtuenta

Number
of

Deviations

Cn
TSS
pH
Ag

COD
Cu
Fe
N1

P

pH

Cu
pH

Tss
P
pH

o
0
0
1

1
5
5
0
0
4

0
0

0
0
0

[

Deviation

1

of
Limitingstandards Outfalls

or Causing
pHb Deviations

-. 0
..- 0
-. 0

13.4 1

2.0 1
1.4- 7.8 5
4.6-18 5

— ..,. 0
-. 0

4.0- 9.1

— o
-. 0

— o
—. o
-. 0

‘Summary of reports to EPA or NPDES Permit NM 0028355.
%e pH range limit on all outfalls is not less than 6.0 or greater than 9.0 standard units.
%crewed from 14 outfalls to 15 outfalls in 1982.
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TABLE E-XXX331

MEANS’ AND EWREMES OF TEMPERATURE AND PREC3PlTAT30N-
CLIMATOLOOICAL 8UMMARY (1911-1982) FOR LOS ALAMOS, NEW MEXIC@

?~ f030

MeUIS .- .
Mean McaII H&b
Max Mbl—.

Low
Mean

m
Daily
Max

64
66

71

79
89
95
95
92
94
84
72
64

95

law
DdJ

-18
-14

-3

5
24
28
37
40
23
15

-14
-13

-18

Month MciI Yaar Year Date

1/12/53
2/24136

3126nl
3/30146
4123138
S/29/35
6122/81
7111135
811W37
9/1 U34
10/1/80
11/1/50

12/27/80

7/1 1/35

Data

1/13/63
2/1/51
218133

3/1 1/48

4/9/28
4 D8tcs

613119
717124

8/16147
9/29/36

10f19176
l/28t76
n19n8

1113/63

Jan
Feb

39.7 18.5
43.0 21.5

29.1
322

37.5
37.4

1953
1934

20.9
23.0

1930
1939

321 1948Mar 48.7 26.5 37.6 4S.8 1972

Apr
May
Jun
Jul
Aug
Sept
Ott
Nov
Dcc

57.6 33.7
67.0 42.8
77.8 52.4
80.4 56.1
77.4 54.3
72.1 48.4
62.0 38.7
48.7 27. I
41.4 20.3

45.6
54.9
65.i
68.2
65.8
60.2
50.3
37.9
30.8

54.3
60.5
84.5
87.3
70.3
65.8
54.7
44.4
38.4

1954
1956
1980
1980
1936
1956
1963
1949
1980

39.7
50.1
60.4
63.3
60.9
56.2
44.4
30.5
24.6

1973
1957
1965
1926
1929
1965
1976
1972
1931

520 1954 46.2 1932AnotIal 59.6 36.7 48.1
6/22/81

hddtdon (h.)
Mean Numlm of Days

Max Mh
Tanp Tamp

Rafnc snow

Mo.
Mu Max

Mo.
Maa

Dafly
MaxMonth Mao Year Date Maan Year Date MJ.1O in. 290°F S32°F—. .

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug

*
w
Nov
Dcc

0.85
0.68
1.01
0.86
1.13
1.12
3.18
3.93
1.63
1.52
a96
o.%

6.75
2U
4.11
4.64
4.47
5.57
7.98

11.18
5.79
6.77
6.60
285

1916
1948
1973
1915
1929
1913
1919
1952
1941
1957
1978
1%5

2.45
1.05
225
200
1.80
251
2.47
226
221
3.48
1.77
La

1/27/16
2/20/15
3/30/16
4112J75
5121129
6/lW13
7f3 1/68
Wllsl

9122/29
10/5/11

11125/78
12/6/78

9.7
7.3
9.7
5.1
0.8
0
0
0
0.1
1.7
5.0

11.4

39.3
36.4
36.0
33.6
17.0

1949
1982
1973
1958
1917

15.0
19.0
18.0
20.0
120
—

1/5/13
2/4/82

3/30/16
4112J75

5/2f78

9/25/13
10/31/72
11/22/31

1216178

2 0 30
2 0 26
3 0 24
2 0 13
3 0 2
3 1 0
8 I o
9 0 0
4 0 0
3 0 7
2 0 22
3 0 30

6.0
9.0

14.0
220

6.0
9.0

26.2
41.3

1913
1972
1931
1%7

17.83 30.34 W6/78 43 2 1541941 3.48 50.8 100.0 1958 22.0

aMcans based on ~d 30.yaar period: 1951-1980.
~tudc 35°32’ north, 10IIgitu& 106019’ ~; ~~ 2260 ~
WUdcsliqldd watcfcquivalcnt of fhmn prd@dOm
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TABLE EJUUCUI (cod)

CLIMATOLOGICAL SUMMARY 1982

T@w—uM (“m
Mauls

Mao McaII
Mod Max M&I Avg High Date JAW Dme—— —— . . .—

Jan
Fcb
Mar

m
May
Jun
JIO
Aug

Ott
Nov
k

39.4 18.3 28.9 54 26 3 8
424 18.9 30.6 63 21 -2 6
49.7 26.6 38.2 63 10 8 6
S8.8 33.6 4&2 75 29 23 3
65.8 39.1 52.4 75 31 28 6
78.5 50.0 64.2 87 28 40 4
81.8 55.3 68.6 90 21 51 1
79.0 54.1 66.5 86 16 SO 31
69.8 47.6 58.7 84 2 34 29
59.9 33.9 46.9 72 4 20 29
45.7 27.0 36.4 59 7 18 3
36.7 19.s 28.1 51 17 0 29

Annual 59.0 35.3 47.1 90 7121 -2 2/6

~ (W
Rdll’ 800W

Dally
Month Total M- M Tad hhx Due—— —. —— .

Jm 0.75 0.38 1 19.3 10.0 1
F& 1.76 0.61 4 36.4 19.0 4
MU 1,33 0.43 13 8.2 5.0 5
Apr 0.40 0.20 30 2.0 1.0 23
May 1.9s 0.80 5 0.5 as 5
Juo 0.15 0.08 20 0 0-
Jul 3.76 1.15 29 0 0-
Aug 4.54 1.54 24 0 0-

* 2.67 0.69 18 0 0-
Oct 0.60 0.20 12 S.o 3.0 12
Nov 1.70 0.74 10 3.8 Lo 2
m 2.06 0.84 9 24.2 6.0 9

Annul 21.67 1.54 8f24 99.4 19.0 2f4

Numbs of thyS

WXM III

W T- T-
~.10 k 290”F s32°F—— —

1 0 31
4 0 27
4 0 29
2 0 14
7 0 5
3 0 0
8 1 0

10 0 0
6 0 0
3 0 12
5 0 26
7 0 30

54 1 174
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TABLE E-XXXIV

HIGHLIGHTS OF WEATHER DURING 1982

January New Year’s Snowstorm.
Snowy montlx 19.3 in.
SMDS on the lsc 10 in.

February Snowiest February 36.4 in. (previous 24.8 in., 1948).
3rd snowiest any month.
Big snowstorm shuts down Laboratory (atlernoon) on the 4th.
Snow on 4th is 3rd snowiest day on reeord 19.0 in.
SMDS on the 4tlx 19.0 in.
SMDP on the 4tlx 0.61 in.
TMDL on the 5tlx 2“F.
SMDL on the 6tix -2”F.
SMDH on the 21st 63”F.
SMDH on the 22nd 60”F.

March

April

May

June

July

SMDP on the 13tlx 0.43 in.
Wmdatorm on the 31st 61 mph peak gust.

Dry only 0.40 in. precipitation.
Windstorm on 1st 61 mph peak gust.
Wmdatorm on 2n& 53 mph peak gust.
Windstorm on 12tlx 50 mph peak gust.
SMDH on the 29tlx 75”F.

Wet 1.95 in. precipitation.
SMDP on the 5tM 0.80 in.
SMDL on the 14tlx 30”F.

Diy only 0.15 in. precipitation.

Heavy thun&rstorma on the 1lth,
Heavy rain and 3 in. of hail fell on 1lth
near Los Alamos Airport. Hail damaged windshieldsand
vegetation near Los Alamos Airport.
SMDH on the 21st 90”F.
SMDH on the 29tlu 1.15 in.

August Heavy rains continua especially over Western Area
and BarrancaMesa (wherenearly9 in.of rain fellduring month).

September Another wet montk 267 in. (normak 1.63 in.).
TMDH on the 2nd 84”F.
TMDL on the 13tlx 40”F.
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TAELE E-XXXIV (eont)

October

November

Deeember

Annual

Cool and dry.
Only 0.60 in. precipitation (normak L52 in.).

Tied for most snows >1.0 in.: 2 (1969).
SMDL on the Mix 27”F.
SMDL on the l(lth 25°F.
SMDS on the 1ltlx 2.0 in.
TMDS on the 12tlx 3.0 in.
TMDL on the 13tlx 27”F.

Cool and wet.
1.70 in. precipitation (normak 0.96 in.).
SMDP on the 10tlx 0.74 in.

Cold and snowy.
Average maximum temperature 36.7°F (normak 41.4”F).
Snowfall:24.2 in. (normal: 11.4 in.).
SMDP on the 9tJx 0.84 in.
SMDL on the 29tlx O°F.

Average temperature = 47.1‘F.
Mean annual temperature = 48.1“F.
Coldest year since 1976 (46.5”F).
1982 precipitation = 21.67 in.
Mean annual precipitation = 17.85 in.
Wettest year since 1969 (25.67 in.).
1982 snowfall = 99.4 in.
Mean annual snowfall = 51.0 in.
2nd snowiest year (highest in 1958 = 100.0 in.).

Key for Abbreviations

SMDH Set Maximum Daily High Temperature Reeord
SMDL: Set Minimum Daily Low Temperature Record
SMDP Set Maximum Daily Precipitation Reeord
SMDS: Set Maximum Daily Snowfall Reeord
TMDH. Tied Maximum Daily H@ Temperature Record
TMDL Tied Minimum Daily Low Temperature Record
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TABLE E-XXXVI

PLUTONIUM IN SOILi3NEAR TA-21 IN 1970AND 1982

Jmmry-Febrwuy 1970

Sunpk

G?) (PM)

1 0.003* o.cK12 0.4% * 0.060

2 0.004 * 0.002 0.545* 0.049

3 0.024 * O.IXM 0.S25 * 0.111

4 0.011 ● o.m2 O.w * 0.004

5 0.U07* 0.002 0.725 * 0.071

6 0.002 *0.~ 0.025 i0.(XM

7 0.001 * 0.001 0.043 * 0.007

8 0.016 + 0.004 1.32 ~ 0.123

9 0.OW*O.002 0.063 *0.W7

10 0.001 * 0.001 0.029 ~ 0.004

11 0.017*0.004 0.019*0.004

12 0.003*0.W2 0.110 * 0.015

13 —

No.ofAndysa 12 12
Minimum O.001*0.001 0.008 * 0.004
hximum 0.024*0.006 1.32 * 0.123
Avemge 0.008 0.351
2d 0.015 0.860
R@IO 23%u@8Pu 44

Novemba 1970

228~ 229~
(@W) Wil)

Ju3y 1982

Wd w&3)

0.U02*0.0M2
0.001 * 0.002
0.011*0.005
OJXM*O.003
0.005*0.003
0.004 * 0.003
o.aM*o.oo3
0,007*0.003
0.004 * 0.004
o.OM*o.oo3
0.000*0.003
O.akt * 0.006
0.001*0.003

0.215 * 0.031
O.5O7*O.I1O
0.400+0.056
0.473 k 0.058
0.055 k 0.011
0.115 * 0.015
0.081*0.015
0.462 & 0.063
0.061 * 0.011
0.021*OJM6
0.036 ~ 0008
0.098*0.017
0.088 + 0.018

,0.00SAO.004
0.026A0.008
0.150 * 0,024

-o.130*a240
o.oo2*o.a12
o.03M*o.m2
o.ool*o.m2
0.030*0.W
o.ool*o.otM
o.oo2&o.a12
0.001*0.002
0@3~0.002
0.016*0.006

0.640 * 0.060
1.05* 0.080
12.9*1.00
5.80 ● 1.40

0.059 & 0.014
0.102+0.016
0.006 k 0.004

1.08+0.120
0.107 A 0.014
o.025*o.m
0.012 * 0.006
0.071 * 0.014
0.072&0.014

13 13
0.OUO*O.003 o.021*o.a16
0.011+0.005 O.5O7*O.I1O

0.004 0.201
O.(W5 0.375

50

13 13
4.130*0.240 O.m ● O.m

al% + 0.024 129 ● Loo
0.009 1.69
0.116 7.43

187

137C8
Wti

c3NMsBeta
pcvg)

3H

(l@#cvd)

!31JSr
(ma)

Total U

I@

@088 AlplM

(ad

17* 8.0
9.0 *20
13+ 6.0
11 *4.O

8.1 ● 3.4
13* 6.0

9.0. * 4.0
8.4 k 3.6
8.2 k 3.6
7,9 * 3.4
9.0 * 4.0
a3• 1.8
10* 4.0

13
7.9 * 3.4
17* 8.0
10
5.4

LGc8ion

1
2
3
4
5
6
7
8
9
10
11
12
13

0.s3• 0.08
1.2 * 0.14

0.20 * 0.12
0.82 k 0.14
0.31 * 0.08
0.53 * 0.14
0.11*0.04

Lo* 0.12
0.64 * 0.10
0.65 * 0.10
0.49 * 0.08
0.33 * 0.12
0.65 * 0.10

13* 2.8
11 *2.4

95*22
8.8 *20
8.0 & 1.8
14* 3.0

7.8 & 1.S
11*24

9.7 ● 22
11*24

9.0 k 1.0
6.3 & 1.6
9.1 *20

27* 0.6
6.9 & 0.8
3.0 & 0,6
4.0 & 0.6
27& 0.6
1.1 %0.6
3.3 & 0.6
3.0 k 0.6
1.8 A 0.6
0.8 & 0.6
1.8 & 0.6
3.4 & 0.6
6.3 & 0.6

0.3s & 0.10
0.38 A 0.08
0.72 & 0.20
0.35 k 0.18
0.31+0.18
0.38 * 0.10
0.14 * 0.08
0,52 + 0.18
0.57*0.22
0.37 + 0.16
0.30 ~0.16
0,27 * O.C@
0.40 A 0.10

5.1 * Lo
5.2 * 1.0
6.S ~ 1.4
4.6 & 1.0
4.2 * 0.8
4,4 & 0.8
3.6 * 0.8
5.9 * 1.2
4.5 * 1.0
4.5 * 1.0
4.4 k 1.0
3.8 + 0.8
4.3 + 0.8

No.of Analysa 13
6.3 * 1,6
14• 3.0
9.9
4.2

13
0,8 * 0.6
6.9 ~ 0,8

3.1
3.6

13
0.14 * 0.08
0.72 ● 0.20

0.39
0.29

13
3.6 ● 0.8
6.8 * 1.4

4.7
1.7

13
0.11 * 0.04

1.2 * 0.14
0.570
0.616

Avtragc
28

NOtc Tlte*wduerepm8nU twkctbe8ts0&rd &vhtiOnoftbc d&tdbuhofolxaved vaht82.If only
01B81181y8ki$rqmr@ tllenthe *rqmsenUtwicc tilellmduty tcrmforbamliysk.
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TABLE E-3RCXVU

RADIOACTIVITY IN SEDIMENT9-UPPER PUEBLO CANYON

S&el

No. ofAlldyKS

Minimum
Maximum
Avtmge
28
339p@8~R*

site2

No. of Andym
Mhlimum
Maximum
Averege
2s
z39p@38~ ~

ske3

(cm)

MO
20-40

60-SO
SO-1(MI

G20
20-40
40-60
60-s0
S@lw
lwlm
120-140
140-160

0-20
20-40
40-60
60-s0
so-l(n)
1W120
120140
140-160

137(3
WE)

0.20 ● 0.10
0.03 k 0.08
0.03 k 0.12
0.03 * 0.0s

-0.40 ● 0.12

s
-0.40 * 0.12

0.20 * 0.10
-0.02

0.45

0.14 * 0.14
0.21 ● 0.09
0.29 * 0.06
0.16+0.04
0. IS* O.12
O.11*O.1O
00s * 0,14
004 * 0.08

8
0.04 * 0.0s
0.29 * 0.06

0.15
0.16

0.12 * 0,10
0.04 * O.10
0.02 * 0.0s
0.09 + 0.12
0.05 * 0.08
0.16 + 0.20
0.16 * 0.16
0.01 * 0.10

8
0.01 * 0.10
0,16 * 0.20

0.08
0.12

(Pm) (PCW WB)

0.024 * OJMO 2.03 k 0.060
0.009 * O.m 0.187 * 0.020
O.ml * O.000 0.067 + O.000
0.011 * O.wo 0.007 * O.000
0.035 * O.000 0.051 * O.000

5 5
0.001 * O.000 0.007 i O.000
0.035 ● O.000 203.+.0.060

0.016 0.468
0.027 1.75

29

0.806 ● 0.020
0.078 * 0.000
0.053 * O.000
0.038 & O.~
0.024 ● 0.000

-0.009 * 0.300
0.003 + O.000
0.004 * O.000

11.4 * 0.200
14.3 * 0.200
11.7* 0.240
8.31 A 0.840
52.8 k 0,120

0.5 10* 0.140
0.230 k 0.020
0.140 * O.(NO

8 8
4009 * 0.300 0.140* O.w

0.s06 * 0.020 14.3 * 0.400
0.125 6.48
0.554 11.5

54

251 * 0.260
0.430 * 0.2s0

1.20 * O.w
0.161 ● O.WO
0.083 * O.culo
0.020 ● O.m
0.005 * O.000
0.013 * O.w

62S k 14.0
226 k 14.0
2s5 * 24.0

423 + 0.800
1s.0 * 0.400
1.94 * O.WO
1.03 ● 0.040

0.213 * 0.020

4.4 k 0.8
4.0 A 0.8
4.2 + 0.8
4.2 k 0.8
4.0 & 0.8

5
4.0 & 0.8
4.4 k 0.8

4.2
0.4

4.5* 1.0
4.0+ 0.8
4.0k 0.8
3.9k 0.8
3.2+ 0.6
4.2A 0.8
4.0& 0.8
3.2k 0.6

8
3.2 + 0.6
4.5 * 1,0

3.8
0.9

6.3 * 1.2
6.0 & 1,2
6.7 + 1.4
4.3 & 0.8
28+ 0.6
6.1 ● 1.2
6.4 * 1.2
6.5 * 1.4

8 8 8
0.005 * O.000 0.213 * 0.020 2.8 & 0.6

251 * 0.260 625 + 14.0 6.7 + 1.4
0.553 150 5.6
1.7s 444 27

271

.—
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TAELE E-XXXVIII

PLUTONIUM IN SPRING SNOWMELT RUNOFF, 1982

Solution Suspended Sediments

1982 238~ 239~ 238pu 239pu

Station Date (l&g yCi/m.4) (l@ pCi/n@ (#d (@d

Ske 2 5-6 0.005 + 0.014 0.005 * 0.014 2.05 + 0.260 15.6+ 0.800
(LAX Alamos Canyon) 5-7 0.038 + 0.034 0.070 ●0.U40 1.70+ 0.260 10.4 + 0.800

5-1o 0.026 + 0.036 0.026 + 0.036 1.34* 0.220 7.20 + 0.600
5-19 0.005 + 0.028 0.005 + 0.028 0.460 + 0.180 5.50 * 0.600

No. of AUtdy= 4 4 4 4
Mtilmum 0.005 * 0.014 0.005 ● 0.014 0.460 * 0.220 7.20 + 0.600
Maximum 0.038 + 0.034 0.070 * 0.040 2.05 + 0.260 15.6+ 0.800
Average 0.019 0.027 1.39 9.68
2s 0.33 0.061 1.37 9.88
23%@38Pu Ratio 1.4 6.9

Site 3 5-7 -0.005 + O.000 0.005 ● O.WO 0.800 + 0.080 3.24 + 0.260
(Los Akunos Canyon) 5-9 0.010 * 0.040 0.030 * 0.040 --

5-10 0.007 + 0.030 0.007 + 0.030 0.880 + 0.140 3.78 + 0.400

No. Of AXltl@S 3 3 2 2
Minimum -0.005 * O.000 0.005 * 0.000 0.800 + 0.080 3.24 * 0.260
Maximum 0.010 * 0.040 0.030 * 0.040 0.880 + 140 3.78 + 0.400
Average 0.004 0.014 0.840 3.51
2s 0.016 0.028 0.113 0.764
239PI@8PU Ratio 3.5 4.2

-.

Note: The + value represents ties the standard deviationof the distributionof observedvalues. If only
one analysis is report~ then the value represents twice the uncertainty term for the analysis.
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TABLE E-XXXIX

PLUlONIUM IN SUMMER RUNOPP, 1982

Skel s-25 0.014 + 0.032 0.130 * 0.060 0.115* 0.012 9.36 + 0.460
(Pueblo Canyml) S-26 0.012 * 0.022 0.0S0 + 0.040 0.016+ 04M4 3.33 * 0.160

9-20 0.032 * 0.028 0.024 A 0.024 0.770 k 0.074 6.39 k 0.4(XI
9-21 -0.009 + 0.016 4014 + 0.026 0.430 k 0.060 3.77 * 0.300

No. d Andy8e8 4 4 4 4
-0.~ * 0.016 -0.004 + 0026 0.016& 0.004 3.33 * 0.160

Mdnum 0.032 ● 0.028 0.130 * O.w 0.770 * 0.074 9.36 & 0.460
Avemge 0.012 0.058 0.333 5.71
28 0.034 0.119 0.6s2 5.56
239p@36~ * 4.8 17.1

&2~ CMymI) ~6
S-27
8-30
S-31
9-17
9-20
9-21
9-22
9-23

OJXMA 0.036
0.010 ● 0.026

-0006 + 0.018
0.005 k 0.024

-0.006 ● 0.012
0.020 * 0.030
0.027.+0.0.018
0.014 * 0.022
o.ms + 0.012
0.00s * 0.020

0.080 * 0040
0.005 + 0.024
0.019 & 0.036
0.019 + 0.032
0.IM6• 0.036
0.010 * 0.040
0.012 ● 0.016
O.ms * 0.022
0.005 + 0.028
0.010 * 0.034

0.550 * 0.040
0.103 ● 0.012
0.138 ~ 0.018
0.098 * 0.012
0.197 * 0.034
0.236 ● 0.032
0.706 & 0.068
0.520 * O.oso
0.174 ● 0.032

1.90 * 0.600

4.60 * 0.240
0.5s0 & 0.040
0.834 ~ 0.062
0.415 * 0.034
0.944 A 0.082

1.66 * 0.120
5.39 k 0.360
3.54 * 0.240
1.53 * 0.120
18.6 * 1.s0

No. of Andywa 10 10 10 10
Minimum -0.006 ● 0.012 0.005 ● 0.022 0.098A 0.012 0.415* 0.034
Madmum 0.027 & 0.018 Oaso k O.WO 1.90 * 0.600 18.6 i 1.s0
Avemge O.oos 0.017 0.462 3.81
28 0.021 0.045 1.10 10.9
z39p@8~ ~ 2.1 8.2

site4 S-25 4.006 * 0.02s 0.020 * 0.040 0.002* 0.002 0.016 + 0.006

S-25 0.005 ● 0.022 0.170 + 0.060 0.052* 0.008 4.55 * 0.200
&4sNamoa Cmlyon) 9-17 0LM5 * 0.018 4005 + 0.02S 0.003 ● 0.006 0.022* 0.016

9-20 -0.004 ● 0.012 -0.009 & 0.02S 0.038 & 0.008 0.370+ 0.004
9-21 0.011 * 0.02s 0.016 & 0.034 0.057* 0.010 2.64 + 0.160
9-22 0.005 + 0.018 0.005 * 0.032 0.220+ 0.014 4.29 * 0.280

No. of Analyses 5 5 5 5
M&limum -0.004 * 0.012 -0JM9• 0.028 0.W3 * 0.006 0.022 k 0.016
Mmdnmm 0.011 ● 0.028 o.lm + 0.060 0.220*0.014 4.55 ● o.2Wl
Avmge 0.004 0.035 0.074 237
28 0.011 a152 0.170 4.24
239p@36~ ~ 8.8 320

Note: Tbe*vdllerqnWenU twketbc8tM6u66cviubo ofthcd&ibu&m of&erve6 vduc8. Ifollly
maulyd8is_t5mtbevdue rqxc8aat8twke thowmrMnty tam for theandydn.
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rd Canyoo)

No. ofAnalysts
Minimum
Maximum
Average
2s

85te2
(k Alamos Caoyoll)

No. ofAodysas
Minimum
Maximum
Average
2a

8&e4
(Lcu AhOlml Caoyon)

&siamoaCmyoo)

No. of AmIlyse8
Minimum

Average
2s

1982
mm

8-23
8-26
9-20
9-21

a25
8-26
8-27
8-30
%31
9-17
9-20
9-21
9-22
9-23

825

8-25
9-17
9-20
9-21
9.22

TABLE E-XL

MIOCH@&UCAL QUALITY OF SUMM@R RUNOFF, 1982

137(3
(10-9Wulnt)

40*80
12 k 76
-3 * 108
48*106

4
-3 * 108
48*106
24.2
47.7

8*8O
-6*34
15*4O
34*2a
16+ 52
4k66

17* 32
16& 74
31*62

9
-6&34
34* 28
15
2s

50+50

8O*1OO
7*24

37 k 36
4*32

24*36

5
4*32

80* la)
30
62

(%2%2)
a4 k 1.2
9.0 * 2.0
0.8 k 1.2

-0.3 * 1.0

4
-0.3 * 1.0

9.0 * 2.0
2.5
8.7

12* 1.4
0.5 k 1.0
0.7 * 1.2
7.4+ 3.6
0.4 * Lo
ao k 1.2
0.5 h 1.2
0.5 * 12

-0.1 * Lo
6.2 * 3.0

10
-al * 1.0

7.4 ●36
1.7
5.4

0.8 & L2

a2 k 1.2
a4 k 1.2

-0.4 * 1.2
0.3.* 1.4
0.5 * 12

5
-0.4 * 12

as* L2
0.2
0.7

(la’c%)

23* 4.0.
17* 4.0
33* 6.0
17A 3.8

4
17* 4.0
33+ 6.0
22
15

52* 10
21* 4.0
18+ 4.0
41*8.O
20* 4.0
37* 8.0
37k 8.0”
18& 4.0
20* 4.0
27k 6.0

10
18& 4,0
52i 10
29
24

8.6k 2.4

13* 3.2
7.9* 2.4
IO+ 28
12+ 3.0
13+ 3.2

5
7.9* 2.4

13.0* 3.2
11.2
4.4

(lo+’&d)
1.0 & 0.6
0.9 * 0.6
1.9 A a6
L5 + 0.6

4
0.9 * a6
1.9 & 0.6

1.3
0.9

2.9 k a6
1.6 *, 0.6
1.1 * 0.6
23* a6
23 *a6
26• a6
2.6 * 0.6
1.3 * 0.4
3.4 + 0.6

9
1.1 k Q6
3.4 * a6

22
1.5

LS * at3

13* a6
0.5 * 0.4
L8 *. 0.4
13* a6
1.9 * 0.6

5
0.3 k a4
L9 & 0.6

1.4
1.1

Tad U
(l@)

a8 & 0.8
1.3 k a8
0.0k 0.8
ao k 0.8

4
ao + a8
1.3 + 0.8

0.5
13

1.4 * a8
0.7 ● a8
ao *,a8
L2 * 0,8
L2 + 0.8
ao + 0.8
0.0 * 0.8
0.0 k a8
0.0 ~ 0.8
0.0 * 0.8

10
0.0 ● 0.8
1.4 * 0.8

a4
12

a9*a8

1.5 * a8
2.9*O.8
1.1 & 0.8
0.5 + 0.8
0.3*0.8

5
a5*a8
29* a8

13
20

(l&9%h4

3.2 ● 1.0
1.2 * 0.60

13.7 ● 1.6
6.7 k LO

4
L2 * a60

13.7 * 1.6
6.2

11

18.3 * 1.4
6.9 ~ 0.60
5.2 + LO
15& 1,8

6.2 * 0.6
11.6 * 1.0
15.8 & a8
4.6 + LO
4.4.* a8
3.6 + LO

10
3.6 A LO

18.3 * 1.4
9.2

11

a78 * a30

L2 k a30
3.9 + a40

1.6 * a80
3.1 * 0.80
29+ a80

5
12* 0.30
3.9 ● 0.40

25
22
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TABLE E-XLIII

PLUTONIUM IN RESERVOIR SEDIMENTS,

Heron Reservoir

Upper

Middle
LOwer

Z*2S

El Vado Reservoir
Upper
Middle
LOwer

zk2s

Abiquiu Reservoir
Upper
Lower

X*2S

Cochiti Reservoir
Station 1
Station 2
Station 3
Station 4
Station 5
Station 6
Station 7

5*25

Summary
i+2s

238pu

(PCvll)

0.0002 * O.0000
0.0007 * O.0000
0.0009 * O.0000

0.0006 + 0.0007

0.0001 * O.0000
0.0001 + O.0000
0.0006 ● O.0000

0.0003 + 0.0006

0.0004 + 0.0003
0.0006 * O.0001

0.0005 * 0.003

0.0007 ● O.0001
0.0012 + O.0001
0.0008 + 0.0001
0.0008 + 0.0001
0.0010 + O.0001
0.0012 * O.0001
0.0008 + 0.0001

0.0009 * 0.0004

0.0007 * 0.0007

‘%

(Pm)

0.0077 * 000000
0.0135 + O.0000
0.0199-”40:0000

0.0137 + 0.0122

0.0106 + 0.0000
0.0052 + 0.0000
0.0126 + 0.0000

0.0095 + 0.0077

0.0080 +-0.0006
0.0114* 0.0006

0.0097 + 0.0048

0.0151 + 0.0008
0.0257 + 0.0012
0.0156 * 0.0008
0.0156 + 0.0010
0.0174 + 0.0008
0.0179 * 0.0010
0.0171 + 0.0008

0.0178 + 0.0072

0.0142 + 0.0105

239p@?3a~

Ratio

38

19

22”

23

106

52

21

32

20
19

20

22
21
20
20
17
15

““21

20

20

Note: The + value represents twice the standard deviation of tie distribution of a number of observed
values. If only one analysis is report~ then the value representstwicethe uncertainty term for the
analysis.
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APPENDIX F

DESCRIPTIONS OF TECHNICAL AREAS AND THEIR ASSOCIATED PROGRAMS

Locations of the 32 active technical areas (TA’s)
operated by the Laboratory are shown in Fig. 4. The
main programs conducted at each are listed in this ap-
pendix.

TA-2, Omega Sfte: Omega West Reactor, an 8
megawatt nuclear research reactor, is located here. It
serves as a research tool in providing a source of
neutrons for fundamental studies in nuclear physics and
associated fields.

TA-3,Souzh Mesa Site: In this main technical area of
the Laboratory is the Administration BuiIdmgthat con-
tains the Director’sotllce and administrativeofficesand
laboratories for several divisions. Other buiklingshouse
the Central Computing Facility, Administration ofiice$
Materials Departmen$ the science museum, Chemistry
and Materials Science Laboratories, Physics
Laboratories tectilcal shops, cryogenicslaboratori~ a
Van de GraaiT accelerator, and cafeteria.

TA-6, Tw M& Mesa Site: This is one of three sites
(TA-22 and TA40 are the other two sites) used in
developmentof special detonators for initiation of high
explosivesystems. Fundamental and applied research in
support of this activity includes investigation of
phenomena associated with initiation of high explosiv%
and research in rapid shock-induced reactions with
shock tubes.

TA-8, GT Site (or Anchor Site W&): This is a non-
destructive testing site operated as a service facility for
the entire Laboratory, It maintains capability in all
modem nondestructive testing techniques for insuring
qualky of material$ ranging from test weapon compo-
nents to checking of high pressure dies and molds. Prin-
cipal tools include radiographic techniques (x-ray
machines to 1 million volts, a 24-MeV Matron)
radioactive isoto~ ultrasonic testing,penetrant testing,
and electromagnetic methods.

TA-9, Anchor Sfte East: At this site fabrication
feasibility and physical properties of explosivesam ex-
plored. New organic compounds are investigated for
possibleuse as explosives.Storage and stabilityproblems
are also studied.

178

TA-IZ, lC-Site: Facilities are located here for testing
explosivecomponents and systems under a variety of ex-
treme physical environments.The facilitiesare arranged
so testing may be controlled and observedremotely,and
so devicescontainingexplosivesor radioactivematerial$
as wellas those containingnonhazardous materials,may
be tested.

TA-14, @!Vte: This ffig site is used for running
various tests on relatively small explosive charges and
for fragment impact tests.

TA-Z5, R-Site: This is the home of PHERhfEX—a
multiplecavity electron acceleratorcapable of producing
a very large flux of x-rays for certain weapons develop-
ment problems and tests. This site is also used for the in-
vestigation of weapon functioning and weapon system
behavior in nonnuclear tesk principally by electronic
recording means.

TA-16, S-Site: Investigations at thii site include
developmen~engineeringdesign, pilot manufacture en-
vironmental testing, and stockpileproduction liaison for
nuclear weapon warhead systems. Development and
t&ting of high explosives, plastics and adhesiv~ and
process development for manufacture of items mung
these and other materials are accomplished in extensive
facilities.

TA-18, P@rfto Laboratory Site: The fundamental
behavior of nuclear chain reactions with simple, low-
power reactors called “critical assemblies” is studied
here. Experiments are operated by remote control and
observed by closed circuit television.The machhs are
housed in buildings known as “kivas” and are used
primarily to provide a controlled means of assemblinga
critical amount of fissionablematerials. This is done to
study the effwts of various shapes, siz~ and cotilgura-
tions. These machines are also used as sources of ftion

neutrons in large quantities for experimental purposes.
TA-21, DP-Site: This site has two primary research

areas, DP West and DP EaaL DP Weat is concerned
with chemistry research.DP East is the high temperature
chemistry and tritium site.

TA-22, TD Site: See TA-6.
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TA-28, Magazine Ama “A”: Explosives storage area.
TA-33, HP-Site: A major high-pressure tritium handl-

ing facility is located here, Laboratory and office space
for Geosciences Division related to the Hot Dry Rock
Geothermal Project are also here.

TA-35, Tm Site: Nuclear safeguards research and
development which is conducted here+is concerned with
techniques for nondestructive detectio~ identMcation,
and analysis of fwsionable isotopes. Research in reactor
safety and laser fusion is also done here.

TA-36, Kappa Site: Various explosive phenomenh
such as detonation velocity, are investigated here,

TA-37, MagazineAm “C”: Explosives storage area.
TA-39, Ancho Canyon Site: Nomuckar weapon

behavior is studied here, primarily by photographic
techniques. Investigations are also made into various
phenomenological aspects of explosive% interaction of
explosives, and explosions with other materials.

TAM, DF-Site: See TA-6.
TA-4J, W-Site: Personnel at thu site are engaged

primarily in engineering design and development of
nuclear component% including fabrication and evalua-
tion of test materials for weapons.

TA+3, Hdth Reseamh L.aboratwy: The Biomedical
Research Group does research here in cellular
radiobiology, molecular radiobiology, biophysics mam-
malian radiobiology, and mammalian metabolism. A
large medical library, special counters used to measure
radioactivity in humans and animals and animal quar-
ters for dogs, mice and monkeys are also located in this
building.

TA4$, WA Site: Here applied photochemistry, which
includes development of technology for laser isotope
separation and laser-enchancement of chemical
processe% is investigated. Solar energy research, par-
ticularly in the area of passive solar heating for
residences, is done.

TA4#8, Radbchemistqv Site: Laimratory scientists
and technicians at this site study nuclear properties of

radioactive materials by using analytical and physical
chemistry. Measurements of radioactive substances are
made and “hot cells” are used for remote handlhg of
radioactive materials.

TA-50, Waste Management St@: Persomel at this site
have responsibility for treating and disposing of most in-
dustrial liquid waste received from Laboratory technical
arew for development of improved methods of folid
waste treatmen~ and for containment of radioactivity
removed by treatment. Radioactive liquid waste is piped
to this site for treatment from many of the technical
areas.

TA-51, Animal Exposure Fadity: Here animals are
exposed to nonradioactive toxic materials to determine
biological effects of high and low exposures.

TA-52, Reactor Devebpment Site: A wide variety of
activiti~ related to nuclear reactor performance and
safety are done here.

TA-53, Meson Physics Facility: The Los Akunos
Meson Physics Facility (LAMPF), a linear particle ac-
celerator, is used to conduct research in the areas of
basic physics, cancer treatmen~ materials studies, and
isotope production.

TA-54, Waste Dispod Site: This is a disposal area
for solid radioactive and toxic wastes.

TA-55, Pfutmium Pnxesdng FacUities: Processing of
plutonium and research in plutonium metallurgy are
done here.

TA-57, Fenton Hill Site: This is the location of the
Laboratory’s Hot Dry Rock geothermal project. Here
scientists are studying the possibtity of producing energy
by circulating water through ho~ dry rock located hun-
dreds of meters below the earth’s surface. The water is
heated and then brought to the surface to drive electric
generators.

TA-58, Two Miik MescL Undeveloped technical area.
TA-S9, Occupatfonaf Health Site: Occupational

health and environmental science activities are conduc-
ted here.
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APPENDIX G

PUBLICATIONS OF THE ENVIRONMENTAL SURVEILLANCE GROUP DURING 1982

W. S. Baldridge, F. V. Perry, E. S. Gladney, “Petrology
and Geochemistry of the Cat Hills Volcanic Field, Cen-
tral Rio Grande R@ New Mexico,” Geological Society
of America Bulletin 93, 635-643 (1982).

N. M. Becker, “Supplementary Documentation for an
Environmental Impact Statement Regarding the Pantex
Plant: Hydrologic Study for the Iowa Army Ammufii-
tion Plan4” Los Alamos National Laboratory report
LA-9445-PNTX-B (December 1982).

N. M. Becker and W. D. Purtymun, “Supplementary
Documentation for an Environmental Impact Statement
Regarding the Pantex Plant: Hydrologic Study for Pan-
tex: Los Alamos National Laboratory report LA-9445-
PNTX-A (December 1982).

B. Bowen, T. Buhl, J. Dewart, W. Hansen, D. Talley, A.
Chen, W. Olsen, and D. Van Etten, “Measurements and
Modeling of Gamma Absorbed Dosea Due to Releases
from a Linear Proton Accelerator: Experimental Design
and Preliminary Results,” Los Alamos National
Laboratory report LA-UR-82-3681 (December 1982).

T. Buhl, J. Dewart, T. Gunderson, D. Talley, J. Wenzel,
R. Romero, J. Salazar, and D. Van Etten, “Supplemen-
tary Documentation for an Environmental Impact State-
ment Regarding the Pantex Plant: Radiation Monitoring
and Radiological Assessment of Routine Rel-” Los
Alamos National Laboratory report LA-9445-PNTX-C
(December 1982).

C. P. Conrad, M. W. Rowe, and E. S. Gladney, “Com-
parative Determination of Uranium in Silicate by
Delayed Neutron Activation Analysi$” Geostandards
Newsletter 6, 1 (1982).

J. M. Dewart, B. M. Bowe~ and J. C. Elder, “Sup-
plementary Documentation for an Environmental Im-
pact Statement Regarding the Pantex Plant: Dispersion

Analysis for Postulated Acciden~” Los Alamos
National Laboratory report LA-9445-PNTX-D (Decem-
ber 1982).

D. R, Dreesen, J. M. Wfiam~ M. L. Marple, E. S. Glad-
ney, and D. R. Pernn, “Mobility and Bioavailabtity of
Uranium Mill Tailings Contaminantsfl Environmental
Science & Technology 16, 702-709 (1982).

Environmental Surveillance Group, “Environmental Sur-
veillance at Los Alamos During 1981,” Los Alamos
National Laboratory report LA-9349-ENV (April 1982).

R. W. Ferenbaugh, T. E. Buhl, A K. Stoker, and W. R.
Hansen, “Environmental Analysis of the Bayo Canyon
(TA-1O) Site+ Los Alamo% New Mexico~ Los Alamos
National Laboratory report LA-9252-MS (1982).

R. W. Ferenbaugh, T. E. Buhl, A. K, Stoker, and W. R.
Hansen, “Environmental Analysis of Acid/Middle
Pueblo Canyon, Los Alamo& New Mexicq” Los
Alamos National Laboratory report LA-9409-MS
(August 1982).

E. S. Gladney, W. EberhardG and R J. Peters “The
Determination of Radium-226 in CCRMP Reference
Samples by Independent Nuclear Method$” Geostan-
dards Newsletter 6, 5 (1982).

E. !+ Gladney, D. R. Pernw and W. E. Good% “QuaMy
Assurance for Environmental Analytical Chemistry at
Los Alamos< Los Alamos National Laboratory report
LA-UR-82-3489 (December 1982).

T. E. Hakonson and E. S. Gladney, “Biological Intrusion
of Low-Level Waste Trench Covers in the Scientilc
Basis for Nuclear Waste Management” in Proceedings
of the Materials Research Society Symposium on the
Technical Basis for Nuclear Waste Management,
Boston M- Elsevier, pp. 519-523.

1
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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W. R. Hansen, “Risk and Safety Analysis for Disposal
of Alpha Contaminated Waste at Los Alamos National
Laboratory; in Proceedings of the A@a Contaminated
Waste Management Workshop, Gaithersberg,
Maryland, August 10-13, 1982, Oak Ridge National
Laboratory report CONF-820845 (December 1982).

W. R. Hansen and J. C. Rodgers, “Risk Analysis for
Shallow Land Burial and Greater Confinement of Alpha
Contaminated Wastes,” Nuclear and Chemical Waste
Management (in press).

D. G. Macdonell and J. M. Dew- “Supplementary
Documentation for an Environmental Impact Statement
Regarding the Pa ntex Plant: Estimated Releases and
Downwind Concentrations of Air Pollutants from Waste
Organic Solvent Evaporation, Waste High-Explosive
Burning, and High-Explosive Test Shorn” Los Alamos
National Laboratory report LA-9445-PNTX-G (Decem-
ber 1982).

S. Meadows and J. Salazar, “An Investigation of
Radionuclide Concentrations in Tissues of Elk Utiliiing
Los Alamos National Laboratory Lan~ Health
Physics 3 (4), 595-598 (October 1982).

J. W. Owens, E. S. Gladney, and Daryl Knab, “Deter-
mination of Boron in Geological Materials by
Inductively-Coupled Plasma Emission Speetrometry:
Analytica-Chemica Acts 135, 169 (1982).

D. R. Perrin and E. S. Gladney, “Determination of
Lkanium in Seventeen CRPG Rock Reference Samples
by Independent Nuclear Methods: Geostandards New-
sletter 6, 7 (1982).

W. D. Purtymun, N. M. Becker, and M. Maes, “Sup-
plementary Documentation for an Environmental Im-
pact Statement Regarding the Pantex Plant:
Geohydrologic Investigations” Los Alamos National
Laboratory report LA-9445 -PNTX-H (December
1982).

W. D. Purtymun and N. M. Becker, “Supplementary
Documentation for an Environmental Impact Statement
Regarding the Pantex Plant: Geohydrology~ Los
Alamos National Laboratory report LA-9445-PNTX-I
(December 1982).

C. R. Steen, “Pajarito Plateau Archaeological Surveys
and Excavations, 11,” Los Alamos National Laboratory
report LA-8860-NERP (April 1982).

P. E. Trujillo, E. S. Gladney, D. A. Counce, E. J. MroL
D. R. Pernn, J. W. Owens, and L. E. Wange~ “A Com-
parison Study for Determining Dissolved Boron in
Natural Water and Geothermal Fluid: Analytical Let-
ters 15, 643-655 (1982).

D. Van Etten, T. Buhl, D. Talley, and W. HanseIL
“Capabilities of the Los Alamos National Laboratory’s
Environmental Emergency Response Vehicl~” Los
Alamos National Laboratory report LA-UR-82-3488
(December 1982).

M. K. Wallwork-Barber, R. W. Ferenbaugh, and E. S.
Gladney, “The Use of Honey Bees as Monitors of En-
vironmental Pollution: American Bee Journal 122, 770-
772 (1982).

W. J. Wenzel, K. M. Wallwork-Barber, J. M. Horton, K.
H. Re& L. C. Hollis, E. S. Gladney, D. L. Mayfiel& A.
F. Gallegos, J. C. Rodgers R G. l%oma% and G. Tru-
jillo, “Supplementary Documentation for an Environ-
mental Impact Statement Regarding the Pantex Plant:
Agricultural Food Chain Radiological Assessment” Los
Alamos National Laboratory report LA-9445-PNTX-M
(December 1982).

W. J. Wenzel, “Supplementary Documentation for an
Environmental Impact Statement Regarding the Pantex
Plant: Decontamination Methoda and Cost Estimates for
Postulated Accidents,” Los Alamos National
Laboratory report LA-9445 -PNTX-N (December
1982).

W. J. Wenzel and A. F. Gallegos, “Supplementary
Documentation for an Environmental Impact Statement
Regarding the Pantex Plant: Long-Term Radiological
Risk Assessment for Postulated Accidents: Los Alamos
National Laboratory report LA-9445-PNTX-0 (Decem-
ber 1982).

W. J. Wenzel, K. Wallwork-Barber, J. C. Rodgers and
A. F. Gallegos, “Texas Panhandle Soil-Crop-Beef Food
Chain for Uranium - A Dynamic Model Validated by
Experimental Dat&” Los Alamos National Laboratory
report LA-UR-82-3500 (December 1982).
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J. Millard
L. Lockie
A. TOPP

C. Nylander
New Mexico Energy and Minerals Department

O. A. Simpson III
Individuals

K. Schiager, University of Utah
J. White, Army Corps of Engineers
J. F. Daniel, US Geological Survey,
Albuquerque, NM
W. Schwarts, LFE, RichmonA CA
J. Mueller, CEP, Santa Fe, NM
New Mexico State Engineer, Santa Fe, NM
Ed Collins, Santa Fe National Fo~
Los Alamos, NM
Superintendent Bandelier National
MonumenL Los Alamos, NM

Media
The Monitor, Los Alamos, NM
The ChroniclG Los Alamos, NM
The New Mexican, Santa Fe, NM
The Reporter, Santa Fe, NM
The Rio Grande Sum Espaiiol% NM
Albuquerque Journal, Albuquerque, NM
Albuquerque Tribune, Albuquerque, NM
New Mexico Independent Albuquerque, NM
KRSN Rado, l-m Alamos, NM

New Mexico Congressional Delegation

Senator Pete V. Domenici
Senator J. Bingaman
Representative Manuel Luj~ Jr.
Representative Joseph Skeen
Representative WMam Richardson

Elected Officials
City of Espaiiola

C. Thompson, Mayor

City of Santa Fe
L. Montano, Mayor

county Of Los i+hllOS

Sidney Singer, Chairman of Los Alamos Council
Stephen StoddarA State Senator
Vernon Kerr, State Representative

New Mexico Oflice of Indian Affairs
Bureau of Indian Afhirs

Adrnirdstrative Manager
Eight Northern Pueblos

Governor C. Vigil, Nambe Pueblo
Governor B. Duran, Picuria Pueblo
Governor T. Talachy, Pojoaque Pueblo
Governor J. Mountain, San Ildefonso Pueblo
Governor J. Trujillo, San Juan Pueblo
Governor P. Tafoyq Santa Clara Pueblo
Governor L. Lujan, Taos Pueblo
Governor J. Vigil, Tesuque Pueblo
J. Garci% Executive Director of

Eight Northern Pueblos Council
Mesa Public Library, Los Alarnos

Internal Distribution
Director’s Oflice

D. M. Kerr, Director
C. Adams, Associate Director
for Technical Support
J. H. Breem Public AfMrs Oflicer (2)

Health Division Oflice (10)
J. Aragon
H. S. Jordan
G. S. Wilkinson

Group H-1, Health Physics
J. E. Dummer (6)
A. Valentine
J. M. Graf
R. A. Jalbert

Group H-3, Safety
L A. Blackwell

Group H-5, Industrial Hygiene
J. O. Jackson

Group H-7, Waste Management
L. C. Borduin
L A. Emelity
J. R. Buchholz
M. L. McCorkle
J. Warren
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Group H-8, Environmental Surveillance Group (20)
W. R. Hansen
A. K. Stoker

Group 1S+, Library services (15)
Group IS-6, Technical Information (2)
Group LS-6, Environmental Science (8)

J. (3. Steger
C. L. Reynolds

Group ENG- 11
R. Crombie
D. Sneesby

Laboratory Environmental Review
Committee (LERC)

F. L. Menlovq Chairperson
H. S. Jordan
E. M. Sitzberger
p. H. McConnell
R. H. Miller
K. H. Rea
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