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FOREWORD

Suggestions on How to Read Thic Report

This report addresscs both the lay person and the scientist. Each reader may have limited or
comprehensive interestin thisreport. We have tried to n.ake it accessible to all without comaromising
it scientific intcgrity. Followirg are directions advising each sudicnce on how best to usc this
document.

1. Lay Person with Limited Interest. Read Part 1, the Executive S:unmary, which describes the
Labozatory’s environmental monitoring operations and summarizes environmzntal data for this year.
Emphasis is on the significance of findings and cnvironmental regulatory compliance. A glossary is
in the back.

2. Lay Person with Comprehensive Interest. Follow directions for the “Lay Person with
Limited Interest” given above. Also, summarics of each section of the report are in boldface type and
precede the technical text. Read summaries of those sections that interest you. Further details are in
the text foliowing each summary. Api~ndix A, Standards for Environmeital Contaminants, and
Appendix F, Description of Technical Arcas and Their Associated Programs, may aiso be helpful,

3. Scientists with Limited Interest. Read Part I, the Executive Summary, to determinc the parts
of the Laboratory’s environmental program that interest you. You may then read summarics and
technical details of these pants in the body of the report. Detailed data tables are in Appendix G.

4. Scientists with Comprehensive Interest. Rcad Part 1, the Exccutive Summary, which
describes the Laboratory’s environmental programs and s..mmarizes cnvironmental data for this year,
Read the boldface summuries that head each major subdivision of this report. Further details are in
the text and appendixes.

For further information about this report, contact the Los Alamos National Laboratory’s
Environmental Protection Group (HSE-8):

Environmental Protection Group (HSE-8)
Los Alamos National Laboratory

P.O. Box 1663

Los Alamns, NM 87545

Attn; Dr. Thomas E. Buhl

Mail Stop K490

Commicrcial Telephone: (505) 667-5021
Federal Telephonc System: 843-5021
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ENVIRONMENTAL SURVEILLANCE AT
LOS ALAMOS DURING 1988
by

ENVIRONMENTAL PROTECTION GROUP

ABSTRACT

This report describes the environmenta! surveillance program conducted by Los Alamos
National Laboratory during 1989. Routine monitoring for radiation and radioactive or
chemical materials is conducted on the Laboratory site as well as in the surrounding region.
Monitoring results are used to determine compliance with appropriate standards and to permit
eariy identification of potentially undesirabletrends. Resultsand interpretation of data for 1989
cover external penetrating radiation; quantities of airborne emissions and effluents; concentra-
tions of chemicals and radionuclidesin ambient air, surface and ground waters, municipal water
supply, soils and sediments, and foodstuffs; and environmental compliance. Comparisons with
appropriate standards, regulations, and background levels provide the basis for concluding that
environmental .ffects from Laboratory operations are small and do not pose a threat to the
public, Laboratory employees, or the environment. :
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. EXECUTIVE SUMMARY

A. Monitoring Operations

The Laboratory supports an ongoing cnvironmental
surveillance program as required by U.S. Department of
Energy (DOE) Orders 5400.1 (“Gencral Environmental
Protection Program,” November 1988) and 5484.1 ("En-
vironmental Protection, Safcty, and Health Protection
Information Reporting Requirements,” February 1981)
(DOE 1988, 1981). The surveillance program maintains
routinc monitoring for radiation, radioactive materials,
and hazardous chemical substances on the Laboratory site
and in the surrounding region. These activitics document
compliance with appropriale standards, identify trends,
provide intormation for the public, and contribule to
gencral environmental knowledge. Detailed, suppicmen-
tal environmental studies also are carricd out to dctermine
the extent of potential problems, 1o provide a basis for any
remedial actions, and to gather further information on
surrounding cnvironments.  :he monitoring program
supports the Laboratory’s policy to protect the public,
cmployees, and environment from harm that could be
causcd by Laboratory activitics and to reduce environ-
mental impacts to the greatest degree practicable. Envi-
ronmental monitoring information complements data on
specific releases, such as those from radioaciive liquid-
waste trcatment plants and stacks at nuclear rescarch
facilitics, as well as airbomc releascs of nonradioactive
compounds from many Laboratory operationa.

Monitoring and sampling locations for various types
of environmental measurements are organized into three
groups:

1. Regional stations arc located within the five
countics surrounding Los Alamos County (Fig. 1)
at distances up to 80 km (50 mi) from the Labo-
ratory. They provide a basis for determining
conditions beyond the range of potential influence
from normal Laboratory opcrations.

2. Perimeter stations arc located within about 4 km
(2.5 mi)of the Laboratory boundary, and many are
in residential and community aress. They docu-
mentconditions in arcas regularly occupicd by the
public and potcntially affected by Laboratory
operations.

3. On-sile stations are within the Laboratory bound-
ary, and mos. arc in arcas accessible only to
cmployces during normal working hours. They
document cnvironmental conditions at the Labo-
ratory whcre the public hais nmited access.

Samples of air particles aud gases, waters, soils, sedi-
ments, and {oodstuiis arc routincly collccted at these
stations for subscquent analyses (Table 1).  External
penctrating radiation from cosmic, tcrrestrial, and Labo-
ratory sources is also mcasured.

Additional samples are collected and anatyzed to gain
information about particular cvents, such as major surface
run-off cvents, nonroutine releases, or special studies.
More than 25 000 analyses for chemical and radiochemi-
cal constituents were carried out for environmental sur-
veillance during 1989. Resulting data veere used for dose
calculations, for comparisons with standards and back-
ground levels, and for interpretation of the relative risks
associated with Laboratory operations.

Comprchensive information about monitoring activi-
tics, environmental regulatory standards, and mcthods
and procedures for acquiring, analyzing, and rccording
data is presented in Appendixes A-F; detailed environ-
mental data tables arc given in Appendix G.

B. Estimated Doses and Risks from Radiation
Exposure

1. Radiation Doses. In this rcport, estimated indi-
vidual radiation doscs 10 the public attributablc to Labo-
ralory opcrations arc compared with applicable standards.
Doscs are expressed as percentages of DOE's Radiation
Protection Standard (RPS). The RPS is for doscs from
exposurcs cxcluding contributions from natural back-
ground, fallout, and radioactivc consumcr products. Es-
timated doses arc belicved to be potential doses o indi-
viduals under realistic conditions of cxposure.

Historically, cstimated doscs from Laboratory opera-
tions have been less than 7% of the 500-mrem/yr standard
that was in cffect before 1985 (Fig. 2). These doses have
principally resulted from cxternal radiation from the
Laboratory's airborne relcascs.  In 1985, DOE issucd
interim guidelines that fowered its RPS to 100 mrem/yr

_/
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Table 1. Number of Sampling L. _ations for Routine

Monitoring of the Ambien, Environment

‘Type of Monitoring Regional Perimeter On Site
External radiation 4 12 139
Air 3 12 12
Surface and ground waters® 6 32 37
Soils and scdiments 16 16 34
Foodstuffs 10 8 B!

#Samples from an additional 22 stations for the water supply and 33 special
surface- and ground-water stations related to the Fenton Hil! Geothermai
Program were also collecied and analyzed as part of the monitoring

program.

(cffective dose cguivalent) from all exposure pathways.
In addition, exposure via the air pathway was further
limited to 25 mrem/yr (whole body) and 75 mrem/yr

(any organ) in accordance with requircments of the 12.5.
Environmental Protecticn Agency (EPA) (Appendix A).

T

B Maximum Individual Dose

Maximum Labcratory Boundary Dose

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989
YEAR

Fig.2. Summary of estimated maximum individual and maximnm
Laboratory boundary doses from Laboratory opcrations (¢xcluding con-
tributions from cosmic, terrestrial, and medical diagnostic sourccs).
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// In 1989, the cstimated maximum individual etfective
dosc wa: 3.9 mrem, or 3.9% of DOE’s 100-mirem/yr
standard for all pathways. Because thisdosc isprincipally
duc to external radiation from airbome activation prod-
ucis, it is equal to the whole-body dosc as well and is 16%
of EPA’s 25-mrem/yt standard for the air pathway alonc
(Table G-1). This dosc resulted mostly from external
radiation from short-lived, airbomnc cmissions from 2
li.car particle accelerator, the Los Alamos Meson Physics
Facility (LAMPF).

Another perspective is gained by comparing these
estimatcd doses with the estimated cffective dose atuibut-
able to background radiation. The highest estimated dose
caised from Lavoratory operations was about 1% of the
327 mirem received from background radioactivity in Los
Alamos during 1989,

2. Kisk Fstimates. Estimatcs of the addcd risk of
cancer were caleniated i provide a perspective for com-

LOS ALAMOS NATIONAL LABORATORY
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paring the sienificance of radiation exposures. Incre-
mental cancer risk - residents of Los Alaimos townsite
cin wdby 16 ' Labora.ory operations was estin-ated to be
1 chance in 15 000 000 (Table 2). This risk is <0.5% of
the | chance in 8009 for cancer from natural background
radiation and the 1 chance in 43 UX) for cancer from
medical radiation,

T'he Laboratory’s poicntial contribution to cancer risk
is small when comparcd with overall cancer risks. The
overall lifetime risk in the United States of contraciing
some form of cancer “s 1 chance in 4. The lifetime risk of
cancer mortality is 1 vhance in 5.

C. External I’enetrating Radiation

Levels of cxtemal penctrating 1adiaticn (including
» and gamma rays and charged-particle contributions
from cosmic, terrestrial, and manmade sources) in the Los
Alamos arca ure monitored with thermolumincscent
dosimeters (TLDs) at 147 locations. v

Table 2. Added Individual Lifetime Cancer Mortality Risks
Attributable to 1989 Radiation Exposure

transformation producits.

BEIR V 1990, NCRP 1Y87a).

6

Incremental Effective Added Risk
Dose Equivaicnt Used to an Individual of
in Risk Estimate Cancer Mortality
L.xposure Source (mrem) (chance)
Average Exposure from Laboratory Operations
Los Alamos townsile 0.15 1in 15000 000
White Rock arca 0.14 1in 16 060 000
Natural Radiation
Cosmic, terrestrial, slf-irradiation, and radon exposurc®
Los Alamos 327 lin 8000°
White Rock 327 lin 8000
Medical X Rays (Diagnostic Procedures)
Avcrage whole-body exposure 53 1in43 000

®An cffective dose equivalent of 200 mrem was used to estimate the risk from inhaling 222Rn and its

®The risks from natural radiation from nonradon sources were estimated to be 1 chance in 18 000 in Los
Alamos and Whitc Rock. The risk of lung cancer from radon cxposurc was estimated to be 1 chance in
14 000 for both Iccations. Risk estimates are derived from the National Research Council (NRC) BEIR 1V
and BETR V rcports and the National Council on Radiation Protection (NCRP) Report 93 (BEIR 1V 1988,
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The TLD network for monitoring radiation from air-
borne activation products released by LAMPF measured
about 8 £ 3mrem for 1989 (excluding background radia-
uor trom cosmic and terrestrial scurces). This value is
Tess than that measurced in 1988, despite a 30% increasc in
tue release of airborne radioactivity from LAMPFE. This
is probably due to the variations in the micropatterns of
winds between the two years.

Radiation levels (includ.g natural background radia-
tion from cosmic and icrrestrial sources) ars also meas-
ured at regional, perimeter, and on-site locations :n the

environmental TLD network. Some mcasurcments aton-
sile stations were above background Ievels, as expected,
reflecting ongoing rescarch activities at, or historical
releascs from, Laboratory facilitics.

D. Air Monitoring

Airborne radioactive cmissions were monitored at 87
release points at the Laboratory . Total airbome cmissions
increased from hose in 1988 (Yable 3). This was princi-
pally duc to the 30% increase in seleases of airbome
activation 1 oducts from LAMPE,

Table 3. Comparison of 1988 nnd 1989 Releases of
Radionuclides from Labe atory Operations®

Airborne Enriissions

Adtivity Released (Ci) Ratio
Radionuclide T 1989 1989:1988
3 11 000 14 400 1.3
32p 0.000 057 0.000018 0.3
HAr 264 222 0.8
Uranium 0.000 559 0.000 394 0.7
Plutonium 0.000 072 0.000 045 0.6
Gascous mixed activation products 121 000 156 000 1.3
Mixed fission products 0.001 150 0438 380
Particulate/vapor activation products 0.1 0.1 1
Roundcd total 130 000 170 000 13
Liquid Effluents
Activity Released (Ci) Ratio
Radionuclide 1988 1989 1989:1988
3K 26 41 1.6
85.89.90g, 0.081 0.1191 0.2
BWics 0.031 0.039 13
By 0.0008 0.0005 0.6
238239.240p, 0.0043 0.0026 0.6
MAm 0.0037 0.0041 1.1
Other 0.048 0.8286 17
Roundcd total 26 42 1.6

®Detailed data arc presented in Table G-2 for airhorne emissions
and Tables G-13 and G-14 for liquid cfflucnts.
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Ambicnt air is routinely sampled for tritium, uranium,
plutonium, americium, and gross beta activity. Mcasure-
ments of radicactivity in the air are compared with DOE’s
Derived Air Concentration Guides. These guides arc
concentrations of radioactivity in air that, if brecathed
continuously throughout the year, would result in effec-
tive doscs cquat to DOE 's RPS of 100 mrem/yr for persons
in off-sitc arcas (Derived Concentration Guides for Un-
controllcd Arcas) and to the occupat.onal RPS (sec Ap-
peadix A) for persons in on-site arcas (Desived Air Con-
centrations for Controlled Arcas). Hercafiter, they are
called guides for on- and off-sitc arcas.

Only tritiwm air concentrations showed levels indicat-
ing any mcasurable impact from radionuclidc relcases
causcd by Laboratury operations. Annual average con-
certrations of tritium continucd to be much less than 0.1%
of DOE's guidcs at all stations and poscd no environ-
mcntal or health problems in 1989. Annual average
concentrations of longer-lived radionuclides in air during
1989 werce also less than 0.1% of the guides.

E. Water, Soii, and Sediment Monitoring

Liquid cffluents containing low levels of radioa: tivity
arc routinely relcased from one waste treatment plant wnd
one sanitary scwage lagoon system. The dominant change
from 1988 wasan increase in tritium discharges (Table 3).
The LAMPF lagoons were modificd during 1989, requiring
the discharge of higher concentrations of radionuclides.

Surface and ground waters arc monitored to detect
potential dispersion of radionuclides from Laboratory
operations. Only the surface and shallow ground walers
in on-site liquid cffluent relcase arcas contained radio-
activity in concentrations that were above natural terres-
trial and worldwide fallout levels. These walers are not a
source of industrial, agricultural, or municipal walter
supplics. The quality of water from regional, perimeter,
and on-site arcas that have received no direct discharge
showed no significant cffects from Laboratory releascs.
Samples from test wells and water supply wells continued
:0 show no radioactive or chemical contamination in the
deep aquifer that occurs 180 to 360 m (600 to 1200 f1)
beneath the Pajarito Platcau,

Mecasurements of radioactivity in samples of soils and
sediment,, provide data on less-dircct pathways of expo-
surc. These measurements are uscful for understanding

hydrological transport of radioactivity in intcrmittent
strcam channels ncar low-level radioactive wastc man-
agement arcas. On-sitc areas within Pucblo, Los Alamos,
and Mortandad canyons all had concentrations of radioac-
tivity in scdiments at levels higher than those attributable
to natural terrestrial sources or worldwide fallout. Ce-
sium, plutoni::m, and strontium in Mortandad Canyon arc
duc to efflucnts from a liquid-wasic trcatment plant. No
run-off or scdiment transport has occurred beyond the
Laboratory boundary in Monandad Canyon since effluent
relcase into the canyon started. However, some radioac-
tivity in sediments in Pucblo Canycn (from pre-1964
cffluents) and Los Alamos Canyon (from post- 1952 treated
cfflucnis) has been transported to the Rio Grande. Theo-
retical estimates, confirmed by measurements, show that
the incremental cffect on Rio Grande sediments is a small
percentage of the background concentrations attributable
10 worldwide fallout in soils and scdiments.

Surface run-off has transporntcd some low-level con-
tamination from the active waste disposal arca and scvcral
of the inactive arcas into controlled-access canyons.
Analyscs forextraction procedure toxic metals from surface
sediments indicate that no constituents in cxcess of EPA
crileria for determining hazardous waste are present in
these canyons.

F. Foodstuff: Monitoring

Most fruit, vegetable, fish, bee, aind honcy samples
from regional and perimeter locations showed no radio-
activity distinguishable (rom that attributable to natural
sources or worldwide fo'loul. Some produce samples
from on-site locations hau slightly elevated tritium con-
centrations at levels <1% of DOE’s guides for tritium in
watcr (there are no concentratior fuides for producc).

G. Unplanned Releases

1. Airborne Radionuclide Releases. Four un-
planncd reicases occurred during 1989. Three of these
involved the release of tritium from technical arca
(TA)-41. The fourth was a release of fission products
from TA-48. In all cases, the resulting radiation dose to
amember of the public was cstimated to be less than 0.1%
of DOE’s RPS. Nonc of these reicases exceeded EPA’s
thresholds for reportable quantitics of radionuclides.
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On May 31, 1989, 1000 Ci of tritiutn were relcased
from TA-41. The relcase was in the form of clemental
tritium gas, and 1% was assumed to be subscquenty
oxidized to tritiated water (Brown 1990). Potential doses
were calculated using an atmospheric dispersion model
that in-luded wind speed and direction characteristics at
the time of ihe release. The maximum cffective dose
cquivalent from the relcasc is calculated to be 0.02 mrem,
which is 0.02% of DOE’s RPS of 100-mrem/yr cffective
dose cquivalent from all pathways. The maximum whole-
body dose is also 0.02 mrem, whichis 0.08% of the EPA’s
radiation limit of 25 mrem/yr to the whole body from the
air pathway.

On Junc 2, 1989, an additional 400 Ci ¢f tritium gus
were relcased from TA-41. Potential radiation doscs re-
sulling from the release were calculated in the same
manner as discussed above, using the measured release
raie, assuming 1% oxidation to tritiated water (Brown
1990) and tking into account local melcorological con-
ditions. The maximum cffective dose equivalent and
whole-body dose were calculated 1o be less than
0.01 mrem, which is less thar 0.01% of DOE's RPS of
100-mrem/yr effective dose equivalent from all pathways
and less than 0.04% of the EPA’s radiation limit of
25 mrem/yr to the whole body from the air pathway.

From October 20, 1989, to November 9, 1989, ap-
proximately (0.4 Ci of mixcd fission products was released
from a stack at TA-48. The radioisotopes Ga and Ge
accounted for morc than 92% ol the relcase. Air samplers
were placed downwind to measure any impact from the
rclcasc. Potcntial doses were estimated using the sample
results and atmospheric dispersicn calculations. Both the
cffective dose cquivalent and the whole-body dose from
the release were calculated to be less thon 0.01 mrem, or
Iess than 0.01% of DOE's RPS of 100 mrem/yr (cffective
dosc cquivalent) from all pathways and 0.04% of EPA’s
radiation liinit of 25 mrem/yr (whole body) from the air
pathway.

On December 7, 1200 Ciof elemental tritium gas were
rcleascd from TA-41. In this relcase, 1% of the tritium
was assumed o be subsequently oxidized to tritiated
watcr. Potential radiztion doses resulting from this relcase
were calculated using an atmospheric dispersion model
with wind speed, wind direction, and stability class at the
time of the releasc. The effective dose equivalent and the
whole-body dose were both calculated to be less than

N\

0.01 mrem, which is less than 0.01% of the DOE RPSof\
100 mrem/yr (effective dose cquivalent) from all path-
ways and less than 0.04% of the EPA radiation limit of
25 mrem/yr (wholc body) from the air pathway.

2. Liquid Spills. During 1989, three spill reponts
were transmitted to the New Mexico Environmental [m-
provement Division (NMEID) regarding nonradioactive
liquid spills. A report was submitted in February regarding
improvements designed to prevent the accidental dis-
charge of diclectric oil cuntaining parts-per-billion levels
of organic solvent at TA-35, buildings 125 and 85. Spills
from previous years were cleaned up and closure plans
were submitted to NMEID for remediation of the sites. On
March 13, a spill report was submitted to NMEID regard-
ing about 1900 L (500 ga'.) of raw scwage discharge from
a damagcd sanitary lift station, a water linc rupture at *:.:
pesticide storage building, and a small hydraulic oil spili
from a compressor storage tank. On December 9, the
spillage of approximately 90 L (20 gal.) of automatic
transmission fluid was reported to NMEID. Each «pill
report detailed an account of the spill and the specific
actionstaken tocleanitup. The spillsteported in February
and March were inspected by NMEID stalff, and all of the
spill reports issucd in 1989 were reviewed and approved
by NMEID. All spilis in 1989 were contained within
Laboratory boundaries.

H. Environmental Compliance Activities

1. Recource Conservation and Recovery Act
(RCRA). This act tcgulatcs hazardous wastes, from
generation to ultima: - disposal. The EPA has given full
authority for administering RCRA (with the exception of
the Hazardous and Soiid Waste Amendinents [HSWA] of
1984) o the NMEID. In 1989, the Laboratory had
numerous nteractions with NMEID and prepared the
necessary documentation to comply with RCRA require-
ments. NMEID conducted one compliance inspection
during 1989 and issucd onc Notice of Violation. The draft
hazardous waste permit went to public hearing in July
1989, and the permit was issucd on November 8, 1989.
The Laboratory and DOE, through the Department of
Justice, appcaled onc provision of the permit. Results are
pending. The HSWA portion of the permit was written by
EPA and went to public hearing in August. The HSWA

J




LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL SURVEILLANCE 1989

permit was issued on March 8, 1990. Afier the state
reccives authorization from EPA for regulating mixed
wasle, a permit modification will be requested.

2. Clean Water Act. Rcgulations under the Clean
Water Act set water quality standards and erfluent limita-
tions. The two primary programs at the Laboratory
established to comply with the Clean Water Act are the
National Pollutant Discharge Elimination Systcm
{(NPDES) and the Spill Prevention Control and Counter-
measure {(SPCC) program.

The NPDES requires permits for nonradioactive con-
stituents at all point-source discharges. A single NPDES
permit for the Laboratory authorizes effluent discharges
from 102 industrial outfalls and 10 sanitary sewage treat-
ment outfalls; the permit expires in March 1991, The
Laboratory was in compliance with the NPDES permit in
about 98.2% and 99.8%, respectively, of the analyscs
done on samples collected for snonitoring compliance at
sanitary and industrial waste discharges. Chronically
noncompliant discharges are being addressed under an
EPA/DOE Federal Facility Compliance Agreement. In
addition, NPDES corrcclive activitics are listed in DOE’s
“Environmental Restoration and Waste Management Five-
Yeur Plan™ (DOE 1989).

Another NPDES permit authorizes liquid cffluent
lischarge frony the Fenton Hill Geothicrmal Project. The
permit is for asingle outfall and was issucd to regulate the
discharge of mincral-laden water from the rec vele loop of
the geothermal wells, No discharges occurred from this
outfull in 1989.

The Laboratory has an SPCC Plan, as required by the
Code of Federal Regulations (40 CFR 112). The plan is
implemented by providing secondary containment for
large tanks and otk:crcontainers to control accidental spills
and prevent them from entering a watercourse. The plan
alsoprovides for spiil control training and cleanup. During
1989, major secondary containment construction was
done at 11 sites.

3. National Environmental Policy Act (NEPA).
This act requires that environmental impacts be consid-
cred during the planning of major federal actions. At the
Laboratory, plans for new construction projects reccive a
comprehensive review for general environmental, safety,
and health concerns. Each project that may adversely
affect the environment is described bricfly in an Action
Description Memorandum (ADM) that is prepared by the

Health, Environment, and Safeiy (HSE)-Division staff
and submitted to DOE. The DOE (Albuquerque Opera-
tions Officc or Headquarters) determinesthe level of NEPA
documentation appropriate to cach project.

During 1989, more than 300 proposcd projects were
reviewed to determine potential environmeatal impacts.
Of these, 53 were identificd as requiring ADMs,

4. Federal Clean Air Act and New Mexico Air
Quality Control Act. Regulations under these acis sct
ambicnt air quality standards, require the permitting of
new sources, and sct acceplable emission limits.  The air
quality and metcorological program at the Laboratory
includes monitoring to cnsure that ambicnt air quality
standards arc met, reviewing of all new and modificd
sources to determine whether air permits are required, and
air modeling support for permit applications and other
programs. During 1989, all of the Laboratory’s existing
opcrations remaincd in compliance with all federal and
state air quality regulations:

¢ Monitoring showed no violations of ambicnt air
quality standards.

¢ All construction projccts at the Laboratory were
reviewed and air emissions were estimated to de-
termine whether air permits were required.

o Air quality impacts were modeled  for Environ-
mental Assessments, Safely Analysis Reports, air
quality pcrmitapplications, and unplanned relcascs.

5. Safe Drinking Water Act (SDWA). Municipal
and industrial watcr supply for the Laboratory and com-
munity is from 16 decp wells and 1 gallery (collection
svstem fed by springs). The wells rangce in depth from 265
10 942 m (869 to 3090 f1). In 1989, the chemical quality
of the water met federal and state Primary and Sccondary
Drinking Water Standards (NMEIB 1988, EPA 1989).

6. FederallInsecticide, Fungicide,and Rodenticide
Act (FIFRA). This act requires registration of all pesti-
cides, restricts usc of certain pesticides, recommends
standards for pesticide applicators, and regutates disposal
and transportation of pesticides. The Laboratory storcs,
uses, and discards pesticides in compliance with this act.

7. National Historic Preservation Act. Asrcquired
by Sec. 106 of the National Historic Preservation Act

J




of 1966, which was implemented by 36 CFR 800, Labo-
ratory undertakings are cvaluated in consultation with the
State Historic Preservation Officer (SHPO) for possible
cffects on historic resources. During 1989, Laboratory
archacologists cvaluated 462 undertakings, conducted
42 ficld surveys, recorded 14 new archacological sites,
and submitted 15 survey reports and 2 mitigation plans for
SHPO review.  As a result of laboratory activitics,
onc project was monitored and one site wastest excavated.

8. Endangered/Threatened/Protected Speciesand
Floodplains/Weilands Protection. The DOE and Labo-
ratory must comply with the Endangered Species Act of
1973, as amonded, and with Exccutive Orders 11988,
“Floodplain Management,” and 11990, “Protection of
Wetlands.” Compliance under NEPA requires review of
projects for potential environmental impact on critical
habitats, floodplains, and wetlands. Laboratory activilics
during 1989 to comply with these requircments were in
three categories: (1) 12 endangered specics surveys were
completed; (2) bird censuses were continued and sensi-
tive habitats were monitored to provide base line monitor-
ing of sensitive or potcntially sensitive specics; and
(3) ! construction site was monitored to prevent habitat
destruction of a sensitive raptor specics.

9. Comprehensive Environmental Response, Com-
pensation, and Liability Act (CERCLA). CERCLA of
1980 mandated cleanup of toxic and hazardous contami-
nants at closed and abandoned hazardous waste sites. The
Superfund Amendments and Reauthorization Act (SARA)
of 1986 cxtensively amended CERCLA. Investigations
and any requircd remedial actions at Los Alamos will be
carricd out as part of DOE's Environmertal Restoration
Program, which requires evaluation of all arcas at the
Laboratory for possible contamination.

10. Toxic Substances Control Act(TSCA). Thisact
regulates the manufacture, processing, distribution, use,
storage, and labeling of chemical substances, including
polychlorinated biphenyls (PCBs). The Laberatory has
EPA authorizaticn to disposc of PCBs al its radioactive
waste landfill (Area G), and some contaminated soil has

.
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been disposed of there. However, most PCB-containing
or -contaminated matcrials have been sent off sitc to EPA -
approved disposal facilities.

11. Emergency Planniug and Community Right-
to-Know Act. Requirements for reporting toxic chemical
releases under SARA, Title 111 Sec. 313 of 1986, became
cffective in March 1988. The basic purpose of this
regulation is 10 make available to the public environ-
mental information about relcascs of certain toxic chemi-
cals that arc uscd in operations 2t facilitics covered under
this regulation. Reports must be submitted annually to the
EFA and to the state in which the facility is located. This
rule is in addition to other reporting requircments under
SARA Tide I, which went into effect in May 1987,

For the 1988 reporting period, approximately 385 kg
(850 1Ib) of nitric acid were reported as airbomne relcascs
from stacks. All remaining amounts of nitric acid were
cither consumed inchemical reactions or were completely
ncutralized by sodium hydroxide in waste-water treat-
ment operations and thus were not reportablc. Reporting
of sodium hydroxide is required. However, no environ-
mental releases for this compound were reported because
'l sodium hydroxidc at the Laboratory is completely
ncatralized in reactions with nitric, sulfuric, or hydro-
chloric acids during waste-water treatment operations.

The dramatic reduction in reported nitric acid releases
to the environment from calendar years 1987 to 1988 was
notductoany major change in process or chemical use but
rathicr to more-accurate data. A detailed Laboratory-wide
air cmissions study was madc in 1988, which consisted of
a room-by-room chemical-usc inventory and sclective
testing of air emissions from stacks. As a resuit, air
cmissions were more accuralely estimated.

12. Underground Storage Tanks. Thc majority of
underground storage tanks at the Laboratory were in-
stalled in the 1940s. In 1989, two of these were removed.
Further investigation after removal of the tanks revealed
that neither tank had ever leaked. Laboratory policy is to
remove underground storage tanks when user groups
determine that the tanks are no longer needed. The tanks
will be removed as funding permits.

_/
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. INTRCDUCTION TO THE LOS ALAMOS AREA

A. Geographic Setting

Los Alamos National Laboratory aud the associated
residential arcas of Los Alamos and White Rock are
located in Los Alamos County, north-central New Mex-
ico, approximately 100 km (60 mi) north-northcast of
Albuquerque and 40 Am (25 mi) northwest of Santa Fe
(Fig. 1). The 111-km? (43-mi?) Laboratory sitc and adja-
cent communitics are situated on Pajarito Plateau, which
consists of a series of fingerlike mesas separated by deep
casl-to-wcst oriented canyons cut by intermitient strcams
(Fig. 3). Mesatopsrange in clevation from approximately
2400 m (7800 ft) on the flank of the Jemez Mountains to
about 1900 m (6200 f1) at their eastern termination above
the Rio Grande Valley.

All Los Alamos County and vicinity locations refer-
enced in this repont arc identified by the Laboratory
Cartesian coordinate system, which is based on U.S.
customary units of measurcment. This system is standard
throuzhout the Laboratory, but is independent of the U.S.
Geological Survey and the New Mexico Staic Survey

coordinate systcms, The major coordinate markers shown
on the maps arc at 3-km (10 000-f1) intervals. For the
purpose of this report, locations arc reported to the ncarest
0.03 km (100 f1).

The DOE controls the arca within Laboratory bounda-
rics and has the option to completely restrict access.

B. Land Use

Most Laboratory and community developments are
confined to mesa tops (sec the inside front cover). The
surrounding land is largely undeveloped, with large tracts
of land north, west, and south of the Laboratory site being
held by the Santa Fe Nationa! Forest, Bureau of Land
Management, Bandclicr National Monument, Genceral
Scrvices Administration, and Los Alamos County (sce the
inside back cover). The San lldefonso Pueblo borders the
Laboratory to the cast.

Laboratory land is used for buildiing sites, experi-
mcntal areas, waste disposal locations, roads, and utility
rights-of-way (se¢ i.uboratory technical areas, Fig. 4 and

\_

Fig. 3. Topography of the Los Alamos arca.
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to surrounding landholdings.

Appendix F). However, these uses account for only a
small part of the total land arca. Most land provides
isolation for securiiy and sofety and is a reserve for future
structure locations. The Laboratory’s Long-Range Sitc-
Developracnt Plan (Engincering 1990) assurcs adequate
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Fig. 4. Tecchnicalarcas(TAs) of Los Alamos National Laboratory in relation

planning for the best possible future uses of available
Laboratory lands.

Limited access by the publicis allowed in certain arcas
of the Laboratory reservation, An arca north of Aacho
Canyon tetween the Rio Grande and State Road 4 is open
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to hikers, rafters, and hurters, but woodcutting and ve-
hicles are prohibited. Portions of Mortandad and Pucblo
canyonsare alsoopen to the public. Anarchacological site
(Otowi Tract), northwest of Stare Road 502 near the White
Rock Y, is open to the public subject to restrictions of
cultural resource protection regulations.

C. Geology-Hydrology

Most of the fingerlike mesas inthe Laboratory arca are
found in Bandelicr Tuff (Fig. 5). Ash fall, ash fall pumice,
and rhyolite wff form the surface of Pajarito Platcau. The
wiff, ranging from nonwclded to welded, is over 300 m
(1000 ft) thick in *he western part of the platcau and thins
1o about 80 m (260 {t) castward above the Rio Grande. It
was deposited as a result of a major cruption of a volcano
in the Jemez Mountains about 1.1 to 1.4 million years ago.

The tuffs overlap onto the Tschicoma Formation,
which consists of clder volcanics that form the Jemez
Mountains. The tufi is underlain by the conglomerate of
the Puyc Formation {Fig. 5) in the central and castern edge
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along the Rio Grande. Chino Mesa basalts (Fig. 5) in-
teriinger with the conglomerate along the river. These
formations overlay the sediments of the Tesuque Forma-
tion (Fig. 5), which extends across the Rio Grande Vallcy
and is in cxcess of 1000 m (3300 fi) thick.

Los Alamos arca surface water occurs primarily as
intermittent strcams. Springs on the flanks of the Jemez
Mountains supply base flow into upper rcaches of some
canyons, but thc amount is insufficicnt to maintain surface
flows across the Laboratory site before it is depleted by
cvaporation, transpiration, and infiltration. Run-off from
heavy thunderstorms or hcavy snowmelt reaches the Rio
Granae scveral times a ycar in some drainages. Effluents
from sanitary scwage, industrial waste trcatment plants,
and cooling-tower blowdown arc released into some
canyons at rates sufficient to maintain surface flows for
varying distancces.

Ground water occurz .n three modes in the Los Alamos
arca: (1) watcrin shallowalluvium incanyons, (2) perched
water (a ground-water body above an impermeable layer
that scparates it from the underlying main body of ground

Ephemeral Stream

Burial Grounds

Approximately 3 miles
(5 km) -

Fig. 8. Conceptual illustration of geolngic-hydrologic relation-
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water by an unsaturated zone), and (3) the main aquifer of
the Los Alamos arca (Fig. ).

Intermittent stream flows in canyons of the piatcau
have deposited alluvium that ranges from less than 1 m
(3 ft) to as much as 30 m (100 ft) in thickness. The
alluvium is permeable, in contrast to the underlying vol-
canic tuff and scdiments. Intermittent run-off in canyons
infiltrates the alluvium nnul its downward movement is
impeded by the less permeable tuff and volcanic sediment.
This results in a shallow alluvial ground-water body that
moves down gradient within the alluvium. As waterin the
alluvium moves down gradient, it is depleted by evapo-
transpiration and movement into underlying volcanics
(Purtymun 1977).

Perched water cccurs in conglomerate and basalts
beneath the alluvium in a limited area about 37 m (120 ft)
deep in the midreach of Pueblo Canyon and in a second
area about 45 to 60 m (150 to 200 ft) beneath the surface
in lower Pueblo and Los Alamos canyons ncar their
confluence. The second arca is mainly in basalts (Fig. 5)
and has one discharge point at Basalt Spring in Los
Alamos Canyon,

The main aquifer of the Los Alamos arca is the only
aquifer in the arca capable of serving as a municipal water
supply. The surfacc of the aquifer rises westward from the
Rio Grande within the Tesuque Formation into the lower
part of the Puye Formation beneath the central and west-
em partof the platcau. Depth of the aquifer decreases from
360 m (1200 ft) along the western margin of the plateau to
about 180 m (600 ft) a! the castem margin. The main
aquifer is isolated from alluvial and perched waters by
about 110to 190 m (350 t0 620 ft) of dry wff and volcanic
sediments. Thus, there is little hydrologic connection or
potential for recharge to the main aquifer from alluvial o1
perched water.

Waiter in the main aquifer is under water-table condi-
tions in the western and central part of the platcau and
under artesian conditions in the castem part and along the
Rio Grande (Purtymun 1974b). Major recharge to the
main aquifer is from the intcrmountain basin of the Valles
Calderain the Jemez Mountains west of Los Alamos. The
water table in the caldera is near land surface. The
underlying lake scdiment and volcanics are highly perme-
able and contribute to the recharge of the aquifer through
the Tschicoma Formation interflow breccias (rock con-
sisting of sharp fragments embedded in a fine-grained
matrix) and the Tesuque Formation. The Rio Grande
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reccives ground-water discharge from springs fed by lhc\
main aquifer. The 18.5-km (11.5-mi) rcach of the river
in White Rock Canyon between Otovsi Bridge and the
mouth of Rito dc Frijoles reccives an cstimated 5.3 to
6.8 x 10° m* (4300 to 5500 aciv-ft) annually from the
aquifer.

D. Climatology

Los Alamos has a semiarid, tcmperate mountain cli-
mate. Averagcannual precipitationisncarly45 cm (18 in.).
Precipitation was slightly below normal during 1989,
totaling 41 cm (16.2 in.). The ycar 1989 had the least
yearly precipitation since 1980 and was the first year with
below-normal precipitation since 1983, Precipitation was
cspecially light during April, Novembcer, and December.
Forty per cent of the annual precipitation normally occurs
during July and August from thundershowers. Winter
precipitation falls primarily as snow, with accumulatons
of about 130 cm (51 in.) annually. Snowfall was ncar
normal during 1989.

Summers are generally sunny with moderate, warm
days and cool nights. Maximum daily tcmperaturcs are
usually below 32°C (90°F). The temperature reached or
excecded 32°C (90°F) nine times during the summer of
1989, sccond only to 1980 when there were 22 days of
232°C (290°F ) tempcratures. Br.cfaftemoonandevening
thundershowers are common, especially in July and Au-
gust. High alutude, light winds, clear skics, and dry
atmosphere allow night temperatures to drop below 15°C
(59°F) after even the warmest day. Winter iemperatures
typically range from about -9°C to ~4°C (15°F (0 25°F)
during the night and from -1°C to0 10°C (30°F 1o S0°F)
during theday. Occasionally, temperatures dropto—18°C
(O°F) or below. Many winter days are clear with light
winds, so strong sunshine can make conditions comfort-
able even when air temperatures are cold. In 1989,
abnormally warm weather in March, April, and May gave
Los Alamos its warmest spring on record.

Snowstorms with accumulations cxceeding 10 ¢m
(4 in.) are common in Los Alamos. Some storms can be
associated with strong winds, frigid air, and dangerous
wind chills. A snowstorm closcd the Laboratory and
county businessesand schoolsonJanuary 27 when29.2 rm
(11.5 in.) of snow fell. The ysar’s largest storm struck
February 4-6, when 38.1 cm (15.0 in.) of snow felil,
accompanicd by cold arctic air. Tempceratures dipped 10

J
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between —-15°C and ~-20°C (S°F and - 4°F) during the 5th
and 6th before the storm ended.

Because of complex terrain, surface winds in Los
Alamos often vary greatly with titne of day and location.
With light, large-scalc winds ana clear skics, a distinct
daily wind cycle often cxists: a light southzasterly to
southerly upslope wind during the day and a light westerly
to nosthwesterly drainage wind during the night. How-
ever, several miles to the cast toward the edge of Pajarito
Platcau near the Rio Grande Valley, a different daily wind
cycle is common: a modcraic southwesterly up-valley
wind during the day and cither a light northwesterly to
northerly drainage wind or modcrate scuthwesterly wind
at night.  On the whole, the predominant winds are
southerly to northwesterly over western Los Alamos
County and southwesterly and northeasterly toward the
Rio Grande Valley. The year 1989 followed normal
patterns in wind.

Historically, no tomadoes have been reported to have
touched down in Los Alamos County. Strong dust devils
can produce winds up to 34 m/s (75 mph) at isolated spots
in the county, especially at lower elevations. A dustdevil
struck the Royal Crest Trailer Court on April 20, lifting
and damaging a boat. Strong winds with gusts exceeding
27 m/s (60 mph) arc common and widespread during the
spring. Thunderstorms produced peak wind gusts of
34 m/s (76 mph) at East Gat: and Arca G on April 9
and 27.

Lightning is common over Pajarito Platcau. There are
38 thunderstorm days during an average ycar, with most
occurring during the summer. There were, in fact,
58 thunderstorm days reported during 1989. Lightning
protection is an important design factor for most facilitics
atthe Laboratory. Hail damage can also occur. Hailstones
with diamcters up to 0.64 cm (0.25 in.) arc common;
1.3-cm (0.5-in.)-diameter hailstones are rare. A hailstorm
on May 9 dropped large hail on Whitc Rock, causing
traffic accidents and some damage to roofs and cars.
Also, up to Scm (2 in.) of hail accumulated in North
Community.

The irregular terrain at Los Alamos affects the atme,. -
pheric wrbulence and dispersion, sometimes favorably
and somectimes unfavorably. Enhanced dispersion pro-
motes greater dilution of contaminants released into the
atmosphere. The complex terrain and forests create an
acrodynamically rough surface, forcing increased hori-
zonial and vertical dispersion. Dispersion gencrally
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decreasces at lower clevations where the terrain becomes
smoother and less vegetated. The frequent clear skics and
light, large-scalc winds causc good vertical, daytime dis-
persion, cspecially duning the warm scason. Strong day-
time hcating during the summer can force vertical mixing
up to 1-2 km (30006000 ft) above ground level (AGL),
but the generally light winds arc limited in diluting con-
taminants horizontally.

Clear skics and light winds have a negative cffect on
nighttime dispersion, causing strong, shallow surface in-
versions to form. These inversions can scverely restrict
ncar-suiface vertical and horizontal dispersion. Inver-
sions arc especially strong during the winter.  Shallow
drainagc winds can fill lower arcas with cold air, thercby
creating deeper inversions, common toward the valley
(White Rock) on clear nights with light winds. Canyons
can also limit dispersion by channeling air fow. Strong,
large-scale inversions during the winter can limit vertical
mixing to under 1 km (3000 ft) AGL.

Dispersion is gencrally greatest during the spring
when winds are strongest. However, deep vertical mixing
is greatest during the summer. Low-lcvel dispersion is
generally the least during summer and autumn when
windsare light. Even though low-level, winter dispersion
is generally greater, intense surface inversions can cause
lcast-dispersive conditions during the night and carly
morming.

The frequencies of atmospheric dispersive capability
arc 52% unstable (stability classes A- C),21% ncutral (D ),
and 27% stable (E-F) during the winter at TA-59. The
frequencics arc 44%, 22%, and 34%, respectively, during
the summer. These stability catcgory frequencics are
based on measured vertical wind variations. Stability
generally increases (becomes less dispersive) toward the
valley.

E. Population Distribution

Los Alamos County has an cstimated 1989 population
of approximatcly 19 300 (based on thc 1980 census,
adjusted for 1989). Two residential and related commer-
cial arcas cxist in the county (Fig. 1). The Los Alamos
townsitc (the original arca of development, now including
residential arcas known as Eastern Arca, Western Arca,
North Community, Barranca Mesa, and North Mcsa) has
an estimated population of 12 100, The Whitc Rock arca
(including the residential arcas of White Rock, La Senda,
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and Pajarito Acres) has about 7200 residents. About one-
third of the people employed in Los Alamos commute
from othcr countics. Population estimates for 1989 place
about 208 000 persons within an 80-km (50-mi) radius of
Los Alamos (Table 4).

F. Programs at Los Alamos National Laboratory

The Laboratory is admiristered by the University of
California for the DOE. The Laboratory's environmental
program, conducted by the Environmental Protection
Croup, is part of a continuing investigation and documen-
lation program,

Since its inception in 1943, the Laboratory’s primary
mission has becn nuclear weapons research and develop-
ment. Programs include weapons development, magnetic
and inertial fusion, nuclear fission, nuclear safcguards and

security, and laser isotope scparation. There is also basic
rescarch in the arcas of physics, chemistry, and enginecr-
ing that supports such programs. Rescarch on peaceful
uscs of nuclcar encigy has included space applications,
power reactor programs, radiobiology, and medicine.
Major rescarch programs in clementary particle physics
arc carricd out at the Laboratory’s lincar proton accelera-
tor. Other programs include applicd photochemistry,
astrophysics, carth scicnces, cnergy resources, nuclear
fucl safeguards, lasers, coinputer scienccs, solar encrgy,
gcothermal enecrgy, biomedical and cnvironmental re-
scarch, and nuclear waste management research. Appen-
dix F summarizc., activitics at the Laboratory’s 32 active
technical arcas (TAs).

In August 1977, the Laboratory sitc, encompassing
111 km? (43 mi?), was dedicated as a National Environ-
menal Rescarch Park. The ultimaic goal of programs

Table 4. 1989 Populatioa within 80 km of Los Alamos™®
Distance from TA-53 (km)

Direction 1-2 2-4 4-8 8-15 15-20 20-30 30-40 40-60 60-80
N 1 0 0 0 0 0 1090 0 352
NNE 0 0 0 541 0 518 1660 1720 211
NE 1 0 0 0 303 14700 966 1 080 3650
ENE 0 0 0 1860 1500 2610 2610 1140 2140
E 0 0 80 24 534 1100 668 0 1390
ESE 0 0 0 0 0 281 22230 1 040 1450
SE 0 0 719 0 0 0 51400 2350 8
SSE 0 0 0 0 0 0 409 4180 91
S 0 0 0 50 ¢ 315 607 6 680 0
SSw 0 0 0 20 0 808 199 8150 33110
Sw 0 0 0 0 0 0 311 4110 0
wSWwW 0 0 0 0 0 311 309 2520 204
w 0 0 0 0 0 0 0 162 131
WNW 0 1530 6950 0 0 0 0 0 3050
NwW 0 557 1830 0 0 0 0 1380 0
NNW 0 615 616 0 0 0 0 61 60

This distribution represents the resident, non-work-force population with respect to the Los Alamos
Meson Physics Facility’sstack (LAMPF, TA-53). A slightly diffcrent distribution for Los Alamos County
townsites was uscd to model releases from the TA-2 stack, which is closer to Los Alamos.

®Total population within 80 km of Los Alamos is 208 000.
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associated with this regional facility is to encourage cnvi-
ronmental research that will contribute understanding of
how people can best live in balance with nature while
enjoying the benefits of technology. Park resources are
available to individuals and organizations outside of the
Laboratory to facilitate sclf-supported rescarch on these
subjects deemed compatible with the Laboratory pro-
grammatic mission (DOE 1979).
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A final Environmental Impact Statement (DOE 19D
that asscsses potential cumulative environmental impacts
associated with current, known future, and contlinuing
activitics at the Laboratory was complcted in 1979. The
report provides environm.ental input for decisions regard-
ing continuing activitics at the Laboratory. It also pro-
vides morc detaited information on the environment of the
Los Alamos arca.
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lll. RADIATION DOSES

Some incremental radiatior doses (above those received from natural background, re-
suspended fallout, and medical and dental diagnostic procedures) are received by Los Alamos
County residents as a result of Laboratory operations, The largest estimated effective dose
equivalent to a member of the public was about 4 mrem from all pathways, which is 4% of the
DOE’s Radiation Protection Standard of 100 mrem/yr (all pathways). This dose is principally
due to airborne emissions froin the linear particle accelerator at the Los Alamos Meson Physics
Facility.

No significant exposure pathways are believed to exist for radioactivity released in treated
liquid-waste discharges. Most released radionuclides are retained in alluvial sediments within
Laboratory boundaries. A small fraction is transported off site in stream-channel sediments
during heavy run-off. Radionuclide concentrations in these sediments, however, are only
slightly above background levels. Other minor pathways include direct radiation and ingestion
of foodstuffs.

The collective effective dose equivalent attributable to Laboratory operations received by
the population living within 80 km (50 mi) of the Laboratory was conservatively estimated to be
3.1 person-rem during 1989. This is <0.01% of the 65 000 person-rem collective effective dose
equivalent received by the same population from natural radiation sources and 0.03% of the
11 000 person-rem collective effective dose equivaler: received from diagnostic medical proce-
dures. Nearly 90% of the dose contributed by Laboratory operations, 2,7 person-rem, was
received by persons living in Los Alamos County. This dose is 0.04% of the 6300 person-rem
received by the population of Los Alamos County from background radiation and 0.3% of the
1000 person-rem from diagnostic medical and dentai procedures.

In 1989, the average added risk of cancer mortality to Los Alamos townsite residents was
1 chancein 15000000 from radiation reieased by this year’s Laboratory operations; thisis much
less than the 1 chance in 8000 from background radiation. The EPA has estimated average
lifetime risk for overall cancer incidence as 1 chance in 4; for cancer mortality, 1 chance in 5.

To evaluate compliance with EPA’s regulation 40 CFR Part 61, Subpart H, the maximum
doses from airborne emissions from 1989 Laboratory operations were calculated by the
computer madeling program AIRDOS-FPA/RADRISK. The maximum individual whole-body
and orgar doses were 11 mrem (whole body) and 14 mrem (testes). These doses were 44% and
18 %, respectively, of EPA’s radiation limit of 25 mrem/yr (whole body) and 75 mrem/yr (any
organ) from the air pathway. The whole-body dose isslightly higher than the maxinium effective
dose equivalent cited above because exposure was medeled rather than based on thermolu-
minescent dosimeter measurements taken in the area of maximum 2xposure. AIRDOS-EPA
tends to overestimate radiation doses in the complex terrain around Los Alamos because it does
not take inte account dilution of airborne radionuclides by terrain-induced turbulence.

A. Background
from cxposure (o these releases. These doscs are then

The impact of environmental releases of radioactivity  compared with applicable standards and with doscs from
is evaluated by cstimating doscs reccived by the public  background radiation and medical and dental radiation,
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The DOE's Radiation Protection Standard (RPS) lim-
its the effective dose equivalent fora member of the public
to 100 mrem/yr for atl pathways of exposure (DOE 1985,
1990). The effective dose equivilent is the hypothetical
whole-bady dose that carrics the same risk of cancer or
genctic disorders as a given doe @ to a particular organ (see
Glossary). Using this dose, which was inuoduced by the
International Commiission on Radiological Protection
(ICRP 1977), allows dircct compirison of exposures to
different organs.

In accordance with EPA regulations (40 CFR 61)
gcoverning radiation doses from the air pathway (o mem-
bers of the public, v-hole-body doses are limited o
25 mrem/ys and individual organ doses are limnited to
75 mrem/yr. The principal pathway of exposure at Los
Alamos has been through release of radionuclides into the
air, resulting in external radiation doses to the whole body.
Other pathways contribute finite but negligible doses. A
detailed discussion of standards is presented in
Appendix A.

The exposure pathways consider.d for the Los Alamos
arca arc atmospheric transport of airbeme radioactive
cmussions, hydrologic transport of treaed hiquid effluents,
food chains, and dircct exposure Lo external penctrating
radiation. Exposure to radioactive materiais or radiation
in the environment was detcrmined by direct mcasure-
ments of airborne and waterbome contaminants. ol con-
taminan:s in foodstuffs, and of extermal penctrating radia-
tion. Theorctical dosc calculations based on atmospheric
dispersion modeling were made for other airbome emis-
sions present at levels too low (o measure.

Doses were calculated from measured or derived cx-
posures using models based on the recommendations of
the ICRP (Anpendix D). These doses are summarized in
Table S for the most important exposurc catcgorics:

1. MaximumBoundary Dosz,or “Fence-Post” Dose
Rate. This is the cstimated maximum dose to a
hypothetical individual present at the point on the
Laboratory boundary where the highest dose rate
occurs. This dose does not take into account
shiclding or occupancy and does not mean that an
individual actually receives this dose.

. Maximum Individual Dose. This is the cstimated
maximum dose to an individual actually residing
in the off-site location where the highest dosc rate
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occurs. It includes corrections for shiclding (for
cxample, for being inside a building) and occu-
pancy (the fraction of the year that the person is in
the arca).

3. Averuge Dose. This is the estimated averige dose
to residents of Los Alamos and White Rock.

. Collective Effective Dose Equivalent. This 1s an
estimate of the total etfective dose (inperson-remy)
received by the population within an 80 k.
{50-mi) radius of the Laboratory.

The maximum boundary dose and the maxinzum indi-
vidual dosc over the past 10 years arc summarized in
Fig. 2. Each year, more than 95% of the dose resulted
from airborne emissions of activation products from the
Los Alamos Meson Physics Facility (LAMPF).

All intenal radiation doses (through inhalation ur
ingestion) are 50-ycar dose commitments (Appendix D).
This i+ the total dose received from intake of a radionu-
clide Tor 50 ycars following intake.

In addition 1o compliance with dose standsrds, which
define an wper limit for dnses to the public, there is a
concurrent commitment to limit radiation cxposurc to
individuals and population groups to levels as low as
rcasonably achicvable (ALARA). This policy is followed
at the Laboratory by applying strict controls on airbome
emissions, liquid cffluents, and operations, not only to
minimize doscs to the public but also to limit relcases of
radioaclive matcrials to the environment. Ambient moni-
toring described in thisreport documes:ts the effectivences
of these controls.

B. Estimate of Radiation Doses

1. Total Maximur Individual Dose to a Member
of the Public from 1989 Laboratory Operations. The
maximum individual cffective dose equivaleit toamember
of the public from 1989 Laboratory operations is csti-
mated to be 3.9 mruin/yr. This is the total effective dose
equivalent from all pathways. This dose is 3.9% of the
DOE's RPS of 100 mrem/yr cffcctive dose cquivalent
from all pathways.

The dosc occurred at East Gatc (the Laboratory
bouncary northeast of LAMPF) and was primarily due to
cxternal penetrating radiation from air activation products
released by the LAMPF accelerator. The dose is based on




Table 5. Summary of Annual Effective Dose Equivalents Attributable to 1989 Laboratory Operations

é )

Average Dose to Collective Dose to
Maximum Dose at Maximum Dose to Nearby Residents Population within 80 km
Laboratory Boundary® an Individu~1® Los Alamos White Rock of the Laboratory
Dose 8+ 3 mrem 3.9 mrem 0.15 mrem 0.14 mrem 3.1 person-rem
Location Boundary north Residence north Los Alamos White Rock Area within 80 km of
of TA-53 of TA-52 Laboratory
DOE Radiation Protection Standard — 100 mrem 100 mrem 100 mrem —
N
e Percentage of — 3.9% 0.2% 0.1% —
Radiation Protection Standard
Background 327 mrem 327 mrem 327 mrem 327 mrem 65 (000 person-rem
Percentage of background 2% 1% 0.05% 0.04% 0.005%

*Maximum boundary dose is the dose to a hypothetical individual at the L aboratory boundary where the
highest dose rate occurs, with no correction for shielding. It assumes that the individual is at the
Laboratory boundary continuously (24 hours/day, 365 days/ sear).

Maximum individual dose is the dose to an individual at or outside the Laboratory where the highest
dose rate occurs and where there is a person, but where calculatior:s take into account occupancy (the
fraction of time a person is actually at that location), self-shielding, and shieiding by buildings.
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cnvironmentil measurement datadiscusscd below., Table 6
summarizes the maximum individual effective dose
cquivaient and associated organ doses.

2. Doses from Natural Background Radiation and
Medical and Dental Radiation. Effective dosc eyuiva-
lents from natural background and frem medical and
dental uses of radiation are estimated in order to provide
acomparison with doses resulting from Laboratory opera-
tions. Duses from global fallout are only a small fraction
ot total background doses {<0.3%, NCRP 1987a) anci ure
not considered further here.  Exposure to natural back-
ground radiation results principally in whole-body doses
and in loculized doses to the lung and other organs. For
convenience, these doses are divided into those resulting
tfrom exposure o radon and its decay products that mainly
affect the lung and those from nonradon sources that
mamly affect the whole body.

As in the cnvironmental survesllance reports for 1987
and 1988 (ESG 1988, 1989), cstimates of background
radiation are based on a recent comprehensive repon by
*' & National Council on Radiation Protection and Mcas-
urcments (NCRP 1987a). The 1987 NCRP report con-
tains some minur differences from a 1975 NCRP report
that had been used in previous environmental surveillance
reports. These differences include using 20% (instcad of
10%) shiclding by structures for high-encigy cosmic
radiation and 30% (instead of 20%) scli-shiclding by the

vody for terrestrial radiation. The 1987 NCRP document
also gives an effective dose equivalent for radon exposure.
These changes were used o obtain estimates of back-
ground radiation based on the most current data. This has
resulted in some small differences from the procedure
used ia surveillance reports betore 1987 for determining
background doscs.

Whole-body external dose i+ incurred from exposure
10 cosmic rays and to external terrestrial radiation from
saturally occurring radioactivity in the carth’s surface o d
from globhal fallout.  Effcctive dose equivalents from
internal rudiation are due to radionuclides deposited in the
body through inhalation or ingestion.

Nonradon effective doseequivalents from background
radiation vary cach ycar depending on factors such as
snow cover and the solar cycle (NCRP 1975b). Estimates
of background from nonradon sourccs arc bascd on meas-
urxd external radiation background levels of 102 mrem
(Los Alamos) and 106 mrem (White Rock) caused by
irradiation from charged panticles, x rays, and gamma
rays. These uncorrected, measured doscs were adjusted
for shiclding by reducing the cosmic-ray component
(60 mrem at Los Alamos and 52 mrem at While Rock) by
20% 10 allow for shiclding by structures and by reducing
the terrestrial component (42 mrem at Los Alamos and
54 mrein at White Rock) by 30% to allow for self-shicld-
ing by the body (NCRP 1987a). To these cstimates, bascd
on mcasurcments, were added 10 mrem at Los Alamos

Table 6, Maximum Individual Dose from Laboratory
Operations during 1989

DOE
Laboratory  Radiation Protection Percentage of
Operations Standard Radiation Protection
(mrem’yr) (mrem/yr) Standard
Effective Dose Equivalent 39 100 39
Organ
Breast 42 5000 <0.1
Lung 34 5000 <0.1
Red marrow 35 5000 <0.1
Bonc surfare 4.1 5000 <0.1
Thyroid 42 5000 <0.1
Testes 4.5 5000 <0.1
Ovarics 3.0 5000 <0.1
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and 8 rrem at White Rock from ncutron cosmic radiation
(20% shiclding assumed) and 40 mrcm from intcrnal
radiation (NCRP 1987a). Tne cstinated whole-body dosc
from background, nonradon radiation is 127 mrem at both
Los Alamos and White Rock.

In addition o these nonradon doscs, a second compo-
nent of background radiation is dose to the lung from
inhalation of 22Rn and its decay products. The 22Rn is
produced by decay of 22Ra, a member of the uranium
scries, which is paturally present in construction materials
in buildings and in the underlying soil. The cffective dose
cquivalent from exposure to background Z*Rn and its decay
products is taken to be 200 mrem/yr (NCRP 1987a). This
background estimate may be revised if a rationwide study
of background levels of 22Rn and its decay products in
homes is undertaken, as recommended by the NCRP
(1984, 1987a).

The total effective dosc equivalent to residents is
327 mrem/yr at Los Alamos and White Rock (Table 5), or
127 mrem/yr from nonradon sources and 200 mrem/yr
from radon.

Medical and dental radiation in the United States
accounts for an average cffective dose cquivalent, der
person, of 53 mrem/yr (NCRP 1987a). This estimate
includes doses from both x rays and radiopharmaccuticals.

3. Dosesto Individuals from External Penetrating
Radiation from Airborne Emissions. The thcrmolu-
minescent dosimeter (TLD) network at the Laboratory
bounary north of LAMPF indicated an 8-mrem incre-
ment above cosmic and terrestrial background radiation
during 1989 (Scc. IV). This increment is attributed to
cmission of air activation products from LAMPF. Bascd
on estimates of 30% shiclding inside buildings (NRC
1977, NCRP 1987a), 30% sclf-shiclding (NCRP 1987a),
and 100% occupancy, this 8-mrem increment translates to
an estimated 3.9-mrem whole-body dose to an individual
living along Staic Road 502, northeast of LAMPF
(Table G-1). This lncation has becn the area where the
highest boundary and individual doscs hzve been meas-
urcd since dosimeter monitoring began. The 3.9 mrem is
16% of EPA’s air cmission standard of 25 mrem/yr for a
member of the public (Appendix A).

Because these doses are from exicrnal penctrating
radiation, all whole-body doses reported in this section are
numerically equal 1o effective dose equivalents. Conse-
qucntly, the doses are not only less than EPA 'sair pathway
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standard of 25 mrem/yr (whole body), but they are also
less than DOE's RPS of 100 mrem/yr (cffective dose
cquivalent).

The average dose to residents in Los Alamos townsite
autributable to Laboratory operations was 0.15 mrem to
the whole body. The corresponding dose t White Rock
residents was 0.14 mrem. The doscs arc (0.6% of EPA’s
25-mrem/yr air pathway standard. They were estimated
using an in-house simple Gaussian air dispersion model,
measurced stack relcases (Table G-2), and 1989 metcoro-
logical data. These doses were dominated by external
radiation from airbome relcases at LAMPFE,

4. Dose: to Individuals from Inhalation of Air-
borne Emissions. ‘The maximum individual doses attrib-
utable o inhalation of airbome cmissions (Table G-1) are
below the EPA air pathway standards for whole-body
doses, 25 mrem/yr, and the limit for crgan doscs,
75 mrem/yr (Appendix A).

Exposure to airborne *H (as tritiated water vapor),
uranium, 2¥py, 3%2490py and 2*' Am were determincd by
mcasurzment (Scc. V). Correction for background was
made by assuming that natural radioactivity and world-
wide fallout were represented by data from the three
regional sampling stations at Espadiola, Pojoaque, and
Santa Fe. Doses were calculated using the procedures
described in Appeadix D,

The highest cffective dose equivalent was 0.03 mrem
(total body), or <0.1% of the DOE's RPS of 100 mrem/yr.
The inhalation dos¢ that was the highest percentage of the
EPA’s air pathway standard was 0.52 mrem to the bone
surfuce; this is (.7% of the 75-mrein/yr standard for dosc
(o any organ from the air pathway.

Emissions of air activation products from LAMPF
resulted in negligible inhalation exposures.

Exposure from all other atmospheric relcases of radio-
activity (Table G-2) was ¢valuated by theorctical calcula-
tions of airborne dispersion. All potential doscs from
these other relcases were Icss than the smallest oncs
presented in this scction and thus were considered
insignificant,

5. Modeled Doses from Airborne Emissions for
Compliance with 40 CFR 61, Subpart H. Thc EPA
requires that radiation doses be determined with computer
codes AIRDOS-EPA and RADRISK (40 CFR 61). The
AIRDOS-EPA codc was run with 1989 metcorological
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data, radioactive cmissions data (given in Table G-2), and
RADRISK dosc conversion factors (70-ycarcommitment).
As ¢xpected, more than 98% of the maximum individual
dosc resulted from cxtermal exposure 1o air activation
products from LAMPF, The maximum individual whole-
by dose. as determined hy AIRDOS-EPA, was 11 mrem,
corrected to include shiclding by buildings (30% reduc-
tion). The calculation also took into account the chemical
form of the radionuclide, such as whether tritium was
preseat as tritiated water or tritium gas (scc Appendix D).
The 11-mrem maximum dose, which weuld occur in the
arca just northeast of LAMPEF, is 44% of the EPA’s air
pathway standard of 25 mrem/yr (.vhole body).

The maximum organ dosc was calculated by
AIRDOS-EPA to be 14 mrem 1o the testes, or 18% of
EPA’s air pathway standard of 75 mrem/yr 1o any organ,
This dosc would also occur in the arca just northeast of
LAMPF. Of the 14 mrem, approximately 98% is due 10
external penetrating radiation from LAMPF air cmissions
and 2% from other Laboratory emissions.

Sce Appendix D for additional information on modecl-
ing doscs under 40 CFR 61.

6. Doses from Direct Penetrating Radiation. No
dircct penetrating radiation from Laboratory operations
was detected by TLD monitoring in off-site arcas. The
only otf-site TLD measurements showing any effect from
Laboratory operations were those taken north of LAMPF,
Thesc were due toairborne emissions, as discussed above,
On-sitc TLD measurements of external penctrating radia-
tion reflected Laboratory operations and did not represent
potential exposure to the public except in the vicinity of
TA-18 on Pajarito Road. Members of the public using the
DOE-controlled road passing by TA-18 would likely
receive no mere than 3 mrem/yr of direct gamma and
ncutron radiation, which is 3% of the DOE's
100-mrem/yr standard for protection from exposi«~ "ty all
pathways (Appendix A). This value was kas-o un 1989
ficld mcasurcments of gamma plus ncutron dosc rates
using TLDs.

The on-site TL, sation (station 24, Fig. 6) ncar the
northcastern Laboratory boundary recorded an above-
background dosc of about 26 mrem. This dose reflects
direct rediation from a localized accumulation of '¥'Cs on
scdimeits ransported from TA-21 before 1964. No one
resides near this location at this time.

.

~

7. Doses to Individuals from Treated EfMuents. At
thistime, discharged, treated effluents do not flow beyorid
the Laboratory boundary but are retained in the alluvium
of the receiving canyons (Sce. VI). These ucated efflu-
cnts arc monitored at their point of discharge, and their
behavior in the alluvium of the canycns below outfalls has
been studicd and is monitored annually (Hakonson 1976a,
1976b; Purtymun 1971, 1974a; Scc. VI).

Small quantitics of radioactive contaminants trans-
ported during periods of heavy run-off have been meas-
urcd in canyon sediments beyond the Laboratory bound-
ary in Los Alamos Canyon. Calculations made with
radiologica: dawz irom Acid-Pucblo and Los Alamos
can s (ESG 1981) indicatc a minor exposure pathway
10 man from these canyor <_Jiments (cating liver from a
steer that drinks water from and grazes in lower Los
Alamos Canyon). This pathway could potentially resultin
& maximum commilted effective dose cquivalent of
0.1 mrem.

8. Doses to Individuals from Ingestion of Food-
stuffs. Data from sampling of produce, fish, and honey
during 1989 (Scc. VII) werc used toestimate doses received
from cating these foodstuffs. Allcalculated cffective dose
equivalents arc <0.1% of DOE’s 100-mrem/yr standard
(Appendix A).

Fruit and vegetable samp..... were analyzed for six
radionuclides CH, %Sr, total uranium, Z*Pu, and 29%%py),
The maximum conmitted eficclive dose cquivalent that
would reseh trom ingesting one-fourth of an annual con-
sumption of fruits and vegetables (160kg) from an off-site
location was 0.002 mrem. This dose is <<0.1% of the
DOE's RPS fur protecling members of the public
(Appendix A).

Ingestion of produce collected on site is net a signifi-
cant exposurc pathway because of the small amouat of
cdible material, low radionuclide concentrations, and
limited access to these foodstuffs,

Fish samples were analyzed for *°Sr, '3Cs, natural
uranium, 2**Py, and 2¥2*%py, Radion'clide concentra-
tions in fish from Cochiti Reservoir, the sampling location
downstream from the Laboratory, arc cc npared with
concentrations in fish taken from upstrcam. The maxi-
mum cffective dosc equivalent to an individual cating
21 kgof fish from Cochili Reservoir is 0.00S mrum, which
is <<0.1% of DOE’s 100-mrem/yr standard (DOE 1985).

Maximum organ dosc is 0.06 mrem to bone surfacs.
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Fig. 6. Thermolumincscent dosimeter (TLD) locations on or near the Laboratory site.

Trace amounts of radionuclides were found on site in
honcy. The maximum cffective dose equivalent one
would get from cating S kg of this honey, if it were made
available for consumption, would be 0.1 mrem, which is
0.1% of DOE’s 100-mrem/yr standard.

9. Collective Effective Dose Equivalents. The 1989
population collective cffective dose cquivalent attribut-
ablc 10 Laboratory opcrations to persons living within
80 km (50 mi) of thc Laboratory was calculaicd 1o be

\_
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3.1 person-rem. This dosc is <0.1% of the 65 000 person-
rem cxposure from natural background radiation and
<0.1% of the 11 000 person-rem eaposure from medical
radiation (Table 7). The 1989 col'uctive wholc-body dosc
cquivalentisalso 3.1 person-rem. This isbecause the dose
is rdominated by external whole-body radiation from
LAMPF cmissions. Wholc-body doscs reccived from
external radiation approximatcly cqual total cffectivedoses.

The collective dose from Laboratory operations was
calculated from measurcd radionuclide emission sates

/




LOS AlLAMOS NATIONAL LABORATORY

ENVIRONMENTAL SURVEILLANCE 1989

Table 7. Estimated Collective Effective Dose
Equivalents during 1989 (person-rem)

Los Alamos County 80-km Region

Exposure Mechanism (19 300 persons) (208 000 persons)®
Total caused by Laboratory relcascs 2.7° 31
Natural background

Nonradon 2500 23 800

Radon 3900 41 500

Total caused by natural sources of radiation 6400 65300
Diagnostic medical exposures (~53 mrcm/yr/pcrson)° 1000 11 000

3Includes doscs reperted for Los Alamos County.

®Calculations are based on TLD measurements. They include a 20% reduction ir: cosmic radiation from
shiclding by structures and a 30% reduction in terrestrial radiation from self-shiclding by the body (NCRP

1987a).
°NCRP (1987a).

(Table G-2), atmospheric modeling using measured mete-
orological data for 1989, and population data bascd on the
1980 Bureau of Census count, adjusicd to 1989 (Tablc 4
and Appendix D).

The collective dose from natural background radiation
was calculated using the background radiation levels
given above. For the population living within the 80-km
radius of the Laboratory, the dose from medical and denta!
radiation was calculated using a mcan annual dose of
53 mrem percapita. The populationdistributionin Table 4
was uscd in both these calculations to obtain the total
collective dose.

Also shown in Table 7 is the collective effective dose
equivalent in Los Alamos Couniy from Laboratory opera-
tions, natural background radiation, and medical and
dental radiation. Approximatcly 90% of the tctal collec-
tive dose from Laboratory operations is to Los Alamos
County residents. This dose is <0.1% of the collecuve
cffective dose equivalent from background and 0.3% of
the collective dose from medical and dental radiztion,
respectively.

Population centers outside of Los Alamos County are
farther away, so dispersion, dilution, and decay in transit
(particularly for ''C, 13N, 140, 130, and *'Ar) reduce the
collective dose to less than 10% of the total. The collective

\_
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dose to residents outside of Los Alamos Couniy and
within 80 km (50 mi) of the Laboratory is <<(* 1% of the
dose frorn patural background radiation and <<0.1% of the
dose from medical and dcr.tal radiation.

C. Risk to an Individual from Laboratory Releascs

1. Estimating Risk. Risk cstimatesof possiblc nealth
cffects from radiation doses to the public resulting from
Laboratory operations have been made to provide per-
spective in interpreting these radiation doses.  These
calculations, however, may overcstimate actual risk for
low-LET (lincar. znergy-transfer) radiation. The NCRP
(1975a) has wamed th=t “risk estimates for radiogenic
cancers at low doses and low dose rates derived on the
basis of lincar (proportional) cxtrapolation from the rising
por-ons of ihe dosc incidence curve athigh doscy and high
dose rates . . . cannot be expected to provide realistic
cstimates of the actual risks from low-fevel, low-LET
radiazion, and have such a high probability of overestimat-
ing the actual risk as to be of only marginal value, if any,
for prposes of realistic risk-benefit cvaluation.”

Low-LET radiation, which includes gamma rays, is
the principal type of environmental radiation resulling
from Laboratory opeiations. Estimated doscs from

/
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high-LET radiation, such as neutron or alpha particle
radiation, arc less than 3% of estimated low-LET radiation
doses. Conscquently, risk estimates in this report may
overestimate the truc risks.

Risk estimates used here are based on two recent
reports by the National Research Council’s Commitiee on
the Biological Effects of Ionizing Radiation (BEIR IV
1988, BEIR V 1990). These reports incorporaic the
results of the most current rescarch and update risk esti-
mates in previous surveitlance reports that were based on
thc work of the ICRP. The procedures uscd in this report
for he risk estimates arc described in more detail in

cax D,

2. Risk from Natural Backgzround Radiation and
Medical and Dental Radiation. During 1989, persons
living in Los Alames and White Rock received an average
effective dose equivalent of 127 .nrem of nonradon radia-
tion (principally to the whole body) from natural sources
(including cosmic, terrestrial, and self-irradiation sources,
with allowances for shiclding and cosmic neutron expo-
surc). Thus, the added cancer mortality risk attributable to
natural, whole-body radiation in 1989 was 1 chance in
18 00C in Los Alamos and White Rock.

Natural background ragiation also includes exposurc
to the lung from 22Rn and its decay products (see above),
in addition to exposure o whole-body radiation. This
cxposurc o the lung also carrics a chance of cancer
mortality because of natural radiation sources that were
notincluded in the ¢siimate for whole-body radiation. For
the background effective dosc equivalent of 200 mrem/yr,
the added risk because of exposure to natural 22Rn and its
decay products is 1 chance in 14 000.

29

The total cancer monality risk from natural back-
ground ractiation is 1 chance in 8000 for Los Alamos and
White Roea residents {Tabic 2). The additional risk of
cancer mortality from cxposure to medical and denial
radiation is 1 chance in 43 00C.

3. Risk frum Laboratory Operations. The risks
calcuiated above from natural background radiation and
medical and dental radiation can be compared with the
incremental risk caused by radiation from Laboratory
opcrations. The average doses to individuals ir. Los
Alamos and White Rock because of 1989 Laboratory
activitics were 0.15 and 0.14 mrem, respectively., These
doses arc estimated 10 add lifetime risks of about 1 chance
in 15 000 000 in Los Alamos and ! chance in 16 000 000
in White Rock 1o an individual’s risk of cancer mortality
(Table 2). Thesc risks are <0.1% of the risk auributea to
exposure 10 natural background radiation or to medical
and dental radiation.

For Americans, the average lifetime risk is a 1-in4
chance of contracting cancer and a 1-in-5 chance of dying
of cancer (EPA 1979a). The Los Alamos incremental risk
attributable to Laboratory operations is equivalent to the
additional exposure from cosmic rays a person would get
from flying in a commercial jet aircraft for 41 minutes at
9100 m (30 000 ft) (NCRP 1987b).

The cxposurc from Laboratory operations to Los
Alamos County residents is well within variaticas in
exposure of these people to natural cosmic and terresirial
sources and global falicut. For ¢xample, the amcunt
of snow cover and variability of the solar sunspot cycle
can cxplain a 10-mrem difference from yecar to year
(NCRP 1975b).
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IY. MEASUREMENT OF EXTERNAL PENETRATING RADIATION

~

Levels of external penetrating radiation (includ:ng x and gamma rays and charged-particle
countributions from cosmic, terrestrial, and manmade sources) are monitored in the Los Alamos
area with thermoluminescent dosimeters (TLDs). The only boundary or perimeter measure-
ments showing an cffect attributable to Laboratory operations were those from dosimeters
located north of the Los Alamos Meson Physics Facility (a linear particle accelerator). These
TLDs showed an above-background radiation measurement of about 8 + 3 mrem in 1989, less
than the dose measured in 1988. Some on-site measurements were above background levels, as
expected, reflecting research activities and waste management operations at the Laboratory.

A. Background

Natural extemal penetrating radiation comes from
terrestrial and cosmic sources. ‘The natural terrestrial
component results from the decay of “°K and of radio-
nuclides in the decav chains of 22Th, 2*U, and 2*U.
Natural termrestrial radiation in the Los Alamos area is
highly variable with time and locatior., During any year,
cxternal radiation levels can vary from 15% 10 25% at any
location because of changes in soil moisture and snow
cover . NCRP 1975b). There is also spatial variation
because of different topographies and soil and rock types
from arca to area (ESG 1978).

The cosmic source of natural ionizing radiation in-
crcases with elevation because of reduced shielding by
the atmosphere. At sea level, it produces measurements
detween 25 and 30 mrem/yr. Los Alamos, with a mean
clevation of about 2.2 km (1.4 mi), receives about
60 mrem/yr from the cosmic component. However,
rcgional locations range in elevation from about 1.7 km
(1.1 mi) at Espafiola to 2.7 km (1.7 mi) at Fentor Hill,
resulting in a corresponding range between 45 and
90 mrem/yr for the cosmic componen:. This component
can vary +5% because of solarmodulations (NCRP 1975b).

Fluctuations in natural background ionizing radiation
make it difficult to detect an increase in radiation levels
from manmade sources. This is especially true when the
size of the increase is small refative to the magnitude of
niatural fluctuations. Therefore, to measure contributions
tocxternal radiation from the operation of the Los Alamos
Meson Physics Facility (LAMPF), airays with 48 TLDs

for cach array have been deployed near LAMPF and in
background areas.

Levels of extemal penetrating radiation (including x
and gamma rays and charged-particle contributions from
cosmic, terrestrial, and manmade sources) in the Los
Alamos area arc measured with TLDs in three independ-
ent networks, These networks are used 10 measure radia-
tion levels (1) at the Laboratory and regional areas, (2) at
the Laboratory boundary north of LAMPF, and (3) at low-
level radioactive wastc management areas.

B. Environmental TLD Netwark

The cnvironmental network consists of 40 stations
divided into 3 groups. The regional group consists of four
locations. 28 to 44 km (17 to 27 mi; from the Laboratory
boundary in the rcighboring communitics of Espaiiola,
Pojoaqu:, and Santa Fe, as well as at the Fenton Hill Site
30km (1 Ymi) west of Los Alamos. The off-site pcrimeter
group cou:sists of 12 stations within 4 km (2.5 mi) of the
boundary (Fig. 6). Within the Laboratory, the on-site
group comprises 24 locations (Fig. 6). Details of the
methodology for this network are found in Appendix B.

Annual averages for the groups were generally lower
in 1989 than in 1988 (Fig. 7). Rcgional and pcrimeter
stations showed no statistically discerible increase in
radiaticn levels attributable to Laboratory operations
(Table G-3). Annual measurcmerits at off-sitc stations
ranged from 72 to 126 mrem.

Some comparisons provide a useful perspective for
cvaluating these measurements. For instance, the average
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Fig. 7. Thermolumincscent dosimeter (TLD) measurements (including contributions
from cosmic, terrestrial, and Laboratory radiation sources).

persca in the United States receives about 53 mrem/yr
from mcdical diagnostic procedures (NCRP 1987a). The
DOE's Radiation Protcction Standard (RPS) is
100-mrem/yr effective dose received from all pathways,
and the dose received by airisrestricted by EPA’s (whole-
body) standard of 25 mrem/yr (Appendix A). These
values arc in addition to those from normal background,
consumer products, and medical sources. The standards
apply to locations of maximum probable exposure to an
indiviaual in an off-sitc, uncontrolicc arca.

C. TLD Network at LAMPF

This nctwork monitors extemnal radiation from air-
borne activation products (gases, particles, and vapors)
rclcased by LAMPF, TA-53. The prevailing winds are
from the south and southwest (Sec. II). Twelve TLD sites

1
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Regional
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B On Site

|
2 34 1234 1234
1987 1988 1989

YEAR

arc located downwind at the Laboratory boundary north of
LAMPF along 800 m (0.5 mi) of canyon rim. Twclve
background TLD sites are about 9 km (5.5 mi) from the
facility along a canyon rim near the southern boundary of
the Laboratory (Fig. 6). This background location is not
influenced by any Laboratory external radiation sourccs.

The TLDs at the 24 sites arc changed cach calendar
quarter, more often if LAMPF's operating schedule indi-
cates the need (start up or shutdown of the accelerator for
extended periods midway in a calendar quarter). The
radiation measurement (above background) for this net-
work was about 8 + 3 mrem for 1989, This value was
obtained by subtracting the annual measurcment taken at
the background sites from the annual measurement taken
at the Laboratory’s boundary north of LAMPF
(Appendix B). The value measured this year is less than
that measured in 1988 (Fig. 2), although annual emissions

J
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of mixed activation products from LAMPF incrcased
(Table 3). This discrepancy is probably duc to varying
wind conditions between the two years.

D. TLD Network for Low-Level Radioactive Waste
Management Areas

This network of 92 locations monitors radiation levels
at 1 active and 11 inactive iow-level radioactive waste
management arcas. These waste management areas arc
controlled-access arcas and thus arc not accessible to the

~

general public.  Active and inactive waslc areas arc
monitored for external penetrating radiation with arrays of
TLDs (Table 8). Averages atall sites were higher than the
average for the perimeter network. However, the range of
valucs at most sites largely overlapped those found at
perimeter and regional stations (Tables & and G-3), The
extremes at Arca G (the active radioactive wastc arca) and
Arca T (an inactive wastc arca) have been noted in
previous ycars. These data reflect the results of past and
present radioactive wastc management activitics.

Table 8. Doses Measured by TLDs at On-Site
Waste Disposal Areas during 1989

Number Doses (mrem)

Area of TLDs Mean Minimum Maximum
A 5 100 96 105
B 14 98 83 109
C 10 105 91 131
E 4 111 103 116
F 4 99 92 102
G 27 129 97 201
T 7 117 92 196
0] 4 110 108 114
A" 4 101 94 108
w 2 93 77 108
X 1 71 —_ —_

AB 10 101 92 110

\_ :
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V. AIR MONITORING

Airborneradioactive emissions were monitored at 87 Laboratory release points. The iargest
airborne release was 156 000 Ci of short-lived (2- to 20-minute half-lives) air activation products
from the Los Alamos Meson Physics Facility (LAMPF) duringits operation from May 5 through
September 29, 1989, Air is routinely sampled at several locations on site, along the 1.aboratory
perimeter, and in distant areas that serve as regional background stations. Atmospheric
concentrations of tritium, uranium, plutonium, americium, and gross beta are measured. The
highest measured and annual average concentrations of these radioactive materials were much
less than the 0.1% of concentrations that would cause DOE’s Radiation Protection Standard to

be exceeded.

A. Airborne Radioactivity

1. Introduction. The sampling nctwork for ambient
airborne radioactivity consists of 25 continuously opcrat-
ing air sampling stations (sce Appendix B for a complete
description of sampling procedures). The regional moni-
toring stations, 28 to 44 km (18 to 28 mi) from the
Laboratory, arc located at Espaiiola, Pojoaque, and Santa
Fe (Tablc G-4). The data from thesc stations are uscd as
reference points for determining regional background
levels of atmospheric radioactivity. The 10 perimeter
stations are within 4 km (2.5 mi) of the Laboratory
boundary, and 12 on-site stations ar¢ within the Labora-
tory boundary (Fig. 8, Table G-4).

Natural atmospheric and fallout radioactivity levels
fluctuaic and affect mcasurements made during the
Laboratory's air sampling program. Worldwide back-
ground airbome radioactivity is largely composed of
fallout from past atmospheric nuclcar weapons tests,
natural radioactive constituents from the decay chains of
thorium and wanium attached to dust particlcs, and mate-
rials resulting from interactions with cosmic radiation (for
example, nztural tritiated water vapor produced by inter-
actions of cosmic radiation and stable water). Back-
ground radioactivity concentrations in the atmospherc arc
summarized in Table G-5 and are useiul in interpreting air
sampling data.

Particulate matter in the atmospherc is primarily caused
by the resuspension of soil that is dependent on current
metcorological conditions. Windy, dry days can increase
the soil resuspension, whereas precipitation (rain or snow)

\_

can wash out particulate matter in the atrnosphere. Con-
sequently, there are often large daily and scasonal fluctua-
tions in airborne radioactivity concentrations caused by
changing metcorological corditions.

2. Airborne Emissions. Radioactive airborne emis-
sions arc monitored at 87 Laboratory discharg¢ locations.
These emissions consist primarily of filtered exhausts
from glove boxes, experimental facilitics, opcerational
facilitics (such as liquid-waste treatment plants), anuclear
rescarch reactor, andalincar particle acceleratorat LAMPF,
The emissions receive appropriate wrcatment before dis-
charge, such as filtration for particuiate matter and cata-
lytic conversion and adsorption for activation gases. The
quantities of airborne radioactivity rcleased depend on the
type of rescarch activities and can vary markedly from
year to year (Figs. 9-11).

During 1989, the most significant relcases were from
LAMPF. The amount released for the entire year was
156 000 Ci of air activation products (gascs, particles, and
vapors) (Tables 3 and G-2). This emission was about one-
third higher than that in 1988, but was within the range of
variation scen over the last few ycars (Fig. 1!). The
principal airbcme activation products (half-lives in paren-
theses) were ''C (20 min), 1*N (10 min), *0 (71 s), 0
(123s),*'Ar (1.83h), '*2Au(4.1h),and "**Hg (9.5 h). I-fore
than 93% of the radioactivity was from the ''C, 1N, 1“0,
and %0 radioisotopes, whose radioactivity declincs very
rapidly over time.

Airborne tritium emissions increascd bya factorof 1.3,
from 11 000 Ci in 1988 to 14 400 Ci in 1989 (Table 3).
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Thisrisc was principally due to scveral unplanned relcases
at TA-41 (Sec. 1.G). The sharp increase in mixed fission
products from 1988 to 1989 resulted from the October
1989 unplanncd relcase of 0.43 Ci from TA-48 (Sec. L.G).

In addition to releases from facilitics, some depleted
uranium (uranium consisting primarily of 2%)) is dis-
persed by experiments that use conventional high explo-
sives. About 237 kg (523 Ib) of depleted uranium were
used in such cxperiments in 1989 (Table G-6). This mass
containsabout 0.11 Ci of radioactivity. Most of the debris

Cn these experiments is deposited on the ground in the
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Fig. 8. Locations on or ncar the Laboratory sitc for sampling airbomne radionuclides.
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vicinity of the firing sites. Limited experimental data
show that no morc than about 10% of the depleted uranium
becomes airborne (Dahl 1977). Dispersion calculations
indicate that resulting airbome concentrations are in the
same range as that for concentrations attributable to the
natural abundance of uranium that is resuspended in dust
particles originating from the carth’s crust.

The EPA limits radiation doscs from airborne radio-
active cmissions to 25 mrem/yr (whole body) and
75 mrem/yr (any single organ), according to regulations
under the auspices of NESHAP (National Emission
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130, *1Ar) from LAMPF, the Los Alamos Mcson Physics Facility (TA-53).

Standurds for Hazardous Air Pollutants, EPA 1985). As
discussed in Sec. 111, the maximum individual doscs
causcd by Laboratory opcrations during 1989, which
resulted from releascs of air activation products from
LAMPF, were estimated to be 11 mrem to the whole body
and 14 mrem to the testes. These doses were 44% of the
EPA limitof 25 mrem/yr to the whole body and 18% of the
EPA limit of 75 mrem/yr to any organ.

3. Gross Beta Radioactivity. Gross beta analyses
help in evaluating gencral radiological air quality. Fig-
urc 12 shows gross beta concentrations at a regional
sampling location (Espafiola, station 1), about 30 km from
the Laboratory, and at an on-sitc sampling location
(TA-59, building OH-1),

4. Tritium. In 1989, thc regional mean (0.7
x 10712 uCi/mL) was statistically significantly lower than
the perimeter annual mean (4.6 x 107'7 pCi/mL) and the
on-sitc annual mean (9.3 x 1072 uCi/mL) (Table G-7).
This difference reflects the slight impact of Laboratory
opcrations. The TA-2 (station 25) and TA-54 (station 22)

\_
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annual mcans of 22.8 x 107'2 and 28.8 x 1072 uCi/mL,
respectively, were the two highest annual means meas-
ured in 1989. Both of these stations are located within the
Laboratory boundary necar arcas where tritium is disposed
of or used in operations. These tritium concentrations are
<0.1% of the concentration guides for tritium in air, based
on DOE's Derived Air Concentrations for controlled
arcas (Appendix A).

S. Plutonium and Americivm. Of the 99 air sample
analyses performed in 1989 for 2**Pu, only 17 were above
the minimum detectable limit of 2.0 x 107" uCi/mL. The
highest concentration occurred at 48th Street (36.5 £ 19.1
x 107'® uCi/mL) and represents <0.1% of the DOE's
Derived Air Concentration guides for 2*Pu in uncon-
trolled areas, or 2 x 107'2 uCi/mL (Appendix A). The
results of the 2**Pu analyses arc not tabulated in this report
because of the large number of results below the minimum
detectable aclivity.

The 1989 annual means for 2?24%Py concentrations in
air for the regional (2.1 x 107!® uCi/mL), perimeter (1.1
x 107'* pCi/mL), and on-sitc (2.7 x 107'® uCi/mL)
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Fig. 12. Awmospheric gross beta activity at a regional (background)
station and an on-site station during 1989.

stations were all less than 0.1% of the Derived Air Con-
centration guides for controlled or uncontrolled arcas
(Appendix A).

Mecasured concenirations of 2'Am were all less than
0.1% of the Derived Air Concentration guides for con-
trolle:] and uncontrolled areas (Appendix A).

Detailed results are given in Tables G-8 and G-9.

6. Uranium. Because uranium is a naturally occur-
ring radionuclide in soil, it is found in airborne soil
particles that have been resuspended by wind or mechani-
cal forces (for example, vehicle or construction activity).
As a result, uranium concentrations in air are heavily
dcpendent on the immediate environment of the air sam-
pling station. Stations with rclativcly higher annual aver-
ages or maximuras arc in dusly areas, where heavier ac-
cumulation of dust on filters results in incrcased amounts
of natural uranium in the samplcs.

The 1989 annual means for uranium concentrations in
air fv: regional, perimeter, and on-site stations were 241,
74, .ind 68 pp/m?, respectively (Table G-19). All meas-
urcd annual means were <0.1% of the concentration

\_
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guides for uranium in controlled and uncontrolled arcas
(Appendix A). No cffects attribuiable to Laboratory
operations were obscrved.

B. Nonradioactive Chemicals in Ambient Air
1. Air Quality

a. Acid Precipitation. The Laboratory operates a
wet-deposilion monitoring station located at Bandclicr
National Monument. This station is part of the National
Atmospheric Deposition Program (NADP) network. The
NADP is an independently operated network of monitor-
ing stations located throughout the United States that arc
designed to «casurc regional deposition rates. The
samples, which ar: collected following standardized
procedures, arc chemically characterized by the NADP
Central Analytical Laboratory. Sampling results are
presented 1n Sec. IX.

b. Ambient Air Monitoring. Bccause the Los
Alamos arca is remote from large metropolitan areas and
major sources cf air pollution, extensive monitoring for

_/
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nonradioactive air pollutants has not been conducted. In
1989, total suspended particulate (TSP) matter was mea-
surcd at two sites in the vicinity of the Laboratory by the
New Mexico Air Quality Burcau. Mecasurcments were
made once every 6 days at a sitc on West Road in Los
Alamos and at the sewage treatment plant in White Rock.
Mcasurements of TSP matter levels at these sites and
applicable standards are reported in Table 9.

These data show that the TSP lcvels are well below
fedcral and statc ambicnt air quality standards. The state
isin the process of converting from measuring TSP matter
to measuring particles that are less than 10 um effective
diameter (PM, ) in response to changes in federal regula-
tions. Because the levels of TSP matter are so low in Los
Ailamos County, statc authorities have decided to discon-
tinuc the sampling rather than convert to PM, ; sampling.
In their judgment, there ts very little likelihood that the
arca cxcecds the P, standard.

During 1989, nin¢ stations in the radioactive air sam-
pling network had their filiers composited quarterly and
analyzcd for stable beryllium. The 1989 means for stable
beryllium cencentrations were 0.03 ng/m? for the regional
station, 0.02 ng/m® for the four perin:eter stations, and
0.02 ng/m® for the four on-site station: (Table G-11).
These concentrations are well below the state standard of
10 ng/m?>,

In 1989, the Laboratory operated an ambient air moni-
toring station south of TA-49 and adjacent (o Bandclier
National Monument. Data have been collected for ozone,
PM, ;. and nitrogen dioxide. Carbon monoxide and sulfur
dioxide will be added to the network in 1990.

2. Airborne Emissions, Scveral sources at the Labo-
ratory emit air pollutants that are regulated under ambicent

Table 9. Particulate Matter Air Quality in 1989

LOS ALAMOS NATIONAL LABORATORY
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air quality standards or statc-imposcd cmission limits.
The emissions from these sources are described below.

a. Beryllium Operations. Beryllium machining
operations ar¢ located in shop 4 at TA-3-39, in shop 13 at
TA-3-102, the beryllium shop at TA-35-213, and the
beryllium processing facility at TA-3-141. Exhaust air
from cach of these operations passes through air pollution
control cquipment before exiting from a stack, A 1abric
filter controls emissions from shop 4, The other opera-
tions usec HEPA (high-cflicicney particle-attenuation) fil-
ters to control emissions, with a removal efficiency of
more than 99.95%. Source tests have demonstrated that
all beryllium opcrations mect the cmission limits cstab-
lishedby NESHAP,  “issionsfrom the facility arc solow
that there is negligible impact on ambient air quality;
emissions are well below the New Mexico State standard
for beryllium. The Laboratory has obtained a permit for
an additional beryllium processing operation at TA-3-35,
but this source has not yct been constructed. '

b. Steam Plants and Power Plant. Fucl con-
sumption and cmission estimates for the stcam plants and
the TA-3 power plant are reported in Table G-12, These
plants are sources of particulate matter, oxides of nitrogen
(NOx), carbon monoxide, and hydrocarbons. The NOyx
cmissions from the TA-3 power plant were estimated on
the basis of boiler cxhaust gas measurements. Exhaust gas
measurements also indicated that sulfur oxides (SOx) in
the exhaust gases are below minimum detceciable levels.
EPA emission factors were used in making the other
emission cstimates (EPA 1986a). Both the fuel con-
sumption and the cmissions, which are proportionate to
fuel usage, dropped 19% between 1988 and 1989. The

\_

(ug/m®)
State Ambient
Air Quality Standards Measurements
Type Maximum Allowed Los Alamos White Rock
24-hour average 150 88 (51)° 83 (80)"
Annual gcometric mean 60 25 27
®Highest (sccond highest).




LOS ALAMOS NATIOMAL LABORATORY
ENVIRONMENTAL SURVEILLANCE 1989

Table 10. Asphalt Plant Particulate Matter Emissions

Change
Production Emissions from 1988
Year (ton/yr) (Ib/yr) (%)
1988 7389 246
1989 9769 325 32.1

Westcrn Arca stcam plant, used asa standby plant, wasnot
opeiated during 1989. The emissions from these plants
arc low, posing no threat of violating ambient air quality
standards.

¢. Asphait Plant. Annual production figures and
estimates of the particulate matter ecmissions from the
asphalt concrete plant arc found in Table 10. The particu-
latc matter emission estimate was based on stack testing
data (Kramer 1977) and production data. A multicyclonc
and a wet scrubberare used toclean the cxhaust gas stream
before it is released into the atmosphere. Asphalt produc-
tion has substantially decreased since 1986 because most
of the asphalt used at Los Alamos has been purchased
from outside vendors. However, emissions increased
slightly betwcen 1988 and 1989, associated with an in-
crcase in the amount of asphalt produced.

d. Burning and Detonation of Explosives. Emis-
sions from high explosives occur from two sourccs:
(1) burning of waste high explosives and (2) detonation of
explosives for rescarch purposes.

During 1389, approximately 18 000 kg (40 000 Ib) of
high-cxplosive wastes were disposed of by open burning
at the TA-16 burn ground. Buming the explosives re-
sulted in cmissions of oxides of nitrogen, particulaie

matter, carbon monoxide, and hydrocarbons, Estimailes
of thesc emissions are reported in Table 11, The estimates
were made using data from experimental work carricd out
by Mason and Hanger Silas Co., Inc. (MHSM 1976).
Because high explosives bum at very high temperaturces,
theirdestructionis nearly complete, andonly smallamounts
of poilutants arc gencrated.

Experimental detenation of conventional explosives
is routincly conducted in certain test arcas at the Labora-
tory. In some experiments, thesc explosives coniain small
amounts of metals, including uranium, beryllium, lead,
and other heavy metals. Estimatces of cmissions from this
activity arc given in Table G-6. Estimatcd ambicnt air
impacts arc also shown in the table. The emissions and
impacts are based on a study performed by the Laboratory
(Dahl 1977) that measured airborne uranium and beryl-
lium in the dispersion cloud from detonation experiments.
These measurements showed that approximately 10% of
the uranium and 2% of the berylliune detonated were
acrosolized. No mcasurcments were made for the other
heavy metals; therefore, it was assumed that 10C% is
acrosolized. This is an cxtremely conscrvative assump-
tion. The percentage acrosolized is probably similar to
that for uranium and beryllium. The study also caiculaed
impacts downwind of the detonation site using air dis-
paision models. The impacts shown in Table G-6 werc

Table 11, Estimated Air Pollutant Emissions during 1989
from the Open Burning of Waste Explosives

Pollutant

Emissions
(kg)

Oxides of nitrogen
Particulate matter
Carbon monoxide
Hydrocarbons

\ 4]

518

509

172
27




cstimated using Dahl's modeling results, the total amount
of metalsdetonated, and the assumptions described above
regarding acrosolization. As the table shows, the average
concentrations of these toxic metals offsite are <0.03% of
the applicable standards.

e. Lead-Pouring Facility. A lcad-pouring facility
for casting lcad is located at TA-3-38. This facility cmits
particulatc matter containing lead. Both federal and state
ambicnt air quality standards for lead arc 1.5 pg/m3, av-
craged over a calendar quarter. Approximately 1600 kg
(35C01b) of lead were poured during 1989. The maximum
amount of lead pourcd in a single quarter was about
950 kg (2100 Ib). The EPA (1986a) providcs emission
fa..ors for lcad casting for both primary and sccondary
processing. Primary facilities recover Iead from ore, and
sccondary facilitics recover lead from manufactured items
such as batterics. Neither of these is identical 1o ithe
process at TA-3-38, which melts and casts pure lead
ingots. The EPA factors for TSP emissions arc 0.87 1b of

LOS ALAMOS NATIONAL LABORATORY
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TSP matter per ton of lead poured from primnary fa-
cilitics and .04 Ib of TSP matier and 0.01 1b of lcad per
ton of Icad pourcd from sccondary facilitics. There arc
considerable differcnces between the two, so both were
uscd to provide a range of possible cmissions, as shown
in Table 12.

The maximum quarnterly ambient air quality concen-
trations for 1989 arc also shown in the table. Air disper-
sion procedures recommicnded by the EPA (1986b) were
used to estimate these concentrations on the basis of
quarterly emissions from the lead-pouring facility. Be-
cause no lead emission factor is provided lor primary lead
processing, which has the higher emission factors, im-
pacts were cestimated by assuming that all of the TSP
maticr was lead. This approach provides a worst-case
estimate of ambicr:t lcad concentration of 0.028 ug/m*, or
about 2% of the standard. If the lower lecad emission
factors for sccondary lead processing were used, the
estimated emissions would be only 0.0003 pg/m3, or about
0.02% of the standard.

Table 12, Maximum Lead Emissions from the Lead-
Pouring Facility per Quarter in 1989

Maximum Quarterly Emissions

Emissions Concentrations
Pollutant (kg) (ng/m*)
TSP matter 0.02-0.4 0.0u1-0.03
Lead 0.04 0.0003
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VIi. WATER, SOIL, AND SEDIMENT MONITORING

Surface and ground waters, soils, and sediments were sampled and analyzed to monitor
dispersion of radionuclides and -".zmicals from Laboratsry operations. Radionuclide and
chemical concentrations of waler from areas where there has been no direct release of treated
effluents evidenced no observable effects caused by Laboratory operations, The chemical
quality of surface waters from areas with no effluent release varied with seasonal fluctuations.
The quality of water in the release areas reflected some impact from Laboratory operations, but
these waters ave confiaed within ihe Laboratory boundary and are not a source of municipal,
industrial, or agricultural water supply. All concentrations in water sampled outside the
Laberatory boundary were <10% of DOE's guides.

Most regional and perimeter soil and sediment stations contained radioactivity at, or near,
background levels. Concentrations that did exceed background were low and were principally
associated with sediments from areas where, historically, untreated and treated discharges have
been released. Concentrations of plutoniuin in sediments from regional reservoirs on the Rio
Chama and Rie Grande reflected worldwide fallout.

N

A. Effluent Quality

In recent years, treated efflucnis containing low levels
ofradioactivity have been released from the central liquid-
waste trectment plant (TA-50), a smaller plant serving
laboratorics at TA-21, and a sanitary scwage lagoon sys-
tem serving LAMPF (Los Alamos Meson Physics Facil-
ity, TA-53) (Tables 3, G-13,G-14, and Figs. 9, 10, 13). In
1989, there were no releases from TA-21,

Totwal activity released in 1989 (about 42 Ci) was
greater by a factor of 1.6 than that relcased in 1988 (about
26 Ci, Table 3). The increase was duc to an increase in
tritium discharged from the TA-53 lagoons (Table G-14).
These increased discharges were the result of modifica-
tions to the TA-53 lagoons to scparate sanitary and indus-
trial waste waters. This required discharge of more highly
concentrated radionuclides into the cfflucnt during the
early spring. No discharges occurred from the lagoons
after March. Effluents from TA-50 are discharged into
the normally dry strcam channel in Mortandad Canyon,
where surface flow has not passed beyond the Laboratory's
boundary since the plant began operation in 1963, Dis-
charge from the TA-53 Jagoons sinks into the alluvium of
Los Alamos Canyrn within the Laboratory's boundary.

\_

As discussed in subscquent scetions, concentrations of
radionuclides in water gencrally decrease from the point of
dischaige. Effluent radionuclides do occur off site in Los
Alamos Canyon. The concentrations of radionuclides in
all off-sitc waters are <10% of DOE's guides. Thus, these
cfiluent discharges do not posc a threat to the general
public or the cnvironment,

B. Radiochemical and Chemical Quality of Surface
and Ground Waters

1. Background. Swfacc and ground watcrs [rom
regional, perimeter, and on-site stations arc monitored to
provide routine survcillance of Laboratory operations
(Figs. 14 and 15, Table G-15). If a samplc freri a particu-
lar station was not taken this ycar, it was because the station
was dry, a water pump was broken, or the wells were down
for repairs. \oncentrations of radionuclides in water
samples arc compared with guides derived from DOE's
Radiation Protection Standard (RPS) (Appendix A). Con-
centration guides do not account for concentrating
mechanisms that may cxist in environmental media.
Conscquently, other media, such as sediments, soils, and
foodstuffs, arc also monitored (sce subscquent sections).
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Routine chemical analyscs of water samples have
been carried out for many constitucnis over a number of
ycars. Although surface and shallow ground waters arc
not a source of municipal or industrial water supply,
results of these analyses are compared with EPA drinking
water standards, as these are the mest restrictive related to
walter usc.

2. Regional Stations. Regional surface-waler
samples were collected within 75 km (47 mi) cf the
Laboratory from six stations on the Rio Grarde, Rio
Chama, and Jemez River (Fig. 14). The six water-
sampling stations were located at U.S. Geological Survey
(USGS) gaging stations. Thesc waters provided base line
data for radiochemical and chemical analyses in arcas
beycend the Laboratory boundary. Stations on the Rio
Grandc were at Embudo, Otowi, Cochiti, and Bernalillo,

The Rio Grande at Orowi, just cast of Los Alamos,
has a drainage area of 37000 km? (14 300 mi?) in
southern Colorado and northern New Mexico. Discharge
for the periods of record (18951905 and 1909-1988) has
ranged from a minimum of 1.7 m%/s (60 ft¥/s) in 1902 to

/
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631 m%s (24 400 fi%/s) i 1920. The discharge for watcr
year 1988 (October 1987 through Scptember 1988) ranged
from 10 m%s (360 ft¥/s) in Sepiember to 105 m¥s
(3720 ft*/s) in May (USGS 1989).

The Rio Chama is a tributary to the Rio Grande
upstream from Los Alamos (Fig.14). Ai Chamitaon the
Rio Chama. the drainage arcaabove the stationis 8143 km?
(3143 mi?) in northern New Mexico, together with a small
arca in southern Colorado. Since 1971, some flow has
resulted from transmountain diversion water from the San
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Fig. 15. Surface- and ground-water sampling locations on and near the Laboratory site.

Juan drainage. Flow at the Chamita gage is governed by
release from several rescrvoirs. Discharge at Chamita
during watcr ycar 1988 ranged from 1.5 m/s (54 f1%/s) in
July to 64 m¥/s (2270 ft/s) in November.

The station at jemez on the Jemez River drains anarca
of the Jemez Mountains west of Los Alamos. The Fenton
Hill Hot Dry Rock Geothermal Facility (TA-57) is located
within this drainage. The drainage arca is small, about
1220 km? (471 mi?). During watcr year 1988, discharge
ranged from 0.34 m¥/s (12 ft¥/s) in September t0 26 /s
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(925 {*/s) in April. The river is a tibutary to the Rio
Grande downstream from Los Alamos.

Surface waters from the Rio Grande, Rio Chama, and
Jemez River are used for irrigation of crops in the valleys,
both upstream and downstream from Los Alamos. These
rivers run through recreational areas on state and federal
lands.

a. Radiochemical Analyses. Surface-watcr
samples from regional stations were collected in March
1989. Tritium, cesium, plutonium, and total uranium
activity levels in these waters were low (Tables 13 and
G-16). Samples collected down gradicnt from the Labo-
ratory showed no effect from the Laboratory’s opcration.
Sampling results in 1989 exhibited no major differences
from thosc in 1988. Maximum concentrations of radioac-
tivity in regional surfacc-water samples were well below
DOE's concentration guides for off-site arcas.

b. Chemical Analyses. Surface-water samples
from regional stationz were <ollected in March 1989,
Maximum concentrations in regional watcr samples were
well below drinking water standards (Tables 14 and
G-17). There were some variations from previous years’
results. These fluctuationsare caused by chemical changes
that occur witl: variations in discharges at the sampling
stations. This isrormal, and no inference can be made that
the water quality at these stations is deteriorating,

3. Perimeter Stations. Pcrimeterstations within4 km
(2.5 mi) of Los Alamos included surface -watcr stations at
Los Alamos Reservoir Guaje Canyon, Frijcles Canyon,
and three springs (La Mesita, Indian, and Sacred springs).
Other perimeter stations were in White Rock Canyon
along the Rio Grande just east of the Laboratory. Included
in this group were stations at 22 springs, 3 streams, and a
sanitary effluent relcase arca (Fig. 15 and Table G-15).

Los Alamos Reservoir, in upper Los Alamos Canyon
on the flanks of the mountains west of Los Alamos, has a
capacity of 51 000 m® (41 acre-ft) and a drainage arca of
17 km? (6.4 mi?) above the intake. The reservoir is used
fur storage and recreation. Water flows by gravity through
about 10 km (6.4 mi) of water lines for irrigation of lawns
and shrubs at the Laboratory’s Health Researcn Labora-
tory (TA-43;, the Los Alamos High School, and the
University of New Mexico's Los Alamos Branch.

The station in Guaje Canyon is below Guaje Reser-
voir, which is located ip upper Guaje Canyon and has a

\_ .
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capacitv of Y00 m* (0.7 acre-ft) and a drainage arca above
the intake of about 14 km? (5.6 mi2). The reservoiris used
for diversion rather than storage, =  Tow in the caavon is
maintaincd by perennial springs. \+ :tcr flows by gravity
through 9.0 km (5.6 mi) of water lines for irrigation of
lawns and shrubs at Los Alamos Middle School and Guaje
Pines Cemetery. The strcam and reservoir are also used
for recreation.

Water lines from Guaje and Los Alamosreservoirs aie
nota part of the municipal orindustrial watcr supply atLos
Alamos. They are owned by DOE and operated by Pan
Am World Services. Diversica forirrigation is usually from
May through Cctober.

Surface-water flow in Frijoles Canycn was sampled at
Bandelier National Monument Headquarters. Flow in ihe
canyon is from spring discharge in the upper reach of the
canyon. Flow deccreases as the strcam crosses Pajarito
Plateau because of seepage and cvapotranspiration losses.
The drainage area above the monument headquarters is
about 45 km? (17 mi?) (Purtymun 1980a).

La Mesita Spring is east of the Rio Grande, whereas
Indian and Sacred springs arc west of the river in lower
Los Alamos Canyon. These springs discharge from faults
in the siltstones and sandstones of the Tesuque Formation
and from small scepage areas. Total discharge at each
spring is probably less than 1 L/s (0.3 gal./s).

Perimeter stations in White Rock Canyon are com-
poscd of four groups of springs. The springs discharge
from the main aquifer. Three groups (1, II, and 11I) have
similar, aquifer-rclated chemical quality. Water from
these springs is from the main aquifer beneath the Pajarito
Plateau (Purtymun 1980b). Chemical quality of spring 3B
(group IV) reflects local conditions in the aquifer dis-
charging through a fault in volcanics.

Three streams that flow into the Rio Grande were also
sampled. Streams in Pajarito and Ancho canyons arc sed
frcm group 1 springs. The stream in Frijoles Canyon at the
Rio Grande is fed by a spring on the flanks of the moun-
tains west of Pajarito Plateau and flows through Bandclier
National Monument to the Rio Grande.

Treated sanitary effluent from the community of White
Rock was sampled in Mortandad Canyon atits conflucnce
with the Rio Grande.

Detailed results of radiochemical and chemical analy-
ses of samples collecied from the perimeter stations arc
shown in Tables G-18 through G-21.
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Table 13. Maximum Concentrations of Radioactivity in Surface and Ground Waters from Off- and On-Site Stations

~

Number of
Stations 3H 137Cs Total Uranium B3py 2940py,
Sampled (10 puCi/mL) (10~ uCi/mL) (ng/L) (10° pCi/mL)  (10~® uCi/mL)
Analytical Limits of Detection 0.7 40 1.0 0.009 0.03
Off-Site Stations (Uncontrolled Areas)
Derived concentration guide (DCG)? 2000 3000 800 400 300
Regional 6 0.2 (0.3)b 88 (48) 4.0 (0.1) 0.021 (0.015) 0.013 (0.007)
Perimeter
Adjacent 6 04 (0.3) 188 (92) 10 (1.0) 0.012 (0.012) 0.025 (0.012)
White Rock 24 03 (0.3) 186 (65) 23 @) 0.026 (0.013) 0.025 (0.012)
Off-Site Stations Group Summary
Maximum concentration 04 (0.3) 188 (92) 23 @7 0.026 (0.013) 0.025 (0.012)
Maximum concentration as a 0.02 6.3 29 <0.01 <0.01
percentage of DCG '
] On-Site Stations (Controlled Areas)
Noneffluent Release Areas
Ground water (main aquifer) 5 0.1 (0.3) 40 (38) 2.7 (0.3) 0.019 (0.011) 0.028 (0.011)
Surface water 3 0.6 (0.3) 105 (70) 5.9 (0.6) 0.0i4 (0.016) 0.010 (0.017)
Observation wells (Paja .o Canyon) 3 06 (0.3) 100 (48) 2.0 (1.0) 0.006 (0.015) 0.011 (0.008)
Effluent Release Areas
Acid-Puehlo canyons 8 06 (0.3) 716 (119) 2.8 (1.0) 0.012 (0.010) 0.082 (0.021)
DP-Los Alamos canyons 7 38 (0.5) 96 (88) 2.0 (1.0) 0.028 (0.013) 0.018 (0.014)
Sandia Canyon 3 0.7 (0.3) 72 (73) 3.0 (1.0 0.000 (0.010) 0.005 (0.011)
Mortandad Canyon 7 150 (20) 3130°(470) 40 (1.0 7.82 (0.318) 299 (1.05)
On-Site Stations Group Summary
Maximum concentration 150 (20) 3130 (470) 59 (0.6) 7.82 (G.318) 299 (1.05)
Maximum concentration as a 7.5 104 0.7 2.0 10
percentage of DCG
2See Appendix A.

bCounting uncertainties are in parentheses.
“This concentration was measured in water on site. The water is confined within the

\Labomtory boundary.
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Table 14, Maximum Chemical Concentrations in Surface and Ground Waters

LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL SURVEILLANCE 1989

~

from Regional and Perimeter Stations (mg/L)

Number of
Statons Ca Na (I F  NON TDS*
Regional Stations
Rio Chama 1 47 24 3 0.2 <0.1 158
Rio Grande 4 35 27 11 0.3 0.2 222
Jemez River 1 18 29 23 04 <0.1 162
Perimeter Stations
Surface water 3 8 9 7 0.2 0.1 119
Springs 3 34 34 25 0.5 22 199
White Rock Canyon
Group 1 7 20 15 6 08 1.2 216
Group I1 10° 23 23 4 08 <5.0 202
Group 111 3 20 32 3 13 0.6 372
Group IV 1 22 35 3 0.6 2.0 446
Strcams 2 21 14 4 0.5 0.7 158
Saritary effluent 1 29 97 48 1.2 9.0 452
Drinking Water Standard®
(for comparison) — —_ 250 40 10 500
2Total disvolved solids.

DNMEIB (1988) and EPA (1989).

a. Radiochemical Aralyses. Mcasurements of
activity in tritium, cesium, plutonium, and total uraniym
samples collected at perimeter stations were low, to well
below, DOE’s concentration guides for off-site areas
(Tables 13, G-18, and G-20).

b. Chemical Analyses. Maximum chemical con-
centrations in samples from the perimeter stations are
shown in Tables 14, G-19, and G-21, Chemical concen-
trations in water samples from 21 springs and 3 streams in
White Rock Canyon varicd slightly but showed no major
changes from concentrations recorded for the previous
year. Even though none of these waters are used for water
supply, maximum concentrations were below standards
that apply to drinking water.

4. On-Site Stations. On-sitc sampling stations arc
grouped by lecation in (1) nonefflucnt release arcas and
(2) cfflucnt release areas (areas that receive, or have
received, treated industrial or sanitary effluents) (Fig. 15,
Table G-15).

\_
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a. Noneffluent Release Areas. On-sitc, noncfflu-
ent sampling stations consist of seven decp test wells,
three surface water sources, and three shallow obscrvation
wclls. The deep test wells are completed into the main
aquifer.

Test wells 1 and 2 are in the lower and middle reaches
of Pucblo Canyon. Depths to the top of the main aquifer
arc 181 and 231 m (594 and 758 f1), respectively. The
pumps in test wells 1.and 2 were down for repairs in 1989,
and water from the wells was not sampled. Test well 3 in
the midreach of Los Alamos Canyon has a depthof 228 m
(748 ft) to the top of the msin aquifer. Test wells DT-5A,
DT-9, and DT-10 arc at the southern edge of the Labora-
tory. Depths to the top of the main aquifer are 359, 306,
and 332 m (1180, 1006, and 1090 ft), respectively. Test
well 8 is in the midrcach of Mortandad Canyon. The top
of themainaquifer here licsabout 295 m (968 ft) below the
surface.

These test wells are constructed to scal out all water
abovc the main aquifer. The wells are used to monitor for

J




on watcr quality in the main aquifer.

Surface-watcr samples are collected in Cafada del
Bucy and in Pajarito and Water canyons downstrcam from
technicalarcasto monitor the quality of run-off from these
silcs.

Threc shallow observation wells were drilled in 1985
and cased through the alluvium (thickness about 4 m
{12 ft]) in Pajarito Canyon (Fig. 15 and Table G-15).
Water in the alluvium is perched on the underlying wiff
and is recharged through storm run-off, The obscrvation
wells were constructed to determine if technical arcas in
the canyon or adjacent mesas were affecting the quality of
shallow ground water.

Radiochemical concentrations from surface- and
ground-water sources showed no effects from Laboratory
operations (Tables 13 and G-22). Concentrations of
tritium, ccsium, and plutonium were at, or below, limits of
detection.

Chemical quality of grour.d watcer from the test wells
into the main aquifer reflected local conditions of the
aquifer around the well (Tables 15 and G-23). Quality of
surface water and water in obscrvation wells in Pajarito
Canyon varicd slightly. The cffect, if any, was small, and
probably was the result of natural scasonal fluctuations.

b. EffluentRelease Areas. On-siiccffluentrelease
arcas are in canyons that receive, or have received, treated
industrial or sanitary effluents. Thesc include DP-Los
Alamos, Sandia, and Mortandad canyons. Also includcd

Table 15. Maximum Chemical Concentrati: us in Surface and
Ground Waters from On-Site Stations (mg/L)

Number of -
Stations Sampied Ca
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potential effects that the Laboratory’s operation may have

is Acid-Pueblo Canyon, which is a former relcas2 arca for
industrial cffluents. Acid-Pucblo Canyon received un-
treated and treated industrial cffluents, which contained
residual radionuclides, from 1944 10 1964 (ESG 19§1).
The canyon a!so reccives treated sanitary cffluents from
Los Alamos County wrcatment plants in the upper and
middle rcaches of Pucblo Canyon. Sanitary cfflucnts
form some perennial flow in the canyon but gencrally
have not reached the confluence with Los Alamos Canyon
except during storm or snowmelt run-off,

Water occuss scasonally in the slluvium, depending on
the volume of surface flow from sanitary cftlucnts and
storm run-off. Hamilton Bend Spring, .. uch discharges
from alluvium in the lower reach of Pucblo Canyon, is dry
part of the ycar. The primary sampling stations arc
surfacc-water stations at Acid Weir, Pucblo 1, Pucblo 2,
and Pucblo 3 (Tablc G-15). Two other sampling stations
are located in the middle rcach (test well 2A) and lower
reach (test well 1A) of Pucblo Canyon. Test well 2A
(drilled 10 a depth of 40.5 m [133 fi]) penctrates the
alluvium and Bandclier Tulf and is completed into the
Puye Conglomerate. Aquifertests indicate that the perched
aquifer is of limited extent. Mcasurements of water leveis
over a period of time indicate that the perched aquifer is
hydrologically connected to the stream ir: Pucblo Canyon,
Perched water in the basaltic rocks is sampted from test
well 1A and Basalt Spring, further castward in lower Los
Alamos Canyon. Recharge (o the perched aquifer in the
basalt occurs necar Hamilton Bend Spring. Travel time for
watcr from the recharge arca ncar Hamilton Bend Spring

Na € F  NOSN TDS

Ground Water

(main aquifcr) 5 17
Surface Water 3 77
Observation Wells

(Pajarito Canyon) 3 : 18
Drinking Water Standard °

(for com arison) —_

*NMEIB (""38) and EPA (1989).
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17 3 04 0.6 179
13 194 0.4 0.3 579
23 25 02 0.1 144
— 250 40 10 500




to test well 1A is estimated o be 1 to 2 months, with
another 2 to 3 months required to reach Basalt Spring.

DP-Los Alamos Canyon has received trected indus-
trial effluents, which contain some radionuclides and
some sanitary cfflucnts from treatment plants at TA-21,
Treated industrial efflucnts have been relcased into the
canyon sirce 1952. During 1989, no liquid discharges
were relcased from TA-21. In the upper reaches of Los
Alamos Canyon (above stadon LAO-1), there were oc-
casionalreleases of cooling water from the rescarch reactor
at TA-2. Los Alamos Canyon also rcceives discharge
fromthe lagoons at LAMPF (TA-53). On the flanks of the
mountins, Los Alamos Reservoir impounds run-off from
snowmclt and rainfall. Stream flow from this impound-
ment into the canyon is intermittent, dependent on pre-
cipitation o cause run-off to reach the Laboratory boundary
at State Road 4.

Infilration of treated effluents and natural run-off
from the stream channel maintains a shaliow body of
water in the alluvium of Los Alamos Canyon. Water
levels are highest in late spring from snowmelt run-offand
in late summer from thundershowers. Water levels de-
clinc during the winter and carly summer, when storm run-
off is at a minimum. Sampling stations consist of two
surface-water stations in DP Canyon and six obscrvation
wells completed into the alluvium in Los Alamos Canyon
(Tabic G-15).

Sandia Canyon has a small drainage arca that heads on
Pajarito Platcau at TA-3. The canyon reccives cooling
tower blowdown from the TA-3 power plant and treatcd
sanitary cfflucnts from TA-3. Treated cfflucnts from a
sanitary treatment plant form a perennial stream in a short
rcach of the upper canyor Only during heavy summer
thundershowers in the drainage arca docs stream flow
rcach the Laboratory boundary at Statec Road 4. Two
monitoring wells in the lower canyon just west of Staic
Poad 4 indicate that no perched water is in the alluvium in
this arca. Three surface-water sampling stations in the
reacn of the canyon contain perennial flow (Table G-15).

Mortandad Canyon has a small drainage arca that also
hcads at TA-3. Industrial liquid wastes containing radio-
nuclides arc collected and processed at the industrial
wasle trcatment plant at TA-50. After trcatment that
removes most of the radioactivity, the cfflucnts are re-
lcased into Mortandad Canyon. Velocity of water move-
ment in the perched aquifer ranges from 18 m/day
(59 fvday) in the upper reach to about 2 m/day (7 f/day)
in the lower reach (Purtymun 1974c, 1983). The top of the

o
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main aquifer is about 290 m (950 ft) below the perched
aquifer. Hydrologic studies in the canyon began in 1960.
Since that time, there has been no surfacc-water flow
beyond the Laboratory’s boundary because the small
drainage arca in the upper part of the canyon results in
limited run-off and because a thick section of unsaturated
alluvium in the lower canyon allows rapid infiitration and
storage of run-off when itdoes accur. Monitoring stations
that were sampled in the canyon this year consist of one
surfacc-water station (gaging station 1, GS-1) and six
obscrvation wells completed into the shallow alluvial
aquifer. Al times, wells in the lower reach of the canyon
arc dry.

Acid-Pucblo, DP-Los Alamos, Sandia, and Monan-
dad canyons all contain surface and shallow ground wa-
ters with measurable amounts of radioactivity (Tabies 13
and G-24). Radionuclide concentrations from treated
cffluents decreased down gradicent in the canyon because
of dilution and adsorption of radionuclides on alluvial
sediments. Surface and shallow ground walers in thesc
canyons arc not a sourcc of municipal, industrial, or
agricultural water supply. Only during periods of heavy
precipitation or snowmelt would waters from Acid-Pueblo,
DP- Los Alamos, or Sandiacanyons extend beyond Labo-
ratory boundarics and reach the Rio Grande. In Mortan-
dad Canyon, there has been no surface run-off to the
Laboratory’s boundary since hydrologic studies were
initiated in 1960. This was 3 ycars before the treatment
plant at TA-50 began releasing treated cffluents into the
canyon (Purtymun 1983).

Maximum chemical concentrations occurred in water
samples taken near treated effluent outfalls (Tables 16 and
G-25). Chemical quality of the water improved down
gradient from the outfalls. Relatively high nitrate concen-
trations were found in waters from Mortandad Canyon,
which reccives the largest volume of industrial effluents
(Purtymun 1977). Although the concentrations of some
chemicai constituents in the waters of Lthese canyons were
clevated above natural background (because of industrial
and sanitary cffluents), the concentrations do nol cause
concern because these on-site surface and shallow ground
walcrs are not a source of municipal, industrial, or agri-
culwral water supply. Surface-water flows in Acid-
Pucbloand DP-Los Alamoscanyonsrecachthe RioGrande
only during spring snowmelt or hcavy summer thunder-
storms. No surface tun-off to, or beyond, the Laboratory
boundary has been recorded in Mortandad Canyon since

1560 when observations began. J
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Table 16. Maximun Chemical Concentrations in Water from
On-Site Effluent Release Areas {mg/L)

Numbe: of

Stations Ca Na Cl ¥ NO,-N TDS
Acid-Pucble Canyon 8 34 140 239 08 3.7 452
DP-Los Alam¢s Canyon 8 48 125 140 1.4 04 430
Sandia Canyon 3 21 140 72 0.6 4.1 412
Monrtandad Canyon 7 210 320 352 72 117 1780

Drinking water standard®
(for comparison) — —_ 250 40 10 500

ANMEIB (1988) and EPA (1989).

5. Water Supply System, The main aquifer is the
only aquifer in the arca capable of municipal and indus-
tnial water supply (Sec. I). Water for the Laboratory and
community is supplicd from 17 decp wells in 3 well fields
and 1 gallery. The well ficlds arc on Pajarito Platcau and
in canyons cast of thec Laboratory (Fig. 16;. Scven test
wells are also completed into the main aquifer.

The Los Alamos well ficld compriscs five producing
wells and one standby well. Well LA-6 is on standby
status, to be used only in casc of emergency. Water frum
this wellcontains excessive amounts of natural arsenic (up
to 0.200 mg/L) and exceceds drinking water limits
(Purtymun 1977). Wells in the ficld range in depth from
26510610 m (870 t0 2000 f1). Movement of water in the
upper 411 m (1350 ft) of the main aquifer in this arca is
castward atabout 6 m/yr (20 ft/yr) (Purtymun 1984). Well
LA-4 in the ficld was inoperative during 1989, and no
sampics were collected.

The Guaje well ficld is composed of seven producing
wells. Wellsin this field range in depth from 463 0610 m
(152010 2000 ft). Movement of water in the upper 430 m
(1410 1) of the aquifer is southcastward at about 11 m/yr
(36 fyyr) (Purtymun 1984),

The Pajarito well ficld is composed of five wells
ranging in depth from 701 to 942 m (2300 to 3090 f1).
Movement of water in the upper 535 m (1750 ft) of the
aquifer is castward at 29 mjyr (95 fiyr).

Water for drinking and industrial use is also btained
from a well at the Laboratcry’s experimental geothermal
sitc (Fenton Hill, TA-57) ahoui 45 km (28 mi) west of Los
Alamos. The well isabout 133 m (436 ft) deep, completed
in volcanics.

N\
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All water comprising the municipal and industrial
supply is pumped from wells, piped through transmission
lines, and lifted by booster pumps into rescrvoirs for
distribution to the community and Laboratory. Water
from the gallery flows by gravity through a microfilter
station and is pumped into onc of the reservoirs for
distribution. All supply water is chlorinated before enter-
ing the distribution systcm.

Waitcer in the distribution systems was sampled at five
communily and Laboratory locations (firc stations) and at
Bandelicr National Monument and Fenton Hill (Fig. 16,
Table G-15). For results from routine surveillance moni-
toring of individual wells for cnvironmental quality, fed-
cral and state standards (Appendix A) are cited, but are
used only for purposes of gencral comparison. Sampliag
to confirm compliance with federal and state drinking
water standards in the distribution system is discussed in
Sec. VIILE,

a. Radioactivity in the Municipal and Industrial
Water Supply. The maximum radioactivity concentra-
tions found in the water suply (wells and gallery) and
distribution (including Fenton Hill) systems are shown in
Tables 17 and G-26. Analyses of water from cach of the
wells showed that concentration levels were below the
drinking water regulatory levels applicable to the distri-
bution systcm, with the exception of one gross alpha
measurement. That measurement, when adjusted for the
natural uranium content, was cqual « the gross alpha
limit. Cesium levels were within a factor of 2 of the
individual sample analytical dctection limits and do not
indicatc any contamination. Water in the distribution
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system was in compliance with drinking water regulations
(scc Scc. VIILE),

b. Chemical Quality of the Municipal and Indus-
trial Water Supply. The chemical quality of water from
wellsand the distribution systemsis within EPA s primary
and secondary standards (Tables 18, G-27, and G-28) for
all hut one secondary parameter. Iron was 150% of the
standard in the samplc from one supply well, PM-§
(Table G-27). The well has previously shown a much

\

Fig. 16. Locations of reservoirs, well ficlds, supply wells, and gallery water supply.
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lower level of iron; other parameters showed no signifi-
cant changc from those in previous years.,

The quality of water from the wells varicd with local
conditions within the same aquifer (Tables G-27 and
G-28). Water quality depends on well depth, lithology o
the aquiferadjacent to the well, and yicld from beds within
the aquifer.

6. Transport of Radionuclides in Surface Run-
Off. The major transport of radionuclides from canyons

_/




Table 17. Maximum Concentrations of Radioactivity in Water from Supply Wells and tne Distribution System

Number of Total
Stations 3n i Uranium  **Pu 2524py, Gross Alpha

‘\

Gross Beta

Sampled (107 uCi/mL) (107 pCimL) (ug/L) (10°uCi/mL) (10~ uCifmL)  (10™ uCi/mL) (10 uCi/mL)

Analytical limits of detection 0.7 40 10 0.009 0.03 3
Maximum contaminant

level (MCL)* 20 200 800° 15 15 15

Suppiy wells (Los Alamos) 16 04 147 7.1 0.039 0.025 18

4 QF (14) (<1) (<1) (<1) (120)
Distribution (Los Alamos) 6 0.1 100 54 0.009 0.009 4
(<1) (50) (<1) (<1) (1) 7N

Distribution (Fenton Hill) 1 0.3 -37 43 0.000 0.005 3
¥))] (<1) (<b) ()] «Y) (20)

ANMEIB (1988) and EPA (1989).
bHOE Derived Concentration Guide (see Appendix A).

Percentages of MCL are in parentheses. The regulations are applicable to water in the distribution
system but are zsed for comparison only in the case of individual supply wells.

.
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Table 18. Maximum Chemical Concentrations in Water from
Supply Wells and the Distribution System

~

Supply  Percentage of Distribution  Percentage of
Standard" Wells Standard System Standard
Number of Stations 16 7
Chemical Constituents (mg/L)
Primary
Ag 0.05 0.001 <2 0.001 <2
As 0.05 0.042 84 0.018 2
Ba 1.0 0.090 9 0.060 6
Cd 0.01 0.006 60 0.001 10
Cr 0.05 0.024 48 0.020 40
F 40 29 73 1.8 45
Hg 0.002 <0.0002 <10 <0.0002 10
NO, (N) 10 0.6 6 04 4
Pb 0.05 0.015 30 0.006 12
Se 0.01 0.001 <10 0.001 10
Secondary
Cl 250 16 6 59 24
Cu 10 0.071 7 0.071 7
Fe 0.3 045 150 0.110 37
Mn 0.05 0.017 34 0.007 14
SO, 250 38 15 21 8
Zn 50 0019 <1 0.108 2
TDS 500 427 85 334 78

3EPA primary and sccondary drinking water standards arc given for

comparison only (sec Appendix A).

that have received treated, low-level radioactive cffluents
is by surface run-off. Radionuclidcs in the cfflucnts may
become adsorbed or attached to sediment particles in the
strcam channcls. Concentrations of radioactivity in the
alluvium arc highest near the treated cffluent outfall but
decrease down gradient in the canyon as the sediments and
radionuclides are transported and dispersed by other treated
industrial cffluents, sanitary cfflucnts, and surface run-
off.

Surface run-off occurs in two modes: (1) spring
snowmelt run-off occurs over a long period of time (days)
atalow discharge rate and scdiment load; (2) summer run-
off from thundcrstorms occurs over a short period of ime
(hours) at a high discharge rate and scdiment load.

.
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Four samples of summer run-ofi were analyzed for
radioactivity in soluiion and suspended scdiments in Los
Alamos and Pucblo zanyons ncar the Laboratory bound-
ary and well LA-5 (Fig. 15 and Table G-29). Thesc
summer run-off samples contained only background
amounts of tritium, cesium, uranium, plutonium, and
gross gamma in solution (Table G-29). Concentrations of
plutonium were above background levels in the sus-
pended sediments of Los Alamos and Pucblo canyons
(both formerly reccived industrial efflucnts). Cesium was
above background in the suspended scdiments of Los
Alamos Canyon (Table 19). Other radionuclides in the
suspended sediments were below background levels.
Radioactivity in solution refers to the filtrate that passes

/
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Table 19. Plutonium and Cesium in Suspended Sediments in Summer Run-Off in \
Los Alamos and Pueblo Canynns (pCi/g)*

mpu mﬂ“Pu 137Cs

Los Alamos at Staic Road 4 .

14:30 0.299 0.460 6.2

14:50 1.56 2.07 10.3
Pucblo at Statc Road 4

15:05 0.010 1.76 04
Los Alamos below Pucblo

15:15 0.213 1.34 56
Background (1974 -1986) 0.006 0.023 044

samples were collected September 5, 1989.

throngh a 0.45-pum pore-size filter; radioactivity in sus-
pended sediments refers to the residue retained by the
filter.

Alamos (7 samples), Sandia (3 samples), and Mortandad
(7 samples) canyons. All samples were analyzed for 65
volatile compounds, 68 semivolatilc compounds, 13 pes-
ticide compounds, 4 herbicide compounds, and 4 poly-

7. Organic Analyses of Surface and Ground
Water. Surface- and ground-water samples for organic
analyses were collected from regional surface-water
sources (6 samples); the Laboratory on-site Pajarito Canyon
obscrvation wells (3 samples); and Laboratory on-site
cfflucnt relcase arcas in Acid-Pucblo (7 samples), Los

chlerinated biphenyl (PCB) compounds (Table G-30).
The limits of quantification (LOQs) for thesc compounds
are given in Appendix C. Of the nearly 5000 possible
positive results, only 5 were found at levels above the
LOQ. Only those compounds that exceeded the LOQs are
discussed and shown in Table 20.

Table 20. Water Samples That Exceeded the LOQs for
Volatile and Semivolatile Organic Compounds

Concentration LCQ

Station Compound (ug/L) (ug/L)
Volatile Organic Compounds

PCO-2 Carbon disulfide 20 10

Pucblo 2 2-Butanone 15 10

Pucblo 3 2-Butanone 13 10

MCO-3 Trichlorofluormethane 200 200"
Semivolatile Organic Compounds

MCO-7 Bis(2-cthylhexyl)phthalate 10 10

55

?Spiked compound rccovery was poor; the LOQ was estimated at 200 pg/L.




LOS ALAMOS NATIONAL LABORATORY

[ a. Volatile Compounds. Watcr samples from the

33 sttions were analyzed for 65 volatile compounds
(Table G-30). Carbon disulfidc was reported from a
shallow well, FCO -2, in Pajarito Canyon, at a concentra-
tion of 20 pug/L (the LOQ s 10 ug/L). In Pucblo Canyon,
2-butanone wasreperted in surface waler at wells Pucblo 2
(15 pg/L, the LOQ is 10 pg/L) and Pucblo 3 (13 pg/L).
Trichlorofluormethane, with a concentration of 200 pg/L
(LOQ cstumated at 200 pug/L), was reported from Mor-
tandad Canyon (Table 20).

b. Semivolutile Compounds. Water irom the 33
stations was analyzed for 68 semivolatile compounds
(Table G-30). Only onc station reported any semivolatile
compounds in ¢ css of the LOQ: bis(2-cthylhexyl)-
phthalate, with a concentration of 10 ug/L (LOQ is
10 pug/L), was reported from shallow well MCO-7 in
Mortandad Canyon (Table 20).

c. Pesticides. Water from 28 slations was ana-
lyzed for 13 pesticide compounds (Table G-30). No
compounds above the LOQ were reported.  Pesticide
analyses for samples from five stations in Mornandad
Canyon werc not completed because of laboratory
problems,

d. Herbicides. Watcr from 33 stations was ana-
lyzed for 4 herbicide compounds. No compounds above
the LOQ were reported (Table G-30).

e. PCBs. Water from 28 stations was analyzed for
4 PCB compounds. Nocompounds above the LOQs were
reported fror the 28 stations. PCB analyses for samples
from five stations in Mortandad Canyon were notcompleted
because of laboratory problems.

C. Radioactivity in Soils and Sediments

1. Background Levels of Radioactivity in Soilsand
Sediments. Soil and scdiment samples from regional
stations were routineiy collected and analyzed for radio-
nuclides from 1974 through 1986 (Purtymun 1987a). The
results were used (o establish background levels of 3H,
1Cs, total uranium, **Py, and 2%y in soils and
scdiments (Table 21). The average of the concentration
levels in these samples plus twéce the standard deviation
was uscd to establish the upper limits of background
concentrations. In 1989, sam, ns were collected from

\_
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7 regional soil stations and 9 regional scdiment stations
(Table G-31), and concentrations of radionuclides in
samples from these regional stalions were measured,
Results of the analyses are presericd in Tables 21 and
G-32. Sce Appendix B for a description of methods for
collecting soil and sediment samples.

2. Perimeter Soils and Sediments, Samiples were
collected from six soil stations within4 km (2.5 mi) of the
Laboratory perimeter. Samples were atso collected from
10 sediment stations near the Laboratory boundary and at
the conflucnce of cight major canyons with the Rio Grande
(Figs. 17 and 18). Perimeler soil and sediment samp’ing
stations arc listed in ‘Table G-31, and detailed analytical
results are given in Table G-33.

Concentrations of radioactivity in the perimeter soil
samples cxceeded statistically established regional back-
ground concentrations by as muech as a factor of 2 for
29.290py. Thesce results arc similar w results obtained in
1988.

Analyses of sediment samples from the perimeier
stations indicated that conccntrations of radionuclides
were below statistically established regional background
levels (Table 21).

3. On-Site Soils and Sediments. Soil samplcs were
collected from 10 stations within Laboratory boundarics,
and on-sile sediment samples were collected from 24
stations within arcas that have received wreated effluent
(Table G-31, Figs. 17 and 18).

Concentrations of '*’Cs and #*2%py in soil samples
cxceeded statistically established regional background
limils by as much as a factor of 1.4. The concentrations
were within the ranges observed in previous ycars and did
not indicatc any new releases (Tables 21 and G-34).
Triiium at onc on-site station (Fig. 17, location S13) was
about 15 times the regional background limit; ne known
release at that location could cxplain the anomaly, and
the location will be resampled during the next routine
coilcction.

Three canyons (Acid-Pucblo, DP-Los Alamos, and
Mortandad) contain sediments contaminated with resid-
ual radioaclivity from pastorpr  atrclcases of cfflucnts
(sce Scc. VI.B.4.b). The concentrations of radionuclides
in these canyons cxceed statistically established regional
background levels (Table 21). The concentrations in
sediments from Pucblo and DP-Los Alamos canyons

J




Table 21. Maximum Concentrations of Radionuclides in Soils and Sediments

Number of _
Sations 34 130 Total Uraniem Bspy 24epy,
Sampled (10*pCi/mL)  (pCi/g) (g/®) (pCi/g) (pCi/g)
Analytical Limits of Detection 0.7 0.1 03 0.003 0.002
Soils
Background (1974 -1986)" 5 72 1,09 34 0.005 0.025
Regional stations 7 14 (0)b 0.88 (0 38 (1) 0.503 (V) 0.019 (0)
4 Perimeter stations 6 3.8 (0) 1.1 5.8 (2) 0.008 (1) 0.048 (1)
On-site stations 10 120 (2 1.3 (1) 40 (8) 0.005 (0) 0.035 (1)
Sediments
Background (1974 -1986) 10 — 0.44 44 0.006 0.023
Regional stations 9 — 0.28 (0) 3.2 (0) 0.006 (0) 0.006 (0)
Perimeler stations 18 — 0.18 (0) 3.2 (0) 0.004 (0) 0.008 (0)
On-site stations (effluence release areas)
Acid-Pueblo Canyon 6 — 041 (0) 3.0 (O 053 (1) 93 (3)
DP-Los Alamos Canyon It — 25 (3) 45 (1) 0.19 (4) 047 (7)
Mortandad Canyon 7 — 267 @) 4.6 (1) 41 @) 145 (3)

2The x+ 2s (97.5 percentile value) of background analyses for soil and sediments (Purtymun 1987a).
PNumbers in parentheses indicate number of stations exceeding the 97.5 percentile background value.
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Fig. 17. Soil sampling locations on and ncar the Laboratory site.

generally decrease down gradient as the radionuclides are
dispersed and mixed with uncontaminated sediments
{ fable G-34). Somc of these sediments arc transporicd
into the Rio Grande. Thcoretical cstimates (ESG i981),
confirmed by actual measurement (sce Sec.VI.C.4), show
that the incremental contribution to radioactivity in sedi-
ments from Cochiti Reservoir is a small percentage of the
contribution attributable to typical regional background
lcvels.  The resultant incremental doses through food

58

pathways (scc Scc. Vil.C) w¢ well below DOE’s appli-
cable RPS,

The concenuations in Mortandad Canyon also de-
creasc down gradicnt; however, no run-of fhas reached, or
exter: ded past, the Laboratory boundary since befors the
TA-50 urcatment plant started operating in 1963,

4. Sediments in Regional Reservoirs. Rescrvoir
scdiments were collected from three locations in the
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Fig. 18. Scdiment sampling locations on and neas the Laboratory sitc.

Abiquiu Reservoir on the Rio Chama and three locations
in the Cochiti Rescrvoir on the Rio Grande south of Los
Alamos (Fig. 19). Sediment samples were analyzed for
%Py and 2¥20py, ysing 1-kg (2-1b, dry weight) samples
(100 times the usual mass used for analyses). Large
samples increase the sensitivity of the plutonium analyscs
and arc nccessary to cffectively cvaluate background
plutonium concentations for fallout from atmospheric
tests. Normal sample sizes were used for aralyzing for 3},
'3Cs, MSt, and total uranium (Table G-35).
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The cesium concentration of 0.60 pCi/g from the
lower station at Cozhiti exceeded the stalistically estab-
lished background level of 0.44 pCi/g. The strontium
concentration of 2.1 pCi/g from the middle station at
Abiquiucxceeded the statistically established back ground
level of 0.87 pCifg. Samples that occasionally exceed
statistical limits are ¢xpecied because of natural variabil-
ity and do not necessarily indicate contamination. This is
supported by the overall pastern of cesium and strontinm
concentratiows in samples from the rest of the stations, ail
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Fig. 19. Regional rescrvoirs for special
sediment sampling.

of which were below background (Table G-35). Total
uranium was helow background at all six stations.
Levels of plutonium in samples collected in 1989 were
sitnilar to plutonium levels found in samples collected in
previous years, when the concentrations were consistently
higher at Cochiti Reservoir (Tables 22 and G-35). Sedi-
ments in Cochili Reservoir contain a higher fraction of
fincr particles and organic maicrials than do scdimeats
from .Abiquiu. These characteristics enhance the capacity
of scdiment to adsorb plutonium and other metal ions.
Only 1 of the 12 plutonium samples collected had concen-
trations that cxceeded the statistically cstablished back-
ground level. The sample from the middle station at
Cochiti showed corccntrations of 0.133 pCi/g, to be
compared with the 97.5 percentile background level of
+0.023 pCi/g. Since 1984, the average ratio of ***Pu to
#392%py ranged from 12 to 25 at Abiquiu Reservois; the
satio at Cochiti ranged from 7 to 28. The plutonium
isotopic ratio in worldwide fallout for northern New
Mexico is about 20,

Variations in concentrations of plutonium, which also
affect calculations of isotopic ratios, occur because fallout
varics in the different arcas where samples arc taken,
because of natural variation in transport processes from
land surfaces into rivers, and because analyses become
less precisc as valucs approach detection limits,

Cesium, strontium, total uranium, and plutonium
concentrations in the reservoir sediments are low (gener-
ally below background, but occasionally slightly above)
and result in doses through food pathways that arc only a
fraction of a percentage of DOE'’s applicablc RPS (sec
Scc. VII).

5. Transport of Radionuclides in Sediments and
Run-Off from an Active Waste Management Area
(TA-54). Radionuclides trarsported by surface run-oft
have an affinity for sediment particles, attached by ion
cxchange or adsorption. Thus, radionuclides in surface
run-off tend to concentrate in sediments. Ninc sampling
stations were established in 1982 outside the perimeter

/




LOS ALAMOS NATIONAL LABORATORY

ENVIRONMENTAL SURVEILLANCE 1989

-

Table 22. Plutonium Analyses from Reservoirs on the
Rio Chama and Rio Grande (I‘Ci/g)'

Ratio
Py B9U0py (*pu/>*pu)
Abiquiu Reservoir
1984 X (s) 0.7 (0.9) 12,7 (6.3) 18
1985 X (5 0.7 (0.5) 88 (0.9) 12
1986 X (s 0.3(0.1) 75 (1.7 25
1587 x (5) 0.2(0.1) 38 (3.1) 19
1988 X (5) 0.3(0.2) 715 (2.6) 25
1989 Upper 0.2(0.1) 4.1 (0.2) 20
Middle 0.3(0.1) 3.6 (0.1) 12
Lower 02(0.1) 33 (0.2) 16
X (s) 0.2 (0.6) 3.7 (0.4) 18
Cochiti Reservoir
1984 x (s 0.7 (1.1) 19.7(14.0) 28
1985 X (s) 1.6 (0.6) 24.1 (7.3) 15
1985 X (s) 1.2(0.5) 21.2 (6.1) 18
1987 X (s 0.8 (0.7) 17.5(13.8) 22
1988 x (5) 1.7(2.3) 21.1 2.9 7
1989 Upper 0.7 (0.1) 129 (0.5) 20
Middle 5.1{0.1) 133.0 (7.0) 14
Lower 1.7 (0.1) 2.0 (0.3) 1
x (5 2.5(2.3) 493 (7.3) 20
Background
(1974 -1986)° 6.0 230

\

2samples were collected in June 1989,
bPurlymun (1987a).

fence at Area G (TA-54) to monitor possible transport of
radionuclides by storm run-off from the waste storage and
disposal area (Fig. 20). The samplcs were collected in
August 1989 (Table G-36).

a. Radioactivity. Some radionuclides are trans-
ported from the surface at Arca G in suspended or bed
scdiments. This contamination is from the land surface
and is not rclated to the wastes in the pits and shafts. It is
residual contamination in the land serface that occurred
during handling of thc wastes. Total uranium in bed

\_
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scdiments at station 5 (4.6 pCi/g) was slightly abcve the
background level of 4.4 uCi/g. Plutonium-238 in cxcess
of background (0.006 pCi/g) occurrcd at station 7
(0.026 pCi/g) and station 9 (0.011 pCi/g). Plutonium-
239,240 exceeded background (0.023 pCi/g) at station 9
(0.150 pCi/g). Tritium, ccsium, and gross gamma were
ncar, or below, background. When combined with storm
run-off in Cafiada del Bucy or Pajarito Canyon, the con-
centrations of radionuclides in the sediments from Arca G
arc dispersed and arc not dctectable at the Laboratory

boundary at State Road 4.
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Fig. 20. Locations of sampling stations for surface run-off a1 TA-54.

b. Organic Analyses of Bed Sediments. Samples
of bed sediments were collected from the 9 sediment
stations around Arca G and were analyzed for 65 volatile
compounds, 68 semivolatile compounds, 22 pesticide
compounds, 3 herbicide compounds, and mixed PCBs
(Table G-37). Because of aralytical laboratory scil meth-
odology and instrument problems, the LOQs for these
analyses were higher (500-1000 pg/kg) than those for
analyses obtained using normal procedures, as described
in Appendix C. Only thosc compounds with concentra-
tions that exceedad the LOQs are discusscd (Table 23).

1) Volatile Compounds. Samples of sediments
from the 9 stations were analyzed for 65 volatile com-
pounds; 4 were reported (Table 23).

The compound ?-butanone was reported at all the
stations, in concentrations ranging from 590 to
3500 pg/kg; chloroform was reporied from stations 1, 2,
3, 4, and 8, in concentrations ranging from 520 to
650 pg/kg; tolucne was reported from all stations, in
concentrations ranging from 980 to 1400 pg/kg; and the
compound m-xylene was reported from stations 3, 4,

.
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and8, inconcentrations ranging frora 50010 520ug/kg. For
all these compounds, the LOQ is 500 pg/kg. The com-
pounds reported from all stations, 2-butanonc and toluene,
were probably present because of ontamination of the
ssmple during analyscs, as cach scdiment station has its
own drainage arca and contamination of all the drainage
arcas is unlikely. The chloroform and m-xylene reported
were at, or very near, the LOQs and may or may not have
been present. Because of these uncertainties, another set
of samples was collected for volatile compound analyses
in October 1989. All results from analyses of these
samples were below the LOQs.

(2) Semivolatile Compounds. Samples of scdi-
ments from the 9 stations were analyzed for 68 semivola-
tile compounds. Only two stations had a-alyses positive
for these compounds, and only *. ¥ compounds were
reporied (Table 23). Scdiments from station 1 contained
benzoic acid at a concentration of 6500 pg/kg; sediments
from station 8 containcd bis(2-cthylhexyl)phthalate at a
concentration of 370 pg/kg. The LOQ for ihese com-

pounds is 330 pg/kg.
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(3) Pesticide, lerbicide, and PCB Compounds. PCBs.

cidecompounds, 3 herbicidecompounds, and mixed

Scdiments from the 9 srations were analyzed for 22 pesti- Al analyses gave resulis helow LOQs (Table G-37).

Table 23. Volatile and Semivolatile Organic Compounds in Sediments
at TA-54 That Exceeded the LOQs (ug/kg)

Station No. Concenirations LOQ
Volatile Compounds
2-Butanonc
1 3000 500
2 3500 500
3 590 500
4 2400 500
5 3400 500
6 1800 500
7 610 500
8 2500 500
9 1200 500
Chloroform
1 520 500
2 500 500
3 520 500
4 650 500
8 620 500
Toluene
1 1400 500
2 1300 500
3 1400 500
4 1300 500
5 1300 00
6 1200 500
N 1100 500
.8 1300 . 500
‘ 9 980 500
© m-Xylene
' 3 520 <500
4 500 <500
8 520 <500
Semivolatile Compounds
Benzoic acid
1 6500 330
Bis(2-cthylhexyl)phthalate
8 370 330
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Vil. FOODSTUFFS MONITORING

Most produce, fish, and honey samples collected near the Laboratory showed no influence
from Laboratory operations. Some on-site samples contained slightly elevated levels of
radionuclides. The slightly elevated levels of ****Py in downstream catfish may be associated
with higher levels in sediments in Cochiti Reservoir (see Sec. VI). However, these elevated levels
in catfish have not been seen consistently in the past and thus may just reflect statistical
variability. Concentrations of radionuclides in foodstuffs contributed only a minute fraction of
the Laboratory’s contribution to individual and population doses received by the public.

A. Background

Produce, fish, and honey have been routinely sampled
1o monitor for potential radioactivity from Laboratory
operations. Produce and honey collected in the Espaficla
Valley and fish collected at Abiquiu Reservoir are not
affected by Laboratory operations. These regional sam-
pling locations (produce and fish, Fig. 21: honey, Fig. 22)
arc upstream from the confluence of the Rio Grande and
the intermittent streams that cross Laboratory land. They
are also sufficiently distant from the Laboratory as to be
unaffectcd by airbome emissions (Sec. V). Consequently,
these regional arcas arc used as background sampling
locations for the foodstuffs sampling program. Section 111
presents the radiological health significance of these data.

B. Produce

Data in Table (i-38 summarize produce sampling
results for H (in tissue water), %°Sr, 28py, 2¥9240py and
total uranjum. Sampling and preparation methods are
described in Appendix B.

Concentrations of *H, 2Py, and 2**2%py in produce
from regional, perimeter, and on-site sampling locations
were statistically indistinguishable (nonparametric, one-
way analysis of variance at the 95% confidence level). In
1988, onc sample of chile from White Rock contained
high concentrations of 28Pu (0.9 +0.04 pCi/g) and 2°#°py
(0.08 £0.008 pCi/g). Chile sampled from the same garden
in 1989 contained plutonium levels consistent with those
found regiora.ly (0.000 +0.005 pCi/g of 2**Pu and 0.005
+ 0.004 pCi/g of 2*2%°Py), It appears that 1988 results
were anomalics.

65

In 1989, uranium levels were higher in Espafiola
Valley produce, reflecting uptake of naturally occurring
uranium,

Occasional clevated radionuclide levels in on-site
camples are probably the result of Laboratory operations.
However, on-site produce is not a regular component of
the dict of cither Laboratory employecs or the general
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public. The Laboratory contribuiions to doses 1eceived
from produce consumption pose ro treat to the health ang
safety of the gencral public (Scc. i1I).

C. Fish

Fish were sampled in two reservoirs (Fig. 21). Abig.
uiu Reservoir is upsircam from the Laboratory on the Rio
Chama and scrves as a background sampling Incation.
Cochiti Reservoir potentially could be affected by I.abo-
ratory effluents because it is downstream from the i.abo-
ratory on the Rio Grande. Sampling proccdures are

described in Appendix B. Edible tissue was radiochemi-
callyanalyzedin fishspecics for ¥Se, 13'Cs, 233py, 29240py,
and total uranium.

Results for fish arc presented in Table G-39. For *°Sr,
137Cs, and 22%%py, no differences were apparent
(student’s t-test, 95% confidence level) between the up-
strecam and downstream samples for cither fish species.
Ievels of 2%Pu were significantly higher in Cochiti for
catfish only, but the difference was small (0.00008 pCi/g).
"This may reflect higher levels of 2*#%Puin sediments from
Cochiti (Table 22), but the difference has not been con-
sistently apparcnt over past ycars, Uranium levels within

_/
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species exhibited distinct patterns.  Body burdens in
bottom-feeding catfish tended to be higher than those
found in crappic. Uranium levels were significantly
higher in Cochiticrappic, although the difference remained
low (1 ng/g).

The data indicate that Laboratory operations do not
result in significant doses to the general public from
consuming fish from Cochiti Reservoir (Sec. 111).

D. Honey

Honey beehive locations are listed in Table G-40 and
showninFig.22. Noneof thc honey produced by the hives
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in Los Alamos County is available for consumption. The
most recent data (1988) for bees and honey are shown in
Tablcs G-41 through G-44.

Radionuclide duta were withii the variation exfubited
in previous years.  Some activation products vee cle-
vated at the Los Alamos Meson Physics Facility at TA-53
(LAMPF). Tntium corcentrations were clevated at sev-
cralon-site hives, particularly at TA-33 and TA-53. These
resultsreflect activitics that are ongoing at the Laboratory.
Most radionuclide results, on and off site, were within the
counting uncertainty of the analytical systcms. Asinp~~t
years, levels of trace clements in bees and honey were
variable.

\
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Vill. ENVIRONMENTAL COMPLIANCE

Inaccordance with the policy of the DOE, the Laboratory must comply with federal and state
environmental requirements. These requirements address handling, transport, release, and
disposal of hazardous materials, as well as protection of ecological, archaeological, historic,
atmospheric, and aquatic resources.

The Laboratory recently received federal and state permits for operating hazardous waste
treatment and storage areas and is renewing a federal hazardous waste permit for discharge of
liquid effluents. Corrective actions carried out under the federal permit are being managed by
the Laboratory’s Environmental Restoration Program. The Laboratory was in compliance
with permit limits for tr-ated liquid discharges in 98% and 99%, respectively, of monitored
sanitary and industrial effluent outfalls. Under a Federal Facility Compliunce Agreement with
the EPA, sanitary waste treatment facilities are being upgraded to improve compliance.

All airborne releases were well within regulatory limits during 1989. A total of 61 asbestos-
removal jobs was carried out during the year, and appropriate notification was provided to state
regulators.

Concentrations of constituents in the drinking water distribution system remained within
federal water supply standards.

The Laboratory evaluated 462 activities for compliance with cultural resource require-
ments. During 1989, 12 documents describing new Laboratory activities were prepared to
comply with the National Environmental Policy Act.

A. Resource Conservation and Recovery Act
(RCRA)

1. Backgrouad. RCRA, as amended by the Hazard-
ous and Solid Waste Amendments (HSWA) of 1984,
mandaltes acompreiicnsive program o regulate hazardous
waslcs, from gencration to ultimate disposz!. Thezinpha-
sis of the amendments is 10 reduce hazardous waste
volume and toxicity and to minimizc land disposzl of
hazardous waste. Major requirements under ISWA that
impact wastc handiing at the Laboratory are presented in
Tablc 24.

The EPA has granted RCRA authorization to New
Mecxico, transfemring regulatory control of hazardous wastes
to the statc’s Environmental Improvement Division
(NMEID). Swate authority for hazardous waste regulition
is thc Hazardous Waste Act and Hazardous Wastc Man-
agement .legulation. However, NMEID has not yet
obtaincd authorization for implementing the 1984 RCRA
amendments. The state adopied new regulations that use
the federal codification. Although this modification will

\_

make the state regulations morc consistent with feder:! -
regulations and caicr to interpret, some confusion will
continuc because only those federal regulations in cffcct
onJuly 1, 1987, were adopted.

The Laboratory produces a wide varicty of hazardous
wastes. Small volumes of all chemicals listed under
40CFR 261.33 could occur at the Laboratory as aresult of
ongoing rescarch, Process wastces, such as liquid wastes
from circuit board preparation and lithium hydride scrap
irom metal machining, arc generated from ongoing manu-
facturing operations that support rescarch. Although they
occur in larger volumes than discarded laboratory chemi-
cals, process wastes arc few in number, they arc wel!
defincd, and they are not acutely toxic. High-cxplosive
(HE) wastes include small ricccs of explosives and con-
taminated sludges and ligu:us that arc thermally treated on
site.

During 1989, the New Mexico Environmental Im-
provement Board (NMEIB) adopted new Solid Waste
Management Regulations that require permitting of

J
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Table 24. Major Regulatory Reqiirements of the Hazardous and
Solid Waste Amendmeats of 1984 Impacting
Waste Managemen' at the Laboratory

The Hazardous and Solid Waste Amendments (HSWA) of 1984

prohibit placement of bulk liquids, containerized liquid hazardous waste. or frec bulk or frec liquids,
even with adsorbents, in landfills;

prohibit landfill disposal of certain wastes and require that the EPA review all listed wastes to
determinc their suitability for land disposal;

establish minimum technology requircments for landfills to include double liners and leak
detection;

require EPA ic #stablish minimum technology requirements for underground tanks;

requirc generators of manifested wastes to centify that they have minimized the volume and toxicity
of wastes to the degrae economically feasible;

require operators of landfills or surface impoundments to certify that a ground-watcr monitoring
program is in place, or to demonstrate that they have a waiver, by November 8, 1985, with failure to
do so resulting in loss of intcrim status on November 23, 1985;

require federal installations to submit an inventory of hazardous waste facilitics by January 31,
1986; and

require the preparation, by August 8, 1985, of a health assessmeat for landfills and surface

impoundments sccking a Part B permit,

existing and new landfills used for domestic solid-waste
disposal. Notices of intent to continue to operate the
county landfill on East Jemez Road and the AreaJ landfill
at TA-54 were submitted to the NMEID in accordance
with the new regulations. NMEID will request permit
applications from owners of existing landfills ona priority
basis, with applications for landfills that have scrious
environmental problems to be requested first.

The county landfill is located on property owned by
the DOE and is opcrated by Los Alamos County under a
special use permit. Approximately one-third of the do-
mestic solid waste disposed of at the county landfill
originaics from the Laboratory. The Arca J landfill is
operated by the Laboratory and receives nonhazardous
nonradioactive solid waste, which is kept under the ad-
ministrative control of the Laboratory.

\_
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The new Solid Waste Management Regulations also
cover the transportation and disposal of special waste,
including infectious and asbestos waste. All nonradioac-
tive infectious waste from the Laboratory is disposcd of
off site by a medical-wastc disposal contractor.

Both nonradioactive and low-lcvel radioactive asbes-
tos waste arc disposcd of at the Arca G landfill located at
TA-54, which is the Laboratory's low-level radioactive
waslte landfill regulated by DOE orders issued under the
Atomic Encrgy Act. A notice of intent to continuc to
operate the Arca G landfill was submitted to NMEID, in
anticipation that NMEID might determine such a notice is
required for continued disposal of nonradioactive asbes-
tos waste at Area G.

The Laboratory is planning a scparate trench for
nonradiosctive asbestos waste at Arca J so that all

/
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nonradioactive wastc can be kept outside of Arca G.
Construction of this trench is expected to be approved and
completed during 1990,

2. RCRA Closure Activities. The status of Labora-
tory hazardous wastc operationsto be closed under RCRA
regulations is given below:

o TA-16, Ground-Surface Impoundment for Burning
Waste. Thissitcis cssentially closcd. The liner was
dccontaminated and cut up and is no'/ stored in
barrcls at the sitc as nonhazardous wastc. S~mpics
of the liner rinsate and of soils bencath the impound-
ment showed that both were clean. However, 12
background samptes were also taken to confirm that
the concentrations of metals detecied were not
influenced by the site. The Laberatory is awaiting
approval from *he state of New Mexico for back-
filling and reseeding the site. No formal approval of
the closurc plan has yet been reccived, so it is
cxpecled that approval for backfilling will e ac-
companicd by writtcn acceptance of the ciusurc
plan.

o TA-54, Storage Tanks for Waste Oil at Area L.
Waste oil in six above-ground storage tanks was
pumped out and disposed of off site as hazardous
wastc during 1988 and the tanks were moved to
Arca G tomake room forneeded taciliticsat Arca L.
Although closure of these tanks was originally
scheduled for FY 1989, action was delayed because
the state has not yet approved (he closure plan.

e TA-35, Waste Oil Storage Pits. Closure plans for
the two waste oil pits associated with buildings 85
and 125 at TA-35 were submitted in October 1988,
and oral approval to proceed with closure activitics
was subscquenty received from the state. In late
March 1989, the contents of the pits were removed
for incincration off site. The next month, contami-
nation was discovered when the liner was chiseled
through and samples of the underlying soils were
aken. Dizcussions among EPA officials indicated
that a cica.: closure could be achieved, cven ir
residual comar-ination remained in place, provided
that the residuat was below a health-based limit,
The state agre~d to approve this strategy if the
Laboratory would remediate the sitc by removing
all organic volatilc and secmivolatile constitucnts
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above 1 ppm and demonstrate that the residuals are
nolongerathreatto humanhealth, This s.rategy has
teen adopted.

Excavation of the two sites was completed this
year and verification sampling was compleied in
November. In October, an underground storage
tank and associated piping connccted to pit No. 85
were uncovered, samples were taken, and waste
materials were transported off site for incincration,
The closure nlan has been modified 1o include the
underground storage tank.

e TA-16, Landfill at Area P. Closurc and post-
losurc-carc plans for thc Arca P landfill were
submittcd on November 25, 1985. Becausc ap-
proval has not yet besa received from the state of
New Mexico to proceed with this closure (or to
modify the plan’, no work has taken place,

3. Permit Application. The NMEID held a public
hearing inJuly 1989 on the Laboratory’s hazardous waste
permit. After public comments were received, a permit
wasissucd in November 1989 (Table 25). The Laboratory
appcaled a specific requircment of the permit (monitoring
for rudioactive ecmissions from the incincrator), No action
has been taken on the appeal.

The EPA held a public hearing in August 1989 on the
HSWA portion of the permit. The permii was issucd on
March 8, 1990. Corrective actions taken under this
portion of the permit will be administered by the
Laboratory's Environmnental Restoration Program Office
in the Hcalth, Safcty, and Environment Division
(HSE-DO), with support from the Environmental Protcc-
tion Group (HSE-8) and other groups in the Laboratory.

4. Area P Landfill and Surface Impoundment. A
modificd landfill closure and postclosure plan was prepared
for submiual to the NMEID in lac 1987. Modifications
were necessary because the landfill will eventually be
subjcct to permit standards under 40 CFR 264 oncc the
NMEID issucs its RCRA permit to the Laboratory. Fur-
thermore, Group HSE-8 wanted to cstablish a 30-ycar
postclosure ground-water monitoring plan that would be
consistent with monitoring parameters and that would
fulfill requircments under both interim and permit stan-
dards. T9 this end, HSE-8 personncl constructed nine
ground-water monitoring wells and fiv e ncutron moisturc-
access monitoring wells, To date, no recoverable

J
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Table 25. Environmental Permits under Which the Laboratory Operated in 1989°

Expiration Administering

Permit Type Permitted Activity Issue Date Date Agency
RCRA hazardous Hazardous waste storage, November 1989* — NMEID
waste facility treatment, and disposal

Posticlosure care Application submitted EPA

September 1988

PCBs’ Disposal of PCBs June S, 1980 — EPA
PCB oil Incineration of PCB oils May 21, 1984 — EPA
NPDES,® Los Alamos Discharge of industrial Modified permit March 1, 1991 EPA

and sanitary liquid effluents May 29, 1987
NPDES, Fenton Hill Discharge of industrial October 15, 19832 - EPA

and sanitary liquid effluents
Grourd-water discharge Discharge to ground water June 5, 1985 June 1990 NMOCD*®
plan, Fenton Hill
NESHAPf Construction and operation of December 26, 1985; — NMEID

four beryllium facilities March 19, 1986;

Scptember 8, 1987
3Under appeal.
PPolychlorinated biphenyls.
;Nalional Pollutant Discharge Elimination System,
Renewal pending.

“New Mexico Oil Con'  -ation Division.

National Emission Stanuards fo, Hazardous Air Pollutants.
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amounts of ground water have been observed; average

unsaturated gravimetric borchole moisture contents range
from 2% to 24%. On the basis of these and oiher hydro-
geologic data, information on a ground-water monitoring
waiver was requested from the NMEID in December
1987.

The closure plan for the surface impoundment was
disapproved by NMEID pending receipt of further data
from the Laboratory. The Laboratory b supplicd the
data and now awaits NMEID final approval.

Allof the impoundment’s waste water was completely
removed in 1987 and shipped off site for final treatment
and disposal. In addition, the surface impoundment's
synthetic membrane underliner was completcly removed.
No contaminated subbase soils were detected after this
action. This*clean” closurc approach dictatesthatinterim
status standards be followed because closure will occur
before the RCRA permitisissued. Thisclean closure does
not require the typical 30-year, post-closure-care require-
ments forin-place ciosure  The same process could not be
uscc for the landfill because hazards from cxplosives
could preclude landfill excavations.

S. Underground Storage Tanks (USTs). In 1989,
the EPA granted the state of New Mexicoinlerim approval
lo implement a UST program. After reviewing the pro-
gram, however, the EPA rejected the state’s regulations,
claiming that NME{D's program was nol as stringent as
Subtitlc I of the federal regulations. NME1D contends that
they stiil have regulative authority for the program. For
this reason, the Laboratory is atiempting 10 abide by both
federal and state regulations.

Two tanks in need of upgrades were removed in 1989.
Tests showed that both tanks were not tight. Tank No.
TA-3-36-1, located at a TA-3 service stalion, was a
10 000-gal. gasoline tank. This tank was replaced with a
10 000 -gal. double-walled tank with fiber glass piping.
Tank No. MP-1, located at the motor pool, was a
10 000 -gal. diesel tank. This tank was not replaced. On
further investigation, neither tank showed signs of leaking
and the tank shells were cleaned, cut up, and sold for scrap.

6. Other RCRA Activities. Arcas L and G, located
at TA-54 on Mesita del Bucy, have been used for disposal
of hazardous wastes and are subject to RCRA regulation.
Information on a ground-watcr monitoring waiver for
both Arcas L. and G has becn submitted to NMEID.
Vadosc-zonc (the subsurface above the main aquifcr)
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monitoring is being conducted quarterly throughout Ar-
cas L and G to identify any releasces from the disposal
units. This typc of monitoring is used to detect the
presence of organic vapor in the vadose zonc. A total of
26 monitoring sysicms has been emplaced, 9 during the
past ycar,

Table G-45 lists several storage arcas (for which a
Part B permit is not being sought) and 12 misccllancous
units that are currently under intcrim status. TA-3-102,
uscd to store drums containing lithium hydride scrap, was
closed under intcrim status in 1988, 'TA-22-24 and
TA-40-2 were arcas with magazines used for storage of
HE wastes. These arcas were closed to waste stosage in
1988 and were replaced by satellite storage units.  In
FY 1989. th- TA-40 scrap detonation pit used for de-
stoying HE scoip was closed to waste detonation,  All
scrapi. now handled atother detonation and open-burming
sites included in the Pant B permit application. Closure
plans for the TA-40 facility were submitted to NMEID in
curly 1946.

A RCRA-permitted controlled-air incinerator for
treating hazardous waste is located at TA-50-37. A trial
burn was conducted in October 1986. The raw data were
submitted to NMEID in December 1986, and a final report
for the test burn was submitted on March S, 1987. These
dats and the report were used to support the Laboratory's
application for a hazardous waste permit for this lacility.
The perratt was issued in November 1989,

In Augast 1989, the EPA and NMEID conducted a
jont hazedous waste compliance inspection (Tables 26
and G-4¢). Violations were noted and a Notice of Viola-
tion (NOV)wasissued in October 1989. The Laboratory’s
response, sent o NMEID in November 1989, was found
adequate by thatagency. The EPA was the lcad agency for
this inspection.

B. Clean Water Act

1. Laboratory Liquid-Waste Discharge Permits.
The primary goal of the Clean Water Act (33 U.S.C. 446
et seq.) is to restore and maintain the chernical, physical,
and biological intcgrity of the nation’s waters. The act
cstablished the National Pollutan: Disch.rge Elimination
System (NPDES) that requires permitting of all point-
source cfflucnt discharges to the nation’s waters. The
permit establishes specific chemical, physical, and bio-
logical criteria that an cfflucnt must meet before it is
discharged. The DOE has two NPDES permits, onc for
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Table 26. Environmental Inspections and Audits Conducted
at the Laboratory in 1989

Date Purpose Performing Agency

March 31 Inspection of spill clean up at NMEID
three locations

June 15-16 NPDE? iaspection of sanitary EPA
and indusirial outfalls and
record keeping

June 6-7 Data accuracy review of DOE DOE Headquarters
cnvironmental survey

July 10-14 Review of envirotimental surveillance, DOE Albuquerque Operations
environmental chemistry, and metcorology  Office (DCE/AL)
programs

July 17-18 - Operations surcty audit of cnvironmental  DOE/AL
protection and compliance prograins

August 4 Inspection of P2.a Am World Scrvices’ NMEID
environmenual laboratories

August 9 Inspection of polychlorinated biphenyl EPA
(PCB) equipmer:t and record kecping

August 7-11 Hazardous wastec management inspection NMEID

August 15-17 Land disposal restrictions EPA

August 21-23 Review of PCB control and NPDES DOE/AL
programs

October 27 Inspection of septic tank systems NMEID

November 13-17 Review of National Environmental Policy DOE/AL
Act, nonradioactive air, and ¢pill
prevention and control prorams

Laboratory facilitics in Los Alamos and one for the hot dry
rock geothermal facility (Fenton Hill site), located S0 km
(30 mi) west of Los Alamos in the Jemez Mountains
(Table 25). Both permits are issucd and enforced by EPA
Region VI in Dallas, Texas. However, through a joint
sederal and state agreement and grant, NMEID acts as the
agent for the EPA and performs compliance manitoring
and reporting.

\_

The NPDES permit in effect for the Laboratory in
1989 (NM0028355) was rcissucd May 29, 1987, and will
expirec March 1, 1991, As of December 31, 1989, the
permit regulates 102 industrial outfalls and 10 sanitary
outfalls (Table G-47). Each outfall represents a sampling
station for permii compliance monitoring.

The Laboratory did not forward any NPDES permil
modification requests to DOE for tra. smittal to EPA
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during 1989. Howecver, a letter was written to EPA on
January 24 regarding planncd changes at TA-53, outfall
09S, that might affect permit compliance. The letter
alerted EPA to the fact that the TA-S3 wasie-water treat-
meatsystem was to be alicred in 1989, primarily by taking
onc of three stabilization lagoons out of the sanitary waste-
water processing train and reserving it solcly for retention
and cvaporation of industrial waste water containirg low
levels of radioactive waste (tritium, for cxample}. The
letter described the proposal to segregate the sanitary and
industrial waste waters, which historically had been
cornminglzd, and appriscd EPA that long-range plans
were being developed to provide enhanced waste-walter
trea?-ucnt for both types of wasie water at TA-33.
Wecekly sampling results are tabulated in a Discharge
Monitoring Report and submitied through DOE 10 EPA
and NMEID on a monthly basis., Ucviations from NPDES
permit limitations arc also explained scparately 0 EPA
and NMEID with the monthiy submittal (Tables G-48
through G-50). During 1989, meniwring analysesshowed
98.2% and 99.8% compliance, respectively, witk NPDES
limits at sanitary and industrial outfalls (Fig. 23).
‘During the second quarter of 1989, work was initiaicd
tc coliect flow measurcments and sample data on NPDES
cuttalls in anticipation of the Sepicmber 1990 reapplica-
tion for reissuance of the Laboratory’s pennit (reapplica-
tion for NPDES pcrmits is required every S years). Flow
measurements laken during 7 consecutive days were col-
lected on all NPDES >utfalls, and representative outfalls
were scheduled for sanpling during the last quarter of the

DOMESTIC WASTE DISCHARGES
5 Violations in 275 Samples

Violations
1.8%

year. The sampling program cniailed selection of three
representaiive outfalls in each waste-water discharge cat-
egory and sampling for 127 privrity pullutants at caci:
selected outfall. In addition, extensive etfort was spent
developing detailed information on waste-water treat-
ment systems and gathering location and mapping infor-
mation 01 cach Laboratory outfall,

2, FederalFacility Compliance agreeirent (FFCA).
During 1989, the Laboratory compleied its third sct of
negotiations on an FFC A, The agrecinent was signed by
DOE/LAAO (DOE's Los Alamos Arca Opcrations Of-
fice) on February 13, 1989, and included interim cffluent
limitations and a schedule oi -ompliance for Hutfails 045
(TA-18 sanitary treatment plant), 098 (TA-53 <anitary
treatment plant), 02A (TA-16 ang TA-21 stcem plars),
and 05A (high-cxplosive discharges). According to the
schedule, outfalls 02A and 0S A were brought into compli-
ance by October 31, 1989 (Tables GG-51 and G-52), The
two sanitary treatment systems included in the FFCA are
incorporated in the Sanitery Waste-Water Systems Con-
solidation Project, which is scheduled to be completed by
July 1992,

3. Audits. In 1989, hc EPA conducted oae audit
under the Clean Water Act (Table 26). AnEPA Compliance
Evaiuation Inspectinz: vas conducied on June 15 and 16,
1989. The EFA in:.pecior casnplimented the Laboratory’s
record-keeping and self-monitoring program for its cora-
pleteness, accuracy. and levet of detail, although several

INDUSTRIAL WASTE DISCHARGES
4 Violations 5 1717 Samples

/\ N Violations

/ 0.23%

~

1

Compliance
98.2%

Compliance
99.77%

Fig. 23. Summary of Clean Water Act compliance in 1989, NPDES Permit NM0N28355.
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minor compliance discrepancies were noted. Regarding
these discrepancies, a Notice of Deficiency was received
from EPA on Junc 15, 1989, for threc minor permit
compliance problems. These problems were corrected
immediately, and a letter to that effect was sent to DOE for
submiual 10 EPA on June 30, 1989,

During August 21-25, 1989, DOE/AL (DOE’s Al-
buquerque Operations Office) conducted an appraisal of
the Laboratory's NPDES program. No findings resulted
from the audit.

4. Administrative Order (AO). On August 30, 1988,
EPA Region Y{ issued an AO to DOE regarding NPDES
Permit NM0028355. The 40 was based on scif-monitor-
irg reports submitted bv the Laboratory that identified a
numbgr of violations oc.curring at outfalls during 1987 and
1988. DOE/LAAOQO r:sponded to the AO in a submittal to
EF 2 dated October 6, 1988. This AO was not closed out
durir.g 1989, nor has the previous AO, which was issued
Augus: 6, 1987 (respontc sent September 3, 1987), been
closed out. There is no ~xplanation for EPA’s inactivity
regarding the close-out of these AOs.

5. Fenton Hill Geothermal Project NPDES Permit.
The NPDES pemuit for the Fenton Hill Geothermal Proj-
ect was issued to regulate the discharge of mineral-laden
water from the recycle loop of the geothermal wells
(Table 25). NPDES permit NM0028576 was issued Oc-
tober 13, 1979, with an expiration date of June 30, 1933.
Although the Laboratory applicd for permit rencwal more
than 180 days before the expiration date, EPA Region VI,
as of 1986, still had not acted on the application.

On April 15, 1987, EPA requested an updated applica-
ticn ‘or the permit in order ta reflect present conditions at
the site; DOE submitted a:. application package on
May 20, 1987. Subsequently, on Septcmber 25, 1987,
EPA issucd a proposed permit for comment and statc
certification (pursuant to Scc. 401,33 U.S.C. 465 e1seq.).
State certification was granted by NMEID on January 8,
1988, with no additional si21c-imposed permit conditions.
Issuance of the final NPDES pernit was expected during
the first quarter of 1988, but the final permit has not yet
been issued by EPA. Theeefore, the cxisting pennit has
heen adiministntisely continued until i+ can be suppianted
iy 4 new pertait. 1PA has not given any reason for the
dclay i final permit issuance.,

(il Loman ball NPOQES peonat regutates a
siple outtalt i Jol s imonitering requirements for tie
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outfall during discharge include sampling for arsenic,
boron, cadmium, fluoride, lithium, pH, and flow. Ton-
centrations for cach of these parameters arc to be reported.
However, only the parameter pH has a limit — that is,
it must be within the rangce of 6.0 to 9.0 standard units,
During 1989, there were no discharges from this
outfall.

The proposed Fenton Hill NPDES permit will regulate
the same singlc outfall. The daily monitoring require-
ments for the outfall during discharge will include sam---
pling for flow, pH, and phenols.

6. Spill Prevention Control and Countermeasure
(SPCC) Plan. The SPCC Plan addresses facilities im-
provements (for example, dikes, berms, or other secon-
dary spill-containment mcasures), operational procedures,
and mechanisms for reporting of hazardous substances
and oil spills to the appropriate managerial and regulatory
authoritics. The plan complements existing Administra-
tive Requirements in the Laboratory’s Health and Safety
Manual for accidental oil and chemical spills and epviron-
mental protection. Iis goal is to minimize off-site oil and
hazardous chemical discharges and to provide a spill
response progran.

During 1988, Title [ engincering designs, primarily to
provide sccondary containment around cxisting storage
tanks, were initiated on seven spill control projects, Title 11
design and construction were completed during 1989.
Eleven major sites were augmented with secondary con-
winment facilities during 1989, Simultancously, spilt
prevention and control raining lectures were given to
more than adozen operating groups Laboratory-wide, and
spillresponse equipment was purchased and distributed to
numerous operating groups.

7. Sanitary Waste-Water Systenis Consolidation
(SW3C) Project. The purnose of this project is 10
climinate violations of the Laboratory’'s NPDES permit
by construction of a new, centralized, sanitary waste-
wiaicer treatment plant al TA-46, This plant will replace the
TA-3 waste-water treatment plant, which is over 30 years
old, and six smatier trcatment facilities that do not consis-
tently meei NPDES discharge requircments. The new
trearmeit plant will also eliminate approximately 30 septic
tank sysicms throughout the Laboratory. Completion of
construction and (ull operation of this plant is required by
July 1952 under the Laboratory's agreement (FFCA) with

the EPA. J
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The proposed SWST Project is designed to meet
current and anticipated discharge requirements and to
result in a significant savings in opc:ating and mainte-
nance costs. The project includes approximately 19 km
(12 mi) of new gravity collection lincs and five lift siations
that will collect sanitary waste water from most of the
technical arcas of the Laboratory. The north interceptor
wili be located along Fajarito Road from TA-3 w0 TA-46,
which is the sitc of tiic new treatment plant. The south
interceptor will be located along R-Site Road from TA-9
to TA-18. Two lift stations will pump waste water from
this location to the TA-46 plant. Excess, treated effluent
will be discharged to Cafada dcl Buey under the
Laboratory’s NPDES permit.

The Title I planning for the SWSC Project was com-
pleted during 1989 by the consulting enginecr and was
approved by the Laboratory and DOE. Preparaiion of
Title II plans and specifications for the project is under
way and is scheduled to be completed by June 1990. The
target date for completion of construction and start up of
the ncw treatment plant is July 1992,

The SWSC Project wili replace all of the Laboratory's
cxisling was:c-water treauncnt facilities except the TA-21
activated-sludge plant and the TA-53 lagoons, These
facilitics were noi. included in the original scope of the
SWSC Project beizause of their remote locations. How-
cver, the proposed SWSC treatment plant at TA-46 in-
cludes adequale rescrve capacity to treat waste water from
these technical arcas. A study is now under way o
determine the feasibility of pumping waste water from
TA-21 and TA-53 to the proposcd trcatment plant at
TA-46. If pumping to TA-46 is not cost-cffeclive, new
wrcatrnent facilities will be recommended for TA-21 and
TA-53 so that all sanitary wastc-water facilities at the
Laboratory will be improved and all discharges will meet
NPDES permit requirements.

8. Upgrading of Septic Tank Systems. During 1989,
a survey of all septic tank systems at the Laboratory was
conducted. The survey identificd 77 systems that were in
opcration, or under design, for disposal of sanitary waste
water. Six of these systems were new facilitics and were
approved by the NMEID District I1 Office, which serves
asthe reviewing authority for septic tank systems instatled
at the Laboratory under New Mexico Liguid Wasie Dis-
posal Regulations. Seven existing systems, which were
found during the survey to be unpermitted, were inspected

Qj subsequently aporoved by NMEID.

New leach ficlds were installed at two cxisting scplic
tank systems at TA-9 to prevent effluent from surfacing.
Also, overflow lines from six other scptic tank systiems
were capped to prevent potential waste-water spills.

Approximately 30 scptic tank systems at the Labora-
tory arc scheduled to be replaced in 1992 by collection
lines carrying waste water w the new SWSC trcatment
plant at TA-46.

C. National Enviroumental Policy Act (NEPA)

This act protects the cnvironment by requiring that
potential adverse impacts of proposed new projects be
evaluatcd and that measures be taken, if needed, to lessen
thosc impacts. Thus, NEPA aids in project planning.
Laboiatory staff, responsible for compliance with the
NEPA program, review proposcd projects to identify
thosc likely to have environniental conscquences. A
standard questionnaire form submitied by project staff
provides initial information on cnvironmental, industrial
hygicne, radiation prolection, and other safety and health
compliance issucs relevant o a proposed project.

During 1989, 300 questionnaires on proposcd projects
were reviewed by the Laboratory Project Questionnaire
Review Committee, comprising experts in various (iclds
covered in the DOE definition of cavironment, safety, and
kealth (for example, quality assurance, radiaticn safety,
and industrial hygicne). On the basis of that committec’s
revicw, S3 projects were identificd as having possible
cnvironmental impacts. The rest fell into specitically
excluded categorics that clcarly posc 10 cnvironmental
impacts.

Descriptions of these 53 projects, called Action De-
scription Memorandums (ADMs), will be prepared by
Laboratory staff to describe the scope of the project,
sensitive environmental issucs, and waste management
plans. ADMs arc reviewed by the Laboratory Environ-
mental Review Committee (LERC) for adequacy before
being scnt to DOE, where they are uscd to determing the
level of NEPA documemation that will be required.

During 1989, scven ncw ADMs anc onc revision to #n
existing ADM were submitied to DOE/AL. For six of
these ADMs, DOE/AL. determined that the projects would
pose no significant environmental impact.  Laboratry
personnel were directed to prepare an Environmental
Assessinent (EA) on one project; a deci.ion is still pend-

ing on the remairing project.
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An EA is the NEPA document used to present the
cnvironmental impacts of a proposed project when the
impacts arc expected to be insignificant, no public con-
cem is expected, and some analysis beyond the ADM
description is nceded. During 1989, DOE/AL requested
that Leboratory statf prepare EAS on three projects, al-
though, based on the ADMEs, decisions of no significant
impact had previously been made ontwo of them., The EA
for the proposed Weapons Enginccring Tritium Facility
was submitted to DOE/AL late in 1989; EAs for the
Scintillation Vial Crusher and the Materials Science
Laboratory arc in preparation.

During 1988, an EA was prepared for the Special
Nuclear Materials Rescarch and Development (SNMs
R&D) Laboratory. Because of public concern about
plutonium reprocessing and potential significant environ-
mental impacts, DOE Headquarters directed that an En-
vironmental Impact Statement (EIS) be prepared. This
NEPA document requires public involvement and more-
detailed analyses. To prevent conflict of interest, EIS
documents are prepared by acontractorindependentof the
Laboratory. The EIS process for the SNMs R&D lacility
was initiated in late 1989,

The status of environmental documentation during
1989 is summarized, by proposrd project, it Table G-53.

D. Federal Clean Air Act and the New Mexico Air
Quality Control Act

1. Federal Regulations. Thc following federal re-
quircments, except for radioactive emissions, have been
adopted by the state of New Mexico as part of its State
Implementation Plan. However, if New Mexico does not
enforce these federal requirements, the EPA retains the
prerogative 1o do so.

a. National Emission Standards for llazardous
Air Pollutants (NESHAP). This regulatica sets reporting;
permitting; emissions control, disposal, and stack testing;
and other requirements for specificd operations involving
hazardous air pollutants. NMEID has responsibil” y for
administering these regulations, 2xcept for those govern-
ing radionuclides. Laboratory operations that are regu-
lated by NESHAP include radicnuclide cmissions. asbes-
tos dispcsal and removal, and seryllium machining.
- The EPA has promulgated regulations for control
of airbomnc radionuclide relcases from DOE facilitics
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(40 CFR 61, Subpant H). Since 1985, DOE and its
contractors have been subject to EPA's radionuclide air
cmissions “:mits for cxposure of the gencral public via the
air pathway (DOE 1985). Laboratory operations are in
compliance with these siandards (Sce. 1il).

During 1989, Pan Am World Scrvices completed 61
asbestos jobs, removing 2646 m? (8684 ft) of asbestos
materials fror pipc and 1786 m? (19 228 {i?) from other
facility componcnts. These jobs invnlved the disposal of
245 3 (8666 ft° ) of asbestos-contaminated wastes.

Asbestos wastes are disposed of at TA-54 in accor-
dance with required disposal practices. Three disposal
certifications, including the annual notification for asbes-
tos disposal during small jubs, were submitted to NMEID
during 1989. Also submitted were 12 notifications of
asbestos removal, including the annual notification for
small renovation jobs. In 1989, 10% of the asbestos
removed from pipe and other facility components in-
volved sinall renovation jobs that required no job-specific
notification to the state; the rest required job-specific
notificatior.

The beryllium NESHAP includes requirements for
notification, cmissions limits, and stack-performance
testing for beryllium sources. The four beryilium facili-
tics at the Laboratory operatc under state air quality
permits containing these requircments. The Laboratory
obtained a permit for a fifth beryllium-processiag, opera-
tion to be located in TA-3-3§; this Facility has not yet been
constructed.

b. National and New Mexico Ambient Asr Quality
Standaras. Federaland stawe ambicnt air quality standards
arc shown in Table 27. Necw Mexico standards are
gencrally more stringent than the national standards. On
the basis of availablc moniloring data and modeling,
Laboratory emissions have not exceeded federal or state
standards.

Regulatcd pollutants that arc cmitted by Laboratory
sources include sulfur dioxide, particulate matter, carbon
monoxide, nitrogen dicxide, Icad, beryllium, heavy met-
als, and nonmethanc hydrocarbons, Laboratory sources
that emit these pollutas s include beryllium machining
ang processing operaticns, the TA-3 power plant, stcam
plants, the asphalt plart, the lead-pouring facility, and
operations involving the tuming and dctonation of high
explosives and the buming of cxplosive-contaminated
wasles (sec Scc. V).

e
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Table 27. National and New Mexico Ambient Air Quality Standards
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Averaging New Mexico Federal Standards
Poliuiant Time Unit Standard Primary  Secondary
Sulfur dioxide Annual arithmetic mean ppm 0.02 0.03
24 hours® ppm 0.10 0.14
3 Lours® ppm 0.05
Total suspended Annual goometric mean p/m? 60
particulate matter 30 days ugm? 90
7 days pg/m? 110
24 hou:s? ug/m’ 150
F’Mwb Annual arithmelic mean ug/m? 50 50
24 hours pg/m? 150 150
Carbon monoxide & hours? prm 8.7 9
1 hour® ppm 13.1 35
Ozonc ¢ hour® ppm 0.06 0.12 0.12
Nitrogen dioxide Annual arithmetic mean ppm 0.05 0.053 0.053
24 hours® ppm 0.10
Lead Calendar quarter pg/m? 1.5 1.5
Beryllium 30 days pg/m? 0.01
Asbestos 30 days pg/m? 0.01
Hcavy metals 3G days pg/m? 10
(total combi-ed)
Nonmecthane 3 hours ppm 0.19
hydrocarbons

#Maximum concentration, not to be exceeded more than once per yeur.

®Particles measured at an cffective diameter of <10 pnm.

“The standard is attaincd when the expected number of days per calendar year
with maximum hourly average concentrations above the limit is 1.

c. Prevention of Significant Deterioration (PSD).
The PSD regulations have stringent requirements
{preconstruction review, permitting, best available con-
trol technology for cmissions, air quality increments that
must not be exceeded, visibility protection requirements,
and air quality monitoring) for the construction of any new
major stationary source or major modification of a source

T
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located near a Class I arca, such as Bandelier National
Monument’s Wilderness Arca. To date, DOE and the
Laboratory have not been subject 1o PSD regulations.

d. New Source, Performance Standards (NSPS).
The NSPS applics to 72 source categzorics. Its provisions
include cmission standards, notification, ciission iesting
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procedures and rcporting, and cmission monitoring re-
quircments, DOE and the Laboratory have not been
subject to NSPS.

2. State Regulations

a. Air Quality Control Regulation (AQCR) 301.
Under this regulation, open burning ef explosive materials
is permitted when transport of these materials to other
factlitics may be dangerous. DOE and the Laboratory are
permitted to burn waste explosives and explasive-con-
laminated wastes. Buming of waslc cxplosives is donc at
the TA-16 burn ground. Other wastes that are potentially
contaminatcd with small amounts of explosives arc burncd
in a two-stage incincrator,

b. AQCR 501. Provisions of AQCR 501 sctemis-
sion standards according o process ral¢ and requirc the
control of fugitive emissions from asphalt-processing
cquipment. The asphalt concrete plant operated by Pan
Am World Services is subject to this regulation. This plant
isold, subjecttolcaking, and isinspected annually. During
the annual inspection, leaks causing fugitive emissions
were discovered and repaired.

The asphalt plant meets the stack emission standard for
particulalc matter, as specificd in this regulation. The
plant, which has a 75 000-kg/h (75-ton/h) capacity, is
requircd 10 meet an emission limit of 16 kg (35 1b) of
particulate matter per hour. A stack test of the asphalt plant
in 1977 indicated an average cmission rate of
0.8 kg/h (1.8 Ib/h) and a maximum rate of 1.0 kg/h
(2.2 Ib/l) over three tests (Kramer 1977). Although the
plant is old and is not requircd to mect NSPS stack
cmission limits for asphalt plants, it meets these standards
(Kramer 1977).

c. AQCK 604. Provisions of AQCR 604 requirc
gas-burning cquipment that was built before January 10,
1973, 10 meet an emission standard for NOx of 0.3 1b/10°
Biu when natural 2as consumption exceeds 10'2 Buu/yr/
unit. The TA-3 power plant’s boilers have the potential to
opcrate at heat inputs that exceed the 102 Bru/yr/unit, but
they have not been operated beyond this limit. Thus, these
boilcrs have not been subject to this regulation. However,
the TA-3 power plant meets the emission standard, The
cn.ission standard is equivalent to a fluc gas concentration
of 248 ppm. The TA-3 boilers meet the standard with
incasured fluz gas concentrations of 15 to 22 ppm.

N—
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d. AQCR 702. Provisions of AQCR 702 require
permitting of any new or modified source if it exceeds
threshold emission rates.  In the past, this regulation
addressed only criteria pollutants. However, in Septem-
ber 1988, the NMEIB adopted revisions to AQCR 702 that
require new sources of toxic air pollutants, constructed or
reconstructed after December 31, 1988, 1o obtain air
quality permits if they emit more than the specified cmis-
sion rate for that chemical. More than 500 toxic air
pollutants are regulated by these changes, and cach
chemical’s specified hourly emission rate is based on its
toxicity, The Laboratory's erissions of these toxic
chemicals are low, as shown in Tablc G-54. Annua!l
cmission cstimates were prepared in 1987 and 1988 by
mterviewing all Laboratory personnel regarding their use
ofthe listed chemicals. Airbomeemissions were estimated
for cach source using the information provided, and the
date were stored in the HSE-8 Toxic Air Pollutant (TAP)
data basc. Emissions at Los Alamos are low because the
Laboratory is primarily a rescarch facility and chemical
usagc is small,

Chemical usage and maximum operating schedules
are dillicult to determine for rescarch activities. There-
fore, maximum hourly ecmissions are difficult to estimate.
To adequatcly respond to AQCR 702, the Laboratory
developed amethodology for estimating hourly cmissions
from the annual emissions in the TAP data base and for
distributing the emissions throughout the ycar. These
cslimates can "c used for new and modificd sources that
arc sinmular 1o those already cxisiing at the Laboratory. If
a new source is nol similar 10 any of v.osc ¢«isting at the
Laboratory, conservative cstimates arc made of maximum
hourly chemical usage and emissions. Using a combina-
tion of these methodologics, Laboratory staff reviewed all
new and modified sources, calculated air cmissions, and
compared their results with applicable limits o determine
the need for obtaining additional permits.

e. AQCR 752. Provisions of this regulation re-
quircd 4 one-lime registration of all sources ¢milting toxic
air pollutants in amounts in excess of a specified annual
cmission limit. Complying with this regulation required
the Laboratory to estimale emissions Yor more than S00
chemicals. To calculate these ciissions, a coinputerized
data base has been developed that includes usage prod-
ucss, and wasltes for cach regulated chemical. The results
of this study are summarized in Table G-54, where the
annual air emissions arc¢ ranked in pounds per year. In

/




general, air emissions arc small. Only one chemical,
lithium hydride from the TA-3 machining shop, exceeded
the limit and thus required registration with the state.

E. Safe Drinking Water Act (SDWA), Municipal
and Industrial Water Supplies

1. Background. The Laboratory conducls two scpa-
rate programs to monitor ground-water quality of the arca
and 10 meet regulatory requirements, The first program
includes sampling of watcr supply wells and special
monitoring wells under the Latoratory's long-ierm envi-
ronmental surveillance program. Thesc samyles are col-
lected by HSE-8 and are an:ly22d by the Health and
Environmental Chemistry Group (HSE-9). The results of
this program are reported in Sec. VI, The second program
includes sampling from various points in the Laboratory
and county distribution systems 10 cnsurc ¢ mpliance
with SDWA, Samples are analyzed for organic and
inorganic chemicals and for radioactivily at the statc
Scicntific Laboratory Division (SLD) in Albuquerque.
The Pan Am Environmental Laboratory also collects
samples throughout the Laboratory and county distribu-
tion systems and tests them for microbiological contami-
nation, as required undcr SDWA. The Pan Am laboratory
iscertificd by SLD for microbiological testing of drinking
walcr,

The EPA isresponsibl * forenforcementof SDWA and
has cstablished maximum contaminant levels for organic
and inorganic chemicals and radioactivity in drinking
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waler, These standards have been adopted by the state of
New Mexico and are included in New Mexico Regula-
tions Governing Water Supplics. NMEID has been au-
thorized by EPA to administer federal drinking water
regulations and standards in New Mexico.

During 1989, all water samples collected under the
SDWA program at Los Alamos and tested by SLD in
Albuguerque and the Pan Am laboratory were found to be
in compliance with the maximum contaminant levels
established by regulation. The following is a summary of
the results of testing at Los Alamos.

2. Inorganic Chemical Monitoring of the Water
Supply System. The Laboratory and county distribution
systems were sampled at three locations for inorganic
chemicals during 1989 1o determine compliance with
SDWA. Each location is representative of onc of the well
ficlds supplying the systems; Los Alamos Airport is
representative of water quality of the Los Alamos Well
Ficld; Whitc Rock Fire Station, of the Pajarito Well Ficld;
and Burranca School, of the Guaje Well Field (Fig. 16,
Table G-15). Samples were collected by HSE-8 and
shipped to SLD in Albuquerque for analysis. The SLD
reports all test results directly to NMEID. All results were
found to be in compliance with stasidards (Table 28).

3. Organic Chemical Monitoring of the Water
Supply System. All of the water supply wells and the
Water Canyon gallery were sampled during a period
from November 1988 1o Junc 1989 for volatile organic

Table 28. Inorganic Chemical Concentrations in the
Water Distribution System (mg/l.)

Los Alamos W hile Rock Barranca ey Maxhimim
Contaminant Airport Fire Station School Concent ale
Arscnic <0.016 <0.005 <0.005 0.05
Barium <0.1 <0.1 <0.1 1.0
Cadmium ._l. <0.001 <0.001 0.005 0.0!
Chromium y 0.016 <0.005 0.006 0.05
Lead <0.005 <0.005 <0.005 0.05
Mercury <0.0005 <0.0005 <0.0005 0.002
Sclenium <0.,005 <0.005 0.010 0.01
Silver <0.001 <0.001 <0.001 0.05
Niuatc (as N)' 046 043 045 10.0
Fluoride 1.51 0.58 0.51 40

, J
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chemicals, as specified under SDWA.  This sampling
itcluded screening for 8 rcgulawed and 51 unrcgulated
organic chemicals. Analytical resuelts ccported in 1989 by
SLDshowed that no orgunic contamination was present in
any of the water supply wells or the gallery (see Table 29).

4. Total Trihalomethane Monitoring of the Water
Supply System. Under SDWA, testing for total trihalo-
methanes is required for public water sysicms once each
quarter. During 1989, a total of 20 samples for the ycar
was collected by HSE-8 at § locations throughout the
Laboratory and county distribution systems. Samples
were analyzed by SLD, and the results showed concentra-
tions that were below the maximum contaminant level ¢ f
0.10 mg/L for total trihalomethanes (Tablc 30).

\

S. Radiological Monitoring of tne Water Supply
System. The water supply system was sampled for
radioactivity at three locations during 1989, cach repre-
sentative of one of the well ficlds supplying the system.
Slightly clevated results for gross alpha were found in the
Los Alamos Airport samplc taken in June. Because of
these results, each of the three locations was resampled in
August. Resalts from the resampling at the airport indi-
cated that gross alpha was approximately onc-third that
reported frort the original sample, All samples, from June
and August, were analyzed by SLD and showed compli-
ance with SDWA requirements (Table 31),

6. Mi: obiological Monitoring of the Water
Supply System. Each month during 1989, approximately

Table 29. Volatile Organic Chemical Concentrations
in Water Supply Wells (mg/L)

SDWA Volatile Chemicals®

Well Samples Group 1 Group 2
Wells

LA-1B,2,3,and § N N

G-1,1A,and 2 N N

G-4,5,and 6 N N

PM-1,2,3,and § N N

PM-4 N N
Water Canyon gallery N N
N = none detected above detection limit,

Table 30, Total Trihalomethane U uneentyations in the

Water Distribution System In 1989 (mg/1.)"

Quarters
Sampling Location First Second Third Fourth
Los Alamos Airport <0.004 <0.004 0.02 <0.005
Whitc Rock Fire Station <0.004 <0.004 <0.04 <0.004
North Cornmunity Firc Station <0.004 0.001 <0.04 <0.004
S-Site Fire Station <0.004 0.003 <0.04 <(1.O04
Barranca Mcsa School <0.004 <0.004 <0.04 <0.004

“The EPA maximum contaminant level is 0.10 mg/L.
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Table 31. Radioactivity in the Water Distribution System®

~

Radioactivity in Sample

Standard for June 29, 1989 August 15, 1989
Anzlysis Calibration (pCVL) (pCi/L)
Los Alamos Airport
Gross alpha A Am 4.90 1.50
Natural uranium 6.40 2.00
Gross beta 131Cs 3.40 2.00
%sr, 9%y 240 2.00
2%Rn — 0.03 —
White Rock Fire Station
Gross alpha HaAm 1.00 0.60
Natural uranium 1.20 0.70
Gross beta 1370 3.70 4.50
%0sr, %0y 3.60 4.50
Barranca School
Gross 2lpha MAm 0.30 0.60
Naturai uranium 0.40 0.80
Gross beta 137¢s 2.20 3.00
%0gr, 0y 2.20 3.00

“The EPA gross alpha maxmum contaminant level is 15 pCi/L.

45 samples were collected throughout the Laboratory and
county distribution systcms to determine the chlorine
residual available fordisinfection and the microbiological
quality of the water supply. These samples were exam-
incd by the Pan Am laboratory for the presence of coliform
bacteria, which arc uscd as an indicator to determine if
harmful bactcria could be present. During 1989, only one
sample contained coliform bacteria. This sample was
obtaincd from the watcr distribution sysiem at TA-33, and
the single celiform bacicrium initially identificd was later
found to be a nonfecal, soil-related coliform. All analyti-
cal results from coliform testing showed compliance with
reguetations (Table 32).

During 1989, apprcximatcly 6% of the microbiologi-
cal samples collected were found to have noncoliform
bacicria present. Although tie presence of noncoliform
bactcria is not a violation of SDWA, it does indicate
stagnant water snd possibly dirt in the distribution lines.
Both Pan Am Ulilitics and Los Alamos County have es-
tablished water system flushing programs to reduce stag-

\_

nant water in lines. These programs have been eifective
in reducing stagnant vater a»d noncoliform bacteria for
limited periods of tir .~

7. Other Environmental Activities for Protection
of the Water Supply System. Other programs <onducted
to protect the water supply system include the following:

o Wellhead Inspection P-azram. A survey of water
supply wells was conducted during 1989 by the Pan
Am environmental group to detect any potential
sources of contamination into the system. Daily
inspections of the wells were also conducted by Pan
Am Ultilities to maintain pumping cquipment and to
identify any problem that might lcad to a potential
health hazard.

o Disinfeciion Program for New 1ot 1l
Whenever new construction or tepulr wg) s e
quired on a water main, the pipe must be disinfected
before it is retumned to service. This disinfection is

J
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No. of Tests No. of Tests Positive for Bacteria

Month Conducted Coliform Noncoliform
January 47 0 1
February 48 0 5
March 46 0 2
April 44 0 6
May 45 0 0
Jure 46 0 1
July 46 1?2 5
August 45 0 1
Scptember 45 0 5
October 44 0 2
November 45 0 4
December 45 0 0
Total 546 12 32

®Confirmed as nonfecal coliform bacteria,

accomplished by flushing the pipe and adding a
high-strength chlorine solution o the main. The
chlorinated water is then removed and the replace-
ment water is checked for bacicrial contamination
by the Pan Am environmental group. During 1989,
disinfection of new water mains and equipment was
crnducted as construction wi  ompl. ol

Cross-Cony o Contr - 1
tory lso mann W
gram to cnsure thut & sepin agfun exi-44 lwmu.n the
potable wat-r supply and industrial or other nen-
potable system-. During 1989, ecach of the backflow-
prevenuon devices separating the potable water
supply system from potential sources of contamina-
tion was tested to ensure proper operation.

AT

8. Water Production 'Records. Monthly water pro-
duction records are provided to the State Eaginces’s
Office under the water rights permit, held by the DOE, for
the Los Alamos water system. During 1989, total produc-
tion from the wells and gallery for polabl. and nonpotable
use was 6.5 x 108 m? (5300 acre-ft). This production
amounts 10 95% of the tota! diversion right of 6.8 » 10° m3
(5500 acre-ft) that is avaiiable to the DOE under its permit.

84

F. Federal Insecticide, Fungicide, and Rodenticide
Act (FIFRA)

This act requires registration of all pesticides, restricts
use of certain pesticides, recommends standards for pes-
ticide applicators, and regulates disposal and transporta-

e Tides - A pwesticide is defined as any substance
mlcuu Tiopeevent. destroy, repel, or mitigate pests. The

e oanho tor, Pan Am World Services, stores,
1 ang Jocattls posucides in compliance with the

provisions of FIFRA. A Laboratory pest-controi policy
was established in June 1984 to establish procedures und
identify suitable pesticides for controlling plant and ani-
mal pesis. Anything outside the scope of the policy must
be approved by the Pest Control Oversight Commitice.
No unusual events associated with compliance occurred
during 1989. No cxicrnal inspections of the Laboratory's
pesticide opcrations or facilitics were conducted in 1989.

G. National Historic Prescrvation Act

As required by Sec, 106 of the National Historic
Preservation Act of 1966, which was implemented by 36
CFR 800, “Protection of Historic Propertics,” Laboratory
undertakings arc evaluated in consuitation with the State
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Historic Prescrvation Officer (SHPO) for possible effects
on historic resources. During 1989, Laboratory archac-
ologists evaluated 462 undertakings, conducted 42 ficld
surveys, recorded 14 new archacological sitcs, and sub-
mitwed 15 survey reports and 2 mitigation plans for SHPO
review,

Onc project was monitored, the Power-Linc Extension
in Pajarito Canyon, Work Order 9092-44. No cultural
resources were disturbed by the project. A foilow-up
report is in progress.

Because of the SWSC Project (Laboratory Job No.
LIN 8165), one site was tested: the David Romero home-
stcad corral (Laboratory of Anthropology, No. 16806-B).
No subsurface features were encountered. The results of
the testing will be reported in the cultural resource survey
report for the SWSC Project sewer lines.

H. Endungered/Threatened/Protected Species and
Floodplains/Wetlauds Protection

The DOE and Laboratory must comply with the En-
dangered Species Act of 1973, as amended, and with
Executive Orders 11988, “Floodplain Management,” and
11900, “Protection of Wetlands.” Compliance under
NEPA requires review of projects for poicntial environ-
mental impact to critical habitats, floodplains, and wet-
lands. Laboratory activitics during 1989 to comply with
these regulations were in four categurics.

1. Floodplain/Wetland Assessments, Two asscss-
ments were scheduled for the summer of 1989 but were
postponed until 1990 because of reassignment of person-
nel 1o NEPA compliance documents. The two asscss-
ments, for TA-18 and Caitada del Buey below the SWSC
Project, will be completed in 1990. For compliance with
the federal RCRA permil, the Laboratory arranged with
the Fish and Wildlife Service for wetlands mapping, o be
completed during 1990.

2. Endangered SpeciesSurveys. About SO0 projects
were cvaluated during 1989 to determine possible impact
from ronstruction activitics on endangered, threatencd,
rare, and scnsilive species. About 25 (5%) of these
projects required reconnaissance surveys or qualitative
ficld surveys; 12 projects required more extensive sur-
veys. A project toreplace a DOE-owned gas line required
ficld surveys of portions of 53 km (33 mi) between Cuba

Qi Kutze, New Mexico. Special surveys for the Jemez

8S

salamandcr and spouted ow! were done for a DOE con-
struction sitc on lands administered by the U.S. Forest
Service. The reassignment of personnel required that
approximately 13 surveys on other construction sites be
postponed until 1990.

3. Monitoring of Sensitive Species. A raptor moni-
toring program was continucd during 1989, A census of
avian specics in permancnt plots established in 1984 was
recorded during the breeding period, April through June.

4. Construction Site Monitoring. Onc silc was
monitored during construction to prevent unduc destruc-
tion of the habitat for a raptor species.,

I. Comprehensive Environmentai Response,
Compensation, and Liability Act (CERCLA)

CERCLA of 1980 and tiic Superfund Amendments
and Reauthorization Act (SARA) of 1986 mandate clcanup
of toxic and hazardous contaminants at closcd and aban-
doncd hazardous waste sites. The CERCLA/SARA-
related actions for potential release sites at the Laboratory
arc being addressed under the DOE’s Environmental
Restoration Program in conjunction with RCRA correc-
tive actions (sce Scc. VIILA).

J. Toxic Substances Control Act (TSCA)

TSCA (15 U.5.C. et seq.) cstablishes a list of toxic
chemicals for which the manufacturing, use, storage,
handdling, and disposal are regulated: This is accom-
plished by requiring premanufacturing notification for
new chemicals, testing of ncw or cxisting chemicals
suspected of presenting unreasonable risk o human health
or the environment, and controlling mcasures for chemi-
cals lound w posc an unicasoniable risk.

The Code of Federal Regulations (40 CFR 761) con-
Lains rcgulations applicable to polychlorinated biphenyls
(PCBs). Thecode applicstoali persons who manufacture,
process, distribute in commercce, use, or dispose of PCBs
or PCB items. Suhstances that arc r -gulated by this rule
include, but arc not limited to, dicicctric {luids, contami-
nated solvents, oils, waste oils, heat wransfer fluids, hy-
draulic fluids, paints, sludges, slurrics, dredge spoils,
soils, and materials contaminated as a result of spills.
Most of the provisions of the regulations apply to PCBs

only if they are presentinconcentations above a spcciﬁcdj
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level. Forexample, the regulations regarding storage and
disposal of PCBs gencrally apply to materials whose PCB
concentrations arc SO ppm and above. Atthe Laboratory,
materials containing >500-ppm PCBs are transported off
sitc for trcatment and disposal, and materials containing
50- to 500-ppm PCBs arc incincrated or disposed of in
Arca G. This area has been approved by the EPA for
disposal of PCB-contaminated materials.

Efforts continued toward removal and disposal of
PCB items from Laboratory grounds. During 1989, the
following PCB wastc was sent off site for disposal: >500-
ppm PCB-containing oil (40872kg [90 108 1b}),>50-ppm
PCB-containing oil (31 500 kg [69 440} Ib]), 233 capaci-
tors (6620 kg {14 595 1b}), 26 transformers (38 465 kg
{84 800 Ib}), debris (1798 kg [3963 Ib}), and water con-
taminatcd with >500-ppm PCBs (294 kg [648 1b]). In
addition, 905 905 kg (1 997 179 Ib) of PCB-contaminated
soil, debris, and equipment were disposed of at Arca G.
Elcven uansformers are undergoing a 20-month retrofill
process using silicone cil. These transformers are ex-
pected to be reclassificd to non-PCB siatus in Muy 1990,
At this time, no transformers are Icaking PCBs.

Inspections in August by the EPA and NMEID re-
sulted in three findings, all of which were corrected. The
findings involved 1 curb that was 14.6 cm (5.75 in.) high
instcad of the required 15.2 cm (6 in.) high, improper
storage f PCB-handling equipment,and failusc toretrofiil
anclevator hydraulic system on schedule. In addition, the
DOE conducted an audit in August, which found combus-
tible materials within 5.2 m (17 ft) of a PCB transformer.
This, too, was corrected.

K. Emergency Planning and Communrity Right-to-
Know Act

Requirements for reporting toxic chemical releases
under SARA, Tiue III Sec. 313, went into effect on
March 17, 1988. The focus of this rule is the inventory
provision for toxic chemical releases, which requires
owners and operators of covered facilitics (facilities that
manufacture, import, process, or otherwise use a listed
chemicai) to report annually their relcases of such chemi-
cals into any environmental medium. The purpose of this
provision is to make information about cnvironmental
releases of toxic chemicals publicly available. Reports
must be submitted annually to the EPA and to the state in
which the facility is located. This rule is in addition to

-
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other reporting requirements under SARA Tide I, which\
went into cffect in May 1987.

Under Scc. 313, acovered facility isone (1) thathas 10
or more full-time employees, (2) that has a Standard
Industrial Code between 20and 39, and (3) thatexceeds an
applicable manufacturing process or use threshold. For
manufacturing or processing, these thresholds vary by
year. In 1987, the threshold was 34 000 kg (75 000 Ib);
in 1988, it was 22 700 kg (50 000 1b); and in 1989 it was
11 300 kg (25 000 Ib). For toxic chemicals used for
other purposcs, the threshold for all ycars was 4540 kg
(10000 1b). For cach toxic chemical that exceeds the
appropriate threshold, the covered facility must report the
amount of thatchemical that wasreleased to the air, water,
and soil media for the applicablc ycar. Otherenvironmental
release categories include underground injection and
transfers of listed toxic chemicals to off-sitc Publicly
Owned Treatment Works or to other treatment and disposal
locations.

According 10 40 CFR, Sec. 372.22, the Laboratory is
not a covered facility under Scc. 313. However, DOE
policy is that the Laboratory will comply with all Sec. 313
reporting requirements.  Thercfore, for calendar year
1988, the Laboratory reported environmental releases for
nitric acid and sodium hydroxide. These were the only
two compounds cxcecding applicable threshold amounts,
triggering the reporting requircment because these chemi-
calsarcnototherwisc exempted under40CFR, Sec. 372.38.
The reporting date under Scc. 313 for calendar ycar 1988
was July 1, 1989.

For nitric acid, the threshold amount was approxi-
mately 42 400 kg (93 4001b) in 1988. Of this total, about
380kg (850 Ib) were reported as stack air emissions. The
remaining amounts of nitric acid were cither consumed in
chemical reactions or were complctely neutralized by
sodium hydroxide in wastc-water treatment operations
and thus were not reported. For sodium hydroxide, the
threshold amount in 1988 was approximately 26 200 kg
(57 700 Ib).

_ Reporting of sodium hyuroxide is required. However,
because all sodium hydroxide used at the Laboratory s
completely ncutralized in reactions with nitric, suituric, or
hydrochloric acids during waste-water treatment opera-
tions, no cnvironmental releases were reported for this
compound,

For nitric acid relcases in calendar ycar 1987, the
Laboratory reported approximaicely 1500 kg (3300 Ib) of
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non-point-specific air cmissions and 1100 kg (2500 1b) of
stack emissions. The dramatic reduction in reported nitric
acid releases to the environment from calendar ycars 1987
to 1948 was not due to any major change in process or
chemical use but rathicr to more-accurate data. A detailed
Laboratory-wide air emissions study was made in 1988,
whichconsisted of aroom-b -rooin chemical-usc inventory
and sclective testing of air emissions from stacks. As a
result, air cmissions were more accurately estimated.

L. Engineering Quality Assurance

The Laboratory has a quality assurance program (En-
gincering 1983) for enginecring, construction, modifica-
tion, insiallation, and maintenance of DOE facilities. The

ENVIRONMENTAL SURVEILLANCE 1989
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purposc of the program is to minimize the chance of
deficiencics in construction; to improve the cost effective-
ness of facility design, construction, and operation; and to
protect the environmenl. A major goal of engineering
quality assurance is tocnsurc operational compliance with
all applicable cnvironmental regulations. The quality
assurance program is implemented from inception of
design through completion of construction by a preject
tcam approach. The project tcam consists of indivicuals
from DOE’s program division, DOE/AL and DOE/LLAAQ;
Laboratory opcrating group(s) and the Facility Engincer-
ing Division; and the design contractor, inspection orga-
nization, and construction contractor. Each proposed
project is reviewed by personnel from HSE-8 (o cnsure
that environmental integrity is maintained.




IX. ENVIRONMENTAL SUPPORT ACTIVITIES

In addition to environmental surveillance and compliance activities, the Laboratory carried
out a number of related environmental activities. Selected studies are briefly described in this
section. Many of these activities arc ongeoing and provide supplementary information for
surveillance and compliance activities at the Laboratory.
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A. Meteorological Monitoring (Brent Bowen, Jean
Dewart, William Olsen, and Kathy Derouin)

1. Weather Summary. Slightly lowcr-than-normal
precipitation fell in Los Alamos during 1989, totaling
41 cm (16.2 in.) of water cquivalent during the year, This
represented the driest year since 1980 and the first ycar
with below-normal precipitation since 1983, April and
November were particularly dry months. Snowfall to-
taled a near-normal 131 cm (51.5 in.) duiing the year.
Spring (March—-May) during 1989 became the warmest
on record. Hot weather, primarily during the first 8 days
of July, gave Los Alamos the second most nun:ber of days
of reaching orexceeding 32°C (90°F). The yearasa whole
had above-normal temperatures and was the warmest year
since 1981. The annual summary is shown in Fig. 24;
other data ure shown in Tables G-55 through G-58.

January and February both had heavy snowfall, result-
ing raainly from onc large snowstorm in cach month. A
snowstorm on January 27 dropped nearly 30 cm (1 1) of
snow, thereby forcing the Laboratory and Los Alamos
businesses and schools to close during the aftcmoon.
January ended with42 cm (16.6in.) of snowfall. A similar
amount of snow, 41 cm (16.3 in.), fell dunng February.
Most of the month’s snow fell during February 4-6 when
38cr (15.01in.) fell, including 25 cin (10.0 in.) on the Sth,
The storm was associaled with an arctic air mass, as
temperatures were below —9°C (16°F) for much of the
storm on the 5th and 6th. The temperaturc fell to -20°C
(- 4°F) and only recached ~11°C (13°F) for a high on the
6th, both records for the date. The advance of the arctic air
from the northeast caused a bricf, dramatic tempcrature
difference toward midnight on the 4th. While the 1em-
perature at Los Alamos dropped to -8°C (17°F) and was
still falling, Albuquerque reported a very mild 12°C (54°F).

89

19 develop, especially over the valley regions.

The rest of February was warm, with temperatures rexch-
ing 18°C and 17°C (64°F and 62°F) on the 25th and 26th,
respectively.

The warm weather intensificd during March, breaking
numecrous rccords. High-temperature records were bro-
ken for S consccutive days, beginning on the 8th. The
temperature of 22°C (72°F) on the 9th became the highest
temperature ¢ver recorded in the entire month of Maich.
The March high-temperature record lasted only 2 days, as
the tempcerature reached 23°C (73°F) on the «ith. The
weather cooled but remained mild later in the month. A
storin dropped 16.5 cm (6.5 in.) of wet snow on the 20th.
The month became the second-warmesi March o record.

A high-pressure ridge located over the southwest
United States during March persisted during April, keep-
ing storms away, as well as causing warm temperatures.
The high temperature or 24°C (75°F) «n the 7Tth was the
warmest temperature for so carly in the scason, besides
breaking the record for the date. The high temperature of
23°C (74°F) on the 8th also was a rccord. Temperatures
remaincd warm and again reached a record level of 26°C
(78°F) on the 20th. On the following day (21st), the
record-breaking 26°C (79°F) also was the warmest for so
carly in the scason. Another record high of 22°C (72°F)
was .icd on the 24th. ‘itic month became the second-
warmest April on record. The combination of the warmth
and April’s light precipitation auscd drought conditions

The very warm conditions prevailed into May, along
with some much-necded rains. Temperatures reached
record levels on tiie 6th with 26°C (78°F). The record high
temperatures of 27°C and 28°C (81°F and 83°F)onthe 7Tth
and 8th, respectively, were the highest tempcratures re-
corded for so carly in the year. An intcnsc thunderstorm
dropped heavy rains and large hail on the 9th, causing

_/
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Fig. 24. Summary of weather in Los Alamus (TA-59) during 1989,

traffic accidents and some damage to cars and homes in
White Rock. A 34-m/s (76-mph) peak wind gust was
measured at East Gate during the storms. Another record
fell on the 23d when the high temperature reached 29°C
(84°F). Theluv temperature only reached 16°C (61°F) on
the following moming (24th), unusually warm for Mav.
Another thunderstorm caused very strong winds on the
271k, with peak gusts of 34 and 30 m/s (76 and &6 mph)
recorded 2t the Arca G and Bandelier sites, respectively.

The three consccutive warm months ¢ March, Apni'.
and May gave Los Alamos its warmest spring un record,
The average ‘pring temperature of 11.3°C (52.4°F) casily

\_

exveeded the previous record warm spring by 1.2°C
(2.2°F).

Average monthly temperatures returned (0 more 1ot -
mal {evels for most of the summer, although tempes atures
continued to be unusually Ligh during Junc and carly July,
Rainfal} was light in Junc_totaling 1.3 cam (0.5Y iv..). The
high temperature of 33°C (92°F) sc: a recond on the 19t
and was the warmest iemperature recordedd for so carly in
the year. July began with unusualy hot weather, with the
high tempes tare veaching 32°C (96°F) eor higher ca 7 of
the firx 8 duys of the month. The M-C (93°F) high
temperatinre 0 July 2 was thie wairnest icmperature since

4
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the highe s temperature on record of 35°C (95°F) was last
rcachcd onJurnic 22,1981, The month had 8 days with high
temperatures of 32°C (90°F) or higher, the second highest
or record for July and the third highest for any summer
month. The dry and hot weather was followed later in the
mor.h by rainy and cool conditions. Typical thunder-
showers were frequent during August.

Wecather conditions were uneventful during Septem-
ber and October, except for an unusually early light frost
on September 14 when the temperature fell to a record low
of 1°C (34°F). A storm dropped 4.1 cm (1.63 in.) of rain
October 3-5. A large high-pressure system developed
over the western United Staies and persisted during much
of the rest of October, November, and December, thereby
permitting only a few wecak storms to affect the Los
Alamos arca. November had no measurable precipitation
unti10.1cm(0.04 in.) fell during the afternoon of the 30th.

.——czzzzjﬂiﬂ..ll
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L SPEED tms: |
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December also was dry, with only 1.3 ¢cm (0.50 in.) of
waler-cjguivalen, precipitation. A storm on the 30th
dropped 11.4 ¢ (4.5 in.) of snow.

2. Wind Roses. The 1989 surface wind speed and
dircction mcasured at four sites at Los Alamos are plotied
in wind roscs forday, night, and total hours (day and night)
(Figs. 25 through 27). A wind rosc is a circle with lines
cxtending from the center representing the direction from
which the wind blows. The length of cach linc is propor-
tional 1o the frequency of the wind speed interval from that
particular dircction. Each direction is 1 of 16 primary
compass points (for example, N and NNE) and is centered
on a 22.5°-wide scctor of the circle. The frequency of the
calm winds, defined as those having speeds <0.5 m/s
(1.1 mph), isgivenin thecircle"scenter. Day and night are
defincd by the times of sunrisc and sunset.
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Fig. 25. Daytime wind roscs at Laboratory stations during 1989. Surface winds arc
represented at TA-59 (upper left) clockwisc to East Gate, Arca G, and Bandelier.
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The wind roses represcnt winds at the Occupational
Health Laboratory (OHL) building at TA-59 (2248 m
[7373 ft) above sea level [ASL]), Bandelicr {2146 m
[7040 f1] ASL), East Gate (2140 m [7019 fi] ASL), and
Arca G (2039 m [6638 ft] ASL). Wind data were meas-
ured at heights of 23 m (69 ft) at OHL and about 11 m
(36 f1) at the other three sites.

Surface winds at Los Alamos arc generally light, with
an average speed of 3 m/s (7 mph). Wind speeds >5 m/s
{11 mph) occurred with frequencics ranging from 17% at
OHL and Bandelier to 23% at East Gate. Many of the
strong winds occurred during the spring. At lcast 34% of
surface winds at all sites were <2.5 m/s (<5.5 mph). Atthe
92-m (300-ft) level (not shown in the figure), the average
wind speed increases to more than 4 m/s (9 mph). At the

@er level, wind speeds >5 /s (>11 mph) occur 35% of
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Fig. 26. Nightime wind roses at Laboratory stations during 1989. Surfacc winds arc
represented at TA-59 (upper left) clockwisc to East Gate, Arca G, and Bandclier.
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the \ime, and speeds <2.5 m/s (<S.5 mph) occur 30% of the
time.

Distribution of winds varies with site, height above
ground, and time of day, primarily because of terrain
features at Los Alamos. On days with sunshine and light
large-scale winds, a deep, thermally driven upslope wind
develons over the Pajarito Platcau. Note the high fre-
quency of southeasterly through southerly winds during
the day at OHL and, to a lesser extent, at East Gate
(Fig. 25). Upslope winds arc gencrally light, <3 m/s
(<7 mph). Winds become more south-southwesterly and
southerly at Bandelicr and Arca G. The winds at thesc
sites are increasingly affccted by the Rio Grande Valley
and less affected by the plateau. Channeling of regional-
scale winds by the valley contributes Lo the high frequency

of' south-southwesterly and nonh-norlhcaslcrlyy
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Fig. 27. Total wind roscsat Laboratory stations during 1989. Surfacc windsare represented
at TA-59 (upper left) clockwise to East Gate, Arca G, and Bandclier.

northcasterly winds. In addition, a thermally driven up-
valley wind may cause somce of the south-southwestcrly
winds below 3 m/s (7 mph) at Arca G.

Winds display a reversal during the night. A shallow
drainage wind often forms and flows across the plateau
and down the canyons on clear nights with light, large-
scale winds. These winds are generally <4.5 m/s
(<10 mph). Winds arc most frequent from the west-
northwest to northwest at OHL, whercas the drainage
winds at Bandelicr and Areca G are evenly distributed from
the west through the north. Dow aslope winds are much
less frequent at East Gate. Winds over the plateau (mcas-
urcd at the 92-m [300-f1] level at the OHL) are dramati-
cally different from those at the surface during nights, with
vallcy-channcled winds dominating (not shown). A high

Qucncy of winds arc up-vallcy (southwesterly and
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south-southwesterly) and down-valley (northerly through
northcasterly).

3. Precipitation Summary. Precipitation was
slightly below normal in Los Alamos during 1989. Fig-
urc 28 shows precipitation analyses forthe summer (June -
August), as well as for the entire ycar. Monthly precipi-
tation totals arc presented in Table G-57. The dry months
of April, November, and December were responsible for
limiting the ycarly totals. Summer rainfall was ncar
normal, except for S-Site where a wet July with 17.7 cm
(5.38 in.) of rain causcd above-normal precipitation. A
locally heavy rainfall of 5.0 cm (1.97 in.) fell at S-Site on
July 14. Precipitation was generally highest in the north-
west part of Los Alamos County, ncar the mountains and

at the highest pant of the Pajarito Platcau. Procipilalionj
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decreased with lower elevation and increasing distance
from the Jemez Mountains.

4. Visibility. Thc National Park Service has pub-
lished the data from the Laboratory for three scasons in
1989: spring (March 1 through May 31), summer (Junc 1
through August 31), and fall (September 1 through No-
vember 30). These data show that typical visibility in this
arca is high, with median visibilities greaicr than 95 km
(60 mi).

Median Visibility

Season km (mi)

Spring 116 (+2)

Summer 101 (63)

Fall 137 (8S)
Visibilities were lowest in the summer ni . proba-
bly because of the Ligh humidity av a1 o with the
common afternoon thunderstorms.  « . 10% of the
time, visibilities were greater than 1S /93 mi), with

maximum visibility excceding 2¢ 150 mi). These

visibilitics are characteristic of clean air arcas in relatively
and climales.

B. Environmental Studies at the Pueblo de San
Ildefonso (W. D. Purtymun, Max Maes, and Jane
Wells [Bureau of Indian Affairs, BIA|)

To investigate the potential impacts ol Laboratory
operations on lands tclonging to San ldctonso Pucblo,
1t DOE entered into 8 Memorandur.. of Understanding
with the Pueblo and the BIA to conduct environmental
sampling on Pucblo land. During 1987 und 1988, watcr,
soil, and sediment samples were collected (Purtymun
1988b, ESG 1989).

In 1989, the informal agrecment was tor the Labora-
tory to collect and analyzc water from five stations cast
and west of the Rio Grande (station 19, Cottonwood
Trading Post; station 3, Pajarito Well; station 8, Halladay
Well; station 18, Otowi Housc; and station 10, West-Side
Artesian Well) and sediments from four stations in Mor-
tandad Canyon:iig. 29). Splits of these samples were also

e T e, T T T e e
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Fig. 29. Groand-water and sediment stations on Pueblo de San I1defonso land.
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analyzed by the BIA with comparable results (BIA 1989).
Analyses of three other sediment samples from Mortan-
dad Canyon (su.:ions A-S, A-9, and A-11 on Fig. 29),
performed as part of the routine monitring effort, arc
included in the data and discussion in this scction to
present a continuous profile of :he distnbution of radio-
nuchdes in Mortandad Canve -,

1. Ground Water. Ra..: ( hemical analyses in 1989
of ground water from stauon+ 3, 8, and 10 indicated no
significant change from the analyses that were performed
on wells at those locations in 1988 (Tablc 33). The
gross alpha activity from station 3 decreased from
22x10° uCi/mL to 1 x 10 ° uCy/mL.

The gross alpha activity in watcr from station 19 was
26 x 10 ° uCi/mL. Asdeciailed in Purtymun (1988b), the
gross alpha activity in this area is due to uranium and not
radium. Subtracting the activity caused by uranium yiclds
17 + 7 x 107 uCiymL, which approximatcly cquals the
EPA drinking walter gross alpha standard (used for com-
panison only), which excludes activity from radon and
uranivm. Samplcs taken at the same time by the BIA and
analyzed by their laboratory showed 9 » 107~ uCi/mL of
gross alpha activity. After subtracting the activity caused
by uranium, their data indicate that essentiatly no alpha
activity is attributable to other nuclides (BIA 1989).

No significant change was found in the chemical
quality of the ground walcr from stations 3, 8, and 10 from
the 1988 data to the 1989 data (Table 34). Chloride
(250 mg/L), fluonide (4.0 mg/L.), and iron (0.3 mg/L)
standards were cxcceded in waler at station 10, with
concentrations of 355, 5.6, and 0.59 mgL, respectively.
The total dissolved solids standard (500 mg/l.) was cx-
ceeded, with concentrations of 842 mg/L at station 3,
1080 mg/L at station 10, and 958 mg/L at the Martinez
house, which is supplicd by the Pajarito Wells (station 3).
Other chemical conslituents in water from stations 3 and
10 and from the other three stations werc al or below the
standards. All these constituents are naturally occurring,
and the levels are as expected for the arca.

Special sampling and analyses were conducted during
1989 at station 3, known as the Pajarito Wells sitc, 1o
investigate what apprared 10 be anomalous changes in
the chemical quality of watcr inat were noted between
samples collected in 1987 and those collected in 1988
(ESG 1989). Samples were collected-on six occasions
during the latter half of 198 and analyzed for sclected

Cﬁmems (Table 35). Thc Pajarito Wells pump house

coutrols the operation of two separate wells by a timer, and
thus the apparent anomaly was simply the result of having
collected samples from periods when different wells were
being pumped. Well 1 has somewhat poorer quality, with
higher calcium, chloride, hardness, and specific con-
ductance, than does well 2. The difference in quality s
natural and is attributable to the different lovation and
depth of the two wells, with no indication of a contamina-
tion problem. A sample was also collected {rom the
Martincz house (Table 33), adjacent to and scrved by the
Pajarito Wells pump house and storage tank. The quality
of water was within the range of values found for the two
scparate wells,

2. Sediments. The industrial waste treatment plant at
TA-50 rcleases treated cifluent into the upper reaches of
Monandad Canyon. The cifluent, containing traces of
radicnuclides, infiltrates into the underlying alluviun,
forming an aquifer of umited extent perched on the under-
lying tuff in th upper- and mid-reaches of the canyon
within Laboratory boundarics. A large proportion of the
radionuclides in the cffluent when it is first released as
surfuce flow is adsorbed or attached to the sediments in the
stream channel; thus, the principal means of ransport is in
surface run-off. Mortandad Canyon heads on the Pajarito
Platcau at TA-3 and has 2 small drainage arca. The
alluvium thickens in the middle and lower reaches of the
canyon. The sinall drainage arca and the thick section of
unsaturated alluvium in the middle rcach of the canyon
have retained all the run-off since 1960 when hydrologic
studics began in the canyon. Thus, there has been no run-
off to ransport radionuclides to, or past, the Laboratory
boundary since the start of cffluent releasc in 1963.

During 1989, sediments were collected and analyzed
for radionuclides from scven sediment stations, one west
of the Laboratory and Pucblo boundarics and six within
the Pucblo (Fig. 29 and Tablc 36). The analytical results
for samples from the stauions were compared with results
from regional soil and sediment samples collected over
many years (o establish background levels for northern
New Mexico (Purtymun 1987a).

Plutonium concentrations in samples taken in 1989 at
stations A-S, A-6, and A-7 showed some differcnces from
those taken in 1988. In 1989, the **#*’Pu concentration
in samples from station A-5 ((.018 pCi/g) was lower than
that in 1988 by a factor of about 3, or about the same as
observed in 1987 (0.023 pCi/g). and was within the

statistical range atinbuteble to worldwide fallout mj




Tabie 33. Radiochemical Quality of Ground Water from Wells, Pueblo de San Ildefonso

~

Total Gross Groess
Station Number and 3H 1310 Uranium Hipy 29.240p,, Alpha Beta
Well Identification (10*puCi/mL) (10 uCi'mL)  (ug/l)  (10”°pCi/mL) (10 pCi/mL) (10~ uCi/mL) (1077 uCi/mL)
19 Cottonwood Trading Post 0.7 (0.3) 17 (41) 14 (0.7) -0.004 (0.004) 0013 (0.014) 26 (7.0) 3.2(0.5)
10 West-Side Artesian Well 0.0 (0.3) -29 (42) 23 (1.2)  -0.018 (0.011) 0018 (0.012) 10 (3.0) 1.1(04)
8 Halladay Well -0.2 (0.3) ~15 (50) 1.6(0.6) -0.010 (0.010)  0.005 (0.005) 4.0 (1.0) 1.7(04)
18 Otowi Honse Well -0.3 (0.3) 36 (58) <0.5 0.004 (0.012)  0.012 (0.009) €.0 {2.0) 3.0(0.7)
< 3 Pajarito Well (pump 2) 0.0 (0.3) -50 (42) 7.3(0.7) 0.018 (0.017)  0.009 (0.006) 1.0 2.0) 4.7(0.6)
G. Martincz Housc 0.1 (0.3) 18 (56) 12 (06) -0.031 (0.019) -0.008 (0.008) 4.0 (1.0) 2.7(0.5) -
Summary
Maximum concentration 0.7 36 23 0.018 0.018 26 4.7
Standard® 20 200 800° 15 15 15 —
Maximum as a
percentage of standard 35 18 39 <] <l 173
Limits of detection 0.3 40 1 0.009 0.03 0.1 —

-

*House adjacent to and scrved by Pajarito Well (station 3).
bMaximum contaminant level (MCL), used for comparison only (NMEIB 1988, EPA 1989).
“Derived Concentration Guide, Appendix A.
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Table 34. Chemical Quality of Ground Water from Wells, Pueblo de San Ildefonso (mg/L)*

~

Summary
Station 19 Station 10 Station 18 Station 3 Maximum
Cottonwood West- Station 8 Otowi Pajarito G. Maximum Concentration
Trading Artesian Halladay House Wells Martinez  Concen- as a Percentage
Standard® Post Well Well Well (pump2)  House® tration of Standard
Chemical Constituents ——
Primacy £2
Ag 0.05 <0.005 <0.005 <0.005 0.010 <0.005 <0.005 0.010 20 3B
As 0.0s 0.002 0.007 0.010 0.010 0.010 0.006 0.010 20 -
Ba 1.0 0.140 0.045 0.400 0.011 <0.001 0.n98 0.400 40 o8
Cd 0.01 <0.001 <0.001 0.010 0.010 <0.0005 <0.001 0.010 100 E _>z'
Cr 0.0s 0.006 0.006 0.015 <0.001 0.008 0.006 0.015 30 @3
F 4.0 0.4 56 0.6 0.5 32 04 56 140 33
Hg 0.002 <0.0002 <0.0002 <0.0002 <0.0002 <(1.0002 <0.0002 <0.0002 <10 o
NO,-N 10 20 <0.1 0.5 06 0.3 0.2 2.0 20 g 3
Pb 0.05 <0.001 <0.001 <0.001 0.010 0.001 <0.001 0.010 20 ox
Se 0.01 0.001 0.001 <0.001 <0.001 <0.001  <0.001 0.001 100 20
8 <
Secondaryb

Cl 250 6 352 3 9 157 206 355 140

Cu 1.0 0.003 0.001 0.008 0.010 0.004 0.029 0.029 30

Fe 0.3 0.270 0.590 0.260 0.108 0.280 .290 0.59 200

Mn 0.0s <0.001 0.017 0.003 0.009 0.002 0.003 0.017 34

SO, 250 19 80 14 46 42 51 80 32

Zn 50 0.104 0.017 0.027 0.009 0.080 0.063 0.104 2

TDS¢ 500 214 1080 118 284 842 958 1080 220




Table 34 (Cont)
Summary
Station 19 Statior: 10 Station 18 Station 3 Maximum
Cottonwood West- Station 8 Otowi Pajarito G. Maximum Concentration
Trading Artesian Halladay House Wells Martinez  Concen- as a Percentage
Standard® Post Well Well Well (pump2)  House® tration of Standard
Miscellaneous

SiO, 28 23 27 36 33 35 — —
Ca 40 11 4 40 34 30 —_ —
Mg 3.0 09 <0.5 3.5 32 45 — —
K 2.0 1.6 <1.0 23 2.8 32 — —
g Na 24 350 37 28 210 250 — —
Co, <5 <5 <5 <5 <5 <5 — —
HCO, 163 350 85 156 430 520 — —
P <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 — —
Total hardness 133 40 12 131 108 134 —_ —_
Conductance (Lmho) 360 1820 220 410 1340 1650 — —
pH (standard units) 7.5 8.1 9.1 7.5 7.4 72 —

3Units are milligrams per liter, except as noted.

1989). Samples were collected August 29, 1989.
“House is adjacent to station 3, Pajarito Well.
Total dissolved solids.

N

bPrimary and secondary drinking water standards are used for comparison only (NMEIB 1988, EPA
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Table 35. Comparison of Chemical Quality of Water from
Pajarito Wells, Station 3°

6-5-89 6-29-89 8-2-89 8-29-89 10-4-89 11-6-89 11-6-89
Constituents Pump 1 Pump 1 Pump 1 Pump 2 Pump 2 Pump 1 Fump 2
Ca — 60 11 34 21 52 23
Mg — 6.4 44 3.2 1.8 6.7 1.9
Cl 225 241 218 157 37 244 51
SO, 56 57 52 42 24 57 25
Totai hardness 166 — 152 108 68 198 79
Specific
conductance (umho) 1800 1850 1720 1340 610 1450 545
Total uranium 12 — 22 11 7.3 — —

3Units arc micrograms per liter, unless otherwisc noted.

\_

100

samplcs i.» Mortandad Canyon were collected on August 29, 1989, with the exception
of station A-5 (May 1, 1939}; A-9 at Statc Road 4 (April 25, 1989); and A-11 at the Rio
Grande (October 6, 1989).

Note:  Pajarito well 1, depth 49 m (160 ft); screens at 30 to 37 m (100 to 120 ft) and 43 10 46 m (140 to 150 fi).
Pajarito well 2, depth 52 m (170 f1); screens at 37 10 43 m (120 to 140 f1) and 46 to 49 m (150 to 160 ft),
Table 36. Radiochemical Analyses of Sediments from
Mortandad Canyon
Gross
1ics Total Uranium 8py 29.240py, Gamma
Station Location (pCi/g) (ug/e) (pCi/g) (pCi/p) (counts/min/g)
Sediments®
A-5 Laboratory 0.63 (0.18) 2.6 (0.3) 0.002 (0.002) 0.018 (0.005) 2.2(0.4)
A-6  San lldefonso 1.1 (0.18) 3.8(0.4) 0.004 (0.002) 0.038 (0.006) 4.3(0.5)
A-7 San lldefonso 0.45 (0.14) 1.9{0.2) 0.010 (0.002) 0.108 (0.006) 3.3(0.5)
A-8  San Ildcfonso 0.05 (0.07) 4.1(0.4) 0.002 (0.001) 0.002 (0.002) ~-1.7 (0.4)
A9  San Ildefonso 0.18 (0.12) 24(0.2) 0.000 (0.001) 0.002 (0.001) 1.9 (0.9)
A-10 Sanlldcfonso -0.5 (0.11) 2.5(0.3) 0.003 (0.002) 0.003 (0.001) 2.2(0.4)
A-11 Sanlldefonso  -0.01(0.12) 1.4 (0.2 0.001 (0.001) 0.000 (0.001) 0.4 (0.4)
Soil
Cedro Mesa,
San Ildcionso 1.67 (0.26) 3.8(04) 0.004 (0.002) 0.050 (0.006) 4.5(0.6)
Background
Sediments (1974 -1986) 0.44 44 0.006 0.023 79
Soils (1974 -1986) 1.09 34 0.005 0.025 6.6
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northern New Mexico. At station A-6, the 1989 value
observed for %240y (0,038 pCi/g) was zbout double the
valucs observed ir 1987 and 1988 (0.021 and 0.01 pCi/g,
respeccwely). The highest value in 1989 was obtained at
station A-7, which showed a inugher concentration of
23240py 2108 pCi/g) thar that from previous years'
samples ((1.019and 0.012 pCi/g in 1987 and 1988, respec-
tively) and about 4 times «he level gencrally attributable to
worldwide fallout. Station A-7 also showed 2**Pu
(0.010 pCi/g) to be slightly above fallout levels.

Physical appearance of the sircam chanacl at the time
of collection gave no indication of any water run-oif or
transport of sediments across thc Laboratory boundary,
consistent with other obsgrvations during the thunder-
storm season that no run-off in Mortandad Castyon cx-
tended near the Laboratory boundary. (No run-off has
been observed to reach the Laboratory boundary in Mor-
tandad Canyon since 1960 when the United States Geo-
logic Survey [USGS] initiated special siudies there,) At
these low levels, considerable variability is expected
because of different particle-size distributions in grab
samples. Samples with a large fraction of small particles
typically exhibit highcr mass concentrations of plutonium
because of their high adsorption capacity. The sediments
in this part of Mortandad Canyon arc more like soils
because there has been no run-off to separate out silt and
clay-size particles that typically show higher concentra-
tions of plutonium.

Cesium concentrations from samples at stations A-S,
A-6, and A-7 showed minor differences from previous
results. In 1989, the '3’Cs concentrations at stations A-5
and A-7 (0.63 and 0.45 pCi/g, respectively) were higher
thanthosc in 1988 (0.58 and 0.04 pCi/g) and slightly lower
than those in 1987 (0.83 and 0.51 pCi/g). The 1989 value
at staiion A-6 /1.1 pCi/g) was slightly higher than that
obtainzd in previous results (0.89 and 0.73 pCi/g in 1987
and 1988, respectively), but about the same as the statis-
tical background limit for regional soils.

A soil sample was collected from a circular depression
on Cedro Mesa south of Mortandad Canyon on Pueblo
lands (Fig. 29, Table 36). It showed concentrations of
29240py and '¥'Cs at levels about twice tuc statistically
derived level for regional background soils (Purtymun
1987a). The location was sclected because it would retain
surface run-off from the surrounding mesa surface and
accumulate any airborne or fallout deposition. The ob-
served values are consistent with those from worldwide

Cout dcposition on what is probably a higher proportion
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of silt and clay-sized particles in the sampled location
compared with particles in typical regionsl soils (because
there is o+ nutflow from the depsession). Sample results
do not suggest any direct contribution of contaminants
from the Laboratory.

C. Environniental Monitoring at the Fenton Hill
bite (William Purtymun, Max Maes, and Mary
Carol Williams {Laboratory Health and Envi-
ronmental Chemistry Group, HSE-9))

The Laboratory operates a program (o cvaluate the
feasibility of extracting thermal cr.ergy from the hot dry
rock geothermal reservoir at the Fenton Hill Geothermal
Site (Y A-57), which :slocated ak 24, 5 km (28 mi) west
of Los Alamos on the southiern edge ot the Valles Caldera,
The hot dry rock energy concept involves drilling two
decp holes, connecting these holes by hyd-ulic fractur-
ing. and bringing geothcrmal energy to the surface by
circulating water through the system. Environmeary
monitoring is performed adjacent to the site to assess any
impacts from the geotherma! operations,

The chemical quality of surfacc and ground waters in
the vicinity of TA-57 (Fig. 30) has been monitered for
use in geohydrologic and cnvironmental siudics. These
water-quality studies began before the construction and
testing of the hotdry rock system (Purtymun 1974¢). The
most recent samples were collected in December 1989,

Surface-water stations (11 located on the Jemez River,
the Rio Guadalupe, and their tributarics) arc divided into
four general groups on the basis of predominant ions and
total dissolved solids (TDS) found in the watcr (Tablc 37).
The predominant ion groups arc (1) sodium and chloride,
(2) calcium and bicarbonate, (3) calcium and sulfate, and
(4) sodium and bicarbonate. Detailed analyscs are found
in Table G-59.

Ground-watcr stations (five mineral and hot springs,
scven wells, and seven springs) are also grouped accord-
ing to predonmiinant ions. These ions are (1) sodium and
chioride, (2) calciun: and bicarbonatc, and (3) sodium and
bicarbonate (Table 37). Detailed analyscs arc found in
Table G-60.

Analyses of surface and ground watcrs were per-
formed for 14 trace melals (Table G-61). Slight variations
were found in the chemical quality of surface and ground
waters among the individual stations when the analyses
were compared with those from previous ycars; however,
these variations are within normal scasonal fluciuations
(Purtymun 1988a).
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Fenton Hill Site (TA-57).

There were no significant changes in the chemical
quality of surface and ground water at the individual
stations from previous years (Purtymun 1988a).

D. Environmental Studies at TA-49
(W. D. Purtymun, Alan Stoker, and Max Maes)
From 1959 to 1961, hydronuclcar cxperiments were

conducted in underground shafts a1 the Laboratory at
TA-49. This technical area is located on Frijoles Mesa in

\_

the southwe:i corner of the Laboratory between TA-28
and TA-33 (Fig. 4). The expcriments involved a combi-
nation of conventional (chemical) high explosives, usu-
ally in a nuclear weapons configuration. The quantity of
ﬁssilc_,mall'crial was kept far below the amount required for
anuclear explosion (Purtymun 1987b). The undergrourd
shafts ranged in depth from 15 to 36 m (50 to 120 ft)
beneath the surface of the mesa (Purtymun 1987b. ESG

1988).
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Table 37. Quality of Surface and Greund Waters in the Vicinity of Fenton Hill Geothermal Site,

December 1989 (concentrations in mg/L)

Surface Water Ground Water
Na CI TDS Na Cl TS
Sodium and Chloride Sodium and Chloride b
Redondo Creck (U) 10 1n 216 Location JF-1 (hot spring) 641 810 b
Jemez River (R) 43 Y 570 Location JF-5 (hot spring) 1130 1600 —
Jemez River (S) 119 125 532
Ca HCO, TDS Ca HCO, TDS
Calcium and Bicarbonate Calcium and Bicarbonate
San Antonio Creck (N) 24 63 190 FH-1 (supply well) 80 148 350
Rio Cebolla (T) 26 71 208 Location 39 (spring) 13 38 120
Rio Guadalupe (Q) 81 206 232 Location 6 (spring) 26 100 91
Lake Fork 1 (LF-1) Dry Location 27 (well) 28 91 214
Lake Fork 2 (LF-2) Dry Location 42 (well) 16 34 64
Lake Fork 3 (LF-3) 14 54 200 Location 48 (well) 31 8¢ 212
Lake Fork 4 (LF-4) 18 67 152 Location 53 (well) 32 148 212
Location 54 (well) 82 267 344
Location 55 (well) 87 222 564
Ca SO, TDS Na HCO, TDS
Calcium and Sulfate Sodium and Bicarbonate
Sulphur Creek (V) 56 275 582 JS-2, 3 (spring) 18 69 114
Sulphur Creek (F) 49 114 302 JS-4, 5 (spring) 19 85 184
Location 4 (well) 21 75 231
Location 31 (spring) 14 67 196
RV-2 (hot spring) 27 47 270
RV-4 (hot spring) 58 118 240
RV-5 (hot spring) 24 82 162
Na  HCO, TDS Location 47 (well) 320 78 592
Sodium and Bicarbonate
Jemez River (J) 27 78 228

3Sec Fig. 30 for sampling locations. Orc sample was taken at each location.

t’Analyse.s are missing, but conductance measurements were consistent with previous observations.
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Three deeptest wells (DT-SA, DT-9,and DT-10) were
used to monitor possiblc movement of contaminants from
the shafts to the main aquifer (Fig. 31). The depth to the
main aquifer is about 360 m (1200 ft). No watcr is perched
in beds between the surface of the mesa and the top of the
main aquifer. The chemical and radiochemical quality
of water from these wells indicated no contamination
from activitics at TA-49 (Scc. V1.B.4.a. and Tables G-22
and G-23).

Eleven stations were cstablished in 1972 to monitor
surface sediments in natural drainage from the experimen-
tal area. Another station wasadded in 1981 as the drainage
changed (Fig. 31). Scdiment samples from the 12 slations
were analyzed for radiochemical and chemicai constitu-
cnts and for organic compounds.

Results of analyses of sediment samples for radio-
chemicals were compared with the statistically estab-
lished lcvels for regional background (1977-1986

LOS ALAMOS NATIONAL LABORATORY
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[Purtymun 1987a]). As shown in Tablc G-62, lnCS\

exceeded background (0.44 pCi/g) at stations A-2
(0.59 pCi/g), A-4 (0.86 pCi/g), A-S (0.49 pCi/g), A-6
(1.7 pCi/g), and A-10 (0.47 pCi/g); 2**Pu cxceeded
background (0.006 pCi/g) at station A-3 (0.015 pCi/g).
and 2*2%py cxcceded backrround at stations A-2
(0.074 ;Ci/g), A-3 {0.902 pCi/g), and A-t (0.058 pCi/g).
Total uranium in sediments from all 12 stauons was at, or
below, background levels.

Plutonium in similar concentrations has been reported
in previous monitoring. The cesium and plutonium re-
ported are not the resalt of movement of contaminants
from the shafis but are attributed to a surfac~ contamina-
tion incident that occurred in 1960 (Purtymun 1987b,
ESG 1988).

Scdiments from the 12 stations were analyzed for
chemical constituents (Fig. 31). The results of the anaty-
scs indicated that constitucnts were below threshold limits
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Fig. 31. Locations of experimental arcas and test wells at TA-49.




for EPA’s extraction procedure toxic criteria concentra-
tions (Table G-63). The great majorily of results were
below limits of analytical detection.

Samples of sediments from the 12 stations were ana-
lyzed for 65 volatile organic compounds, 68 semivolatile
organic compounds, 22 pesticide compounds, S herbicide
compounds, and mixed polychlorinated biphenyl (PCB)

LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL SURVEILLANCE 1989
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compounds (Table G-64). The limits of quantification
(LOQs) for the organic compounds are given in Ap-
pendix C.  All samples were analyzed for these com-
pounds, but only compounds that exceeded the LOQs are
discussed.

Six volatile compounds above LOQs were reported
froin various stations (Table 38). Carbon disulfide above

Table 38. Volatile and Semivolatile Compounds Reported in
Sediments at TA-49 (ug/kg)

105

Station No. Concentrations LOQ
Volatile Compounds
Carbon disulfide
A-2 51 2
A-3 57 2
A-6 35 2
A-7 280 2
A-8 84 2
A-9 120 2
A-10 49 2
A-11 130 2
Trichlorofluoromethane
A-3 13 2
A-7 16 2
A9 13 2
A-11 21 2
2-Butanone
A-3 95 10
A-4 32 10
A-8 77 10
A-10 T 10
1,1,1,-Trichiorocthene
A-3 12 10
A-6 20 10
A-7 50 10
A-8 25 10
4-Methyl-2-pentanone
A-5 14 10
p-Isopropyltoluenc
A-5 11 2
A-8 6 2
Semivolatile Compounds
Bis(2-cthylhexyl)phthalate
A-2 470 330
A-3 2400 330
A-4A 600 330
A-7 410 330
A-10 500 330
A-11 510 330
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LOQ (2 ug/kg) was reported from cight stations, with
concentrations that ranged from 35 o 280 ug/kg. Tn-
chlorofluvromethanc above LOQ (2 pg/kg) was reported
from four stations, in concentrations ranging from 13 to
21 ug/kg. The concentrations of 2-butanone above LOQ
(10 pg/kg) ranged from 32 1o 95 pg/kg and were reported
from four stauons. Other volatile organic compounds
reportcd were 1,1, 1-trichlorocthene (four stations),
4-methyl-2-pentanone (one station), and p-isopropyl-
tolucne (wo stations).

In evaluating the volatile compounds above LOQs,
civironmental staff could not account for the presence of
these compounds in the sediments of the dry stream chan-
ncls that drain TA-49. There were no operations at TA-49
that would have resulted in widespread contamination of
organic compounds. Their occurrence at, or slightly
above, LOQs in the distnibuti 1 of the drainage arcasat the
individual stations indicates that the <amples were con-
taminated during collection or laboratory analyscs.

Scdiments from the 12 stations were analyzed for
68 scmivolatile compounds. The compound bis’ *-cthyl-
hexylphthalate exceeded the LOQ (330 nuhy) at
six stations, in concenuations ranging from 410 1o
2400 pg/kg. Phthalates are weli-known ubiquitous con-
taminant, (plasticizers) generally found in the environ-
ment a, | often picked up during analyses in the labora-
tory. The remarkably similar concentrations at five of the
six st :tions suggest laboratory contamination.

The concentrations of pesticides (22 compounds),
herbicides (5 compounds), and mixed PCBs were below
LOQs in sediments from the 12 stations (Table G-64).
Because of the uncertaintics in the analyses of volatile and
scmivolatile compounds, additional samples will be col-
lected nexe year for organic analyses,

E. Community Relations Program

The Laboratory’s Environmental Safety and Health
Community Involvement Team was formed to provide a
proactive program of involvement and information ex-
change among Laboratory personnel, residents in sur-
rounding communities, special interest groups, media
reporters, and representatives of city, state, and federal
governmente. The ozl is to inform the public of planned
and ongoing actions, Lo focus on and attempt o resolve
conflicts, and to identify and alleviate public concerns and
fears.

\_

To this end. town hall meetings were scheduled in Los
Alamos, Santa Fe, Taos, and Espanola. The topic pre-
sented in October was “Hazardous Waste Management
Practicesat LANL.” In November and January, the topic
waschangedto“Harardous Waste Incinerationat LANL.”
The meetings were scheduled for 2 hours; the topic was
prescnted during the first hour and a question-and-answer
session followed.

As part of thc Community Involvement Program, the
Laboratory declared October 1989 as Environmental
Awareness Month. During that month, a staff member of
the Health, Safety, and Environment (HSE)-Division’s
Environmental Protection Group (HSE-8) briefed 9000
Laboratory employees on eavironmental awareness and
commiunent. The 1.5-hour presentation, which included
43 color slides and 100 Vu-Graphs, was given on 39
separate occasions and covered the following topics: an
overvicw of regulatory agencics, cnvironmental rule-
making, specific environmental compliance issucs at the
Laboratory, and recommendations for personal aclions to
improve cnvironmental compliance.

On October 20 and 21, 1989, in conjunction with
Environmental Awarencss Month, the Laboratory spon-
sored a tour of the Tsircge Ruin, The site is one of the
lasgest Anasazi ruins on the Pajarito Platcau, wherc ances-
tors of San ldefonso Pueblo members hived in the 1500s.
The land is owned by DOE and, for sccurity rcasons, is
normally closed to the public. The tour was well received,
as indicated by the 6(0 people who attended.

In addition, a poster and essay contest was sponsored
for the public schools in seven countics in northern New
Mexico. Students in kindergarien through sixth grade
entered the poster contest; middie school and high school
studcnts entered an essay contest.  Scveral hundred stu-
dents participated in the competition, Awards were given
in cach catcgory and finalists were honored at a luncheon
hosted by the Laboratory for them, their families, and their
teacher sponsors. After lunch, tours f Laboratory facili-
tics were conducted.

During 1989, the Espaola Vallcy and Pojoaque Val-
lcy Wastc-Water Master Plan was completed by a group
of local and tribal governments and other arca organiza-
tions concerned with the control of ground-water pollu-
ton from seplic tank systems and other sources. The
Laboratory was invited to join the steering committee
for the construction to follow and 1o provide technical
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assistance for the preparation of the plan. The Laboratory
also assisted in the printing of the final report.

The purpose of the plan is to identify arcas affected by
ground-water pelintion in the study areaand to recommend
alicrnative waste-water treatment and management op-
tions thatcan be used tocontrol pollution. The master plan
ix designed to provide specific recommendations for pol-
lution control for localized arcas and to provide a long-
term suategy for waste-water treatment on a regional
basis. Construction of two scptage-disposal facilitics was
identified as the highest priority for pollution control in
the study arca.

The steering commitice is secking funds from state
and federal sources to implement the waste-water master
plan. The sicering commitice also has initiated a study to
improve domestic water quality and water supply systems
in the arca. The proposcd study for a water supply master
plan would be similar in approach 1o that tor the waste-
water master plan and would provide a long-term strategy
for improving the domestic water supply ot the Espafiola
and Pojoaque valleys.
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F. National Atmospheric Deposition Program \

(NADP) Network Station (Craig Eberhart and
Chris Holmes)

Group HSE-8 opcrates a wet deposition station that is
part of thc NADP nctwork. The station is located at the
Bandclicr National Monument. The 1989 annual and
quarterly deposition rates arc presented in Table 39,

Deposition sates for the various ionic species vary
widely and are somewhat dependent on precipitation. The
highest deposition rates usually coincide with high pre-
cipitation. The lowest rates normally occur in the winter,
probably reflecting the decrease in wind-blown dust. The
ions in the rainwater arc from both nearby and distant
anthropogenic and natural sources. High nitrawe and
suifate deposition may be causad by anthropogenic sources,
suchas motor vehicles, copper smelters, and power plants,

The natural pH of rainfall, without anthropogenic
contributions, is unknown. Because of the contribution
from cntrained alkaline soil particles in the southwest,
natural pH may be higher than 5.6, the pH of rainwater in

Table 39. Annual and Quarterly Wet Deposition Statistics for 1989

Quarter
First Second Third Fourth Total
Ficld pH (standard units)
Mcan 4.8 53 49 5.0 5.0
Minimum 44 42 4.6 49 42
Maximum 5.7 6.6 6.1 5.1 6.6
Precipitation (in.) 35 14 6.0 1.9 12.8
Deposition (microcquivalents per square meter)
Ca 213 39.2 55.2 1.3 117.0
Mg 1.3 3.0 4.6 0.1 8.9
K 0.6 6.3 34 0.1 10.3
Na 43 5.0 97 1.9 208
NH, 44 11.6 55.2 6.3 77.6
NO, 539 51.7 271.5 18.0 395.1
Cl 48 7.1 20.2 3.1 353
SO, 583 46.6 216.6 14.7 336.2
PO, 0.6 5.0 0.0 0.0 56
H 0.8 0.1 32 04 44
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cquilibrium with atmospheric carbon dioxide. Some
studies indicate that there may be an inverse relationship
between clevation and pH effect that lowers the pH of
samples measured in the ficld. For the latest quarter, all
ficld measurements were below 5.6, possibly indicaung
contributions from acidic species other than carbon
dioxide.,

The NADP conducted an audit of the Bandelier site
this ycar, cxamining the physical characteristics of the site
and its operation. Except for a few minor cquipment
flaws, the operation of the station was in compliance with
NADP guidclines.

G. Drilling and Development of New Qtowi Wells
(Alan Stoker [HSE-8] and Glenn Hammock
{consultant to the Laboratory’s Project Manage-
ment Group, ENG-1})

Drilling started in the fall of 1989 on the first of two
new water supply wellstobe completed under the FY 1988
Utilitics Restoration Water Well Replacement, 2 con-
struction line item. These two wells are the initial part of
a long-range plan to replace the capacity of the Los
Alamos Well Field, which includes six wells drilled 29 to
43 yearsago (Purtymun 1988c). The capabilities of all but
one of the wells have detcriorated significantly with time.
Only four of these wells contributed to the water supply in
1989 (sce Sec. VILB.S).
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Thecontract forénlling the two new wells wasawarded
10 Beylik Drilling, inc., of La Habru, California. The first
well, w becalled Oowi-4 (0 -49),is lacated in Los Alamos
Canyon near iest well 3 (map designation 41 in Fig. 15).
Site preparation began in September 1989, A 97-cm
(38-in.)-diameter surface casing was set and cemiented in
a 120-cm (48-in.) hole to a depth of about 18 m (60 ft) by
Scptember 21 A 91-cm (36-in.)-diamcter hole for the
conductor casing was drilled and reamed to a depth of
234 m (786 fi) by November 9. The 71-cm (28-in.)-
diarneter conductor casing was set and cemented 1o a
depth of 222 m (730 ft). Drilling of 4 43-cm (17-in.)-
diameter pilot hole had progressed o a depth of 741 m
(2430 ft) on December 31. The hole encountered the
expected geologic strata, including the Bandelier Tuff,
Puy¢ Conglomerate, Chino Mesa Basalts, and Tesuque
Formation. The top of the aquifer in the Tesuque Forma-
tion was encountered at a depth of about 238 m (780 ft), as
expected.

The pilot hole is planned to rcach a depth of about
850 m (2800 tt). Geophysical logging will be used to help
determine the depth of the best water-2.oducing interval.
The pilot hole will then be reamed to a diameter of 66 cm
(26in.) o accommodate the 4 1-cm (16-in.)-diameter well
screen and casing. This should be completed carly in
calendar ycar 1990. Once well O-4 is completed, the
contractor will move o the location in Pucblo Canyon
near test well 1 (map designation 39 in Fig. 15) to start
drilling the sccond new well, to be called Otowi-1 (0 -1).
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Throughout this report, concentrations of radioactive
and chemical constituents in air and water samples arc
compared with pertinent standards and guidelines in regu-
lations of federal and state agencics. No comparable
standards for soils, sediments, and foodstuffs are avail-
able. Laboratory operativns are conducted in accordance
with dircctives for compliance with environmental stan-
dards. These directives are contained in DOE Orders
5400.1 (“General Environmental Program™), 5480.1
("Environmental Protection, Safety, and Health Protec-
tion Standards™), 5480.11 (“Requircments for Radiation
Protection for Occupational Workers™), and 5484.1
("Environmental Radiation Protection, Safety, and Health
Protection Information Rcporting Requirements,”
Chap. I, “Effluent and Environmental Monitoring Pro-
gram Requirements™). All of these DOE orders are being,
or have been, recently revised.

DOE regulates radiation exposurc o the public and the
worker by limiting the radiation dosc that can be received.
Because some radionuclides remain in the body and result
in exposure long after intake, DOE requires consideration
of the dose commitment causcd by inhalation, ingestion,
or absorption of such radionuclides. This cvaluation
involves integrating the dose received from radionuclides
ovcr a standard period of time. For this regert, 50-ycar
dosec commitments were calculated using dose factors
fromRefs. Al and A2. The dosc factors adopted by XOE
arc based on the rccommendations of Publication 30 of the
Intcrnational Commission on Radiological Protection
(ICRP).*? Those factors that have been used in this report
are presenied in Appendix D.

In 1985, DOE adopted interim limits that lowered its
Radiation Protection Standard (RPS) for members of the
general public. ™ Table A-1 lists currently applicable
RPSs for operations at the Laboratory - Off-site measure-
ments are comparcd with DOE’s De.ived Concentration
Guides (DCGs) for uncontrolled arcas, on the basis of a
revised RPS for the gencral public of 100-mrem/yr cffec-
tive dose cquivalent (Table A-2)A% These DCGs repre-
sent the smallest estimated concentrations in water or air,
taken in continuously for a period of 50) yecars, that will
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result in annual cffective dose equivalents cqual to the
RPS of 100 mrem. The new RPSs and the information in
Ref. Al arc based on recommendations of the ICRP and
the National Council on Radiation Protection and Mcas-
urements (NCRP).A3 A3

Thecffective dose equivalentis the hypothetical wholc-
body dose that would result in the same risk of radiation-
induced cancer or genctic disorder as a given exposure to
an individual organ. The cffective dosc is the sum of the
individual organ doses, weighted to account for the sensi-
tivity of cach organ 1o radiation-induced damage. The
weighting factors are taken from the reccommendations of
the ICRP. The effective dose cquivalent includes dosc
from both intemal and external exposure.

Radionuclide concentrations in air and water in un-
controlled areas mcasured by the Laboratory’s surveil-
lance prograiz- arc compared with DCGs in this report. In
addition to the 100-mrem/yr cffective dose RPS, eapo-
sures from the air pathway are also limited by EPA's 1989
standard of 25 mrem/yr (whole body) and 75 mrem/yr
(any organ) (Table A-1).*¢ To demonstratc compliance
with these standards, doscs from the air pathway are
compared directly with the EPA dosc limits. On Decem-
ber 15, 1989, the EPA modificd this limit to 10-mrem/yr
cffective dose equivalent.*” This limit will be in effect for
1990.

For chemical constiiucnts in drinking water, standards
have been promulgated by the EPA and adopted by the
NMEID (New Mexico Environmental Improvement Di-
vision) (Table A-3).A* Thc EPA’s primary Maximum
Contaminant Level (MCL) is the maxitnum permissible
level of a contaminant in waler that is delivered to the
ultimatc user of a public water system.*® The EPA’s
secondary walter standards centrol contaminants in drink-
ing water that primarily affect acsthetic qualities associ-
ated with public acceptance of drinking water.A® At
considerably higherconcentrations of these contaminants,
health implications may arisc.

Radioaclivity in drinking water is regulated by EPA
rcgulations contained in40 CFR 141.*° These regulations
provide that combined ?*Ra and ***Ra may not excced
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Table A-1. DOE Radiation Protection Standards for
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External and Internal Exposures

Exposure of Any Member of the Public®

All Pathways
Occasional annual exposure
Prolonged® annual exposure

No individual organ shall reccive an annual
dose equivalent in excess of S000 mrem.

Air Pathway Onlyd
Whole-body dosc
Dose to any organ

Occupational Exposures®

Stochastic Effects

Nonstochastic Effects
Lens of eye
Extremity
Skin of the whole body
Qrgan or tissue

Unborn Child
Entire gestation period

3in keeping with DOE policy, exposurcs shall be limited to as small a fraction of the respective annual dose
limits as practicable. DOE's RPS applics to exposures from routine Laborawory operation, excluding
contributions from cosmic, terrestrial, global fallout, sclf-irradiation, and medical diagnostic scurces of
radiation. Routinc operation means normal, planned operation and does not include actual or potential
accidental or unplanncd releases. Exposurd limit= forany member of the general public arc taken from Ref. A4,

Effective Dose Equivalentb at
Poinrt of Maximum Probable Exposure

500 mrem/yr
100 mrem/yr

Dose Equivalent at
Point of Maximum Probable Exposure

25 mrem/yr
75 mrem/yr

5 rem (annual effective dose equivalent®)

15 rem (annual dose cquivalcnte)
50 rem (annual dose cquivalcnlc)
50 rem (annual dose cquivalent®)
50 rem (annual dose cquivalcntc)

0.55 rem (annual cffective dose equivalent®)

Limits for occupational exposure are taken trom DOE Order 5480.11.

bAsused by DOE, effective dose equivalent includes both the effective dose equivalent from external radiation
and the committed effective dose equivalent to individual tissues from ingestion and inhalation during the

calendar year.

Forthe purposes of DOE’s RPS, a prolonged exposure will be one that lasts, or is predicted to last, longer than

S years,

UThese levels are from EPA'’s rcgulations promulgated under the Clean Air Act (40 CFR 61, Subpart H).

©Annual effective dose equivalent is the effective dose equivalent received in a year.

J
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Table A-2. DOE’s Derived Conceniration Guides {DCGs) for Uncontrolled Areas and
Derived Air Concentrations (DACs) for Controiied Areas®

DCGs for
Uncontrolled Areas DACs ‘or
_ (uCi/mL) Controlled Areas
Nuclide Air Water (uCvmL)
3H 1x107 2% 107 2x107°
Be 5x107® 1x1073 g 1076
89gr 3Ix 10740 2x 107 6x1¢7*
%0g, P 9x 1072 1x 107 2% 107
137Cs 4x107'° 3In10% 7% 1078
%y 9x 107" 5% 107 2% 107
By 1x1073 6xi077 2x 107"
28y 1x1071 6x1077 2x 107"
B8py 3Ix 107 4x 1077 2% 10712
29p b 2% 10714 3% 1077 2 x 10772
240py 2x 107 3Ix 1077 2x 1072
2 Am 2x 107 6x 10’ 2x 10712
(pg/m’) (mg/L) (pg/m’)
Uranium, natural 1x10° 8x 107! 3% 10’

3Guidcs for uncontrolled arcas arc based on DOE's RPS for the general public;*® thosc for controlled
arcas arc bascd on occupational RPSs for DOE Order 5480.1 1 (“Radiz ‘ion Protection for Occupational
Workers,” December 21, 1988). Guides apply to concenirations in excess of those occurring naturally

or that arc duc to fallout.

®Guides for 2*Pu and **Sr are the most appropriatc t» use for gross alpha and gross beta, respectively.

5x 107 uCi/mL. Gross alpha activity (including 2Ra,
but excluding radon and uranium) may not exceed
15x 167 uCine .

A screening level of 5 < 107 pCi/inL is established to
deterntine when analysis specifically for radium isotopes
is necessary. In this repori, plutonium concentrations are
compared with the gross alpha standard for drinking water
(Table A-3). For manmade beta- and photon-cmitting
radionuclides, drinking water standards are limited to
concentrations that would result in doses not exceeding
4 mrem/yr, caiculated according to a specified procedure,

17

Intheirregulations, the EPA has established minimumn
concentrations of certain contaminants in water extract
from wastes in order for these wastes to be designated as
hazardous by rcason of toxicity.*'® The extraction pro-
cedure (EP) must follow steps outlined by the EPA ir.
40 CFR 261, Appendix I1. In this report, the EP toxicity
minimum concentrations (Table A-4) arc used for com-
parison with concentrations of sclected constituents in
cxtracts from the Laboratory’s active wastc arcas.

J
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Inorganic Chemicals and Radiochemicals®

Table A-3. Maximum Contaminant Level (MCL) in the Water Supply for

3Source: Refs. A8 and A9.

BSce text for discussion of application of gross alpha MCL and gross alpha
screening level of 5 x 107 pCi/mL.

“Total dissoved solids.

\ 118

Inorganic Chemical MCL Kadiochemical MCL
Contaminant (ing/L) Contaminant (uCi/mL)
Primary Standards
Ag 0.05
As 0.05 Gros: a!phah 15x 107
Ba 1 *H 20x 107
Cd 0.010
I Cr 0.05
F 40
Hg 0.002
NO, (asN) 10
Pb 0.05
Sc 0.01
Secondary Standards
Cl 250
Cu 1
Fe 0.3
Mn 0.05
SO, 250
Zn 5.0
TDS® 500
pH 6.5-3.5
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Table A-4. Minimum Concentrations of
Inorganic Contaminants for Meeting
EPA’s Extraction Procedure (EP)
Toxicity Characteristics
for Hazardous Waste®

Criteria
Concentration

Contaminant (mg/L)
Arscnic 5.0
Barium 100.0
Cadmium 10
Chromium 10
Lead 50
Mercury 0.2
Sclcnium 1.0
Silver 50

3Source: Ref. A10.
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APPENDIX B

PROCEDURES FOR SAMPLING, DATA HANDLING,
AND QUALITY ASSURANCE

A. Thermoluminescent Dosimeters

Thermoluminescent dosimeters (TLDs) used at the
Laboratory are lithium fluoride (LiF) chips, 6.4 mm squarc
by 0.9 mm thick. The TLDs, after being exposed to
radiation, emit light upon being heated. The amount of
light is proportional 1o the amount of rudiation to which
the TLD was exposed. The TLDs used in the Laboratory s
environmental monitoring program arc inscnsitive 1o
ncutrons, so the contribution of cosm’ = neutrons to natural
background radiation is not measured.

The chips are anncaled to 400°C (752°F) for | hour and
then cooled rapidly to room temperature. This is followed
by anncuiing at 100°C (212°F) for Lhour and again cooling
rapidly to room icmperature, For the anncaling conditions
to be repeatable, chips are put into rectangular borasilicate
glass vials that hold 48 LiF chips cach. These vials arc
slipped into a borosilicate glass rack so they can be placed
all at oncc into ovens maintained at 400-C and 100°C.

Four LiF chips constitute a dosimeicr. The LiF chips
arc contained in a two-part threaded assembly made of an
opaque yellow acetate plastic. A calibration set is pre-
pared each time chips are anncaled. The calibration set is
rcad at the start of the dosimetry cycle. The number of
dosimelers and exposure levels are determinced for cach
calibration in order to efficicntly use available TLD chips
and personncl. Each set centatns from 20 to 50 dosime-
ters. These are irradiatca at levels between (0 and 80 mR
using an 8.5-mCi 137 ¢ source calibrated by the National
Burcau of Standards.

A factor of 1 mrem (tissue) = 1,050 mR is vsed in
cvaluating the dosimeter data. This fuctor is the reciprocal
of the product of the roentgen-to-rad conversion factor of
0.958 for muscle for '’Cs and of 0.994, which corrects for
aucnuation of the primary radiation bcam at electronic
equilibrium thickness. A rad-to-rem conversion factor of
1.0 for gamma rays is uscd, as rccommended by the
Intcrnational Commission on Radiation Protcction.!#2
A mcthod of weighted least-squares lincar regression is

N\

used to determine the relationship between TLD reader
response and dose (the weighting factor is the variance).?

The TLD chips used were all from the same production
batch and were selected by the manufacturer so that the
measured standard deviation in thermoluminescent sensi-
tivity is 2.0% to4.0% of the mean at a 10-R exposure. At
the e1d of cach ficld cycle, whether a calendar quarter or
the Los Alamos Mcson Physics Facility operation cyc's,
the dose at cach network location is estimated from the
regression along with the regression’s upper and lower
95% confidence limitsat the estimated value. Attheend
of the calendar year, individual field cycle doses arc
summed for cach location. Uncenainty is calculated as the
summation in quadrature of the individual uncertaintics.®®

Further details are provided in the TLD quality assur-
ance project plan P

B. Air Sampling

Samples are collected monthly at 25 continuously
operating stations.?® Air pumps with flow ratcs of about
3 L/sarc used. Airbomne acrosols are collected on 79-mm-
diameter polystyrene filicrs. Each filter is mounted on a
cartridge that contains charcoal. This charcoal is not
routincly analyzcd for radiocactivity. However, if an
unplanned releasc occurs, the charcoal can be analyzed for
any **'1it may have collected. Part of the total air fow is
passed through a cartridge containing silica gel 10 absorb
atmospheric walcr vapor for iritium analyscs. Air flow
ratcs through both sampling cartridges arc measured with
rotameters, and sampling times are recorded. The entire
air sampli- g train at cach station is cleaned, repaired, and
calibrated as necded.

Two clean control filters are used to detect any pos-
sible contamination of the 25 sampling filters while they
are in transit. The control filiers accompany the 25
sampling filters when they are placed in the air samplers
and when they are retricved.  The control filters are
analyzed for radioactivity along with the 25 sampling

/
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filters. Analytical results for the control filters are sub-
tracted from the appropriate gross results 0 obtain net
data.

Atonc on-site location (N050, E(40), airborne radio-
activity samples are collected weekly. Airborne particu-
latc matter on cach filter is counted for gross alpha and
gross beta ac*vities, which help trace temporal variations
in radionuclide concentrations in ambicnt air. The same
mcasurements are made monthly on a filicr from the
Espafiola (station 1) regional air sampler.

On a quarterly basis, thc monthly filters for cach
station are cut in half, The filter halves are combined to
produce two quarierly composite samples for cach station.
The first group is analyzed for ***Pu, *¥24py_and 'Am
(on sclected filters). The second group of filter halves is
saved for uranium analysis.

Filters from the first composite group are “roited in
platinum dishes, treated with HF-HNO, to dissolve silica,
wet ashed with HNO,-H,0, 10 decompose organic resi-
due, and treated with HNO,-HCl 1o ensure isotopic equi-
librium:. Plutonium is separated from the resulting solu-
tion by anion exchange. For 11 selected stations, ameri-
cium is separated by cation exchange from the cluant
solutions resulting from the plutonium separation process.
The punfied plutonium and americium samples arc scpa-
rated, clectrodeposited, and measured for alpha-particle
emission withasolid-statc alpha-detection system. Aloha-
particle energy groups associated with decay of 2%Pu,
#92%0py_ and 2! Am are integrated and the concentration
of cach radionuclide in its respective filter sample is
calculated. This technique docs not differentiate between
3Py and 2Py, Uranium analyses by ncutron activaion
analysis (see Appendix C) arc donc on the second gronp
of filter halves.

Silica gel cartridges from the 25 air sampling stations
arc analyzed monthly for tritiated water. The cartridges
contain blue-“indicating” gel 1o determine the degree of
desiccant saturation. During cold months of low absolute
humidity, sampling flow ratcs arc incrcased to ensure
collection of enough watcr vapor for analysis. Water is
distilled from eachssilica gel cartridge anc an aliquot of the
distillate is analyzed for tritium by liquid scintillation
counting. The amount of water absorbed by the silica gel
isdctermined by the difference between weights of the gel
before and after sampling.

Analytical quality control for analyses donc in the air
sampling program is described in Appendix C. In brief,

(28]

both blanks and standards arc analyzed in conjunction
with normal analvtical procedures. About 10% of the
analyscs are devoted to quality control.

Further details may be found in the air sampling
quality assurance project plan.b?

C. Water Sampling

Surface- and ground-water sampling stations are
grouped by location (regional, perimetcr, on-sitc) and
hydrologic similarity. Watcr samples are taken once or
twice a ycar. Samples from wells arc collected after
sufficicnt water has been pumped or bailed to ensure that
the sample is representative of the aquifer. Spring samples
(ground water) arc collected at the discharge point.

The watcr samples are collected in 4-L (for radio-
chemical) and I-L ffor chemical) polycthylenc bott!-s.
The 4-L bottles are acidificd in the ficld with S mL of
concentrated nitric acid and then are returned ro the
laboratory within a few hours of samplc collection for
filtration through a 0.45-um millipore membrane filter.
The samples arc analyzed radiochemically for *H, '¥'Cs,
total uranium, **Py, and **2%py, as well as for gross
alpha, beta, and gamma activitics. Water samples for
chemical analyses are handled similarly.

Storm run-off samples arc analyzed for radionuclides
in solution and suspended sediments. The samples arc
filtered through a 0.45-um filter. Solution is defined as
filtrate passing through the filter; suspended sediment is
defined as the residue on the filter.

Further details may be found in the water sampling
ruality assurance projcct plan.?®

©. Soil and Sediment Sampling

Two soil sampliug procedures are used. The first
proccdurc is used to take surface composite samples. Soil
samples arc collected by taking five plugs, 7S mm (3.0in.)
in diameter and 50 mm (2.0 in.) deep, at the center and
comcrs of a square area 10 m (33 ft) on a side. The five
plugs are combined to form a compositc sample for
radiochemical analysis.

The second procedure is used to collect surface and
subsurface samples at onc sampling location. Samples are
collected from three layers in the top 30 cm (12 in.) of soil,
A stcel cylinder is inserted into the soil at the sampling
point. The soil enclosed by the cylinder is then collected
by undercutting the cylinder with a metal spatula. A
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sccond spatula is then placed on top of the cylinder and the
sample is transferred into a plastic bag and labeled.

Samples of the three layers arc preserved by freczing,
All equipment uscd for collection of these samples is
washed with a soap and water solution and dricd with
paper towels. This is donc before cach sampic is taken to
reduce the potential for cross-contamination.

Scdiment samples are collected from dunc buildup
behind boulders in the main channels of perennially Now-
ing strecams. Samples from the beds of intermitiently
flowing streams arc collected in the main channel. Reser-
voir sediments aic collected from aboat, using an Eckman
dredge. Botom reservoir sediments are collected from an
arca )by 1Scm (4 in. by 6in.) toadepthof S¢m (2 in.).

Depending on the reason for taking a particular soil or
scdiment sample, it may be analyzed to detect any of the
following: grossalphaand gross beta activitics, *’Sr, total
uranium, '7’Cs, Py, and 2*2%Py, Mloisture distilicd
from soil samples may be analyzed for *H.

F-urther deiails may be found in the soil and sediment
sampling quality essurance plan.®

E. Foo-dstuffs Sampling

Local and regional producc arc sampled annually.
Fish arc sampled annually from reservoirs upstream and
downstream from the Laboratory.

Produce and soil samples arc collected from local
gardens in the fall of cach year?? Each produce or soil
samplc is scaled in a labeled, plastic bag. Samples are
refrigerated until preparation for chemical analysis. Pro-
duce samples are washed, as if prepared for consumption,
and quantitative wet, dry, and ash weights arc determined.
Soils arc split and dried at 100°C (212°F) before analysis.
A complete sample bank is kept until all radiochemical
analyses arc completed. Water is distilled from samples
and submitted for tritium analysis. Produce ash and dry
soil are submitted for analyses of *Sr, '3Cs, total ura-
nium, 2**Puy, and 2¥2%py,

At cach reservoir, hook and line, trot ling, or gill nets
arc used to capture fish.*® Fish, sediment, and waler
samples are transported under ice 1o the Laboratory for
preparation. Sediment and water samyples are submitted
dircctly for radiochemical analysis. Fish are individually
washed, as if for consumption, and dissccied. Wet, dry,
and ash weights arc dctermincd, and ash is submitted for
analysis of *°Sr, '¥'Cs, total uranium, 2*Pu, and 23*240py,

Further information may be found in the foudstuffs
sampling quality assurance project plan.P'°

F. Meteorological Monitoring

Meteoroicgical data arc continuously gathered on
instrumented towers at five Laboratory locations. Data
taken include measurements of wind speed and dircction,
standard deviations of wind speed and direction, vertical
wind speed and its standard deviation, air temperature,
dew-point tcmperature, relative humidity, solar radiation,
and precipitation.

These parameters are measured at discrete levels on
the towers at heights ranging from ground level 091 m
(300 f1). Each parameteris measured every 3 w0 S seconds
and averaged or summed over 1S-minute intervals. Data
arc recorded on digital cassetle tape or transmitted by
phone line 10 a microcomputer at the Occupational Health
Laboratory at TA-59.

Data validation is accomplished with automated and
manual screening techniques. One computer code com-
parcs measurcd data with expected ranges and »lso makes
compuarisons based on known mcteorological relation-
ships. Another code produces daily plots of data from
cach tower. These graphics are -eviewed to provide
another check of the data. This screening helps to detect
problems with the instrumentation that might develoy
between calibrations.  (Depending on the instruments,
calibrations are done annually or semiannually).

Further details may be found in the mercorological
monitoring quality assurance projcct plan.®!!

G. Data Handling

Mcasurements of radiochemical samples require that
analytical or instrumental backgrounds be subtracied o
obtain nct valucs. Thus, nct valucs that are lower than the
minimum detection limit of an analytical technique (scc
Appendix C) arc somctimes obtained.  Conscquently,
individual mcasurcments can resull in values of zero and
ncgative numbers.  Although a negative value docs not
represent a physical reality, a valid long-term average of
many mcasurements can be obtaincd only if the very small
and ncgative values arc included in the population
calculations B'2

For individual mcasurcments, uncertaintics are re-
ported as the standard deviation. These values are
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associated with the estimated variance of counting and
indicate the precision of the counts.

Standard deviations for the station and group (re-
gional, perimeter, on-site) means arc calculated using the
following equation:

n
[
—2
-
— lL
=
[
=
I

¢; = concentration for sample
¢ = mcan of samplcs from a given station or
group, and

N = number of samples comprising a station
or group.

This value is reported as the uncertainty for the station
and group means.

H. Quality Assurance

Collection of samples for chemical and radiochemical
analyscs follows a sct procedure to ensure proper sample
collection, documentation, submittal for chemical analy-
sis, and posting of analytical resilts.

Before sample collection, the schedule and precedurss
to be followed are discussed with the chemist or chemists
involved with doing the analys:s. Thediscussionincludes

¢ number and type of samples:
¢ type of analyses and requi.cd limits of detection;
¢ proper sample containers;

e preparation of sample containers with preservative,
if needed; and

¢ sample schedule to ensure minimum holding time
of analyses to comply with EPA criteria.

The Laboratory’s Health and Environmental Chemis-
ry Group (HSE-9) issues 10 the collector a block of

\_
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sample numbers (for cxample, 86.0071) with individual\

numbers assigned by the collector 1o an individual station,
These sample numbers follow the sample from collection
through analyses and posting of individual results.

Each number, representing a single sample, is as-
signed to a particular station and is entered into the
collector’s log book. Afier the sample is collected, the
date, time, temperature (if water), other pertinent informa-
tion, and remarks arc entered opposite the sample number
and station previously listed in the log book.

The sample container is labeled with station name,
sample number, date, and preservative, if added.

After the sample is collected, it is delivered to the
Group HSE-9 scction leader, who makes out a numbered
request form entitled “*HSE-9 Analvtical Chemical Re-
quest.” The request form number is also entered in the
collector’s log book opposite sample numbers submitted,
along with the date the sample was delivered to the
chemist. The analytical request form serves as a ‘chain-
of-custody” for the samples.

The analytical request form contains the following
information re'atcd to ownership and the sample program
submitcd: (1) requester (i.c., sample collector), (2) pro-
gram code, (3) sample owner (i.c., program marager),
(4) date, and (5) total number of samples. The sccond pant
of the request form conuains (1) sample number or num-
bers, (2) matrix (c.g., water), (3) types of analyses (i.c.,
specific radionuclide and/or chemical constituents),
(4) technique (i.c., analytical method to be used for indi-
vidual constitucnts), (5) analyst (i.c., chemist o perform
analyses), (6) priority of sample or samples, and (7) re-
marks. One copy of the form goces 10 the collector for his
file and the other copies follow the sample.

Quality control, analytical methods and procedures,
and limits of detection related 1o Group H3E-9's analyt-
cal work are presented in Appendix C.

The analytical results are returned 1o the sample col-
lector, who posts data according 10 sample and station
taken from the log book. Thesc data sheets are included
in the report and are used to interpret data for the report.

Further detail.. may be found in the quality assurance
project plan for cach program,B587.88.810811
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APPENDIX C
ANALYTICAL CHEMISTRY METHODOLOGY

Most analyucal chemistry services are provided by
the Laborarory’s Health and Environmental Chemisury
Group (HN2-90 Overllow worl is contracted to several
cemmercial laboratories,

AL Radioactive Constituents

Environmental xamples are routinely anatyzed for the
tollowing radioactive constituents: gross alpha, beta, and
pamnr isotopic plutenium; americium; uyrantum; ce-
stum: tntium: and strontium, Detailed procedures have
heen published in this appendix in previous years 142
Occasion.dly, other radionuclides from specific sources
are determined: “Be, TNa, K, *'Cr, *'Co, %5Zn, *'Rb,
"Ry, Y Cs,*Ba, ' Eu, "SEu, and *Ra. Allbut?Ra
are determsined by gamma-ray spectrometry on karge Ge(Li)
detectors. Depending on the concentration and matris,
“*Ra is measured by emanation™ or by gamma-ray
spectrometry of its 2¥Bi decay product.™ Uranium iso-
topic ratios (MU/2*U) are measured by neutron activa-
tion analyvsis where precisions of £56 are adequate.
More-precise work requires mass spectrometry. Uranium
otopic ratios are readily determined in environmental
materials with precisions of 1%-2% relative standard
deviation (RSD), at considerably reduced cost relative to
neutront activation, by inductively coupled plasma mass
specirometry (ICPMS),

B. Stable Constituents

A number of analytical methods are used for various
stable isotopes. The choice of method is based on many
criteria, including the operational state ol the instruments,
tume hmiwtons, expected concentrations in samples,
quantity of samplc available, sample matrix, and EPA
regulations,

Instrumental techniques available include neutron ac-
uvation, atomic absorption, ion chromatography, color
specrophos-metry (manual and automated), polentiom-
ctry, combustion analysis, ICPMS, and inductively coupled
plasma atomic cmission spectrometry (ICPAES).
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Standard chemical inethods are also used for many of the
common waler-quality tests. Atomic absorption capabili-
tics include flame, furnace, cold vapor, and hydride gen-
cration, as well as flame-cmission spectrophotometry.
The mcthods used and references for determination of
various chemical constituents are summarized in
Table C-1 (Refs. C5-C67). In 1986, the EPA Region VI
administration grantcd HSE-9 limited approval for alter-
native test procedures for uranium in drinking water
(delayed neutron assay) and for chloride in drinking water
and wastc water (flow injection, without distillation).
EPA approval ior other modified mcthods is actively
being sought. HSE-Y is participating in the EPA-
sponsored study 1o evaluate ICPMS for acceptance as an
EPA-approved methodology.

C. Organic Constituents

Environmental water samples arc analyzed by EPA or
modificd EPA mcthodology. Mcthods used are supported
by documented spike/recovery studics, method and ficld
blanks, matrix spikes, surrogate spikes, and blind quality
control samples. EPA procedures are modified to take
advantage of receri advances in analytical scparation and
analysis techniques. Volatile organic compounds are
analyzed using a modified form of EPA method 524. Our
current target list of volatile compounds totals 65. Water
samples arc analyzcd by purge-and-trap gas chromatogra-
phy/mass spectrometry (PAT). Soils are analyzed using
heated PAT. Scmivolatile organic compoundsare analyzed
by EPA mcthod 625 using EPA-CLP (Contract Labora-
tory Program) protocol. Manual and automated methods
have been developed using ncutron activation to screen oil
samples for potential polychlorinatec biphenyl (PCB)
contamination viatotal chlorinc determination.“® Volatile
organics trapped on charcoal arc analyzed using a carbon
disulfide desorption/gas chromatography/mass spcc-
trometry mecthod.

Instrumentation available fororganic analysis includes
gas chromatographs with a varicty of detector systems,
including mass spectrometry, flame ionization, and clcctron
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Table C-1. Analytical Methods for Various Stable Constituents

Neutron activation:
Instrumentai thermal

Instrumental epithermal

gamma ray

Radiochemical

Delayed ncutron assay

Atom .. =hsorption

Inductively coupled plasma
mass spectrometry

Ion chromatography

Potentiometric

Combr .un
Corrosivity

Ignitability (flash point)

Automated colorimetry

Inductively coupled plasma

-

Thermal neutron capture

atomic emission spectrometry

Al, Sb, As, Ba, Br, Ca, Ce, Cs, Cl, Cr, Co, Dy,
Eu, Au, Hf, In, I, Fe, La, Lu, Mg, Mn, K, Rb,
Sm, S¢, S¢, Na, Sr, S, Ta, Tb, Th, Ti, W, V,
Yb, Zn

Al, Sb, As, Ba, Br, Cs, Cr, F, Ga, Au, In, I,
La, Mg, Mn, Mo, Ni, K, Sm,, Se. Si, Na, Sr,
Th, Ti, W, U, Zn, Zr

Al, B, Ca, Cd, C, Gd, H, Fe, Mg, N, K, Si, Na,
S, Ti

Sb, As, Cu, Au, Ir, Hg, Mo, Os, Pd, Pt, Ru,
Se, Ag, Te, Th, W, U, La, Ce, Pr, Nd, Sm, Eu,
Gd, Tb, Dy, Ho, Er, Yb, Lu, 2¥U/2%¥U

9]

Sb, As, Ba, Be, Bi, Cd, "a, Cr, Co, Cu, Ga, In,

Fe, Pb, Li, Mg, Mn, Hg, Mo, Ni, K, Sc, Ag, Na,

Sr, Te, T1, Sn, Ti, V, Zn, Al

Sb, As, Ba, Be, B, Bi, Cd, Cr, Co, Cu, Ga, In,
Pb, Li, Mn, Hg, Mo, Ni, Se¢, Br, Ag, Sr, Te, Th,
Sn, 1, V,Zn, U, 1, T, La, Ce, Pr, Nd, Sm, Eu,
Gd Tb, Dy, Ho, i:r, To, Lu

F°, CI", Br, NO,", NO;", SO, 2, PO,
Na*, K*, Mg*?, Ca*?

F~,NH,’, pH, Br", Cl, (total), Cl, (free)

C, N, H, S, total organic carbon

CN~.WH,', PO, NO;,NO,", CI",COD,

TKN (total Kjeldahl nitrogen, Si, B, SO, 2, Cr*¢

Al, Ag, As, B, Be, Ba, Cd, Co, Cu, Ca, Cr, Fe,
K. Li, Mg, Mn, Mo, Na, Ni, P, Pb, Re, S, Sb,
Se,Si, Th, TL V, Y, Zn
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Technique Stable Constiiuents Measured References
Standard chemicai methods Total alkalinity, “tardness, SO]", 804'2, C6, C64
TDS (1otal dissolved solids), conductivity,
COD (chemical oxygen demand)
Color spectrophotometry NO,", PO, Si,Pb, Ti, B C6,C64

C7,C12-C15,C64

C7.C9,C16-C21,C64

C7,C22-C29,C64

C5-C7,C30-C38,C51, 0¥

C7,CR,C10,CI1, 39, C40,
Coe4

C6,C41-C48, C52-C54, Co4

Cod

C49,C6ea

C50, C55, Co4
C29, C61, C62, C64
C56, CS7

Cs6, CS8

C6, C59--C61, C64

C64-C67

/
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capturc.  Also available is a high-pressure liquid chro-
matograph equipped with an ultraviolel (UV) and refrac-
tive index detection system, an infrared spectrophotome-
ter, and a UV/visible spectrophotometer for colorimetric
analyses. Mcthods used for sample preparation inciude
solventextraction, soxhletextraction, liquid/liquid extrac-
tion, kuderma danish concentration, column separation,
head space, and PAT. The methods uscd for analyses in
1989, along with references, are shown in Table C-2.
Tables C-3 through C-7 show compounds determined by
these methods and representative detection limits, 45670

The organic mixed-waste program is functioning on 2
limited-sample basis. Equipment and personnei are being
dedicated to this analytical program. Special handling
procedures for low-level mixed-wastc samples have been
implcmented. Future expansion into a larger laboratory
will ailow the program to process an increased number of
samples.

D. Analytical Chemistry Quality Evaluation
Program

1. Introduction. Control samples are analyzed in
conjunction with the normal analytical chemistry work-

load. Such samples consist of several general types:
calibration standards, rcage it blanks, process blanks,
matrix blanks, duplicatcs, spikes, and reference materials,
Analysis of control samplcs fills twn nceds in analytical
work: (1) it provides quality control over analytical
proccdures so that problems that might occur can be
identificdand corrected, and (2) dawa obtained from analy-
sis of control samples permit evaluation of the capabilities
of a particular analytical technique to determine a given
clement or constituent under a certain set of circum-
stancces.

In 1989, blind saumples were added 1o our previously
completely cpen quality assurance (QA) sample system.
Blind QA samples are disguiscd and numbered 1o re-
scmble unknown samples in a set, and no attempt is made
to conccal the identity of the open QA samples from the
analyst. In neither case arc the concentrations of the
analytes of interest revealed until after the data have been
formally reported.

These samples are submilted to the laboratory at
regular intervals and are analyzed in association with
other samples; that is, they are not handled as a unique sct
of samples. We feel it would he ditficult for analysts 1o
give the samples special atiention, even if they were so

Table C-2. Method Summary (Organic Compounds)

Analyte Matrix Method* Technique” Reference
Volatile organic
compounds Air — GC/MS Cod
Soil CLP/524 PAT/GC/MS C63-C65
Water 524 PAT/GC/MS C63
EP 1oxicity Scil 1310, 8080 GC/ECD C65
8150
PCBs Water 606 GC/ECD C63
Soil 8080 GC/ECD C65
Oil IH 320 GC/ECD Ce4
Semivolatile organic
compounds Soil and wasie 625 GC/MS C69,C70

4Contract Laboratory Program (CLP), indusu.al hygicne (IH).

hGas chromatography (GC), purge and trap (PAT), clectron capture detection (ECD), and
mass spectromcetry (MS).

“Extraction procedure (EP).

\_
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Table C-3. Volatile Organic Compounds in Water,

Determined by PAT Analyses
Representative
Limits of Quantification
Compound CAS # (ug/L)
Chloromcthanc 74-87-3 20
Viny! chloride 75-014 20
Bromomethane 74-83-9 20
Chlorocthane 75-00-3 20
Acctone 67-64-1 20
Trichlorofluoromethane 75-69-4 10
1,1-Dichlorocthene 75-354 iv
Methylenc chloride 75-09-2 10
Carbon disulfide 75-15-0 10
t-1,2-Dichlorocthene 156-60-5 10
1,1-Dichlorocthane 75-34-3 10
¢-1,2-Dichlorocthene 156-59-2 10
Bromochloromethane 74-97-5 10
Chloroform 67-66-3 10
1,2-Dichlorocthanc 107-06-2 10
1,1-Dichloropropenc 563-58-6 10
Vinyl acetate 108-05-4 20
2-Butanone 78-93-3 10
2,2-Dichloropropanc $90-20-7 10
1,1,1-Trichlorocthane 71-55-6 10
Carbon tetrachloride 56-23-5 10
Benzene 7143-2 10
1,2-Dichloropropane 78-87-5 16
Trichlorocthene 79-01-6 10
Dibromomcthane 74-95-3 10
Bromodichloromethane 75-274 10
t-1,3-Dichloropropene 1006-10-26 10
¢-1,3-Dichloropropene 1006-10-15 10
1,1,2-Trichlorxcthane 79-00-5 10
1,3-Dichloropropanc 142-28-9 10
Chlorodibromomethane 124£2.¢ 10
Bromoform 19-25-2 10
4-Meth,:-2-pentanone 10-81-1 A0
Toluene 108-88-3 10
Z-Hexanone 59-17-86 20
1,2-Dibromomcthane 74-95-3 10
Tetrachlorocthene 127-184 10
Chlorobenzene 108-90-7 10
1,1,1,2-Tetrachlorocthane 630-20-6 10
1-Chlorohexane 544-10-5 10
Ethylbenzene 100-41-4 10
m,p-Xylene (total) 108-38-3 + 106-42-3 10
o-Xylene 95-47-6 10
Styrene 100-42-5 10
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Table C-3 (Cont)
Representative
Limits of Quantification
Compound CAS # (ug/L)
1,1,2,2-Tetrachlorocthiane 79-34-5 10
1,2,3-Trichloropropane 96-18-4 10
Isopropylbenzenc 98-82-8 10
Bromobenzene 108-86-1 10
n-Propylbenzene 103-65-1 10
2-Chlorotolucne 95-49-8 10
4-Chlorotolucne 106-43-4 10
1,3,5-Trimethylbenzene 108-67-8 10
tert-Butylbenzene 98-06-6 10
1,2,4-Trimethylbenzene 95-63-6 10
sec-Butylhenzene 135-98-8 10
1,3-Dichlorobenzene 541-73-1 10
1,4-Dichlorobenzene 106-46-7 10
p-1sopropyltolucne 99-87-6 10
1,2-Dichlorobcazene 23-20-1 10
n-Butylbenzene 104-51-8 10
1,2-Dibromo-3-chloropropanc 96-12-8 10
1,2,4-Trichlorobenzenc 120-82-1 10
Naphthalene 91-20-3 10
1,2,3-Trichlorobenzene 37-61-6 10
Hexachlorobutadicne 87-68-3 10

Column: Supclco DB 624, 30 m x 0.530 mm x 1.5 pm. Limiis of detection are
cstimated using the minimum signal required to yield identifiable mass spectral

scan.

inclined. We endeavor to run at least 10% of stable
constituent, organic, and sclected radioactive constituent
analyscs as quality control samples using the materials
described above. A detailed description of our quality
assurance program and a complete listing of our annual
results have been published annually since 1976.¢7' €72

2. Radinactive Constituents. Quality control and
quality assurance samplcs for radioactive constituents are
obtaincd from outside agencics, in addition to those that
arc prepared intermally. The Quality Assurance Division
of the Environmental Monitoring Systems Laboratory
(EPA, Las Vegas) provides waler, foodstuffs, and air filter
samples for analysis of gross alpha, gross beta, °H, “°K,
8Co, #Zn, 9°Sr, %Ry, '], '*Cs, ¥Cs, 2¥Ra, and
23924py as part of an ongoing laboratory intcrcomparison
program. The National Institute of Standards and Tech-

\_

131

nology (NIST, formerly the National Burcau of Stan-
dard<) provides scveral soil and sediment stanaaro refer-
cnce materials (SRMs) for environmental radivactivity.
These SRMsarccentificd for®Co,*Sr, '¥'Cs, 2°Ra, 2*Pu,
29240p;, 24! Am, and scveral other nuclides. The DOE's
Environmental Measurements Laboratory also provides
quality assurance samples.

Soil, rock, and ore samples obtained from thz Cana-
dian Geological Survey (CGS) arc used for qual.y assur-
ance of uranium and thorium determinations in silicate
matriccs. Our own in-house standards are ‘- cparcd by
adding known quantitics of liquid NIST radioactivity
SRMs o blank matrix materials.

3. Stable Constituents. Quality assurance for the
stable constituent analysis program is maintained by
analysis of certificd ¢ - well-characterized environmental

J
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Table C-4. Volatile Organic Compounds in Solids,
Determined by SW-846 Method 8010 Analyses

Limits of Quantification

Conipound CAS # (ng/kg)
Chloromethane 74-87-3 20
Vinyl chloride 75-014 20
Bromomcthane 74-83-9 20
Chlorocthane 75-00-3 20
Acctone 67-64-1 20
Trichlorofluoromcthane 75-69-4 10
1,1-Dichlorocthene 75-354 10
Methylene chloride 75-09-2 10
Carbon disulfide 75-15-0 10
t-1,2-Dichlorocthene 156-6 106
1,1-Dichloroethane 75-34.3 10
¢-1,2-Dichlorocthene 156-59-4 10
Bromochloromcthane 74-97-5 10
Chloroform 67-66-3 10
1,2-Dichlorocthane 107-06-2 10
1,1-Dichloropropenc 563-58-6 10
Vinyl acetate 108-054 10
2-Butanone 78-93-3 20
2,2-Dichloropropane 590-20-7 10
1,1,1-Trichlorocthane 71-55-6 10
Carbon tetrachloride 56-23-5 10
Benzene 71-43-2 10
1,2-Dichloropropane 78-87-5 10
Trichloroethene 79-01-6 10
Dibromomethane 74-95-3 10
Bromodichloromethane 75-274 10
t-1,3-Dichloropropene 1006-10-26 10
c-1,3-Dichloropropene 1006-10-15 10
1,1,2-Trichlorocthane 79-00-5 10
1,3-Dichloropropane 142-28-9 10
Chlorodibromomethane 124-48-1 10
Bromoform 75-25-2 10
4-Methyl-2-pentanone 10-81-1 20
Toluene 108-88-3 10
2-Hexanone 59-17-86 20
1,2-Dibromomethane 74-95-3 10
Tetrachlorocthene 127-18-4 10
Chlorobenzene 108-90-7 10
1,1,1,2-Tetrachloroethanc 630-20-6 10
1-Chlorohexane 544-10-5 10
Ethylbenzene 100-41-4 10
m.p-Xylene (total) 108-38-3 + 106-42-3 10
o-Xylene 95-47-6 10
Styrcne 100-42-5 10
1,1,2,2-Tetrachloroethane 79-34.5 10
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Table C-4 (Cont)
Limits of Quantification
Compound CAS # (ng/kg)
1,2,3-Trichloropropanc 96-184 10
Isopropylbenzene 98-82-8 10
Bromobenzene 108-86-1 10
n-Propylbenzenc 103-65-1 10
2-Chlorotoluene 95-49-8 10
4-Chlorotolucne 106434 10
1,3.5-Trimethylbcnzene 108-67-8 10
tert-Butylbenzene 98-06-6 10
' 7 2 Trimethylbenzenc 98-63-6 10
sec-Butylbenzene 135-98-8 10
1,3-Dichlorobenzene 541-73-1 10
1,4-Dichlorobunzenc 106-46-7 10
p-1sopropyltolucne 99-87-6 10
1,2-Dichlorobenzenc 95-50-1 10
n-Butylbenzene 104-71-8 10
1,2-Dibromo-3-chloropropanc 96-12-8 10
1,2,4-Trichlorobenzene 120-82-1 10
Naphthalene 91-20-3 10
1,2,3-Trichlorobenzene 87-61-6 10
Hexachlorobutadicne 87-68-3 10

Column: Supclco DB 624, 30 m x 0.53 mm fused silica capillary, using a methanolic
partition with PAT. Limits of quantification are calculated from the intercept of the
external calibration curve using a flame ionization detcctor.

matcrials. The NIST has a large set of silicate, water, and
biological SRMs. The EPA distributcs mineral analysis
and trace analysis water standards. Rock and soil refer-
ence matcerials have been obtained from the CGS and the
United States Geological Survey (USGS). Details of this
program have been published clsewhere. €72

The analytical quality control program for a specific
batch of samples is the combination of many factors.
These include the “fit of the calibration,” instrument drift,
calibration of the instrument and/or reagents, recovery for
SRMs, and precision of results. In addition, there is a
program for cvaluation of the quality of results for an
individual water sample.“’® These individual water
samplc quality ratios are the sum of the millicquivalent
(mceq) catious to the sum of meq anions, the meq hardness
of the sum of meq Ca*?and Mg*?, the observed total
dissolved solids (TDS) to the sum of solids, and the
obscrved conductivity to the sum of contributing conduc-
tivities, as well as the two ratios obtained by multiplying
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(0.01) x (conductivity) and dividing by thc meq cations
and the meq anions.

4. Organic Constituents. Soil samplcs are received
for the analysis of volatile and semivolatile organic com-
pounds, pesticides, and herbicides for compliance work
donc under the Resource Conscervation and Recovery Act
(RCRA). Certificd matrix-based referernce materials were
not available for these analyscs, so stock solutions of the
analytes were prepared and spiked directly on blank soil
by the quality assurance section. Because homogencity of
the sample could not be ensured, the enlire sample was
analyzced. Volatile organic compounds arc analyzced by
gas chromatography/mass spectrometry and are now spiked
in the microgram-per-kilogram range.

The majority of waler samples submitted during 1989
were environmental compliance samples for the analysis
of pesticides, herbicides, volatile and scmivolatilc organic
compounds, and PCBs. Mecthods were developed and
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Table C-5. Semivolatile Organic Compounds in Water
Limits of Quanutification
Compound CAS # (ug/Ly
N-Nitrosodimethylamine 62-75-9 20
Aniline 62-55-3 20
Phenol 108-95-2 10
Bis(-2-chloroethyl)cther 111444 10
2-Chlorophenol 95-57-8 10
1.3-Dichlorobenzene 541-73-1 10
1.4-Dichlorobenzene 106-46-7 10
Benzyl alcohol 100-51-6 10
1,2-Dichlorobenzene 95-50-1 10
2-Methyiphenol 95-48-7 10
Bis(2-chloroisopropyl)ether 39638-32-9 10
4-Methylphenc! 106-44-S 10
N-Nitroso-di-n-propylamine 621-64-7 10
Hexachloroethanc 67-72-1 10
Nitrobenzene 98-95-3 10
Isophorone 78-59-1 10
2-Nitrophenol 88-75-5 10
2,4-Dimethylphenol 105-67-9 10
Benzoid acid 65-85-0 50
Bis(-2-chloroethoxy)methane 111-91-1 10
2.4-Dichlorophenol 120-83-2 10
1.2,4-Trichlorobenzene 120-82-1 10
Naphthalenc 91-20-3 10
4-Chloroaniline 106-47-8 10
Hexachlorobutadiene 87-68-3 10
4-Chloro-3-methylphenol 59-50-7 10
2-Methylnaphthalcne 91-57-6 10
Hexachlorocyclopentadienc 77474 10
2.4,6-Trichloropkenol 88-06-2 10
2,4,5-Trichiorophenol 95-954 50
2-Chloronaphthalene 91-58-7 10
2-Nitroaniline 88-74-4 50
Dimethyl ph:halate 131-11-3 10
Acenaphthylene 208-96-8 10
3-Nitroaniline 99-09-2 50
Acenaphthene 83-32-9 10
2,4-Dinitroohenol 51-28-5 50
4-Nitrophenol 100-02-7 50
Dibenzofuran 132-64-9 10
2 4-Dinitrotoluene 121-14-2 10
2,6-Dinitrotoluene 606-20-2 10
Diethylphthalaie 84-66-2 10
4-Chlorophenyl-phenylether 7005-72-3 10
Fluorene 86-73-7 10
4-Nitroaniline 100-01-6 50
4,6-Dinitro-2-methylphenol 534-52-1 50
N-1atrosodiphenylamine 86-30-6 10 /
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Table C-5 (Cont)

Limits of Quantification

Compound CAS # (uz/L)
Azobenzene 103-33-3 50
4-Bromophenyl-phenylether 101-55-3 10
Hexachlorobenzene 118-74-1 10
Pentachlorophenol 87-86-5 50
Phenanthrene 85-01-8 10
Anthracene 120-12-7 10
Di-n-butylphthalate 84-74-2 10
Fluoranthene , 20644-0 10
Benzidine 92-87-5 50
Pyrenc 129.00-0 10
Butylbenzylphthalate 85-68-7 10
3,3"-Dichlorobenzidine 91.94-1 20
Benzo(a)anthracene 56-55-3 10
Bis(2-cthylhexyl)phthalate 117-81-7 10
Chrysene 218-01-9 10
Di-n-octyl phthalate 117-84-0 10
Benzo(d)fluoranthene 205-99-2 10
Benzo(k)fluoranthcne 207-08-9 10
Benzo(a)pyrene 50-32-8 10
Indeno(1,2,3-cd)pyrenc 193.39-5 10
Dibenzo(a,h)anthracene 53-70-3 10
Benzo(g h.)perylene 191-24-2 10

Table C-6. Volatile Organic Compounds Determined in Air

(Pore Gas)
Limits of Quantification
Compound CAS # (ug/tube)
Chloroform 67-66-3 1.0
1,1,1-Trichlorocthanc 71-56-6 10
Benzene 71-43-2 10
Carbon tetrachloride 56-23-5 1.0
Trichlorocthene ' 79-01-6 1.0
Toluene 108-88-3 10
Tetrachlorocthene 127-184 1.0
Chlorobenzene 108-90-7 1.0
Ethylbenzenc 100-41-4 1.0
9-Xylene 9547-6 1.0
m,p-Xylene (iotal) 108-38-3 and 106-42-3 1.0
1,2 4-Trimethylbenzene 95-63-6 1.0

N
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Table C-7. FP Toxicity of Organic Contamiainis

~

Maximum Representative
Concentration Detection Limits
Contaminant (mg/L) (mg/L)*
Endrin (1,2,3.4,10,10-hexachloro-6 0.02 0.006
7-epoxy-1,4.4a,5,6,7,8,.8a4-octahydro-1
4-endo, endo-5, 8-dimcthanonaphthalcene)
Lindane 04 0.0002
(a,a.B.a,x B-hexachlorocyclohexane, gamma isomer)
Mecthoxychlor (1,1,1-trichloro- 100 0.004
2,2-bis(p-methoxyphenyl)ethanc)
Toxaphene 0.5 0.020
(technical chlorinated camphene, 67%-69% chlorine)
2,4-D (2,4-dichlorophcnoxyacetic acid) 10.0 0.016
2,4,5-TP (Silvex) 1.0 0.005

(2.4.5-trichlorophenoxypropionic acid)

®Column: 30 m x 0.32-mm SPB-5 fuscd silica capillary. Detection limit was calculated
as 4 times the gas chromatography background noise found when an clectron capture

detector was used.

rcfined for in-house preparation of quality control samples
for volatile and scmivolatile organic compounds in watcr.

Oil samples were received for the analysis of PCBs
and organic solvents. The majority of these oils await
disposal by the Laboratory’s Waste Management Group
(HSE-7) and include oil from decommissioned trans-
formers. The remaining oil samples wen: =nvironmental
or industrial hygicnc samples taken from areas of possible
contamination,

Quality control samples for PCBs were prepared by
diluung EPA standards or by preparing standards in hex-
ane from the ncat analyte. In the United S*ates, the only
PCBs that have been found in transformers have been
PCBs 1242, 1254, and 1260. Samples submitied for
analysis have contained only these PCBs, so they have
been used to spike quality control samples. Vacuum pump
oil was choscn for the oil base blank after an experiment

\_

with various brands of motor oi} showed cxcessive maltrix
interferences.

S. Indicatorsof Accuracy and Precision. Accuracy
isthe degrece of difference between average testresults and
truc results, when the latter are known or assumed. Preci-
sion is the degree of mutual agreement among replicate
measurements (frequently assessed by calculating the
standard deviation of a sct of data points). Accuracy and
precision are cvaluated from results of analysis of refc-
ence materials. These results (7) are normalized to the
known quality in the reference material to permit compari-
sonamong rcference materials of a similar matrix contain-
ing different concentrations of the analyte:

;= Reported quantity
Known quantity

J
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A mean value R for all normalized analyscs of a given
type is calculated as follows for a given matrix type (M is
total number of analytical detcrminations):

Standard deviations of R arc calculated assuming a
normal distribution of the population of analytical deter-
minations (NV):

Zi(R_’i)z

N=-1)

These calculated values are presented as the HSE-9
“Ratio * Std Dev" in Tables C-§ Luough C-20. The mean
valuc of R is a measure of the accuracy of a procedure.
Values of R greater than unity indicate a positive bias in
the analysis; valucs less than unity, a negative bias.

The standard deviation is a mcasure of precision.
Prccision isa function of the concentration of analytc; that
is, as the absoluic concentration approaches the limit of
detection, precision deteriorates. For instance, the preci-
sion for some determinations is quite large because many
standards approach the limits of detection of 3 measure-
ment. We address this issue by calculating a new quality
assurance parameter,

e - Xe] <196 |(S£)% +(5c)? .

where X, and X_are the experimentally determined and
certificd or consensus mcan clemental concentrations,
respectively, and S, and S, are the standard deviations
associated with X_and X , respectively. An analysis will
be considered under control when this condition is satis-
ficd foracenainelement in a given matrix. Detailson this
approach are prescnted clsewhere.“™2 The percentage of
the tests for cach parameter tha: fell within +2 propagated
standard dcviations (under control), between +2 and +3
propagated standard deviations (waming level), or out-
side +3 propagated standard deviations (out of control) is
shown in Tables C-8 to C-23. A summary of the overall
statc of statistical control for analytical work done by
HSE-9 is also provided in Tables C-21 to C-23.

\_

A new table, C-24, has been addcd this year, summa-
rizing our recovery information on organic surrogale
compounds required foruse inthe EPA-CLP protocol. All
mean recoverics ar¢ within the EPA limits, although the
standard dcviations arc large. A summary of the overall
state of statistical control for analytical work donc by
HSE-9 is provided in Table C-25.

For most radiochemical and inorganic analyses, morc
than 90% are within 2 propagated standard d2viations of
the centificd/consensus mean values (under control). Our
performance on stable clements in biologicals improved
significantly this ycar, but our radiochemical detcrmina-
tions in biologicals deteriorated. Our organic analyses in
bulk materials remaincd under excellent control, and our
organic decterminations in water improved significantly
over last ycar. However, our overall performance on
organic measurements in soils deteriorated markedly over
the previous ycar's marginal record. This arca will be the
focus of increased quality assurance/quality control cf-
forts in the future.

New instrumentation has been purchased for the
analysis of volatile organic compounds, and considcrable
improvement has been shown in this arca. Analyscs of
semivolatile organic compounds conlinue to pose a chal-
lenge, but ncw extraction methods are being developed
that show promisc. Additional experienced personnel
have been hired for the analysis of scmivolatile com-
pounds, currently the most complex organic analysis of
the environmental protocols.

The analysis of any organic compound on silicate
matcrials is difficult because of the tremencuus number
and types of matrix complications. Inaddition to the blind
quality control samples, the analyst spikes samples for
volatilc and scmivolatile compound analysis with a scrics
of three 1o five surrogate compounds and checks for the
percentage of recovery, as dirccted by EPA guidelines. If
these recoverics are ovt of acceptable range, corrective
action should be taken. Matrix spike samples arc also
prepared. A portion of the actual sample is spiked with
target compounds, and recovernies are cvaluated using
EPA guidclincs.

Data on anajytical deicction limits are given in
Table C-26.

/
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Table C-8. Summary of HSE-9 Quality Assuranre Tests for 1989
(Stable Element Analyes in Biologicals)

Number of <20 26-30 >3c HSE-9
Analysis Tests (%) (%) (%) Ratio + Std Dev
Al 14 57 21 21 1.13+0.58
As 3 100 — —_ 0.79+£0.13
Br 20 95 S — 1.26 + 0.40
C 24 62 38 — 1.02 +0.01
Ca 21 100 —_— — 099+0.14
Cd 3 100 — — 1.04
Ci 18 100 — — 0.95+0.05
Cs 16 100 — - 1.27+0.22
Cu 17 100 — — 1.59+0.91
H 24 75 4 21 1.06 £ 0.02
H,0 1 — — 100 091
In 21 95 S — 0.53+0.11
K 8 101 — — 0.92+0.04
Mg 18 89 11 — 098+0.18
Mn 15 100 — — 1.07 £ 0.06
N 24 92 8 — 098 +0.11
Na 18 94 6 — 1.28 +0.41
S 117 96 3 — 1.01 +0.21
U 12 83 — 17 090+ 0.29
\'% 20 95 — 5 1.29 +0.54
Table C-9. Summary of HSE-9 Quality Assurance Tests for 1989
(Stable Element Analyses in Filters)
Number of <20 20-30 >3 HSE-9

Analysis Tests (%) (%) (%) Ratio + Std Dev

Al 6 50 33 17 1.51 £ 0.62

Be 187 96 4 1 1.02+0.11

Br 1 100 — — 0.72

Cd 32 100 — — 1.02+0.04

Cr 2 50 — 50 0.80+0.21

Cu 1 100 —_ — 1.12

Li 13 53 23 23 0.75+0.13

Mn 3 100 — — 1.04 £ 0.06

Ni 3 100 — — 0.87+0.11

Pb 140 93 6 — 096+0.10

U 28 93 — 7 1.07+0.44

Zn 32 100 — — 0.98 + 0.06
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Table C-10. Summary of HSE-9 Quality Assurance Tests for 1989

(Stable Element Analyses in Bulk Materials)

Number of <20 206-3o >3¢ HSE-9
Analysis Tests (%) (%) (%) Ratio £ Std Dev
Ag 21 100 — —_ 1.14+0.22
As S 60 40 — 0.81+0.29
RBa 16 100 - —_ 1.13£0.11
Cd 11 100 — —_ 1.03 £0.09
Cr 22 100 —_ — 1.01£0.14
Fe 1 100 — — 1.00
Flash point 10 100 — — 1.00
Heat capacity 2 100 — — 0.98 +0.02
Hg 3 100 — — 109 +0.18
Ni 8 100 — — 1.13£0.12
Pb 23 100 — —_ 098 +0.16
Se 17 100 — — 090+ 0.09
Ti 3 100 — —_— 0.82 +0.03
Table C-11. Summary of HSE-9 Quality Assurance Tests for 1989
(Stable Element Analyses in Charcoal Tuies)
Number of <20 20-3c >3o HSE-9
Analysis Tests (%) (%) (%) Ratio t Std Dev
Al 1 — 100 — 0.84
As 8 100 — — 0.80 £ 0.02
Ba 1 100 — — 1.17
Be 12 75 25 — 0.76 £ 0.15
Cd 12 100 —_ —_ 113+ 0.19
Cr 1 100 — — 0.95
Cu 25 100 — — 1.00 £ 0.09
Fe 1 100 — —_— 0.96
H,0 1 100 — — 0.93
Hg 8 88 13 — 1.16 £ 0.21
Li S 100 — — 0.82+0.17
Mo 9 100 — — 1.05 £ 0.17
Ni 23 95 4 - 092+0.11
Pb 29 100 — — 098 +0.13
S 161 1 10 12 0.98 £ 0.40
Sb 8 100 — — 1.09 £0.03
Tl 18 89 11 — 098+0.14
U 155 97 2 1 © 098 +0.09
w 8 100 — — 125+ &..8
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Table C-12. Summary of Additional HSE-9 Quality Assuranc: Vests for 1989
(Stable Element Analyses in Charcoal Tubes)

Number of <20 206-30 >30 HSE-9

Analysis Tests (%) (%) (%) Ratio t Std Dev
Br 2 100 — — 1.03
Cl 3 100 — — 1.20
F 2 100 — —_— 0.78
NO, 2 100 — —_ 1.23

Table C-13. Summary of HSE-9 Quality Assurance Tests for 1989

{Stable Element Analyses in Water)
Numberof <20 20-36 >30 HSE-9

Analysis Tests (%) (%) (%) Ratio £ Std Dev
Ag 332 98 1 1 1.02+0.26
Al 47 100 — — 1.00£0.10
As 303 94 4 1 1.03+0.17
B 35 100 — —_ 0.96 + 0.06
Ba 283 100 — —_ 1.01 £0.07
Be 231 99 1 — 1.05 £ 0.67
Br 7 100 —_ — 1.09 £0.11
Ca 80 100 — — 1.01+0.08
Cd 417 96 1 3 1.05+£0.29
Cl 70 99 — 1 1.17£1.43
CN 11 98 — 2 0.89 £ 0.08
Co 10 99 — 1 1.02 £ 0.08
COD 58 100 —_ — 0.99 + 0.08
Conductivity 80 100 — — 0.97 £ 0.03
Cr 442 98 2 —_ 1.00+£0.10
Cr (VD) 23 100 — —_ 0.95+0.04
Cu 375 98 2 — 1.02+0.09
F 8” 95 2 2 1.31+£2.18
Fe 224 99 — — 1.0240.11
Hardness 34 97 3 —_ 098 + 0.06
Hg 225 97 3 — 09810.19
K 85 98 2 — 099+0.11
Li 20 100 — _— 0.98 £ 0.05
Mg 91 94 4 1 102£0.13
Mn 129 97 3 1 1.06+0.10
Mo 60 95 5 — 1.08 £0.10
Na 86 98 1 1 1.27+2.22
NH,-N 53 100 — —_ 1.01 £0.06
Ni 319 99 1 —_ 1.03+£0.09
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Table C-13 (Cont)

Numberof <20 20-3c >30 HSE-9

Analysis Tests (%) (%) (%) Ratio 1 Std Dev
NO,-N 81 100 — — 1.01 £0.05
Oil/grease 2 100 — —_— 0.98 £ 0.03
P 42 100 - - 095+0.14
Pb 496 98 1 1 1.03 £ 0.56
pH 364 100 —_— — 1.00 £ 0.05
PO,-P 31 97 — 3 093 +0.20
S 3 100 — —_ 1.03 £0.08
Sb 67 100 — —_ 1.01 £ 0.07
Sc 301 98 1 — 1.05 £ 0.87
Si 68 100 - _ 1.03 £ 0.05
Sn 2 100 — — 1.10£0.20
SO, 71 100 — — 0.99 + 0.06
Sr 24 100 — — 098 +0.15
Total alkalinity 66 100 — — 098 + 0.06
TDS 38 95 3 3 1.00 £ 0.30
Ti 81 100 — —_ 143+ 0.07
Ti 218 97 1 2 1.03+0.20
TOC (wt~! organic carbon) S 80 — 20 0.85+0.38
TOX (iotal organic halides) 1 100 — — 0.96

TES (total suspended solids) 71 95 4 092 +0.06
Turbidity 2 100 — — 1.70 £ 0.43
U 366 99 1 — 1.02+0.10
A% 52 87 8 6 1.11 £ 0.26
Zn 295 97 2 — 0.99 +0.08

Table C-14. Summary of HSE-9 Quality Assurance Tests for 1989

(Organic Analyses in Biologicals)

Number of <20 20-3c >3 HSE-9
Analysis Tests (%) (%) (%) Ratio + Std Dev
2lAm 3 100 — — 1.12+0.11
131cs 22 59 23 18 0.86 +0.19
238py, 8 100 — — 1.01 +0.09
9py 21 95 5 — 1.14 £0.23
90gr 3 — — 100 0.53+0.03
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Table C-15. Summary of HSE-9 Quality Assurance Tests for 1989
(Radiochemical Analyses in Filters)

Number of <206 20-30 >lo HSE-9

Analysis Tests (%) (%) (%) Ratio 1 Std Dev
Alpha 36 100 — — 0.90 + 0.05
HAm 8 76 3 13 1.16 +0.51
Be 7 58 29 14 0.70 £ 0.26
Beta 33 100 — — 0.86 +0.03
1¥ce 1 — — 100 0.14

“Co 7 71 29 — 1.43 £0.21
1¥Cs 7 100 — — 1.03+£0.06
13cs 15 87 13 — 094+0.18
%Mn 1 100 — — 0.79

29%py 10 70 20 10 1.10+0.49
*0gr 2 100 — — 1.24

=y 3 — — 100 1.96 +0.03

Table C-16. Summary of HSE-9 Quality Assurance Tests for 1989
(Radiochemical Analyses in Silicates)
Number of <20 20-30 >3 HSE-9

Analysis Tests (%) (%) (%) Ratio £ Std Dev
Xlam 9 100 — — 0.92 +0.06
1¢Cs 73 92 3 5 0.96 + 0.21
Gamma 39 1060 — — 1.08 £0.02
o 3 100 — — 1.35 £ 0.07
29py 4 100 — — 0.92+0.03
05y 3 100 -— — 237+1.52
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Table C-17. Summary of HSE-9 Quality Assurance Tests for 1989
(Radiochemical Analyses in Water)

Number of <20 20-30 >30 HSE-9
Analysis Tests (%) (%) (%) Ratio £ Std Dev
Alpha 660 100 — — 099 +0.11
X Am 86 100 — — 0.97 £0.07
133Ba 7 57 — 43 2.16% 1,08
Beta 659 100 — — 0.98 +0.09
14Ce 3 — — 100 0.07£€.01
5iCo 60 100 — — 1.12+0.12
“Co 75 98 — 1 0.98 £0.29
1%Cs 79 100 — — 0.94 +0.24
3¢y 106 99 1 1 1.02+0.18
Gamma 30 100 —_ — 1.07+0.14
3H 319 96 4 —_ 0.98 + 0.07
*Mn 61 100 — — 1.08 + 0.06
2Na 39 100 — — 0.95+0.03
238py 56 100 — — 093 +0.06
29py 82 93 4 4 0.95 + 0.08
2%Ra 17 100 — — 0.96 +0.08
106RY 14 100 — — 0.72+0.31
905¢ 15 94 7 — 0.85+0.15
By 28 100 — — 0.99 £ 0.08
™y 42 100 — — 1.01+0.26
23538y 196 99 1 — 1.00 £ 0.06
28y 3 120 — — 1.07 £0.07
Zn 14 100 — — —
Table C-18. Summary of HSE-9 Quality Assurance Tests for 1989
(Organic Analyses in Biologicals)
Numberof <20 20-30 >30 HSE-9
Analysis Tests (%) (%) (%) Ratio * Std Dev
Bromochloromethane 1 100 — — 0.85
Bromoform i 100 - — 0.88
o-Dichlorobenzenc (1,2) 1 100 — —_ 0.96
1,3-Dichloropropanc 1 100 —_ —_ 0.84
Ethylbenzene 1 100 —_ —_ 0.88
Tetrachlorocthylene 1 100 — — 0.89
Toluene 1 100 —_ _ 1.00
Vinyl acctate 1 i00 — —_ 0.73
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Table C-15. Summary of HSE-? Quality Assurance Tests for 1989

(Organic Analyses in Filters)

Number of <20 20-30 >3c HSE-9

A ralysis Tests (%) (%) (%) Ratio £ Std Dev
Anthracene 2 100 — —_ 097 +0.16
Mixed aroclor 27 96 4 —_ 1.10 £ 0.74
Aroclor 1242 1 100 —_ —_ 0.85+0.11
Aroclor 1254 1 100 — —_ 1.04

Aroclor 1260 15 93 7 - 1.26 £0.94
Pyrene 2 100 — — 097+ 0.01

Table C-20. Summary of HSE-9 Quality Assurance Tests for 1989

(Organic Analyses in Bulk Materials)

Number of <206 20-30 >36 HSE-9
Analysis Tests (%) (%) (%) Ratio 1 Std Dev
Mixed aroclor 55 93 2 5 0.89+0.20
Aroclor 1242 30 100 — — 094 £0.15
Aroclor 1254 1 100 —_ — 0.60
Aroclor 1260 34 91 6 3 0.88 + (.24
Table C-21. Summary of HSE-9 Quality Assurance Tests for 1989
(Organic Analyses in Silicates)
Numberof <20 = 206-360 >3c HSE-9
Analysis Tests (%) (%) (%) Patio 1 Std De -
Mixed aroclor 18 83 1 6 1.57
Mixed aroclor 2 100 —_ — 1.57
Aroclor 1242 6 100 — — 0.80+£0.13
Aroclor 1254 3 100 — — 1.12+£0.15
Aroclor 1260 14 79 14 7 1.61
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Tabie C-21 (Cont)

Numberof <20 26-3¢ >3c HSE-Y
Analysis Tests (%) (%) (%) Ratio £ Std Dev
Benzene 3 33 33 33 042 +0.19
Rromochloromethane 1 100 — — —
2-Butanonc 1 100 — — —
n-Butylbenzene 2 50 — 50 0.32
Carbon tetrachloride 1 100 — — —
Chlorobenzene 2 100 —_— — 0.63 £0.02
Chloroform 2 — -— 100 0.37 +0.02
24-D 1 100 — —_ 1.13
1,2-Dibromocthane 1 - 100 — 0.56
1,2-Dichlorocthane 2 S0 50 — 0.61 £ 0,02
1,2-Dickloropropane 1 — 100 — 0.53
Hexachlorobutadicne 2 50 50 — 0.57
Methoxychlor 1 100 — — 1.04
4-Methyl-2-pentanone 1 100 — — —
Propylbenzene 2 S0 — 50 0.36
Styrene 1 — 100 — 0.57
24.,5-TP 1 100 —_ — 0.95
1,1,2,2-Tetrachlorocthane 2 — — 100 0.28 £ (.02
1,1,1,2-Tetrachlorocthanc 2 100 — —_ 0.71
Tetrachlorocthylene 1 100 — — 0.64
Toluene 2 100 —_ — 0.66 £ (.05
Trichloroethene 2 50 50 — 0.65 £ 0,08
1,2,4-Trimethylbenzene 2 50 — 50 042
o-Xylerc 2 100 — — 0.63 +0.03
Mixed xylenes (m + p) 1 — —_ 100 0.27

Table C-22. Summary of HSE-9 Quality Assurance Tests for 1989

(Organic Analysss in Charcoal Tubes)

Numberof <20 20-36 >3c¢ HSE-9
Anatyse Tests (%) (%) (%) Ratio £ Std Dev
Benzene 23 96 — 4 1.54 £2.07
Carbon tetrachloride 46 96 2 2 0.94 £0.10
Chlorobenzene 18 100 —_ — 0.82+0.10
Chloroform 30 86 13 — 0.87+£0.19
1,2-Dichlorocthane 29 100 — —_ 1.01 £0.07
Ethylbenzene 18 100 — — 093 £0.12
Tetrachloroethylene 18 100 — — 099 +0.13
Toluene 24 96 4 — 095+ 0.11
1,1,1-Trichlorocthane 19 100 —_ — 0.95+0.11
Trichloroethene 16 100 — —_ 0.91 £0.03
1,2, 4-Trimethylbenzene 16 101 — — 1.04 £0.12
o-Xylene 8 100 — — 092+0.04
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Table C-23. Summary of HSE-9 Quality Assurance Tests for 1989

(Organic Analyses ir Water)

Numberof <2 20-30 >30 HSE-9

Analysis Tests (%) (%) (%) Ratio 1 Std Dev
Accnaphthene 1 — 100 — 0.63

Aldrir 6 S0 33 17 0.64 £0.27
Anthracenc 1 — 00 — 0.57

Mixed aroclor 11 100 — — 1.05 £ 0.27
Aroclor 1221 1 100 — —_ 1.22
Aroclor 1242 7 100 — —_ 1.13£0.25
Aroclor 1248 S 80 —_ 20 085+0.15
Aroclor 1254 4 75 — 25 1.72+£ 1,26
Aroclor 1260 3 100 — —_ 0.87+0.21
Benz(a)anthracene 2 50 S0 —_ 0.63
Benzcne 10 100 — — 091+0.20
Benzo(g,h.i)perylenc 1 — 100 —_ 0.65
Benzo-ag-pyrene 1 100 — — 0.72
Benzo-b-fluoranthene 1 100 —_ —_ 1.06
Benzo-k-fluoranthene 2 50 50 — 1.49
Bis(2-chloroethoxy)methane 2 50 50 — 0.74
Bis(2-chlorocthyl)ether 2 100 — — 0.71
Bis(2-chloroisopropyl)cther 1 —_ — 10C 0.55
Bis(2-ethylhexyl)phthalate 3 33 67 — 093
Bromochloromethane S 100 —_ — 097+0.11
Bromodichlorcmethanc 8 101 —_ — 1.01+0.20
Bromoform 10 100 — —_ 1,20+ 0.38
4-Bromophcnylphenyl cther 1 100 — — 0.77
2-Butanone 3 67 — 33 1.07
n-Butylbenzenc 3 100 —_ — 0.68 £ 0.05
Butylbenzyl phthalate 1 — —_ 100 0.17
Carbon tetrachloride 11 100 — — 0.85+0.18
Chlordane 2 50 50 — 0.69+0.14
4-Chloro-3-methylphenol 2 100 — -— 049 + 0.02
Chlorobenzene 8 50 25 25 0.81£0.21
Chlorodibromomethane 8 88 13 — 1.24 £ 0.42
Chloroform 7 71 — 29 1.66 £ 1.25
2-Chloronaphthalenc 2 50 — 50 0.78
o-Chlorophenol 2 — 10C — 0.32+0.01
4-Chlorophenylphenyl cther 1 100 — — 0.75
p-Chlorotolucne 1 100 — — 0.99
Chryscne 1 100 —_ —. 0.90

24-D 2 100 — —_— 1.15
p.p-DDD 4 100 — — 0.84 +:0.07
p.p-DDE 4 75 25 —_ 0.91+0.20
p.p-DDT 4 75 —_— 25 088+0.32
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Table C-23 (Cont)

Numberof <20 20-3¢ >30 HSE-9
Analysis Tests (%) (%) (%) Ratio t Std Dev
Di-n-butyl phthalate 2 — — 100 0.20
Dibenzo(a, h)anthracenc 1 100 — —_ 0.72
1,2-Dibromocthanc 3 100 — —_— 091 +0.04
o-Dichlorobenzene (1,2) 9 89 11 — 0.90 £ 0.21
m-Dicl:lorobenzene (1,3) 8 100 — — 0.82+0.33
p-Dichlorobenzene (1.4) 7 86 — 14 0.83 +0.25
1,2-Dichlorocthane 7 86 14 — 1.19+0.31
2,4-Dichlorophcnol 2 50 S0 — 0.40 +0.01
1,3-Dichloropropane 2 100 — —_ 1.04 £0.09
1,2-Dichloropropane 3 100 — — 0.82+0.03
Dicldrin 4 100 —_ — 091+0.12
Dicthyl phthalate 2 — < 50 —
Dimethyl phthalatc 1 — — 100 0.03
2,4-Dimethylphenol 2 50 50 — 041+0.01
2,6-Diniuotolucne 2 50 S0 — 0.84
2 ,4-Dinirrotolucne 2 50 50 — 0.82
Endrin 1 100 — —_ 1.16
Ethylbenzene 9 100 — —_ 0.80+0.17
Fluoranthene 1 100 — — 0.87
Fluorene 1 100 — —_ 0.76
Hegptachlor 3 100 — —_ 080+ 0.21
Hepiachlor epoxide 4 S0 S0 —_ 083+0.24
Hexachlorobenzene 2 50 50 — 0.86
Hexachlorobutadicne 5 L0 20 — 0.69 £ 0.06
Hexachlorocthanc 1 — —_ 100 0.25
2-Hexanone 1 100 — — 1.02
Isophorone 2 100 — — 0.74
Lindane 4 50 25 25 0.77+£0.27
Mecthoxychlor 2 100 — — 0.90+0.10
4-Mcthyl-2-pentanone 3 100 —_— — 098 £0.19
2-Mecthyl-4,6-dinitrophcnol 2 100 — — 0.87+0.02
Methylene chloride 7 85 — 14 270+ 391
Naphthalenc 1 — — 100 047
Niuobenzene 1 — 100 —_— 0.56
2-Nitruphenol 2 100 — — 044 £ 0,02
4-Nitrophenol 2 100 — — 0.08
N-Nitrosodi-n-propylamine 2 106 — — 0.51
Pentachlorophenol 2 100 — — 0.62 +0.02
Phenanthrene 2 S0 50 —_ 0.86
Pheno! 2 — — 100 0.15+£0.01
Propylbcnzene 3 — 33 67 0.48 £0.01
Pyrenc 2 50 50 —_ 091
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Table C-23 (Cont)

~

Number of <20 20-36 >30 HSE-9

Analysis Tests (%) (%) (%) Ratio £ Std Dev
Styrene 3 100 — — 0.86
24,5-TP 2 100 - — 1.03 £ 0.03
1,1.2,2-Tetrachlorocthanc 3 7 33 —_ 0.90+0.28
1,1,1,2-Tetrachlorocthane 3 100 —_ _— 0.90+0.02
Tetrachloroethylenc 12 100 — — 0.87+0.12
Toluene 9 100 —_— —_ 0.89 £ .20
1,2 4-Trichlorobenzene 2 50 50 — 0.73
1,1,1-Trict.iurocthane 6 R2 17 —_ 1.15+0.49
Trichlcroethene 8 an 13 —_ 0.86 = 0.20
2 4,6-Trichlorophenol 1 100 — - 0.51
1,2A-Trimethylbenzene 3 100 —_ — 0.78 + 0.04
Vinyl acetate 3 33 33 33 099 +0.42
o-Xylene 2 50 — 50 0.77 £ 0.31
m-Xylene 2 50 — 50 0.58+0.19
Mixed zylenes (m + p) 1 100 — —_ 0.77
2.4-Xvlenoi 2 30 50 — 0.41+0.01
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Table C-24. Summary of HSE-9 Quality Assurance Tests for 1989

(Organic Compound Surrngate Recoveries)

EPA-CLP
Number of HSE-9 Limits
Analysis Tests Mean (%) + Std Dev (%)
Pore Gas
Bromobcenzene 229 8316 Noze
Volatile Organic Compounds
in Biological Materials
1,2-Dichlorocthane d4 1 95 None
Toluenc d8 1 100 None
4-Bromofluorobenzene 1 118 None
In Sludges
1,2-Dichlorocthanc d4 1 79 None
Tolucne d8 1 92 None
4-Bromofluorobenzene 1 258 Nonc
In Water
1,2-Dichlorocthanc d4 181 99 + 37 76-114
Tolucne d8 181 94+ 34 88-110
4-Bromofluorobenzenc 181 109 +£47 86-115
In Bulk Materials
1.2-Dichlorocthane d4 13 84 + 39 None
Toluene d8 13 78 + 37 No:e
4-Rromofluorobenzenc 13 69+ 35 None
In Soils
1,2-Dichlorocthane d4 281 11253 70-121
Tolucne d8 281 104 +44 81-117
4-Bromofluorobenzene 281 121 £ 81 74-121
Semivolatile Organic Compounds
In Water
2-Fluorophenol 124 4121 21-100
Phenol-d5 124 31+20 10- %4
Nitrobenzene-d5 122 6225 35-114
2-Fluorobiphenyl 122 63+28 43-116
2,4,6-Tribromophenol 122 70+ 33 10-123
p-Terphenyl-d14 122 88+39 33-141
In Soils
2-Fluorophenol 129 52+31 25-121
Phenol-dS 129 58 +31 24-113
Nitrobenzene-dS 129 58+ 54 23-120
2-Fluorobiphenyl 129 73 +40 30-115
2,4 ,6-Tribromopherol 128 65+ 54 19--122

149




LOS ALAMOS NATIONAL LABORATORY

ENVIRONMENTAL SURVEILLANCE 1989 \

Table C-25. Overall Summary of HSE-9
Quality Assurance Tests for 1989

Numberof <20 20-3¢ >3c

Analysis Tests (%) (%) (%)
Stable Elements
Biological materials 414 939 34 27
Filters 448 93.5 45 2.0
Bulk materials 142 98.6 14 0
Silicatc Matcrials 486 90.6 5.1 43
Watcr 7159 98.2 1.2 0.6
Charcoal tubes 9 100 0 0
Radiochemical Flements
Water 267 98.9 0.7 04
Filters 130 88.9 6.9 54
Biological matcrials 57 78 10 12
Silicaic materials 131 95.5 1.5 30
Organic Compounds
Watcr 340 81 11
Silicate matcrials 36 38 31 31
Bulk materials 120 942 2.5 23
Biological materials 8 100 0 0
Filters S8 96.6 34 0
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Detection
Approximate Sample Count Limit
Parameter Volume or Weight Time Concentration
Air Sample
Tritium 3m? 50 min 1x107'  pCi/md
3Bpy 20x10*m? 8x10%s 2x107'?  pCi/m?
239.240py, 20x10°m? 8x10%s 3x107"?  uCi/m’
MAm 2.0x10*m? 3x10%s 2x 107" pCim?
Gross alpha 6.5%10°m? 100 min 4x107'%  puCim’
Gross beta 6.5 x10° m? 100 min 4x%x107°  uCim?
Uranium (dclayed neutron) 20x10°m3 60s 1 pg/m?
Water Sample
Tritium 0.005 L 50 min 7x107  uCimL
Rie 05 L Sx10%s 4x10®  pCi/mL
2¥py 05 L 8x10%s 1x107"%  puCimL
39240py, ¢S L 8x10%s 1%x107"°  uCimL
2 Am s L 8x10%s 1x107'%  puCi/mL
Gross alpha 09 L 100 min 3x10° uCi/mL
Gross beta 09 L 100 min 3x10®°  uCiymL
Uranium (delayed ncutron) 0.025L 50s 1 Mg/l
Soil Sample
Tritium 1 kg - 50 min 0.002 pCi/g
31Cs 00 g 5x10%s 0.1 rilg
2%py, 10 g 8x10%s 0.02 pCilg
239.240p, 10 g 8x10%s 0.02 pCi/g
MAm 10 g 8x10%s n.02 pCi/g
.Gross alpha 2 g 100 min 14 pCi/g
Gross bela 2 g 100 min 1.7 pCirg
Uranium (dclayed ncutron) 2 g 20s 043 ne/g
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APPENDIX D

METHODS FOR DOSE CALCULATIONS

A. Introduction

Annual radiation doses are evaluated for three princi-
pal exposure pathways: inhalation, ingestion, and exter-
nal exposure {(which includes exposure from immersion in
air containing photon-emitting radionuclides and direct
and scattered penctrating radiation).  Estimates arc made
of the following exposures:

L. maximum boundary organ doses and effective
dose equivalents to a hypothetical individual a
the Laboratory boundary where the highest dose
rate occurs. 1tassumes the individual is outdoors
at the Laboratory boundary continuously
(24 hours/day, 365 days/ycar).

to

maximum individual organ doscs and effective
dosc cquivalents to an individual at or outside the
Laboratory boundary where the highest dose rate
occurs and a person actually is present. It akes
into account occupancy (the fraction of time that
a person actually occupics that location), shicld-
ing by buildings, and scif-shiclding.

average organ doscs and effective dose cquiva-
lents 1o nearby residents.

collective cffective dose cquivalent for the popu-
lation living within an 80-km (50-mi) radius of
the Laboratory.

Results of envircnmental measurcments are used as
much as possible in assessing doses to individual mem-
bers of the public. Calculations bascd on these measure-
ments follow procedures recominended by federa! agen-
cies to determine radiation doses. P72

Ifthe impactof Laboratory operations is not detectable
by environmental measurements, individual and popula-
tion doses attributable to Laboratory activitics arc esti-
mated through modeling of releasces.

Dose conversion factors used for inhalation and inges-
tion calculations arc grven in Table D-1. These factors are
tken from the DOEY? and arc bascd on factors in Publi-

N
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cation 30 of the International Commission on Radiologi-
cal Protcction (ICRP).

Dosc conversion factors for inhalation assume a
1-um-activity median acrodynamic diameter, as well as
the lung solubility category that will maximize the effec-
tive dose cquivalent (for comparison with DOE’s 100-
mrem/yr Radiation Protection Standard [RPS]) if more
than one category is given. Similarly, the ingesdon dose
conversion factors arc chosen 10 maximize ine effective
dosc it more than one gastrointestinal trac: uptake is given
(for comparison with DOE’s 10)-mrc:n/yr RPS for all
pathways),

These dose conversion factors calculate the SO-year
dosc commitncent for internal expor.ure. The SG-ycardose
commitment is the total dose reccived by an organ during
the S0-ycar period following the intake of a radionuclide
that is autributable 10 that intake,

External doscs arc calculated using the dose-rate
conversion factors, also published by DOE.”®  These
lactors, which are given in Table D-2 (Ref. D6), give the
photon dose rate in millirem per year per unitradionuclide
air concentration in microcurics per milliliter. The factors
arc used in the calculation of the population effective dose
cquivalent from cxternal radiation for the §0-km (50-mi)
arca.

B. Inhalation Dose

Annual average air concentrations of 2H, total ura-
tium, 2*pu, 2°2%py and 2*'Am, determined by the
Laboratory's air monitoring nciwork, arc corrected for
background by subwacting the average concentrations
measurcd at regional stations. These net concentrations
arc then multiplied by a standard breathing rate of
8400 m3/yr (Ref. D7) to determine total annual intake via
inha!ation, in microcuries per year, for cach radionuclide.
Each intake is multiplicd by appropriate dose conversion
factors to conven radionuclide intake into S0-year dose
commitments. Following ICRP methods, doscs arc cal-
culated for all organs that contribute tnore than 10% of the
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Table D-1. Dose Conversion Factors for Calculatiag Inteiral Doses
(rem/uCi intake)

Inhalation
Target Organ
Soft Bone Red Effective

Radionuclide Tissue Lung Surface Marrow Liver Gonads Dose

4 6.3x107° 6.3 %1075 6.3 %107 63x10°° 6.3x1073 6.3%x 1075 63 %107

Biy 1.1 x10° 1.3 x 107

By 1.0 x 10° 1.2x10%

By 1.0x 10° 1.2 x 107

23%py 8.1 x 10° 6.7 x 102 18 <10 1.0 x 102 46x10?

239.240py 9.3x10° 74 % 102 2.0x10° 1.2 > 102 5.1 x 102

MAm 9.3x 103 74 x 102 2.0 x 103 12x10° 5.2 x 102

Ingestion
Bone Red

Radionuclide Surface Marrow Liver Gonads Kidney Lungs Breast Thyroid
M 6.3 %1073 6.3%x107° 6.3x107° 6.3x1075 63x10°  6.3x107 6.3 %107 6.3 %1073
Be 44%1075 2.1x10™
*0gr 16 7.0x 107!
13 48x1072 48 x1072 §.2x 1072 48 x1072 44%x107 48x1072
™y 41 2.7x%107! 1.7
By 3.7 2.5x 107 1.6
By 3.7 25%x107! 15
23%py 67 5.6 15 8.5x10™"
239.240py, 78 59 16 96x107!
X Am 81 6.3 17 1.0

6861 JONVTIAHUNS TVANIWNOHIANI
AHOLVHOEVT TVHOILYM SONVTV SO1
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Table D-1 (Cont)

Target Organ

Lower Small Uppc—r——m
Soft Large Intestine  Intestine  Large Intestine Effective
Radionuclide Tissue Wall Wall Wall Remainder Dose
*H 6.3x 107 6.3 x10°* 6.3> 107% 6.3%x10° 6.3x107° 6.3 %107
Be 44%x107 20x107 27x107 1.1 x 107
Ngr 1.3x10"!
Wes 52x%x 107 5.2x107 5.2% 1077 1072 50x107?
By 26> 107!
By 20x10™ 25x107
Wy 23x 107
Py 38
39.240py 43
2lam 4.5
Table D-2. Dose Cenversion Factors for Calculating External Doses
(mrem/yr}/[pCi/m*))
] Red Bone Effective
Radionuclide® Breast Lung Marrow Surface Testes Thyroid Ovaries  Dose

lOC

e 5540 4450 4560  S210 S980 4520 3980  S110

BN $540 4450 4560 S210 S980 34520 3980 S110

1N 31500 25300 27400 26900  33IR00 060 22200 29300

i)

0

%o S550 4460  4S60 S210 S980 5530 3990 S 120

YAr 6950 5890 5940 6 290 7740 7340 $290 6630

“Dose conversion factors for ''C, PN, '*N, %0, and *'Ar were taken frim Ref. DS.
Dose conversion .actors for *'C and '*C were not given in Ref. DS and were calculated with
the computer program DOSFACTER 11 (Ref. D6).

6861 30NVI3AHNS TVINIWNOHIANI
AHOLVHOEYT TVNOILYN SONWY TV SO
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total effeciive dose equivalent (or cach radionuclide (see
Appendix A for definition of effective dose equivalent).

The dose calculated for inhalation of 3H is increased
by 50% to account for absorption through the skin.

This pracedure for dose caleulation conservatively
assumes that a hypothetical individual is exposed o the
measured air concentration continuously throughout the
catire year (8760 how s). This assumption is made for the
boundary dose, dosc to the maximum exposed individual,
and dose to the population living within 80 km (50 mi) of
the site,

Organ doses and cffective dosc equivalent are deter-
nuned at all sampling sites for cach radionuclide. A final
caleulation estimates the total inhalation organ doses and
cltective dose equivalent by summing over all radio-
nuclides.

C. Ingestion Dose

Resulls from foodstulTs samphing (See. VI are uscd
to zuleulate organ doses and cetfecuve dose equivaicnts
from ingestion for individual members of the public, The
procedure is similar to that uscd in the previous section.,
Correctinns for background are made by subtracting the
average concentrations from sampling stations not af-
fected by Laboratory operations. The radionuclide con-
centration in a particular foodstulf is multiplicd by the
annual consumption rate”? 1o obuin total annual intake of
that rudionuclide. Multiplication of the annual inwke by
inc radionuclide’s ingestion dosc conversion factor for a
particular organ gives the estimated dose to the organ,
Similarly, effective dose cquivalentis calculated using the
clfective dose equivalent conversion fuctor (Table D-1).

Dosesare evaluated foringestion of *H,%'Sr, *>Cs, total
uranium, ***Pu, and %Py in fruits and vegetables; >K,
"Be, 22Na, 3*Mn, 3Co, Rb, '¥Cs, '¥'Cs, and total ura-
nium in honey; and *°Sr, '¥’Cs, total uranium, 2**Pu, and
2.249py in fish.

D. External Radiation

Environmenta! thermoluminescent dosimeter (TLD)
mcasurcments arc used to estimate external radiation
doscs.

Nuclcar reactions with air in the target areas at the Los
Alamos Mcson Physics Facility (LAMPF, TA-53) cause
the formation of air activalion products, principally ''C,

160)
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N0, and 0. These isotope:: arc all positron emitters
and have 20.4-minute, 10-minute, 71-sccond, and 122-
second hadf-lives, respectively. Neutron reactions with air
atthe Omega West Reactor (TA-2) and LAMPF also form
4T Ar, which has a 1.8-hour half-life.

The radioisctapes ' 'C, PN, 40, and O are sources of
photon radiation because of the formation of two
0.511-MeV (million-clectron-volt) photons through
positron-clectron annihilation. The "0 emitsa 2.3-MeV
gamma with 9% yield. The *'Ar emits a 1.29-MeV
gamma with B4 yicld.

The TLD measurcments are correcied for background
lodetermine the contribution to the external radiation field
from Laboratory operations. Background cslimates at
cachsite, which are based on historical data, consideration
of possitic ncabackground contributions, and, if possible,
valucs measared at tocations of similar geology and to-
pography . are then subtracted from cach incasured value.
This net dosc is assumed 10 represent the dese from
Iaboratory activitics thatan individual would receive if he
or+ne were tospend 100% of his tinie during an entirc year
at the monitoring location.

The individual dosc is cstimated {rom these measure-
ments by taking into account occupancy and shiclding. At
off-site locations where residences arc present, an occu-
pancy factor of 1.0 was uscd.

Two Lypes of shiclding arc considered: (1) shiclding
by buildings, and (2) scif-shielding. Each shiclding type
is estimated to reduce the exwmal radiation dosc by
30%.1)5,1)9

Ncutron doses from the critical assemblics at TA-18
were based on 1989 measurements. Neutron ficlds were
monitored, principally with TLDs placed in cadmium-
hooded, 23-cm (9-in.) polycthylenc spheres.

Aton-site locations at which above-background doscs
were measured, but at which public access is limited,
doscs based on a more-realistic estimate of exposure lime
are also presented. Assumptions uscd in these estimates
arc given in the text.

E. Population Dose

Calculation of collective effective dose equivalent
ustimates (in person-rem) arc bascd on measured daw to
the extent possible. For background radiation, average
measured background doses for Los Alamos, White Rock,
and rcgional stations arc multiplicd by the appropriate
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population number. Tritium average doses are calculated
from average measured concentrations in Los Alamos and
White Rock above background (as measured by the re-
gional stations).

These doses are meltiplied by population data incor-
porating results of the 1980 census (Sce. ILE). The
population data have been moditicd (increased from
155 077 in 198010 207 684 persons in 1989 within 80 km
(50 mi}of the boundary) toaccount for population changes
between 1980 and 198Y9. These changes are extrapolawd
fremaan estimate of the 1988 New Mexice population, by
county, that was madc by the U.S. Burcau of the Census.'®

Radionuclides cmitied by LAMPF and, 0 a lesses
cxtent, by the Omega West Reactor, contribute more than
95¢% ol the population dose.

For ' Ar, "'C, N, 0, und %0, aumospheric disper-
sion models are used 1o calculate an average dosc 10
individuals living in the arca in question. The air concen-
tration of the isotope (x1r,0]) at location (r,8), because of
its cmission from a particular source, is found using the
annual average meteorological dispersion coefficient
(x1r.01/Q) (bascd on Gaussian plume dispersion mod-
els"*!) and the source term Q. Source terms, obtained by
stack measurements, are given in Table G-2,

The dispersion factors were calculated from 1989
metcorological data collected ncar LAMPF during the
actual ume periods when radionuclides were being re-
leased frem the sticks. Dispersion cocfficients used to
calculme the g/Q)'s were determined from measurements
of the standard deviations of wind dircction.”'? The x/Q
includes the reduction of the source term because of
radivactive decay.

The gamma dosc cate in a semi-infinite cloud at time ¢,
Y, (7.8.1), can be represented by the equation

1,080 = DCF)y(rHy),
where
*{m(r.e.l) = gammadosc rate (inmrem/yr) attime,
distance r, and anglc 6;
DCr = dosc rate conversion factor from the
DOEP? (Imrem/yr}/(uCi/mL]); and
2(r.8.0) = plume concentration (in uCi/inL).

\_
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The annual dose is multiplicd by the appropriate
population figure to give the estimated population dose.

F. Estimate of Maximum Individual Dose using
AIRDOS-EPA/RADRISK

The EPA requires that compliance with regulation
40CFR 61, Subpart H, be demonstrated withthe computer
codes AIRDOS-EPA and RADRISK. These codes use
measurcd radionuclide release rates and meteorological
information to calculate transportand airborne concentra-
tions of radionuclides relcased to the atmosphere. The
programs cstimate radiation exposures from inhalation of
radioactive malcrials, external exposure to the radionu-
clides present in the atmosphere and deposited on the
ground, and ingestion of radionuclides in produce, meat,
and dairy products,

Calculations for Laboratory airborne relcases usc the
radionuclide emissions given in Tables G-2 and G-6.
Wind speed, wind dircction, and stability class are con-
tinually mcasurcd at metcorology towers locatcu at
TA-54, TA-49, TA-59, East Gate, and TA-55. Emissions
were maodeled with the wind information most represen-
tative of the release point,

Chemical form was taken into account for tritium
relcases. The iwo chemical forms at the Laboratory arc
tritium oxide (HTO or TQO) and gascous tritium (HT or
T,). Tritium oxide is rcadily absorbed by the body and
distributcd in soft tissuc, resulting in a whole-body expo-
surc. In contrast, gascous tritium cxposurc is maily
limited to lung tissue. Dose conversion factors for expo-
sure o tritium oxide are five orders of mz2gnitude higher
than the factors for cxposure to gasecus tritium. Gascous
tritium is a major fraction of the tritium releascs at the
Laboratory. The 1989 rcleascs at TA-41 arc more than
95% gascous tritium; rclcascs at TA-33, 40% gascous
tritium, Other tritium releases arc assumed 0 be tritium
oxide.

Doscs were calculated assuming that individials were
at the cxposure location for 365 days, 24 hours/day.
Following the EPA jrocedure, these individuals were
assumed o obtain al! their foodstuffs at this same expo-
surc location. To account for shiclding by buildings,
doscs from cxternal penctrating radiation were reduced by
30%, as rccommended by the National Council on
Radiation Protection and Mcasurcments (NCRP)™ for
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photon radiation with encrgies equivalent to those found
in terrestrial penctating radiation.

G. Estimation of Risk from lenizing Radiation

To compare the risk from the radiation dose from
Laboratory operations with risks that ere rouiincly expe-
ricnced ineveryday life, the risks of cancer moriality from
caposure to ionizing radiation are estimated for ¢x posures
to natural background radiation, to medical procedurcs,
and 1o Laboratry operations in 1989, These risk esli-
maltes are based on two reports recently published by the
National Rescarch Council's Committee o7 the Biologi-
cal Effects of Tonizing Radiation, or BEIR Z"ommitice.

These caiculations are for comparison purposes only.
The low doses and dose rates from nature) background
radiation and from Laboratory eperations a: ¢ ¢cnsidera-
bly below the range of data on which the BEIR Committee
based its observations,  The Commuttee itselfl did not
calculate risks below a 10-rem exnosure, stating that these
risks are difficult to quantify and “that the lower limit of
the range of uncertainty in the risk estimates extends to

serp. P

1. Risks from Whole-Body Radiation. Radiation
cxposures considered in this report are of two types:
(1) whole-body exposures, and (2) individual organ expo-
sures. The primary doses from nonradon natural back-
ground radiation and frcm Laboratory operations arc
whole-body exposures. With the exception of natural
background radon exposurcs, discussed below, radiation
doses and associated risks from those radionuclides that
affect only sclected body organs are less than a few
percentage points of the dosc and are nicgligible. Risks
from whole-body radiation were estimated using the risk
factors of the BEIR V report. P

Risk factors arc taken from the BEIR Committee's
estimate (BEIR V report) of the risk from a single, instan-
tancous, high-dose rate cxposure of 10 rem, The BEIR V
report stated that this estimate should be reduced for an
exposure distributed over time that would occur at a

N
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substantially lower dosc rate. The committee discussed
dose rate effectivencss factors (DREFS) ranging from 2 to
10 that should be applied 1o the nonlcukemia pait of the
risk estimate.,

For the risk c:timates presented in this repont, o DREF
of 2 is used fo. the nonleukemia risk. Following the
BEIR V report, no dose rate reduction was made for the
leukemia risk. The risk is then averaged over male and
lfemale populations. The total risk estimator is 440 cancer
fatalities per 10° person-mrem.

2. Risksfrom Exposure to Radon. Rador and radon
decay preduct exposures are an important |t of natural
background radiation. These exposures dificr from the
whole-body radiation discussed above in that they princi-
pally involve only the localized exposure of the Jung and
notother organsin any sigmificant way, Conscquently, the
risks from radon exposure were caleulaiud separately,

Radon (principally 22Rn) and radoa decay product
cxposurc rates are usually measured with a speciai unit,
the working level (WL); 1 WL corresponds to a liter of air
containing short-lived radon decay products whose total
potential alpha cnergy is 1.3 x 10° M2V, An atmosphere
having 100-pCi/L concentration of *2Kn at cquilibrium
with its decay products corresponds to 1| WL, Cumulative
exposurc is measurcd in working-level months (WLMs),
A WLM is cqual 10 exposure to 1 WL for 17G hours.

The estimaicd national average radon effective dosc
that was given by the NCRP and used in the text is
200 mrem/yr.  The NCRP derived this dose from an
cstimated national average radon cxposurc of
0.2 WLM/yr. Because the risk factors are derived in terms
of WLM, for the purposes of risk calculatior: it is more
convenicnt to use the radon exposure of 0.2 WLM/yr than
to usc the rador dosc of 200 mrem/yr. Both the
0.2-WIL.M/yr and the 200-mrem/yr effective dose, how-
cver, correspond 1o the same radiation exposure.

Risks from radon were cstimated using a risk factor
of 350 x 10%WLM. This risk factor was taken from
the BEIR IV report.P!

/
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APPENDIX E

UNITS OF MEASUREMENT

Throughout this report, the International System of
Uaits (S1) or metric system of measurcments has been
uscd, with some exceptions. For units of radiation activ-
ity, cxposure, and dose, U.S. Customary Unats (that is,
curic [Ci], roentgen {R]. rad, and rem) are retained be-
cause current standards are writien in terms of these units.

The equivalent S units are the becquerel (Bg), coulomb
per kilogram (C/kg), gray (Gy), and sicvert (Sv), rc-
spectively. Table E-1 presents prefixes used in this report
to definc fractions or multiples of the basc units of meas-
urecment. Table E-2 preseats conversion factors for con-

verting from SI units to U.S. Customary Units,

Table F-1. Prefixes Used with ST (Metric) Units

Prefix Factor Symbol
mega * 000 000 or 10* M
kilo '+ LJ0or 10° k
centi 0.01 or 1072 c
milli 0.00{ or 1073 m
micro 0.00001 or 10°% M
nano 0.000000001 or 107° n
pico 0.000000000001 or 107'2 P
fcmio 0.000000000000001 or 10~'3 f
atto 0.000000000000000001 or 10718 a

Table E-2. Approximate Conversion Factors for Selected SI (Metric) Units

To Obtain
Multiply SI (Metric) Unit By U.S. Customary Unit
Celsius (°C) 9/5, then add 32 Fahrenheit (°F)
centimeters (¢cm) 0.39 inches (in.)
cubic meters (m?) 35 cubic feet (ft%)
hectares (ha) 2.5 acres
grams (g) 0.035 ounces (02)
kilograms (kg) 2.2 pounds (Ib)
kilometers (km) 0.62 miles (mi)
liters (L) 0.26 gallons (gal.)
meters (m) 3.3 feet (ft)
micrograms per gram {ug/g) 1 parts per million (ppm)
mitligrams per liter (mg/L) 1 parts per million (ppm)
squarc kilometers (km?) 0.39 square miles (mi?)
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Locations of the 5! technical areas (TAs) operated by
the Laboratory in Los Alamos County are shown in
Scc. 1. Fig. 4. The main programs conducted at cach of
the 34 developed areas arc listed in this appendix.

TA-2, Omega Site: Omega West Reactor, an 8-MW
nuclear research teactor, is located here. It serves as a
rescarch tool by providing a source of neutrons for funda-
mental studies in nuclear physics and associated ficlds.

TA-3,South Mesa Site: In this main technical arcaof
the Laboratory is the Administration Building that con-
wins the Director’s office and administrative offices and
laboratories for scveral divisions. Other buildings house
the central computing facility, administration offices,
malcrials division, science museum, chemistry and mate-
rials science laboratories, physics laboratories, technical
shops, cryogenics laboratories, a Van de Graaff accelera-
tor, and the main cafeteria.

TA-6, Two-Mile Mesa Site: This isone of three sites
(TA-22 and TA-40 are the other two) used in the devel-
opment of specul detonators to inwuate high-explosive
systems. Fundamental and applied rescarch in suppornt of
this activity .r . :udcs investigaung phenonicna assiciated
withinitiating highexplosivesand rescarch in rapid shock-
induced rcactions,

TA-8, G7 Site (or Anchor Site West): This is a
nondcstructive testing site Gperated as aservice facilits tor
the entirc Laboratory. It maintains capability in all mod-
cm nondestructive testing techniques for ensuring quality
of matcrial, ranging from test weapon: components (o
high-pressure dics and molds. Princinal tools include
radiographic techniques (x-ray machines to 1 000 000 V
and a 24-McV betatror), radioactive-isotope techniques,
ultrasonic and penctrant 1csting, and clzciromagnetic est
mcthods,

\_
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DESCRIPTIONS OF TECiiNICAL AREAS AND
THEIR ASSOCIATED PROGRAMS

TA-9, Anchor Site East: At this site, fabrication
feasibility and physical propertics of explosives are ex-
plored. New organic compounds arc investigated for
possible usc as explosives. Storage and stability problems
are also studicd.

TA-il, K-Site: Facilitics arc located here fer testing
cxplosive components and systems under a varicty of
extreme physical cnvironments. The faciliics are ar-
ranged so that testing may nc controlled und observed
remotely and so that devices centaining explosives or
radioactive matcnials, as well as thosc containing non-
hazardous matcrials, may be tested.

TA-14, Q-Site: This firing site is used for runi/ing
various tests on relatively small explosive charges and for
{raginent impact tests.

TA-15, R-Site: This is thc home of PHERMEX, a
multiple-cavity electron accelerator capable of producing
a very large flux of . rays for certain weapons develen-
ment problems and iests. This sile is also uscd for the
investigation of weapons functioning and systems behiyv-
ior innonnuclear tests, principally by cicctronic recording
means.

TA-16, S-Site: Investigations at this site include
development, engincering design, pilot manufacture, cn-
vironmental testing, and stockpile production liaison for
nuclcar weapons warhead systems. Development and
testing of high cxplosives, plastics, and adhesives, and
rescarch on process development for manufacture of items
using these and other materials are accomplished in ex-
tensive tacilitics.

TA-18, Pajarito Laboratory Site: The fundamental
behavior of nuclear chain reactions with simple, iow-
power reactors called critical assembtics is studied here,
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Experiments arc operated by remote control and observed
by closed-circuit television. The machines are housed in
buildings known as kivas and arc used primarily to pro-
vide a controlied means of assembling a critical amount of
fissionable materials. This is done 1o study the effects of
various shapes, sizes, and configurations. These ma-
chines arc also used asa source of fission neutrons in large
quantities for experimental purposes.

TA-21, DP-Site: This site has two primary rescarch
arcas: DP-Westand DP-East. DP-Westisconcerned with
chemistry rescarch; DP-East s the high-temperaiure
chemistry and tritium site,

TA-22, TD Site: Sce TA-6.

TA-28, Maguzine Area *“A”: Thisarca is oac of twe
storage arcas for explosives.

TA-32, HP-Site: A major high-pressurc tritium han-
dling facility is locatcd here. Laboratory and office space
for Geoscicnu s Division related to the Hot Dry Rock
Geothermal Project are also located at this site.

TA-35, Ten Site: Nuclear = fguards rescarch and
development, which are conduc:ed here, are concerned
with techniques (or nondestructive detection, identifica-
tion, and analysis of fissionable isctopes. Rescarch in
reactor safety and laser fusion is alvo donc here,

TA-36, h.appa Site: Various expicsive phecnomena,
such as detenation velocity, are ‘nvestigated here.

TA-37, Magazine Arza “C”: Scc TA-78.

TA-39, Anclhio Canyon site: Nonnuclcar weapons
behavior is studicd here, prisnarily by photographic tech-
niqucs. Investigations are also made into various phe-
nomenological aspects of explosives, interactions of ex-
plosives, and cxplosions involving other matcrials.

TA-40, DF-Site: Scc TA-6.

TA-41, W-Site: Perconnel al this site arp engaged
primarily in engincering design and dcvelopment of nu-
clear components, includii.g fabrications and cvaluation
of test matcrials for weapons.

6¥

TA-43, Health Research Laboratory: The Bio-
medical Rescarch Group does rescarch here in cellular
radiobiology, biophysics, mammalian radiobiology, and
mammalian metabolism. A large medical library, special
counicrs used 10 measure radioactivity in humans and
animals, and animal quanters for dogs, mice, and monkeys
are also located in this building.

TA-46, WA-Site: Appiicd photochemistry, which
includes development of technology for lascr isotope
separation and laser enhancement of chemical processes,
isinvestigated here. Solar encrgy rescarch, particularly in
the arca of passive solar heating for residences, is also
donc at this site.

TA- 48, Radiochemistry Site: Laboralory scicntists
and technicians at dhis sile study nuclcar propeities of
rdivactive materials by using analyticai and physical
chemisury. Measurements of radioactive subsiauces are
made, and “hot cells” are used for remet: handling of
radioacive materials.

TA-50, Waste Management Site: Pcrsonncl at this
sitc have responsibility for treating and disposing of most
industrial liquid waste received fiom Laboratory techni-
cal arcas, for development of improved methods of solid-
waste Lrcatment, and for containment of radioactivity
removed by trcaunent. Radioactive liquid waste from
most technical areas is piped to this site for treatment.

TA-51, Animal Exposure Facility: Here, animals
arc exposed to nonrachoaciive toxic materials io deter-
minc biological effects of high and low exposurcs.

TA-52, Reactor Development Site: A widc varicty
of activitics rclated to nuclear reactor performance and
safety is done at this site.

TA-53, Meson Physics Facility: The Los Alamos
Mecson Physics Fa:ility (LAMPF), a lincar particle accel-
crator, is uscd to conduct rescarch in arcas of basic
physics, cances trcatment, materials studics, and isotope
production. The Los .Alamos Ncutron Scattering Center
(LANSCE;) and tac Proton Storage Ring (PSR) are also
located o this site.




TA-§4, Waste Disposal Site: This is a disposal area

for solid radioactive and toxic wastes.

TA-55, Plutonium Processing Facilities: Process-
ing of plutonium and research in plutonium metallurgy arc
dong here.

1'2-87, Fenton Hill Site: This is the location of the
Laboratory's Hot Dry Rock geothermal project. Scien-
tists at this site are studying the possibility of producing
energy by circulating water through hot, dry rock located
hundreds of meters below the carth’s surface. The water
1s heated and then brought to the surface to drive electric
generators.
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TA-59, Occupational Health Site: Occupational
health and environmentz! science activitices are conducted
at this sile.

TA-60, East Jemez Road: This arca contains physi-
cal support and infrastructure facilitics, including the
cxisting sanitary landfill.

TA-63: This arca contains physical support facilitics
operated by Pan Am World Scrvices, Inc,

TA-74, Los Alamos Airport: This arca contains the
DOE-owned airport that scrves the county and Laboratory.
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Table G-1. Fstimated Maximum Individual 50-Year Dase Commitments
from 1989 Airborne Radioactivity®

Estimated Percentage of
Critical Dose Radiation Protection
Isotope Organ Location” (mrem/yr) Standard
*H Whole body Royal Crest (station 11) 0.05 <0.1
NC, BN, 40, 1%0,%"Ar  Whole body East Gae (station 6) 39 16
- U. ZJFPU‘ 339240})”'
HAm Bone suriace  48th Street (station 7) 0.52 0.7

“Estimated maximum individual dose is the dose from Laboratory operations (cxcluding dosc contributions from
cosmic, terrestial, medical diagnostics, and other non-Laboratory sources) 1o an individual at or outside the
Laboratory boundary where the highest dosc rate occurs and where a person actually resides. It takes into account
shiclding and occupancy factors.

bSee Fig. 8 for station locations.
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Table G-2. Airborne Radioactive Emissions from

Laboratory Operations in 19892

Activation Products

Mixed
2e239240py, b 235238€  piggion Products MAr? P SH  Gaseous®  Particle/ vapor'

Location (T(8)] uCi) (uCi) {Ci) (uCi) (Ci) (Ci) (Ci)
TA-2 222
TA-3 39.1 365 382 291
TA-21 14 289 -0.1 452
TA-33 1770
TA-35 0.7 18
TA-41 11 600
TA-43 17.6
TA-46
TA-48 15 03 435 000
TA-50 0.5 9.8
TA-S3 82 156000 0.1
TA-54 <0.1
TA-55 22 266

Rounded total 45.5 394 435000 222 17.6 14 400 156 000 0.1

#As reported on DOE form F-5821.1.
®plutonium values contain indeterminate traces of %' Am, a transformation product of 2*'Pu.
“Docs not include acrosolized uranium from explosiver testing (Table G-6).

9Does not include 625 Ci of 'Ar present in gascous, mixed activation products.

“Includes the following constituents: '*N, 1.3%; '°C, 1.6%; '“0, 0.8%; 30, 57.9%; 1N, 13.3%; ''C, 24.7%; *'Ar, 0.4%.
Includes 19 nuclides, dominated by '#0s and "Be.
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Table G-3. Thermoluminescent Dasimeter (T1.D) Measurements

Annual
Measurement” 1989 Dose
Station Location® Coordinates (mrem)
Uncontrolled Areas
Regional Stations (28-344 km)
1. Espaiola — 72(5)°
2. Pojoaque — 81 (5
3. Santa Fc — 87 0)
4. Fenton Hill — 10F /5)
Perimeter Stations (0-4 km)
5. Barranca Sciiool NI180 E130 91 (5)
6. Arkansas Avenue N170 E030 88 (6)
7. Cumbres School N150 E090 108 (S)
8. 48th Succt N110 w010 98 (5)
9. Los Alamos Airport N110 E170 85 (5)
10. Bayo Canyon N120 E250 120 (5)
11. Exxon Station N0O90 E120 126 (5)
12. Royal Crest Trailer Court NO80O EO080 95 (5)
13. White Rock S080 E420 109 (5)
14. Pajarito Acres S210 E380 88 (5)
15. Bandclier Lookout Station S280 E200 96 (5)
16. Pajarito Ski Arca N150 W200 107 (5)
Controlled Areas
On-Site Staticns
17. TA-21 (DP West) N095 E140 114 (4)
18. TA-6 (Two-Mile Mcsa) NO25 EO030 96 (5)
19. TA-53 (LAMPF) NO70 EO090 94 (5)
20. Well PM-1 N0O30 E305 111 (5)
21. TA-16 (S-Site) S035 w025 99 (5)
22. Booster P-2 S030 E220 97 (5)
23. TA-54 (Arca G) S080 E290 96 (5)
24. Suate Highway 4 N0O70 E350 133 (5)
25. Frijoles Mesa S165 EO085 94 (5)
26. TA-2 (Omega Stack) NO75 E120 117 (5)
27. TA-2 (Omega Canyon) NO85E1210 146 (6)
28. TA-18 (Pajarito Site) S040 E205 149 (5)
29. TA-35 (Ten Sitc A) NO40 E105 119 (5)
30. TA-35 (Ten Site B) NO40 El110 111 (5)
31. TA-59 (Occupational Health Lab) NO50 E040 114 (4)
32. TA-3 (Van d¢ Graaff) NOSO E020 118 (6)
33. TA-3 (Guard Station) NOSO E020 112 (5)
34. TA-3 (Alarm Building) NOSO E020 126 (5)
35. TA-3 (Guard Building) NO0SQ E020 108 (5)
36. TA-3 (Shop) NOSO EO020 111 (5)
37. Pistol Range NO40 E240 107 (5)
38. TA-55 (Plutonium Facility South) NO40Q E24% 93 (5)
39. TA-55 (Plutonium Facility West) NO40Q EQ80 123 (5)
40. TA-55 (Plutonium Facility North) N0O40 EO080 110 (5)

:Mcasurcmcm (95% confidence increments).
See Fig. 6.
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Table G-4. Locations of Air Sampling Stations?

Latitude _ Longitude
or North-South or East-West
Station Coordinate Coordinate
Regional (28—-44 km)
1. Espafiola 26°00° 106°06’
2. Pojoaque 35°52° 106°02°
3. SantaFe 35°40' 166°56’
Perimeter (0-4 km)
4. Barranca School NI180 E130
5. Arkansas Avenuc N170 E030
6. East Gate N090 E210
7. 48th Street N110 wO010
8. Los Alamos Airport N110 E170
10. Exxon Station N090 E120
11. Royal Crest Trailer Park NO080 E080
12. White Rock S080 E420
13. Pajarito Acres $210 E380
14. Bandclicr S280 E200
On Site
15. T2-21 NO95 E140
16. TA-6 NO025 E030
17. TA-53 (LAMPF) NO070 E090
18. Well PM-1 NO30 E305
19. TA-52 NO020 E155
20. TA-16 S035 w025
21. Booster P-2 S030 E180
22. TA-54 S080 E290
?3. TA-49 i $165 E08S
24. TA-33 S$245 E225
25. TA-2 NO82 E110
26. TA-16-450 S0S5 w070
27-31. TA-54 S080 E290

3Scc Fig. 8 for station locations.
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Table G-S. Average Rackground Concentrations of
Radioactivity in the Atmosphere

~

\

Radioactive EPA® Laboratory” DOE Guide for
Constituent Units 1987-1989 198" Uncontrolled Area®
Gross beta 107*° uCymL 10 £0 — 9 000

3H 1072 uCi/mL. — 07+ 24 200 000
Uranium (natural) pg/m? 33 +9 241 +115 100 000

28py 1072 pCi/mL 12+0.0 32+ 819 30 000
235.240p,, 1078 uCifmL 0.7+0.1 21+ 6.6° 30 000

Han 107" uCi/mL — 1.7+ 079 30000

‘EPA (1987-1989), Reports 49 through 58. Data arc from the Santa Fe, New Mexico, sampling
location and were taken from January 1987 through May 1989.

®Data are annual averages from the regional stations (Espatola, Pojoaque, Santa Fe) and were
taken during cal.:ndar year 1989.

“Sce Appendix A. These valucs are presenied for comparison.
Minimum detectable limit is 2 x 107® pCi/mL.
Minimum detectable limit is 3 x 107" pCi/mL.
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Table GG-6. ¥stimated Concentrations of Toxic Elements
Acrosolized by Dynamic Experiments

Annual Average

~

1989 Fraction \ el 3 Applicable
Total Usage Aerosolized (,onc'entrahon (pg/m’) i Standard
Flement (kg) (%) @ km)* (8 km)* (ug/m®)
Uranium 237 10 23 %1078 93 x 107 9P
Beryllium 0 2 0 0 0.01°
Lead 22 100" 23%10° 9.3 x 107 1.5
Heavy metals 309 100? 3.3 x 1074 1.3 x 104 10°

*Distance downwind.
®DOE (1981).
“Star4ard for 30-day average, New Mexico Air Quality Control Regulavion 201,

d . . .
No data are available; estimatc was donc assuming worst-case percentage was
acrosolized.

®Standard for 3-month average (40 CFR 50.12).
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Table G-7. Airborne Tritiated Water Concentrations for 1989
Concentrations (pCi/m* [107'2 uCi/mL})

Total Air No.of  No. of Mean as a
) Volume Moaonthly Samples i Percentage of
Station Locaion® (m3) Samples <MDL Maximum® Minimum® Mean® Guide

Regional Stations (28-44 km}, Uncontrolled Areas

1. Espaiiola 90.8 12 11 80 2.1) -25(19) 08 (2.5) <0.1
2. Pojoaque 121.6 12 12 12 (1.2) -16(6) 03 (0.8) <0.1
3. SantaFe 114.7 12 11 1.1 21)  -12(12) 09 (3.3) <0.1
Group Summary 36 KL 1.1 2.1y -25(1.9 0.7 (24) <0.1

FPerimeter Stations (0~3 km), Uncontrolled Areas

4. Barrania School 115.1 12 7 194 (24) 0.4 (0.4) 4.0 (5.7 <(0.1
5. Arkansas Avenue 103.3 12 10 69 (1.2) 0.3(0.1) 1.5 (1.8) <0.1
6. Philomcna's 126.5 12 1 9.1 (1.4) 0.4 (0.5) 42 (2.9 <0.1
7. 48ih S'reet 135.1 12 9 $2 (1.0) 0.0(0.5) 17 (1.6) <0.1
8. Los Alamos Airport  109.4 12 4 336 (3.8) 0.4 (0.9) 6.t (9.0) <0.1
10. Exxon Station 829 12 3 5.1 (1.6) 0.1(0.1) 63 (74) <0.1
11. Royal Crest

Trailer Park 91.3 12 2 47.8 (5.3) RER(N)) 7.3(12.8) <0.1
12. White Rock 132.2 12 8 5.2 (1.0) 4.6 (0.7) 2.0 (1.6) <0.1
13. Pajarito Acres 939 12 8 255 (3.0) 0.6 (0.4) 45 (71.3) <0.1
14. Bandclicr 86.8 12 2 23.3 (2.5) 1.1 (0.6) 7.2 (6.6) <0.1
Group Summary 120 54 478 (5.3) 0.0 (0.5) 46 (6.8) <0.1

On-Site Stations, Controlled Arsgs

15. TA-2! 113.2 12 1 549 (5.1 1.5(0.7) 16.6(16.5) <0.1
16. TA-6 135.0 12 10 184 (2.5) -0.1(0.1) 23 (5.1) <0.1
17. TA-53 (LAMPF) 116.7 12 3 129 (1.7) 14 (0.5) 34 (34) <0.1
18. Well PM-1 127.3 12 7 350 44 0.4 (0.1) 46 (9.6) <0.1
19. TA-52 94.0 12 S 1.7 (1.0) 0.8 (0.9) 35 (24 <0.1
20. TA-16 113.2 2 10 154 2.7) -0.2(0.5) 2.1 (44) <0.1
21. Booster P-2 125.0 i2 9 162 (2.1) 0.3(0.1) 29 4.3 <.l
22. TA-54 122.7 12 0 116.6(13.0) 39(0.6) 28.8(32.8) <0.1
23. TA-49 923 12 8 11.8 (1.3) 0.0 (0.3) 26 (3.4) <0.1
24, TA-33 99.2 12 3 782 (8.0) —09(0.7) 18.3(21.95) <0.1
25. TA-2 (Omega) 99.1 12 1 1162 (12.2) 1.1(0.8) 22.8(30.9) <0.1
26. TA-16-450 124.7 12 8 233 (24) 0.2(0.5) 32 (64) <0.1
Group Suminary 144 65 116.6(13.6) -09(.7) 9.3(17.7) <0.1

3Sce Fig. 8 for map of local sta.ons.
PMinimum detectable limit = 2 x 10”2 pCi/mL..
“Uncertaintics ¢ in parentheses (scc Appendix B).

dControlled arca DOE Derived Air Concentration = 2 x 1075 uCi/mL;
uncontrolled arca Derived Concentration Guide = 1 x 1077 pCi/mL.
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Table G-8. Airborne 2°24py Concentrations for 1989

Concentrations (aCi/m® [107!® pCi/mL))

Total Air No. of No. of Mean as a
' Volume Quarterly Samples Percentage of
Station Location® (m®)  Samples <MDL? Minimum® Maximum® Mean® Guide

Regional Stations (28-44 km), Uncontrolled Areas
1. Espafiola 44759 3 3 09 (2.8) -80 (80) -25 (48) <0.1
2. Pojoaque 65 098 4 3 20.1 (2.8) 0.5 (0.8) 59 (9.5 <01
3. Sanua Fe 61514 4 2 29 (1.2) 06 (1.0) 1.7 (1.1) <G.1

8

201 (2.8) -8.0 (8.O) 21 (6.6) <01

Group Summary 11

Perimeter Stations (0-4 km), Uncontrolled Areas

4. Barvanca School 71 141 4 2 6.1 (1.2) 06 (0.5) 31 23) <0.1
5. Arkansas Avcnue 73771 4 4 1.5 (0.7) 0.2 (0.7) 0.7 (06) <0.1
6. Philomena’s 70 151 4 3 25 (09) 7 €0.5) 1.3 (09) <01
7. 48th Street 68 559 4 4 1.5 (0.8) 0.0 (0.6) c4 (0.7) <0.1
8. Los Alamos Airport 74 147 4 3 20 (0.8) 02 ©.7) 12 (09 <01
10. Exxon Station 67227 4 3 23 (1.4) 04 (0.5) 1.6 (0.8) <0.1
11. Royal Crest
Trailer Park 60324 4 4 1.8 (C.7) -0.6 (0.6) 08 (1.1) <0.1
12. White Rock 73687 4 4 1.9 (0.8) 0.5 (0.8) 12 (G.)) <01
13. Pajarito Acres 69 362 4 4 0.8 (0.5) 0.6 (0.6) 6.7 0.1y <0.1
14. Bandclicr 65079 4 4 0.5 (0.5) 0.0 O 02 (03) <0.1
G-~n Simmary 40 35 6.1 (1.2) -0.6 (0.6) 1.1 (1.2) <01
On-Site ‘tations, Controlled Areas
15. Ta-21 72 098 4 4 1.6 (1.0) 0.8 (0.6) 1.3 (04) <0.1
16. TA-6 67 252 4 4 13.2 (9.9) 0.8 (0.5) 46 (58) <01
17. TA-53 (LAMPF) 80440 4 4 1.6 (0.7 04 (0.6) 1.0 (0.5) <0.1
13. Well PM-1 65 787 4 3 8.8 (10.8) 1.3 (0.8) 36 (3.5 «<0.1
1. TA 52 80 783 4 4 1.2 (0.6) 0.0 (0.5) 04 (05) <0.1
20. TA-1€ 63 901 4 4 2.1 (1.9) 0.3 (0.5 09 (08) <0.1
21. Booster P-2 72472 4 4 1.9 (0.9) 0.0 (0.6) 1.3 (09) <«0.1
22. TA-54 75 845 4 0 323 (3.9 34 (09 17.3(156) <0.1
23. TA49 76 839 4 4 0.8 (0.8) -1.3 (0.9) J0 (09 <0.1
24. TA-33 75 894 4 4 03 (1.0 -04 (055 0.1 (0.3) <0.t
25. TA-2 (Omega) 60 178 4 3 26 (0.9) 1.2 (0.9) 22 (06) <0.1
26. TA-16450 77757 4 4 0.8 (0.8) 02 (02) .03 (04) <0.1
Group Summary 48 42 323 (3.9) ~-1.3 (0.9) 27 63) <01

3Sce Fig. 8 for map of local stations.

®Munintum detectable limit = 3 x 107# uCi/mL.

Uncertaintics arc in parentheses (sce Appendix B).

4Controlled arca DOE Derived Air Concentration = 2 x 1072 pCi/mL;

Kum-onuoucd arca Derived Concentration Guide = 2 x 107" pCi/m!.. J
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Table G-9. Airborne 2*'Am Caoncentrations for 1989

~

%Sec Fig. 8 for map of local stations.
®Minimum detectable limit = 2 x 108 uCi/mL.

“Uncertainties arc in parcntheses {see Appendix B).
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dControlled area DOE Derived Air Concentration = 2 x 10™12 uCi/mL;
uncontrolled arca Derived Concentration Guide = 2 x 107 uC/mL.

Tota1 Air No.of  No.of Mean as a
Volume Quarterly Samples Percentagg of
Station Location® (m®) Samples <MDL® Maximum® Minimum®  Mean® Guide
Regional Station (44 km), Unconirolled Area
3. SamaFe 61514 4 4 25 (1.6) 0.7 08 1.7 (0.7 <0.1
Group Summary 4 4 2,5 (1.6) 0.7 (0.8) 1.7 (0.7) <0.1
Perimeter Stations (0-4 km), Uncontrolled Areas
6. Philomena's 70151 4 2 29 (1.1) 1.0 0.7) 20 (1.0) <0.1
8. Los Alamos Airport 74 148 4 2 29 (LO) 07 (0.5 19 (1.0 <0.1
12. White Rock 73 687 4 1 33 (1.) 1.7 (1.3y 25 (0.D) <0.1
Group Summary 12 5 33 (.Y C.7 (0.5) 21 (09) <0.i
On-Site Stations, Conircled Areas
16. TA-6 67252 4 3 6.6 (14) 1.3 (1.2) 28 (2.5) <0.1
17. TA-53 (LAMPF) 80440 4 1 70 (1.3) 1.0 (0.7) 33 (2.6) <0.1
20. TA-16 63 901 4 2 2 (1.5) 1.1 (1.0) 24 (L.5) <0.1
21. Booster P-2 72472 4 3 28 (L.1) 05 (08 16 (1.0) <0.1
22. TA-54 75 845 4 0 159 (2.1) 41 (1.0) 89 (59) <0.1
Group Summary 20 9 169 (2.1) DS (08 38 (3.9 <0.1
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Table G-10. Airborne Ur2aium Concentrations for 1989

~

Concentrations (pg/m®)

3Scc Fig. 8 for map of local stations.
PMinimum detectable limit = 1 pg/m?.
“Uncertaintics arc in parentheses (scc Appendix B).

dControlled arca DOE Derived Air Concentration = 2 v 10* pem’;
uncontrollcd arca Derived Concentration Guide = 1 x 10° pg/m®,

HCi/pg.
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Note: One curie of natural uranium is cquivalent to 3000 kg of natural uranium,
Hence, uraniuin masses can be converted to the DOE “uranium special curic™ by

kusing the factor 3.3 x 1071

Total Air No.of  Ne.of Mean as a
Volume Quarterly Samples Percentage of
Station Location® (m®) Samples <MDL® Maximum® Minimum®  Mean® Guide
Regional Stations (28-$4 km), Uncounirviled Areas
1. Espafiola 44 759 3 0 2442(244) 829 (R3) 1785 (84.7) <0.1
2. Pojoaque 65 (0198 4 0 476.1 (19.2) 219.9(10.2) 319.7(122.8) <0.1
3. Santa Fe 61514 4 0 362.1(36.2) 1244 (6.5) 209.3(1064) <0.1
Group Summary " 0 476.1 (19.2) 829 (8.3) 241.1(1158) <0.1
Perieneter Stations (0-4 km), Uncontrolled Areas
4. Barranca School 71141 4 0 1144 (5.0) 438 (44) 907 (33.0) <0.
S. Arkansas Avenuc 73771 4 0 63.0 (8.3) 30,7 (3.1) 415 (149) <0.1
6. Philomena’s 70 151 4 0 724 -(72) 507 (23) 625 (BY) <01
7. 48th Street 68 559 4 0 673 (6.7) 349 (3.5) 484 (15.7) <Nl
8. Los Alamos Airport 74 148 4 0 929 (9.3) 590 (5.9) 756 (185) «<U.]
10. Exxon Station 67227 4 0 281.7(12.2) 449 4.5) 160.6(117.0) <0.1
11. Royal Crest
Trailes Park 58453 4 0 999 (10.0) 635 (3.1) 789 (15.2) <0.1
12. White Rock 73 687 4 0 106.6 (10.7) 456 (4.6) 712 (28.3) <0.)
13. Pajarito Acres 69 362 4 0 986 (44) 354 (36) 680 (348) <0.1
14. Bandclicr 65079 4 0 80.0 (8.0) 28.1 (1.5) 445 (24.2) <0.1
Group Summary 40 0 281.7(12.2) 28.1 (1.5) 742 (50.1) <O.1
On-Site Stations, Controlled Areas
15. TA-21 72 098 4 0 100.0(10.0) 71.5 (3.2) 820 (129) <0.1
16. TA-6 67 252 4 0 874 (4.0) 390 (3.9 657 (20,0) <0.1
17. TA-53 (LAMPF) 80 440 4 0 924 (9.2) 499 (5.0) 718 (181) <0.1
18. Well PM-1 65 787 4 0 803 (R0O) 439 (23) 592 (15.7) <0.1
19. TA-52 80 783 4 0 131.6 (5.8) 420 (42) 776 (386) <0.1
20. TA-16 63 901 4 0 117.1 (36) 326 (3.3) 754 (350) <01
21. Booster P-2 72472 4 0 153.2(153) 365 (3.7 869 (49.3) <0.1
22. TA-54 75 845 4 0 186.5(18.7) 489 (4.9) 933 (62.8) <0.]
23. TA-49 76 839 4 0 660 (6.6) 277 (29) 446 (163) <0.1
24. TA-33 75 894 4 0 766 (1.7) 424 (23) 528 (162) <0.1
25. TA-2 (Omega) 60178 4 0 108.5 (4.5) 294 (16) 644 (39.2) <01
26. TA-16-450 77757 4 0 664 (6.6) 252 (2.5) 424 (18.2) <0.1
Group Summary 48 0 186.5(18.7) 252 (25) 680 (324) <0
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Table (;-11. Airborne Bevyllium Concentrations for 1989

Total Air No. of . " 3
Volume Quarterly L Concentrations (ng/m”) '
Station and Location® (m?) Samples Maximumb Minimumb Mean
Regional Staiion< (2844 km), Uncontrolled Areas
2. Pojoaquc 53 366 3 0.04 (0.01) 0.03 (0.01) 0.03 (0.006)

Perimeter Stations (0-4 km), Uncontrolled Areas
4. Barranca School 71 141 4 0.01 (0.01) 0.04 (0.01) 0.02 (0.064)
7. Los Alamos, 48th Strect 68 559 4 001 (0.001Y 0.01 (0.01) 0.03 (0.003)
10. Exxon Station 67227 4 0.08 (0.01) 001 (0.01) 0.04 (0.007;
13. Pajarito Acrcs €9 362 4 02 (0.01) 001 (0.01) 0.01 (0.004)

Group Summary 16 0.08 (0.01) 0.01 (.0n 0.02 (0.003)

On-Site Stations, Controlled Areas

19. TA-52 80783 4 0.02 (0.01) 0.01 (©.01) 0.01 (G.00S)
20. TA-16 49 234 3 0.01 (0.00) 0.01 (0.01) 0.01 (0.003)
22, TA-54 37676 2 0.07 (0.01) 0.01 (0.001) 0.04 (0.001)
26. TA-16-450 17 756 4 0.01 (0.00) 0.01 (0.01) 0.01 (0.003)
Group Summary 13 0.07 (0.01) 0.01 (0.01) 0.02 (0.003)

3Sce Fig. 8 fc. map of lzcal stations.
PUncenaintics arc in parer.heses (see Appendix B).
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Table G-12. Emissions and Fuel Consumption during 1989
from the Steam Plants and TA-3 Power Plant

Western
Pollutant TA-3 TA-16 TA-21 Area Total
Emissions (ton/yr)
Particulate Matter
1988 08 0.5 0.1 0.00 14
1989 0.6 04 0.1 0.00 1.1
Oxides of Nitrogen
1988 7.0 21.2 5.6 0.13 339
1989 5.0 20.6 5.3 0.00 30.9
Carbon Moroxide
1988 1nz 5.3 14 0.03 179
1989 7.8 5.1 1.3 0.00 14.2
Hydrocarbons :
1988 0.5 09 0.2 0.01 1.6
1.39 03 09 0.2 0.00 14
Fuel Consumption (10° Btu/yr)
1988 593 322 85 2 1002
1989 415 313 81 0 809
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Table G-13. Quality of Effluent Relcased from the TA-50

Radioactive Liquid-Waste Treatment Plant in 1989

Activity Mean
Released” Concentration
Radionuctide (mCi) uCimb)
3H 16 000 7.0xi07?
5*Mn 2.7 1.2 x 1077
$660Co 50 22x107°¢
3Se 110 48x107
8Rb 230 1.0x 107
$Rb 26 1.1x107
$gr 100 44 %10
89g¢ 18 7.9 %107’
90gy ! 48x10°t
By 1.9 83x%x107®
s 39 1.7%x107°
My 0.5 221078
8py 0.6 26x1078
239240p,, 2 88x10°®
2lAm 41 1.8x1077
Total 16 585.9
Mean
Nonradioactive Concentration
Constituents {mg/L)
cd® 1.1 1072
Ca 201
Cl 182
Total Cr ® 32 % 1072
Cu® 0.15
F 10
Hg® 40x10
Mg ng
Na 933
Pb® 23 x 1072
Zn® 0.11
CN 027
COoD 44
NO,-N 488
PO, 0.29
DS 4070
pH® 7.5-79

Total effluent volume =2.28 » 107 L.

2As reported on DOE form F-5821.1.

PConstitucnts regulated by the National Pollutant
Discharge Elimination Systcm (NPDES) permit.
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Table G-14. Quality of Effluent Released from the Los Alamos
Meson Physics Facility (TA-53) Lagoons in 1989

Activity Mean
Released” Concentration
Radionuclide (mCi) uCi/mL)
3H 25 000 1.9x102
Be 69 53x107
2Na 130 1.0x 1078
**Mn 140 1.ix1078
e 54 42x107¢
%Co 15 12x107

Total 25408

Total effiucnt volume = 1.3 x 107 L.

?As reported on DOE form F-5821.1.
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Table G-15. Locations of Surface- and Ground-Water Sampling Stations

Station

Regional Surface Waier
Rio Chama at Chamit
Rio Grande at Embudo
Rio Grande at Otowi
Rio Grande at Cochiti
Rio Grande at Bemalillo
Jemez River

Perimeter Stations
Los Alamos Rescrvoir
Guaje Canyon
Frijoles Cunyon
La Mesita 3pring
Sacred Spring
indian Spring

White Rock Canyon Stations
Group 1

Sandia Spring
Spring 3
Spring 3A
Spring 3AA
Spring 4
Spring 4A
Spring §
Spring 5AA
Ancho Spring

Group 11
pring SA
Spring 6
Speifg v~
Spring 7
Spring 8
Spring 8A
Spring 9
Spring YA
Doe Spring
Spring 10

Group 111
Spring 1
Spring 2

Group iV

K Spring 3B

LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL SURVEILLANCE 1989

Latitude

or North-South

Coordinate

30°05°
36°12°
35°52°
35°37
3sar
35°40°

N105
N300
$280
NO8O
N170
N140

S030
S110
S120
S140
S0
S150
$220
S240
$230

'I".||
33514
3
$330
S335
S315
$270
$325
§$320
$370

NO40
NO15

S150

186

Longitude
or East-West Map
Coordinate Designation® 'l‘ypeb
106°07 — SwW
105°58° —_ Sw
106°08’ — SwW
106°19° — Sw
106°36’ — Sw
106°44’ — Sw
w090 7 Sw
E160 8 SwW
E180 9 Sw
ESS50 10 GWD
ES40 11 GWD
ES30 12 GWD
E470 13 SWR
E450 14 SWR
E445 15 SWR
E440 16 SWR
E110 17 SWR
E395 18 SWR
E390 19 SWR
E360 20 SWR
E305 21 SWR
o M SWR
[IXRIY 23 SWR
E310 29 SWR
E295 25 SWR
E285 26 SWR
E280 27 SWR
E270 28 SWR
E265 29 SWK
E250 30 SWR
E230 31 SWR
ES20 32 SWR
ES0S 33 SWR
EA65 34 SWE

~
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Table is-15 (Cont)

.

187

Latitude Longitude
or North-South  or East-West Map
Station Coordinate Coordinate Designation® Typeb
White Rock Canyon Stations (Cont)
Streams
Pajarito S180 EA10 35 SWR
Ancho S$295 E340 36 SWR
Frijoles $365 E23S 37 SWR
Sanitary Eifluent
Monandad $070 E480 38 SWR
On-Site Stations
Test Well 1 N070 E345 3. GWD
Test Well 2 NI120 E150 40 GwWD
Test Well 3 NO080 E215 41 GWD
Test Well DT-5A S110 E090 42 GWD
Test Well 8 NO035 E170 43 GWD
Test Well DT-9 S155 El140 44 GWD
Test Well DT-10 5120 E125 43 GWD
Canada del Buey NO10 E150 46 SwW
Pajarito Canyon S060 E215 47 Sw
Water Canyon at Beta S090 E090 48 Sw
PCO-1 S054 E212 102 GWS
PCO-2 S081 E255 103 GWS
PCO-3 S098 E293 104 GWS
Effluent Release Areas
Acid-Pueblo Canyons
Acid Weir N125 E070 49 Sw
Pucblo 1 N130 E080 50 Sw
Pueblo 2 N120 E155 51 Sw
Pucplo 3 NO8S E315 52 SwW
Hamilton Bend Spring N110 E250 53 S
Test Well 1A NO70 E335 54 GWS
Test Well 2A N120 E140 55 GWS
Basalt Spring NOGS E395 56 S
DP-Los Alamos Canyons
DPS-1 N090 E160 57 SwW
DPs-4 N80 E200 58 SwW
LAO-C NO8S EOM 59 GWS
LAO-1 NO80 E120 60 GWS5
LAO-2 N080 E210 él GWS
LAO-3 NO80 E220 62 GWS
LAOC4 NO70 E245 63 GWS
LAO4.5 N0O6s E270 64 GWS
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Table GG-15 (Cont)

188

Latitude Longitude
or North-South  or East-West Map
Station Coordinatc Coordinate  Designation® Type”
Efftuent Release Areas (Cont)
Sandia Canyon
SCS-1 N080 E040 65 Sw
SCS-2 NO060 E140 66 SwW
SCS-3 N0SO E185 67 SwW
Mortandad Canyon
GS-1 N040 E100 68 Sw
MCO-3 N0O40 El110 69 GWS
MCO-4 NO035 E150 70 GWS
MCOQO-5 N030 E160 71 GWS
MCO-6 N030 El175 72 GWS
MCO-7 NO25 E180 73 GWS
MCO-7.5 NO30 E190 74 GWS
Water Supply and Distribution System
Los Alamos Well Field
Well LA-1B NI115 ES30 76 GWD
Well LA-2 NI125 ES0S 77 GWD
Well LA-3 N130 E490 78 GWD
Well LA-4 NO070 EA0S 79 GWD
Well LA-S NO076 EA435 80 GWD
Well LA-6 (standby) N105 E465 81 GWD
Guaje Well Field
Well G-1 N1ty Vo GWD
Well G-1A NI S GWL
Well G-2 Py 84 WD
Well G-3 N2 135U 85 GWD
Wwell G4 s E31s 86 GWD
Well G-S N228 E295 87 GWD
Well G N215 E270 88 GWD
Pajarito Well Field
Well PM-1 N030 E305 89 GwWD
Well PM-2 S0ss E202 90 GWb
Well PM-3 N040 E255 91 GWD
Well PM4 3030 E205 92 GWD
Wcll PM-5 NO15 E1S5 93 GWD
Water Canyon Gallery S040 w125 94 GWD
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Table G-15 (Cont)

Latitude Longitude
or North-South or East-West Map
Station Coordinate Coordinate Designation® T ypeb
Water Supply and Distribution System (Cont)
Pajarito Well Field (Cont)
Fire Station 1 NOBO EO15 95 D
Fire Station 2 N100 E120 96 D
Fire Station 3 S085 E375 97 D
Fire Station 4 N18S E070 98 D
Fire Station 5 S010 W065 99 D
Bandeclicr National Monument
Headquarters $270 E190 100 D
Fenton Hill (TA-S7) 35°5%’ 106°40 101 D

?Regional surface-water sampling locations e given in Fig. 14; perimeter, White Rock Canyon,
on-site, aiid sffluet release area sampling locations are given in Fig. 18,

PSW = surface water, GWD = deep or main aquifer, GWS = shallow or alluvial aquifcer, SWR =
spring at Whitc Rock Canyon, and D = water supply distribution systcm.
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Table G-16. Radiochemical Quality of Surface Water from Regional Stations®

Gross
3H 3cs Total Uranium Bipy B op,, Gamma

Station (107~ uCi/mL) (10~ uCi/mL) (ng/L) (107® uCi/mL) (10 uCi/mL) (counss/min/L)
Rio Chama

Chamita -0.1 (0.3) 66 (48) 3.0 (1.0) 0.021 (0.015) -0.604 (0.004) 170 (70)
Rio Grande

Embudo 0.1 (0.3) =20 (75) 2.0 (1.0) 0.000 (0.010) 0.008 (0.011) ~20 (70)

Otowi -0.3 (0.3) 88 (49%) 3.0 (1.0) —0.004 (0.004) -0.004 (0.007) -10 (70)

Cochit 0.1 (0.3) 16 (74) 40 (1.0) 0.008 (0.008) 0.013 (0.007) -10(70)

Bemalillo 0.2 (0.3) 79 47 4.0 (1.0) 0.000 (0.010) 0.008 (0.006) 70 (70)
Jemez River

Jemez 0.2 (C.3) 85 (81) 2.0 (1.0) 0.016 (0.014) 0.004 (0.007) =20 (70)
Maximum 0.2 (0.3) 88 (48) 4.0 (1.0) 0.021 (0.015) 0.013 (0.007) 170 (70)
Limits of detection 0.7 40 ] 0.009 0.03 30

3Samples were collected in March 1989; counting uncenainties are in parentheses.
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Table G-17. Chemical Qualiiy of Surface Water from Regional Stations {mg/L)*

~

Total Conduc-
Hard- tivity
Station S, Ca Mg K Na CO, HCO, P SO, C F NON TDS® ness pHS (mS/m)
Rio Chama .
Chamia 12 47 86 25 24 <1 92 0.1 102 3 0.2 <0.1 270 158 8.1 4]
Rio Grande
Embudo 23 23 48 22 13 <1 74 0.1 23 3 0.3 0.2 136 82 8.0 20
Otowi 19 35 70 30 19 <1 81 <0.1 61 4 0.3 0.2 201 120 8.1 3¢
= Cochiti 19 31 63 27 19 <1 92 <0.1 51 5 0.3 0.2 192 107 8.1 30
- Bemalillc 20 33 64 39 27 <l 95 <0.1 S3 11 0.3 <0.1 222 116 8.1 35
Jemez River
Jemez 34 18 37 80 29 <1 65 0.2 23 3 04 <0.1 162 56 79 24

#Samples were collected in March 1985.
Total dissolved solids.
“Standard units.

6861 IONVIUIAUNS TVINIWNOHIANI
AUOLYHOBY 1 TYNOILVN SOWVIV SO




il

Table G-18. Radiochemical Quality of Surface and Ground Waters from Perimeter S:ations®

Gross
H W¥cs Total Uranium Bapy, 239.240p,, Gamma

Station (10~ pCv/mL) (107® uCi/mL) (ug/L) (10~ uCi/fmL) (10 pCi/mL) (counts/min/L)
Los Alanios ":eservoir 0.2 (0.3) 188 (92) 2.0(1.0) -0.012 (0.015) 0.000 (0.010) -50 (70)
Guaje Reservoir 0.2(0.3) —46 (35) 24(0.2) -0.005 (0.014) -0.011 (0.011) =260 (70)
Frijoles Canyon 0 0.3) -51 (54) 24(0.2) 0.012 (0.012) 0.025 (0.012) -120 (70)
La Mesita Spring 0.4 (0.3) -34 (35) 10 (1.0) -0.004 (0.009) 0.004 (0.012) -110 (70)
Sacred Spring -0.2(0.3) -37 (59) 34(0.3) 0.009 (0.047) -0.004 (0.008) -60 (70)
Indian Spring -0.3(0.3) -110 (42) 40(0.4) -0.004 (0.014) 0.004 (0.011) -50 (70)
Maximum 0.4 (0.3) 188 (92) 10 (1.0 0.009 (0.047) 0.025 (0.012) -50 (70)
Limits of detection 0.7 40 1 0.009 0.03 50

2Samples were collected in Miarch 1989; counting uncertainties are in parentheses.
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Table G-19. Chemical Quality of Surface and Ground Waters from Perimeter Station:s {mg/L)*

™~

I'otal Conduc-

Hard- tivity
Station §i0, Ca Mg K Na CO, HCC, P SG, Ci F NOyN TDS ®  ness pH® (mS/m)
Los Alamcs Reservoir 34 7 31 38 8 «l 27 0.1 4 7 01 <01 99 28 7.2 84
Guaj= Canvon 54 6 20 24 6 «l 33 03 4 2 0.2 0.1 97 23 79 80
Frijoles Canyon 62 8 27 21 9 «l 42 0.3 4 3 02 01 119 30 79 10
La Mesita Spring 36 34 Ll 23 34 «l 120 02 16 7 03 22 198 83 82 30
Sacred Spring 49 25 03 30 24 «l 102 0.1 8 2 0.5 0.1 145 63 82 2i
Indian Sprirg 58 33 24 28 3L <l 96 0.2 6 25 04 07 199 94 82 29
Maxisiuii 62 34 3 38 34«1 120 -0.3 16 Q.S 22 199 94 82 30

*Samples were collected in March 1989.

B Tntal dissolved solids.
Standard units.

28
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Table G-20. Radiochemical Quality of Surface and Spring Waters from White Rock Canyon®

Gross
’H ¥cs Total Uranium B¥py n9240p, Gamma
Station (107 uCi/mL) (10~ uCi/mL) (ug/L) (10~ uCi/mL) (10~ uCi/mL) (counts/min/L)
Group 1
Sandia Spring -0.1(0.3) 28 (41) 1.5 (0.5) -0.004 (0.004) -0.004 (0.004) 10 (70)
Spring 3 -0.4(0.3) 0 45) 1.6 (0.8) 0.004 (0.012) -0.004 (0.010) 50 (70)
Spring 3A 0.0(0.3) 30 (55) 1.3(0.9) -0.013 (0.010) 0.013 (0.013) 370 (80)
Spring 4 -0.40.3) S (55) 1.3 (0.8) -0.012 (0.009) 0.000 (0.010) =20 (70)
Spring 4A -0.2(0.3) 115 (58) 1.3(0.3) 0.000 (0.010) 0.000 (0.010) 90 (70)
Spring 5 0.2 (0.3) 42 (42) 1.0(0.9) 0.010 (0.014) 0.014 (0.011) 300 (70)
Ancho Spring 0.1(0.3) 67 (64) 0.3(0.3) 0.000 (0.010) 0.000 (0.010) 10 (70)
Maximum 0.2(0.3) 115 (58) 1.6(0.8) 0.010 (0.014) 0.014 (0.011) 370 (80)
Group II
Spring 5A -0.1(0.3) -34 (50) 1.8(0.5) -0.017 (0.015) 0.006 (0.017) 130 (70)
— Spring 5B 0.2(0.3) 23 (50) 0.9(0.3) 0.015 (0.013) 0.025 (0.015) 20 (70)
by Spring 6 0.2(0.3) —4 (41) 04(0.2) -0.005 (0.015) 0.005 (0.011) 60 (70)
Spring 6A 0.0(0.3) 113 (59) 0.4 (0.3) 0.000 (0.010) -0.011 (0.019) 170 (70)
Spring 7 0.0(0.3) 28 (42) 2.1(0.5) 0.020 (0.015) 0.000 (0.010) —-50 (70)
Spring 8 0.0(0.3) 1 (45) 2.5(09) -0.004 (0.012) 0.008 (0.011) -60 (70)
Spring 8A —0.5(0.3) 27 41) <0.5(0.9) 0.020 (0.013) -0.011 (0.000) 240 (70)
Spring 9 0.0(0.3) ~53 42) 0.3(n.2) 2,000 (0.010) 0.000 (0.010) -140 (70)
Spring 9A 0.0(0.3) -24 (42) 0.6(0.5) -0.609 (0.012) 6.009 (0.014) =40 (70)
Doc Spring -0.3(0.3) 25 (63) 0.2(0.2) 0.000 (0.010) 0.000 (0.010) 110 (70)
Maximum 0.3(0.3) 113 (59) 2.5{0.9) 0.026 (0.013) 0.025 (0.015) 240 (70)
Group 111
Spring 1 0.1(0.3) 70 (46) 2.3(0.5) 0.000 (0.010) -0.009 (0.011) -10 (70)
Spring 2 -0.3(0.3) 186 (65) 4.2(0.9) 0.010 (0.016) 0.000 (0.010) 190 (70)
Spnng 2A 0.2(0.3) 30 (63) 11 (1.1) —0.004 (0.008) -0.004 (0.004) 130 (70)
Maximum 0.2(0.3) 186 (65) 4.2(0.9) 0.010 (0.016) 0.000 (0.010) 190 (70)
Group IV
Spring 3B 0.2(0.3) 34 41) 23 @4.7) 0.005 (0.015) -0.005 (0.005) 40 (70)

.

\
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Table (:-20 (Cont)

Gross
H 137¢cs Total Uranium B8py 2392:0p,, Gamma

Station (107 uCi/mL) (10 uCi/mL) (ug/L) (107 uCi/mL) (10~® uCi/mL) (counts/min/L)
Streams

Pajarito -0.2(0.3) -17 (57 1.1(0.5) 0.009 (0.014) 0.009 (0.009) 200 (70)

Ancho -0.1(0.3) 139 (59) 0.2(0.2) 0.017 (0.015) 0.009 (0.009) 70 (70)

Maximum 0.2(0.3) 139 (59) 23 4.7) 0.017 (0.015) 0.009 (0.009) 200 (70)
Sanitary Effluent

Mortandad 0.1(0.3) 95 (63) 0.6(0.3) -0.021 (0.019) 0.007 (0.016) ~10 (70)

35amples were collected in October 1989; counting uncertainties arc in parentheses. No sample was
taken from Spring 5AA because it was dry. Springs 2A and 5B, which normally are not sampled
because of high river levels, were included in 1989 because the flow in the Rio Grande was low.
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Table G-21. Chemical Quality of Surface and Spring Waters from White Rock Canyon (mg/L)?

Total Conduc-
Hard- tivity
Station SiO Ca Mg K Na CO, HCO, P so, < F  NOyN 7TDS > ness pH® (mS/m)
Group 1
Sandia Spring 50 <5 45 37 14 <5 138 0.2 10 3 06 <0.1 216 131 8.1 27
Spring 3 54 20 1.5 26 14 <5 86 03 8 3 0.5 0.7 130 63 15
Spring 3A 58 20 1.6 3.0 15 <5 77 0.2 S 3 04 0.6 128 60 8.c 16
Spring 4 58 20 40 22 13 <5 86 0.2 10 6 0.8 1.2 162 81 7.6 21
Spring 4A 75 19 44 2.0 11 <5 81 03 8 4 0.5 1.1 100 73 N 20
Spring 5 74 19 1.0 24 12 <5 81 03 6 4 0.7 04 202 69 8.0 14
Ancho Spring 81 12 27 1.8 21 <5 62 04 4 2 04 04 138 45 78 12
Maximum 81 20 45 30 1 <5 138 04 10 6 08 12 216 131 8.2 27
— Group I
=3 Spring 5A 63 23 217 30 18 <5 98 03 9 4 03 0.6 150 73 7.8 22
Spring SB 66 23 50 24 15 <5 75 03 12 5 04 50 196 85 8.2 24
Spring 6 76 12 34 20 10 <5 61 0.5 4 2 0.5 04 126 49 78 14
Spring 6A 79 n 27 20 11 <5 51 0.5 3 1 03 0.5 158 40 8.0 12
Spring 7 80 13 30 23 14 <5 62 05 5 2 03 0.5 84 79 7.3 13
Spring 8 80 20 47 30 23 <5 113 04 14 3 04 12 110 84 6.8 21
Spring 8A 88 12 30 23 12 <5 64 04 3 2 05 <0.1 183 45 85 13
Spring 9 80 11 30 20 12 <5 62 04 4 2 04 <01 202 44 8.2 13
Spring 9A 79 10 29 14 11 <5 65 04 2 2 038 0.3 86 41 79 13
Doe Spring 83 12 3.0 1.7 12 <5 69 04 5 2 07 <01 164 46 8.2 13
Maximum 88 23 5.0 3.0 23 <5 113 0.5 14 4 08 5.0 202 85 85 24
Group 1
Spring 1 34 20 1.2 23 32 <5 122 — 9 3 0.9 0.2 226 59 8.2 20
Spring 2 37 20 1.0 1.7 59 <5 155 0.2 9 3 13 <0.1 372 57 8.1 31
Spring 2A 46 3 <05 1.2 62 <5 137 0.2 8 2 0.5 0.6 162 12 89 25
46 20 1.2 23 32 <5 155 0.2 9 3 1.3 0.6 372 59

\ Maximum

89 25 )

~
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Table G-21 (Cont)

Total Conduc-
Hard- tivity
Station Si0, Ca Mg K Na CO, HCO, P 50, «q F NO,N TDS b ness pH® (mS/m)
Group 1V
Spring 3B 50 22 1.8 50 135 <5 in 2.2 16 3 0.6 2.0 44€ 62 1.6 61
Streams
Pajarito 75 21 40 2.6 14 <3 83 03 7 4 0.5 0.7 158 74 &2 20
Ancho 78 13 3.2 1.8 11 <5 65 04 4 2 04 <0.1 130 52 8.3 14
Maximum 78 21 40 20 14 <5 83 04 7 4 0.5 0.7 158 52 8.3 20
Sanitary Effluent
Mortandad 97 29 90 16 97 <5 153 6.2 40 48 1.2 9.0 452 104 8.6 59

L61

samples were collected in October 1989. No sample was taken from Spring SAA because it was dry.
Springs 2A and 5B, which normally are not sampled becausc of high river levels, were included in 1989
because the flow in the Rio Grande was low.

®Total dissolved solids.

“Standard units.
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3Samples were collected March—April 1989; counting uncertaintics are in parentheses.
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Table (;-22. Radiochemical Quality of Surface :.d Ground Waters from On-Site Stations®

~

. Gross
‘H Yics Total Uranium -y 239240p,) Gamma
(10~ uCi/mL) (10~ uCvmL) (ng/L) (10™° uCi/mL) (10~ pCi/mL) (counts/min/L)

Groui.d Wazer (Main Aquifer)

Test well 1 S — —_— <

Test well 2 Wel!

Test well 3 0.6 (0.3} -62 (60) 2.7(0.3) L. A -0.009 (0.011) 70 (70)

Test well DT-5A -0.2(0.3) 40 (38) 2.0(1.0) -0.00¥ (t. 0.008 (0.012) 60 (70)

Test well 8 0.. (0.3) 30(73) 2.0(1.0) 0.019 (0.0. . 0.028 (0.011) 60 (70)

Test well DT-9 .1 (0.3) 7 (46) 20(1.0) -0.005 (0.012) -0.0019 (0.011) -50 (70)

Test well DT-10 -0.2(G.3) 22 (8) 29(1.0) 0.000 (0.01G) N1 (0.010) -90 (70)

Maximum 0.1(0.3) 40 (3% 2.70.3 0.019(0.011) C.028 (b M) 70 (70)
Surface Victer

Canada -lcl Buey 0.6(0.3) 100 (41) 2.5(0.3) 0.014 (0.016) 0.005 (0.012) 160 (70)

Pajarito Canyon -0.5(0.3) -y (6O 5.9(0.6) --0.010 (0.010) 0.010 (0.017) 140 (70)

Water Canyon at Beta Hole 0.0(3.3) 105 (71 <i ¢ 0.004 (0.012) 0.004 (0.011) 80 (70)

Maximum 0.6 (0.3) 105 (70) 59 (0.6 0.014 (0.016) 0.010 (0.017) 160 (70)
Observation Wells (Pajarito Canyon)

PCO-1 -0.10.3) 100 (48) 20(1.0 -0.009 (0.009) 0.000 (0.010) 40 (70)

PCO-2 0.1(0.3) 7507 -200.0) (.005 (0.009) 0.011 (0.008) 190 (70)

PCO-3 €6(0.3) 14 (42) 20(1.0) 0.006 (0.015) -0.006 (0.015) 170 (70)

Maximum 0.6 (0.3) 100 (48) 20 (1.0 0.006 (0.015) 0.011 (0.008) 190 (70)

6£61 IDONVIUIAHNS TVINIWNOHIANI
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f Table G-23. Chemical Quality of Surface and Ground Waters from On-Site Stations (mg/L)* \

Total Conduc-
Hard- tivity
Station $i0, Ca Mg K Na CO, HTO, P O, « F  NO,N TDS® ne pH® (mS/m)
Ground Water (Main Aquifer)
Test well 1 Well inactive
Test well 2 Well inactive
Test well 3 110 17 43 21 17 <l 82 03 3 3 04 0.6 179 60 8.2 18
Test well DT-5A 74 10 36 32 11 <1 S8 0.3 2 2 0.3 04 132 35 8.0 12
Tast well 8 73 9 22 10 12 «l 54 0.3 2 1 0.3 0.3 132 35 8.0 12 m -
Test well DT-9 72 10 22 13 12«1 53 0.3 2 «l 0.3 04 126 38 8.0 12 29
Test well DT-10 73 10 30 10 11 <l 52 0.3 2 1 0.3 04 126 38 8.0 12 g §
£z
Maximum 110 17 43 32 17 <1 82 0.3 3 3 04 0.6 179 60 8.2 18 § 8
23
< @5
 Surface Water 5%
Canlada del Buey 36 7 13 22 16 <l 34 0.1 5 10 09 0.1 109 22 76 11 il
Pajarito Canyon 58 77 32 48 113  «i 257 0.2 4 194 03 0.3 579 338 80 120 g o]
Water Caryon at Beta Hole 37 11 34 32 15«1l 52 0.2 5 8 0.2 0.1 125 45 78 14 Q 2
a0
Maximum 58 77 32 48 113 <« 257 0.2 5 194 09 0.3 579 338 8§80 120 82

Observation Wells (Pajarito Canyon)

PCO-1 25 14 41 37 23 <« 57  <0.1 8 24 0.2 0.1 144 59 7.0 22
PCO-2 25 18 41 37 20 «i 59 <0.1 8 24 0.2 0.1 143 68 7.0 22
PCO-3 25 16 54 30 20 «l 62 <0.1 9 25 0.2 0.1 144 66 16 22
Maximum 25 18 54 37 23 «i 59 <01 9 25 0.2 0.1 144 68 7.0 22

“Samples were collected in March and April 1989.
®Total dissolved solids.

\CStandard units. J
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Table G-24. Radiochemical Quality of Surface and Ground Waters from Efiluent Release Areas”
Gross
3H B Total Uranium Mpy B2d0p,, Gamma
Station (10~ pCi/mL) (10 uCi/mL) (ug/L) (107 uCi/mL) (10 pCi/mL) (counts/min/L)
Acid-Pueblo Canyon
Acid Weir 0.2(0.3) 145 (83) 1.C'1.0) =0.008 (0.008) 0.082 (0.021) 100 (70)
Pucblo 1 0.3(0.3) 04 (67) 1.0(1.0) 0.009 (0.009) 0.009 (0.006) 10 (70)
Pucblo 2 0.0 (0.3) 30 (83) 1.0(1.0) -0.004 (0.009) 0.012 (0.013) —40  (70)
Pueblo 3 0.4 (0.3) 44 (66) 1.0(1.0) 0.005 (0.015) 0.014 (0.010) -80 (70)
Hamilton Bend Spring 0.2 (0.3) 43  (81) 1.01.0) -0.017 (0.014) 0.009 (0.012) -10  (70)
Test well 1A 0.4 (0.3) -19 (34) 2.8(0.3) 0.012 (0.010) 0.004 (0.007) 50 (70)
Test well 2A 0.6 (.03) =52  (74) 1.0(1.0) 0.009 (0.011) -0.014 (0.010) ~-30 (70)
Basalt Spring 0.1(0.3) 716  (119) 2001.0) 0.004 (0.013) -0.004 (0.012) 110 (70)
Maximum 0.6(0.3) 716 (119) 2.8(1.0) 0.012 (0.010) 0.082 (0.021) 110 (70)
E:\J
z Los Alamos Canyon
DPS-1 1.2(0.3) =23 (34) 1.0(1.0) —0.012 (0.007) 0.004 (0.010) 70 (70)
DPS-4 Dry -
LAO-C 0.2(0.3) 15 (52) 2.0(1.0) 0.028 (0.013) 0.018 (0.009) 70 (70)
LAO-1 3.8(0.5) -61 10) 1.0(1.0) ~0.009 (0.009) 0.009 (0.014) 80 (70
LAO-2 2.9(0.5) 19 (32 1.0(1.0) 0.021 (0.016) 0.017 (0.010) 70 (70)
LAO-3 2.1(04) 46  (30) 2.0(1.0) —0.017 (0.014) 0.004 (0.011) 60 (70)
LAO4 2.9(0.5) 9%  (88) 1.0(1.0) 0.012 (0.011) 0.008 (0.013) 90 (70)
LAO4.5 28(04) -81 (31 1.0(1.0) -0.009 (0.011) 0.000 (0.010) 30 (70)
Maximum 3.8(0.5) 9% (83) 2.0(1.0) 0.028 (0.013) 0.018 (0.014) 90 (/0)
Sandia Canyon
SCS-1 0.0(0.3) 72 (73 3.0(1.0) ~0.015 (0.015) 0.005 (0.011) 150 (70)
SCS-2 0.7 (0.3) -7 42 3.0(1.0) 0.000 (0.010) —0.004 (0.009) 100 (70)
SCS-3 0.2(0.3) 1 (72) 3.0(1.0) -0.012 (0.007) —0.004 (0.012) 120 (70)
Maximum 0.7(0.3) 72 (73) 3.0(1.0) 0.000 (0.010) 0.005 {0.011) 150 (70)

\
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Table G-24 (Cont)

Gross
H Vics Total Uranium Bpy 29.249py, Gamma
Station (107 nCi/mL) (107 uCi/mL) (ng/L) (10”° uCi/mL) (10 uCi/mL) (counts/min/L)
Mortandad Canyon
GS-1 38 (4.0 3130 (870 40(1.0) 7.36 (0.271) 284  (0.906) 2800 (300)
MCO-3 37 @40 3000 (470) 4.0(1.0) 7.82 (0.318) 29y (1.05) 2600 (300)
MCO4 130 (10) 0.22 (46) 3.0(1.0) 0.137 (0.034) 0.364 (0.054) 410 (80)
MCO-5 130 (10) 191 (103) 3.0(1.0) 0.147 (0.024) 0.342 (0.038) 230 (80)
MCO-6 150 (20) 122 (46) 40(1.0) 0.033 (0.012) 0.029 (0.010) -20 (70)
MCO-7 150 (20) 8.1 (39 4.0(1.0) 0.003 (0.010) 0.050 (0.013) =100 (70)
MCO-7.5 150 (20) 97  (90) 4.0(1.0) 0.051 (0.018) 0.02i (0.0:0) 80 (70)
Maximum 150 (20) 3130 (470) 4.0(1.0) 7.82 (0.318) 299 (1.05) 2800 (300)
Limits of detection 0.7 40 1 0.009 0.003 50

Samples were collected in April 1989; counting uncertaintics are in parentheses.

~
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Table G-25. Chemical Quality of Surface and Ground Waters from Effluent Release Areas (mg/L)*

)

Total Conduc-
Hard- tivity
Station §iO, Ca Mg K Na CO, HCO, P SO, CI F NON TDS® ness pH® (:aS/m)
Acid-Pueblo Canyon
Acid Weir 16 26 49 74 140 0 44 0.3 16 239 0.2 0.7 452 85 77 84
Pueblo 1 64 22 38 97 100 0 130 6.6 2 76 0.6 25 373 76 74 60
Pueblo 2 45 26 32 11 100 0 106 6.0 26 83 0.6 1.8 356 75 76 57
Pueblo 3 72 17 20 13 99 0 188 109 37 43 0.8 37 392 52 73 &
Hamilton Bend
Spring 64 17 35 90 74 0 114 6.0 26 52 0.8 1.5 297 59 7.8 46
Test well 1A 442 27 80 4.0 20 9 127 1.8 25 38 0.5 2.7 288 88 84 46
Testwell2A 47 34 62 46 20 0 72 0.1 6 S0 0.3 <0.1 169 100 80 32
Basalt Spring 44 34 62 46 20 0 92 03 18 17 0.5 3.0 204 108 82 30
Maximum 72 34 80 13 140 9 188 109 37 239 0.8 3.7 452 108 84 84
(2o
S DP-Los Alamos Canyon
DPS-1 23 48 34 82 125 0 140 0.2 14 140 0.8 <0.1 420 123 1.3 78
DPS4 Dry
LAO-C 34 11 32 56 26 0 34 0.2 32 4 0.2 0.1 131 29 7.1 16
LAO-1 35 15 33 30 34 0 41 0.3 6 47 0.2 <0.1 164 48 7.8 25
LAO-2 50 24 23 99 45 0 84 0.2 12 45 14 <0.1 . 220 47 73 34
1LAO-3 39 23 3 120 70 0 88 0.2 12 73 14 04 265 67 7.1 45
LAO4 38 21 38 173 31 O 57 0.2 8 50 09 <0.1 181 S8 72 30
LAO4.5 29 19 44 54 30 0 61 1.1 12 52 0.8 0.2 180 62 7.1 29
Maximum S0 48 44 120 125 0 140 1.1 32 140 14 0.4 430 123 7.8 78
Sandia Canyon
SCS-1 78 17 27 11.0 100 0 99 43 53 53 0.6 4.1 349 54 76 52
SCS-2 66 21 32 89 140 0 89 24 71 72 0.6 40 412 65 80 60
SCS-3 75 16 40 49 54 0 80 1.7 32 33 0.5 29 269 57 80 35
Maximum 78 21 40 11.0 140 0 99 43 71 72 0.6 4.1 412 05 8.0 60

.
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Table G-25 (Cont)

\

Total Conduc-
Hard- tivity
Station §i0, Ca Mg K Na Co, HCO, P SO, Cl F NO,-N TDS® ness pHE (mS/m)
Mortandad Canyon
GS-1 43 210 28 120 320 i 382 0.1 107 352 72 117 1780 46 80 300
MCO-3 43 200 30 117 300 28 372 0.1 102 294 64 111 1700 462 80 280
MCO-4 32 60 85 43 200 0 181 0.2 105 54 1.7 107 1060 182 75 150
MCO-5 32 s 7.7 S0 220 0 172 0.2 100 66 1.6 106 1000 170 74 140
MCO-6 34 23 50 5.5 210 0 175 0.2 38 27 1.9 81 782 78 7.3 100
MCO-7 34 23 52 54 220 0 174 0.2 39 33 1.5 82 762 79 7.8 110
MCO-7.5 34 23 53 55 210 0 181 0.2 40 26 1.6 82 770 83 170 110
Maximum 43 210 85 120 320 28 382 0.2 107 352 72 117 1780 462 80 300
2Samples were collected in April 1989.
®Total dissolved solids.
“Standard units.
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Table G-26. Radiochemical Quality of Water from Supply Wells and the Distribution Systema

Total Gross Gross Gross
3H 131Cs Uranium 28py 19240py, Alpha Beta (Gamma
Station (10 pCi/mL) (10~ pCi/mL)  (pg/L) (10®° uCi/mL) (10~ uCi/mL) (10~ uCi/mL) (10~ pCi/mL) (counts/min/L)
Water Supply
Los Alamos Field
Well LA-1B 0.1 (0.3) 42 (69) 7.1(0.7) -0.008 (0.002)  0.00C (0.001) 18 (5.0) 2.8(0.5) 160 (70)
Well LA-2 0.2(0.3) 107 (59) 6.6(0.7) 0.039(0.034) 0.013(C.022) 4 (1.0 2.3(0.5) 60 (7C)
Well LA-3 0.310.3) -15(61) 3.6(0.4) -0.007(0.018)  0.007 (0.021) 0.9(0.7) 1.7(0.4) 190 (70)
Well LA4 (Well inactive)}—
Well LA-5 -0.3(0.3; -13 (50) 22(0.2) 0.010(0.015)  0.010(0.015) 1.5(0.8) 13(04) 110 (70)
Guaje Field
WeliG-1 0.1(03) -15(61) 2.1(0.2) 0.008 (0.014)  0.008 (0.014) 0.1 (0.6) 2.5(0.5) -30(70)
0o Well G-1A -0.2 (0.3) 47 (45) 2.1(0.2) —0.005(0.005)  0.000(0.010) 0.7 (0.7 2.2(0.5) 50 (70)
b Wwell G-2 04 (0.3 147 (73) 2.6(0.3) 0.000(0.010)  0.006 (0.006) 04 0.7) 2.7(0.5) 140 (70)
Well G-3 —(Well inactive)}—
Well G4 0.1 (0.3) 37(52) 26(0.3) 0.000(0.010)  0.004 (0.007) 1.1(0.7) 10 (1.0) 100 (70)
well G-5 0.2(0.3) 58 (60) 26(0.3) 0.008(0.006) 0.004 (0.004) 09(0.7) 1.8 (0.4) 230 (80)
Well G5 -0.1(0.3) 42 (46) 22(02) 0.008/0013) 0.025(0.014) 0.6 (0.6) 1.6 (04) 120 (70)
Pajarito Fieid
Well PM-1 0.1(0.3) ~73 (60) 34(0.3) 0.011(0.011) 0.022(0.01 1) 0307 420.6) 220 (80)
] Well PM-2 -0.2(0.3) 17(51) 2.110.2) -0.004(0.009) ~-0.004(0.012) 0.3(0.5) 4.0(0.6) 190 (70}
Weli PM-3 0.1 (0.3) 22 (60) 3.3(0.3) ~0.004 (0.014) -0.008 (0.006) 1.3(0.9) 3.8(0.6) 190 (70)
wcll PM4 -0.1 (0.3) 91 (91) 1.0(1.0) 0.000(0.010) ~0.014 (0.008) 0.9 (0.6) 1.7(04) —
Well PM-5 02(0.3) —60 (35) 22(02) 0.000(0.010) 0011 0.017) 27(0.7) 4.3(0.6) 30 (70)
Water Canyon
Gallery -04 (0.3) 32 (60) 2.1¢0.2) 0.023(0012) 0.000 (0.010) 0.5 (0.6) 1.9 (04) 70 (70)
Water supply
moximum 0.4 (0.3) 147 (73) 7.1(0.7) 0.039(0.034) 0.025 (0.014) 18 (5.0 10 (1.0) 230 (80)

\_

686} IONVTUIAENS TVINIWNOHIANI
AHOLYHOSVT TVNOILVN SOWY TV SO




/

Table G-26 (Conv)

\

v Total Gross Gross Gross
‘H 1¥7Cs ©  Uranium Bipy 19240py, Alpha Beta Gamma
Station (10%uCi/mL) (10°pCi/mL) (ugl) (G0 uCimL) (10 uC/mL) (10~ pCifmL) (10~ pCi/mL) (coums/min/L)
Distribution System
Fire Station } -0.2(0.3) -71 (45) 2.1(0.2)  0.000(0.010) 0.000 (0.010) 0.7 (0.6) 2.2 (0.4) 140 (70)
Fire Siation 2 0.1:0.3) 31 (51 54 (0.5) -0.011(0.007) 0.004 (0.013) 4.02.0) 3.0(0.5) 50 (70)
Fire Station 3 0.1 (0.3) 78 (54) 29(0.3) 0.009(0.017) 0.009(0.011) 0.7 (0.7) 6.5 (0.8) 20¢ (70)
Fire Station 4 0.0(0.3) 40 (46) 2.7(0.3)  0.000(0.010y -9.011 (0.008) 0.4 (0.7) 4.6 (0.6) 140 (70)
Fire Station 5 -0.2(0.3) 100 (63) 2.1(0.2) —0.008 (0.008) —0.004 (0.011) 1.0 (0.6) 1.8 (0.4) 80 (70)
Bandelier National . '
o Monument - 0.5(0.3) ~16 (51) 2.1(0.2) 0.000 (0.01¢))  0.020 (0.013) 1.0 (0.6) 29(0.5) 120 (70)
(=]
(¥ e
Distribution system :
maximam 0.1(0.3) 100 (63) 54(0.5 0.009(0.017) 0.009(0.011) 4.0 (2.0 6.5(0.8) 200 (70)
Fenton Hill Supply
TA-57 . 0.3(0.3) -37(59) 4.3(0.4) 0.000 (0.001)  0.005 (0.C14) 200.0 5.0(0.7) 10(70)
Standby Well (LA-6) 0.0(0.3) —_ 30(1.0) 0.033(C.018) -0.014(0.008) 1.5(0.9) 3.0(0.5) 70 (70)

.

Collected in March 1989; counting uncertainties are in parentheses.
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LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL SURVEILLANCE 1989

Secondary Standards for Water from Supply Wells and

the Distribution System (mg/L)"

Table G-27. Chemical Quality for Parameters Covered by EPA’s Primary and

~

\_

206

Station Ag As Ba Cd Cr F Hg NO,N Pb Se
Supply System
Los Alamos Field
Wcll LA-1B <0.001 0.042 0055 <0.001 0024 29 <0.0002 0.5 0.002 <0.001
Well LA-2 <0.001 0012 0.090 <0.001 0021 18 <0.0002 05 <0.001 0.001
Well LA-3 <0.001 0.006 0.057 <0001 0008 07 <00002 05 <0.001 0.00]
Well LA-5 <0.001 0005 0002 <0001 00 04 <0.0002 04 0006 <0.001
Guaje Field
Well G-1 <0.001 0003 0.002 <0001 0005 05 <00002 04 0.006 <0.001
Well G-1A <0.001 0.015 0001 <0001 0008 06 <00002 04 0.003 <0.001
Well G-2 <0.001 0040 0.001 <0001 0011 09 —_ 04 0003 0001
Well G-3 Well inactive
well G-4 <0.001 0.003 0002 <0.001 0004 03 <00002 02 0008 0.001
Well G-5 <0.00l 0002 0015 <0001 0004 04 <0.0002 06 0002 <0.001
Well G-6 <0.002 0004 0006 <0001 0005 03 — 0.6 0.001 <0.001
Pajarito Field
Wecll PM-1 <0.001 0.002 0.083 <0.001 0003 03 <00002 03 0001 0.001
Wecll PM-2 <0.001 «0.001 0.025 <0.001 0003 03 <00002 05 000 <0.001
Well PM-3 <0.001 0.003 0.088 <0.001 0004 03 <00002 04 0.001 <0.001
Well PM4 <0.001 0001 0.022 <0001 0008 03 <00002 03 0.0002<0.00!
Well PM-5 <0.002 <0.001 0.033 0006 0005 03 <0.0002 03 0015 <0.001
Water Canyon
Gallery <0.061 0.001 0031 <0001 0002 0.1 <00002 03 0003 <0.00]
Water supply
maximum <0.001 0042 0.090 0006 0024 29 <0.0002 06 0015 0.001
Distribution System
Fire Station 1 <0.001 <0.001 0.026 <0001 0007 03 <00002 03 0004 <0001
Fire Station 2 <0.001 0.018 0.054 <0.001 0020 1.8 <00002 03 G003 <0.001
Firc Station 3 <0001 0.002 0.060 <0001 0006 1.1 <0.0002 04 0006 0.001
Firc Station 4 <0.001 0.014 0.037 <0.001 0009 09 <0.0002 04 0003 0.001
Fire Station § <0.001 0.002 0.028 0001 0004 04 <0.0002 0.1 0.005 <0.001
Bandclicr National
Monume a <0.001 <0.001 0.026 <0.001 0004 03 <0.0002 04 <0.006 <0.001
Distribution sysicm
maximum <0.001 0.018 0.060 0.001 0020 18 <0.0002 04 0.006 0.001
Fenton Hill supply,
TA-57 <0.001 0.002 0.010 <0.001 0002 0.1 <0.0002 02 <0.001 <0.001
Standby wcll (LA-6) <0.001 0.156 0026 <0001 0.025 2.1 <0.0002 0.5 <0.001 0.001
EPA and NMEID
primary maximum
concentration levels 0.05 0.05 1.0 0.01 00s 40 0002 10 0.05 0.01

J




LOS ALAMOS NATIONAL LABORATORY

/ ENVIRONMENTAL SURVEILLANCE 1989

Table G-27 (Cont)

3Samples were collected in April 1989.

k bStandard units.
207

Station Cl Cu Fe Mn SO, Zn TDS pH
Supply Wells
Los Alamos Field
Well LA-1B 16 0.035 0.010 0.004 38 0.008 427 8.5
Well LA-2 14 0.071 0.015 <0.002 15 0.004 214 8.5
Well LA-3 3 0.048  0.031 <0.002 7 0.002 124 84
Well LA-S 2 0.003 0.011 0.004 4 0.004 99 83
Guaje Field
Well G-1 2 0010 0.025 <0.002 5 0.003 147 84
Well G-1A 3 0.053 0009 <0.002 5 0.018 150 84
Well G-2 2 0.002 0.007 <0.002 5 0.004 161 84
Well G-3 Well inactive
well G4 2 0.066 0.160 0.003 4 0.012 134 8.3
well G-5 3 0.001 0.004 <0.002 5 0.009 138 8.3
Well G-6 2 <0.005 0.021 <0.002 4 0.013 117 82
Pajarito Field
Well PM-1 6 0.006 0.006 0.001 6 0.008 195 83
Well PM-2 2 0.002 0.003 0.002 4 0.003 127 8.2
Well PM-3 6 0.004 0.008 0.001 5 0.005 198 84
Well PM4 2 <0.001 0.036 0.031 2 0.002 159 —
Well PM-5 2 0.002 0450 <0.002 3 0.005 165 8.2
Water Canyon '
Gallery 2 0.001 0.002 0.017 ] 0.019 74 7.8
Water supply 16 0.071 0450 0.017 38 0.019 427 8.5
maximum
Distribution System
Fire Station 1 ? 0.001 0.008 0.005 2 0.034 140 8.1
Firc Station 2 10 0.014 0.020 0005 21 0.C18 259 8.5
Fire Station 3 5 0.040 0.007 0.003 5 0.008 216 8.3
Fire Station 4 4 0.004 0.022 0.007 7 0.031 151 84
Fire Station 5 3 0.071 C.026 <0.002 3 0.122 128 8.0
Bandelicr National 2 0.009 0.030 0.002 3 0.108 137 8.1
Monument
Distribution systcm 10 0.071 0.030 0007 21 0.108 259 8.5
maximum
Fenton Hill supply,
TA-57 59 0.001 0.110 <0.001 10 0.012 334 8.3
Standby well (LA -6) 4 <0001 0.004 0.031 6 0.001 20 8.8
EPA and NMEID
secondary maximum
concentration lcvels 250 1.0 03 005 250 5.0 300 6.8-8.5
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ENVIRONMENTAL SURVEILLANCE 1989 \

Table G-28. Chemical Quality of Water from Supply Wells and the Distribution System (mg/L)*
Total Conduc-
Hard- tivity
Station Al Si0, Ca Mg K Na  CO, HCO, P ness (m$/m)
Supply Wells
Los Alamos Field
Well LA-1B —— 40 6 05 35 164 0 293 04 20 68
Well LA-2 — 33 7 04 28 76 0 131 0.2 19 34
Well LA-3 — 34 16 0.1 1.9 30 0 90 02 32 19
Well LA4 Well inactive
Wel LA-5 — 42 12 0.1 1.8 27 0 74 0.2 31 15
Guaje Field
Well G-1 — 88 14 0.7 3.0 24 0 80 04 42 16
Well G-1A — 77 11 04 28 35 0 88 0.3 30 18
Well G-2 — 77 11 0.7 26 42 0 102 03 30 21
Well G-3 Well inactive
Well G-5 — 63 2] 45 2.0 13 0 79 0.3 69 16
Well G-6 — 56 15 2.1 26 21 0 75 0.2 45 16
Pajarito Field
Well PM-1 — 82 26 72 40 22 0 118 03 90 26
Well PM-2 — 86 12 3.1 1.8 11 0 57 04 36 11
Well PM-3 — 83 27 6.2 43 22 0 118 0.3 94 26
Well PM4 — 85 10 27 30 12 0 SS 1.6 33 12
Well PM-5 — 94 13 44 2.0 14 0 68 04 48 14
Water Canyon
Gallery 8.0 36 7 29 2.2 43 0 27 0.2 29 7
Water supply
maximum e 94 27 7.2 43 164 0 293 1.6 94 68
Distribution System
Fire Station 1 <0.01 8@ 11 32 22 13 0 62 0.5 47 12
Fire Station 2 0.01 41 9 08 40 95 7 180 0.2 28 43
Fire Station 3 <0.01 90 23 74 53 18 0 119 04 95 26
Fire Station 4 0.01 65 13 1.8 3.1 29 4 98 03 43 21
Fire Station 5 0.03 86 13 3.7 2.3 10 0 60 04 50 13
Bandelier National
Monument — 83 14 35 3.1 10 0 62 03 51 13
Distribution systcm
maximum — 9% 23 74 53 95 7 180 0.5 95 43
Fenton Hill Supply,
TA-57 — 75 68 74 7.0 22 0 14 03 203 48
Standby well (LA-6) — 35 3 04 1.6 71 0 140 08 7 30

Qmples were collected in March 1989. J
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Table G-29. Transport of Radionuclides in Summer Run-Off from
Los Alamos and Pueblo Canyons”

~

Los Alamos Canyon Pueblo Canyon Los Alamos Canyon
at State Road 4 at State Road 4 at Well LA-S
14:30 14:50 15:05 15:15
Solution
H 106 uCi/mL 05  (0.3) 0.7 (0.3) 04  (0.3) 0.6 (0.30)
3Cs 10~ uCi/mL 19 (48) 84  (57) 21 37 111 (64)
8py 10~ uCi/mL 0012 (0.012) 0.013 (0.012) -0.004 (0.004) 0.012  (0.007)
239.240py 107 uCmL 0.020 (0.014) 0.036 (0.014) 0.013 (0.010) 0.029 (0.011)
§ Gross gamma counts/min/L 160 (70) 320 (80) -10 (70) 170 (70)
Suspended Sediments
28py pCi/g 0.299 (0.016) 0460 (0.024) 0.010 (0.002) 0213 (0.014)
239.240py, pCi/g 1.56  (0.066) 2.07 (0.090) 1.76  (0.076) 1.34  (0.059)
3¢ pCuy 62  (0.9) 103 (1.6) 04  {0.1) 56  (09)
Gross gamma counts/min/g 10 1.0) 62 (0.7) 8.5 0.9) 9.2 (1.0)
Total uranium Hg/g 54 (0.5) 67 (0.7 54  (0.5) 6.0 (0.6)
Estimated dscharge (it¥/s) 40 S0 30 70

N\

“Samples were collected September S, 1989; counting uncertainties arc in parentheses.
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(Noneffluent and Effluent Areas)”

Table G-30. Number of Results above the Analytical LOQs for Organic Compounds in
Surface and Ground Waters from Regional and On-Site Locetions

~

Kforlisl of compounds analyzeq in each set.
210

3Sce Table 20 for values of analytical results reported above the LOQs and Appendix C

Date Type of Organic Compound
(1989) Volatile  Semivolatile Pesticide Herbicide PCB
Number of Compounds Analyzed 65 68 13 4 4
Regional
Rio Chama at Chamita 3-27 0 0 0 0 0
Rio Grandc at Embudo 3-27 0 0 0 0 0
Rio Grande at Otowi 3-27 0 0 0 0 0
Rio Grande at Cochiti 3-27 0 0 0 0 0
Rio Grande at Bernalillo 3-27 0 0 0 0 0
Jemez River at Jemez 3-27 0 0 0 0 0
On Site (Noneffluent Areas)
Pajarito Canyon
PCO-1 3-27 0 0 0 0 0
PCO-2 3.27 1 0 )} 0 0
PCO-3 3-27 0 0 0 0 0
On Site (Effluent Areas)
Acid-Pueblo Canyon
Acid-Weir 4-3 0 0 0 0 0
Pucbio 1 4.3 0 0 0 0 0
Pucblo 2 4-3 1 0 0 0 0
Pucblo 3 4-3 1 0 0 0 0
Hamilton Bend Spring 4-3 0 0 0 0 0
Test Well 2A 4-3 0 0 0 0 0
Basalt Spring 4-3 0 0 0 0 0
DP-Los Alamos Canyon
DPS-1 4-17 0 0 0 0 0
LAO-C 4-17 0 0 0 0 0
LAO-1 4-17 0 0 0 0 0
LAO-2 4-17 0 0 0 0 0
LAO-3 4-17 0 0 0 0 0
LAO-4 4-17 0 0 0 0 0
LAO-4.5 4-17 0 0 0 0 0
Sandia Canyon
SCS-1 3-27 0 0 0 0
SCS-2 3-27 0 0 0 0 0
SCSs-3 3-27 0 0 0 0
Montandad Canyon
GS-1 4-26 0 0 — 0 —
MCO-3 4.26 1 0 — 0 —
MCO-4 4-26 0 0 — 0 —
MCO-5 4-26 0 0 — 0 —
MCO-6 4.26 0 0 — 0 —
MCO-7 4.26 0 1 0 0 0
MCO-7.5 4.26 0 0 0 0 0
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Table G-31. Locations of Soil and Sediment Sampling Stations

Latitude Longitude
or North-South or East-West Map
Station Coordinate Coordinate Designation”
Regional Sediments
Chamita 36°05° 106°07° —
Embudo 36°12° 106°538° —
Otowi 35°52° 106°08° —
Sandia S060 EAY%0 —_—
Pajarito S18s E410 -
Ancho $308 E335 —
Frijoles S$375 E235 —
Cochiti 35°37° 106°19’ —
Bemalillo 35°17 106°36 —
Jemez River 35°4( 106°44’ —
Perimeter Sediments®
Guaje at SR-4 N135 E480 12
Bayo at SR-4 N120 E455 13
Sandia at SR-4 NO025 E315 14
Mortandad at SR-4 S030 E350 15
Cafiada dcl Buey at SR-4 S090 E360 16
Pajaritc at SR-4 S105 E320 17
Potrillo at SR-4 S145 E295 I8
Water at SR-4 S170 E260 19
Ancho at SR-4 $255 E250 20
Frijoles at National Monument 5280 E185 21
Headquarters
Effluent Release Area Sediments
Acid-Pueblo Canyon
Acid Weir N125 E070 22
Pueblo 1 N130 EO08S 23
Pueblo 2 N120 E145 24
Hamilton Bend Spring N10s E255 25
Pueblo 3 NO090 E315 26
Pueblo at SR-4 N070 E350 27
DP-Los Alamos Canyon
DPS-1 N090 E160 28
DPS-4 NO75 E205 29
Los Alamos at Bridge N09S E020 30
Los Alamos at LAO-1 NO80 E120 31
Los Alamos at GS-1 NO75 E200 32
Los Alamos at LAO-3 NO75 E215 33
Los Alamos at LAO-4.5 NO065 E270 34
Los Alamos at SR-4 NO65 E355 35
Los Alamos at Totavi NO065 Ea0S 36
Los Alamos at LA-2 N125 ES10 37
Los Alamos at Otowi N100 ES60 38

211
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Table G-31 (Cont)

Latitude Longi ude
or North-South or East-West Map
Station Coordinate Coordinate Designation”
Effluent Release Area Sediments (Coni)
Mortandad Canyon
Mortandad near CMR Building NO6O E036 39
Mortandad west of GS-1 NO0O45 EQ095 40
Mortandad 't GS-1 N040 E105 41
Monandad at MCO-5 NO035 E155 42
Monandad at MCO-7 N02S E190 43
Mortandad at MCO-9 N030 E215 44
Mortandad at MCO-13 NO15 E250 45
Regional Soils
Rio Chama 36°05° 106°07° —
Embudo 36°12 105°58’ —
Olowi 35°52 106°08’ —
Neur Santa Cruz, 35°59° 105°54’ —
Cochiti 35°37 106°19" —
Bernalillo 3517 106°36’ —
Jemez 35°40° 106°44’ _—
Perimeter Soils
Los Alamos Sportsman Club N240 E215 S1
North Mesy N134 E168 Sz
TA-8 NO&0 w075 S3
TA-49 S165 EO085 S4
Whiwe Rock (cast) S055 E385 S5
Tsankawi NO20 E310 S6
On-Site Soils
TA-21 NO095 E140 S7
East of TA-53 NO51 E218 S8
TA-50 NO035 E095 59
Two-Mile Mcsa NO02S E030 S10
East of TA-54 S080 E295 Sil
R-Site Road East S042 E103 S12
Potrillo Drive S065 E195 S13
S-Site S035 w025 S14
Near test well DT-9 S150 E14( S15
Near TA-33 $245 E225 S16

330il sampling locations are given in Figs. 14 and 17; scdiment sampling locations, in Figs. 14
and 18.

®The three sediment stations on Potrillo, Watcer, and Ancho canyons located at Statc Road 4 are
considered perimeter stations because all Laboratory facilitics arc located west of State Road 4.
Eight addiuonal sediment stations arc located at the confluence of the Rio Grandc and the following
majorcanyons: Sandis, Caflada Ancha, Moriandad, Pajarito, Water, Ancho, Chaquihui, and Frijolcs.

212
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Table G-32. Radiochemical Analyses of Regional Soils and Sediments®

Gross
3H 131Cg Total Uranium Bipy 29240p, Gamma
Location (107¢ uCi/mL) (pCilg) (ug/g) (pCi/g) (pCilg) (counts/min/g)
Soils
Chamita 08 (0.3) 0.25 (0.10) 2.8 (0.3) 0.001 (0.001) 0.014 (0.002) 1.8 (04
Embudo 1.0 (0.3) 0.88 (0.18) 2 (0.2 0.001 0.001) 0.016 (0.002) 1.7 (04)
Otowi 14 (0.3) 042 (0.08) 38 (04) 0.003 (0.003) 0.019 (0.002) 3.4 (0.5)
Near Santa Cruz Lake 14 (0.3) 0.09 (0.12) 3.3 (0.3) 0.003 (N.001) 0.001 (0.001) 34 ¢0.5)
Cochiti 0.5 (0.3) 0.38 (0.08) 24 (0.2) 0.002 (0.001) 0.010 (0.002) 2.3 (0.4)
Bemalillo 1.1 (0.3) 0.39 (0.13) 1.5 (0.2) 0.002 (0.001) 0.007 (0.001) 0.3 (N4)
Jemez 0.5 (0.3) 0.14 (0.07) 22 (0.2) 0.600 (0.000) 0.006 (1;.002) 10 1.0
Maximum 14 (0.3) 0.88 (0.18) 38 (04) 0.003 (0.003) 0.019 0.002) 10 (1.09)
Sediments
Rio Chama
Chamita —_ 0.20 (0.12) 1.8 (0.2) 0.002 (0.001) 0.004 (0.0'1) 1.2 (0.5)
Rio Grande
Embudo — 0.16 (0.63) 2.0 (0.2) 0.006 (0.001) 0.002 (0.0 0.5 (0.4)
Otowi —_ 0.28 (0.13) 1.2 (0.2) 0.000 (0.001 0.000 (0.0, 0.5 (04)
Sandia —_ -0.02 (0.10) 3.2 (0.3) 0.001 (0.001 0.002 (0.001) 26 (04)
Pajarito —_ 0.15 {0.06) 32 (0.3) 0.000 (0.001) 0.006 (0.2 1.5 (0.4)
Ancho — -0.01 (0.06) 2.5 {0.2) 0.000 (0.001) 8.005 (0. 1.7 (0.4)
Frijoles — -0.05 (0.06) 3.2 (0.3) 0.000 (0.001; a3 (0.004 2.6 (0.4)
Bemnalillo — 0.16 (0.06) 22 (0.2) 0.002 (0.001) 0.004 (0.001) 1.3 (0.4
Jemez River
Near Jemez — -0.08 (0.11) 29 (0.3) 0.002 (0.001) 0.005 (001 2.6 (U.5)
Maximum — 0.28 (0.13) 32 (0.3) 0.006 (0.001) 0.006 (0.001) 26 (0.5

3Samplcs were collected in May 1989; counting uncertainties are in parentheses.
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Table G-33. Radiochemical Analyses of Perimeter Soils and Sediments®

\ 3Samples were collected in May 1989, counting uncenainties are in parenthescs.

Gross
3H 13¢s Total Uranium Bsp, D2p, Gamma
Location (107 pCi/mL) (pCi/g) (ug/g) (pCi/g) (pCi/g) (counts/min/g)
Perimeter Soils
Los Alamos Sportsman Club 3.8 (0.5) 0.33¢0.13) 3.1(0.3) 0.008(0.002) 0.011(0.002) 1.9(04)
North Mesa 2.5 (049) 0.29(0.07) 3.1(0.3) 0.000(0.001) 0.004 (0.001) 2.5(04)
TA-8 29 (04) 0.08(0.13) 200.2) 0.001 (0.001) 0.006(0.002) 1.7 (0.4)
TA-49 1.5 (0.3) 1.19(0.17) 4.3(04) 0.002(0.002) 0.048(0.005) 3.5(0.5)
White Rock 1.7 (0.3) 0.34(0.14) 3.3(0.3) 0.001(0.001) 0.007(0.001) 4.1(0.6)
Tsankawi 26 (04) 0.33(0.09) 5.8(0.6) 0.003(0.001) 0.014{0.002) 6.2(0.7)
Maximum 38 (0.9 1.1 (0.17) 5.8(0.6) 0.008(0.002) 0.048(0.005) 6.2(0.7)
Perimeter Sedimentis
Guaje at SR-4 — 0.12(0.06) 1.9(0.2) 0.000(0.001) 0.002(0.001) 1.1(04)
Bayo at SR-4 —_— 0.11(0.06) 2.0(0.2) 0.001(0.001) 0.001 (0.001) 1.5(0.4)
Sandia at SR-4 — 0.15(0.06) 2.7(0.3) 0.001(0.001) 0.002(0.001) 2.8(0.5)
Monandad at SR-4 — 0.18(0.12) 24(0.2) 0.000(0.001) 0.002(0.001) 1.9(04)
Canada del Bucy at SR-4 — 0.11 (0.06) 1.9 (0.2) 0.001(0.001) 0.002(0.001) 1.2 (0.4)
Pajarito at SR-4 —_— 0.07(0.11) 26(0.3) -0.003(0.001) 0.002(0.001) 2.2(04)
Potrillo at SR-4 — 0.18(0.06) 2.2(0.2) 0.002(0.001) 0.000(0.001) 1.6(0.4)
Water at SR-4 — 0.14(0.12) 20(0.2) 0.001(0.001) 0.002(0.001) 24(0.4)
Ancho at SR-4 —_ 0.12(0.06) 2.6(0.2) 0.001(0.001) 0.002(0.001) 2.5(0.5)
Frijoles at Bandelier — 0.01(0.12) 22(0.2) 0.0G4 (0.001) 0.002(0.001) 1.6 (0.4)
Sandia at Rio Grande — 0.11(0.12) 1.8("7) 0.003(0.001) 0.003(0.601) 1.3(04)
Canada Ancha at Rio Grande — 0.10(0.07) 1.6 (0.2) 0.000(0.001) 0.001 (0.001) 0.8 (0.4)
Mortandad at Rio Grande —_ -0.01(0.12) 14 (0.2) 0.001(0.001) 0.000(0.001) 04(04)
Pajarito at Rio Grande — 0.05 (0.07) 1.3(0.1) -0.001(0.001) 0.002(0.001) 0.9 (0.4)
Water at Rio Grande — -0.150.11 1.8 (0.2) —0.001(0.001) 0.002(0.001) 14 (04)
Ancho at Rio Grande — 0.04 (0.06) 1.2(0.1) 0.004 (0.001) 0.002(0.001) 1.3(04)
Chaquihvi at Rio Grande — -0.19(0.12) 3.2(0.3) 0.000(0.001) 0.008(0.001) 1.7 (0.8)
Frijoles at Rio Grande —_ 0.22(0.08) 24(0.2) 0.001(0.001) 0.008 (0.002) 2.0(0.4)
Maximum — 0.18(0.12) 32073 0.004(0.001) 0.008(0.002) 2.8(0.5)

\
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Table G-34. Radiochemical Analyses of On-Site Soils and Sediments®

~

Total Gross
‘H Sy Rl o} Uranium B8py 133240y, MWaAm Gamma
Location (10~ uCi/mL) (pCi/g) (nCi/g) (ug/g) (pCi/g) (pCi/g) (pCi/g)  (counts/min/g)
On-Site Soils
TA-21 42 (06) —_ 0.04 (0.13) 3.5(04) 0.005(0.001) 0.013(0.002) — 2.7(0.5)
East of TA-53 40 (20) — 0.26(0.08) 3.5(04) 0.002(0.001) 0.012(0.002) — 29(0.5)
TA-50 36 (0.5) — 0.09(0.11) 3.7(04) 0.000(0.000) 0.016(0.002) — 3.8(0.5)
Two-Mile Mesa 23 (04) — 1.28 (0.20) 3.6(04) 0.002(0.001) 0.035(0.003) - 3.1(0.5) g é
East of TA-54 — — 020(0.13) 40(04) 0.004 (0.001) 0.010(0.002) — 23(0.4) 22
R-Site Road 6.7 (0.9) — 0.57(0.10) 29(0.3) 0.001(0.001) 0.013 (0.002) — 2.7(0.5) g 2
Potnllo Drive 120 (10) — 0.28 (0.13) 3.6(0.4) 0.004 (0.001) 0.008 (0.001) — 3.8(0.5) m9Q
S-Site 0.1 (0.3) — 0.13(N06) 3.5(04) 0.000(0.001) 0.002(0.001) — 29(0.5) § £
] Near test well DT-9 0.1 (0n.3) —_ 0.20(0.14) 3.6(0.4) 0.002 (0.001) 0.004 (0.001) — 43(0.6) w3
w Near TA-33 10 (1.0) — 0.26(0.26) 3.1(0.3) 0.002 (G.001) 0.007 (0.002) — 3.6(0.5) i) ',,Z_,
Maximum 120 (10) — 128 (020) 4.0(0.4) 0.005(0.001) 0.035 (0.003) — 3.8(0.5) § %
Sediments from Effluent Release Areas oF
Acid-Pueblo Canyon g 2
Acid Weir — 0.40(0.25) 041(0.09) 28(0.3) 0.053(0.015) 9.32 (0.393) 0.310(0.020) 1.7(04) e
Pucblo 1 — 0.20 (0.24) ¢20(0.13) 2.5(0.3) 0.002(0.001) 0.007 (0.002) 0.002 (0.001) 3.4(0.5)
Pueblo 2 — 0.25 (0.23) 0.18(0.07) 2.8(0.3) 0.003(0.001) 0.674 (0.030) 0.032(0.003) 3.2(0.5)
Hamilton Bend Spring —_ 0.05(0.31) 0.15(0.15) 3.0(0.3) 0.000(0.000) 0.152(0.009) C.LO5(C.002) 2.710.5)
Pueblo 3 — -026(0.39>  0.15(006) 2.2(0.2) 0.000(0.000) 0.003¢(0.001) 0.002¢(0.001) 2.2(04)
Pueblo at SR-4 — -0.08 (0.33) 025(0.14) 1.8¢0.2) 0.000(0.001) 0.002(0.001) 0.003 (0.001) 1.2 (0.4)
Maximum — 0.40 (0.25) 041(0.09) 3.0(0.3) 0.053(.015) 9.32 (0.393) 0.310(0.0%0) 3.4(0.5)

/




-

\

Table G-34 (Cont)
Total Gross
SH 9Gr 13¢s Uranium Bipy B9240py, HaAm Gamma
Location (10* uCi/mL) (pCi/g) (pCi/g) (ng/e) (pCi/g) (pCi/g) (pCi/g)  (counts/min/g)
Sediments from Effluent Release Areas (Cont)
DP-Los Alamos Canyon
CP Canyon at DPS-1 —_ — 0.30(0.08) 2.0(0.2) 0.003(0.015) 0.043(0.012) 0.370(0.060) 2.1(0.4)
DP Canyon at DPS-4 — 0.27(0.37) 025(0.14) 34(0.3) 0002(0.001) 0.356(0.017) 0.007(0.001) 4.7(0.6)
Los Alamos Canyon at Bridge — 0.54(044)  0.16(0.07) 22(0.2) 0.000(C.001) 0.003(0.001)  0.002(0.001) 2.3(0.4)
Los Alamos Canyon at LAO-1 — 0.02(045) 036(0.16) 4.5(04) 0.004(0.001) 0467(0.021)  0.006(0.002) 4.8(0.6) oe
Los Alamos Canyon at GS-1 — 0.49(0.94) 18 (0.28) 34(04) 0.017(0.002) 0.192(0.009) 0.103(0.018) 4.6(0.6) £2
Los Alamos Canyon at LAO-3 — 0.09(0.50)  0.20(0.13) 35(04) 0.001(0.001) 0445(0.021) 0.011(0.002) 4.6(0.6) o3
Los Alamos Canyon at LAO-4.5 — 0.14(0.25) 25 (0.38) 4.0(04) 0.019(0.003) 0221(0.011) 0.138(0.021) 59(0.7) £3
Los Alamos Canyon at SR-4 — 0.12¢(0.24) L5 (0.27)  3.1(0.3) 0.008(0.002) 0.124(0.008)  90.062(0.008) 4.1(0.6) 27
o Los Alamos Canyon at Totavi — 0.03(0.13)  0.28(0.07) 2.0(0.2) 0.001(0.002) 0011(0.003) 0.002(0.001) 1.7(0.4) i =
o Los Alamos Canyon at LA-2 — 0.14(0.20)  0.195(0.14) 1.7(0.2) 0.001(0.001) 0.002(0.001)  0.002(0.001) 24 (0.4) S ,Z?
Los Alamos Canyon at Otowi  — 0.16(0.19)  0.11(0.06) 1.6(0.2) 0.007(0.001) 0.002(0.001)  0.002(0.001) 1.5(04) m e
—>»
Maximum 0.54(044) 25 (0.38) 4.5(04) 0.19 (0.003) 0.467(0.021) 0.370(0.050) 59(0.7) % §
o>
Mortandad Canyon 3 ;0;
Mortandad at CMR Building — -0.15(0.18)  0.10(0.13) 1.8(0.2) 0.025(0.003) 0.105(0.002)  0.003(0.001) 1.8(0.4) © =<
Mortandad west of GS-1 —_ 0.09(046) 0.20(0.07) 1.7(0.2) 0.022(0.003) 0.007(0.002) 0.006(0.001) 2.0(0.4)
Monandad at GS-1 — — 0.30(0.15) 2.6(0.3) -0.003(0.006) 0.019(0.011)  0.170(0.040) 3.7(0.5)
Mortandad at MCO-5 — — 23.5 (3.5) 2.1(0.2) 4.08 (0.173) 145 (0.537) 128 (080) 18 (2.0)
Mortandad at MCO-7 — 144(028) 26.7 (4.0) 21(02) 344 (0.150) 128 (0473) 0.250(0.050) 17 (2.0)
Mortandad at MCO-9 — 0.14(0.21)  055(0.11) 4.6(0.5) 0.002(0.002) 0.017(0.004) 0.011(0.002) 5.1(0.6)
Mortandad at MCO-13 — 0.07(0.20) 0.63(0.18) 2.6(0.3) 0.002(0.002) 0.018(0.005) 0.006(0.001) 2.2(0.4)
Maximum — —_ 2R7 (40) 46(05) 408 (0.173) 14.5 (0.537) 128 (0.080) 18 (2.0)

Samples were collccted in April and May 1989; counting urcertainties are in parentheses.
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Table G-35. Radiochemical Analyses of Sediments from Reservoirs on the
Rio Chama and Rio Grande®

\

Total Gross
H 90Gr Wics Uranium Bpy 239240py MAm Gamma
Location (10~* uCi/mL) (pCi/g) (pCi/g) (ng/g) (pCi/g) (pCi/g) (pCi/g)  (counts/min/g)
Abiquiu Reservoir
Upper 0.3(0.3) 0.25(0.26) n.34(0.09) 3.3(0.3) 0.0007(0.0001) 0.0041 (0.002) —_ 2.3(04)
Middle -0.1(0.3» 2.1 (0.35) 0.24(0.13) 3.4(0.3) 0.0003(0.0001) 0.0036 (0.0001) — 1.3(04)
Lower 0.5(0.3) 0.18(0.27) 0.19(0.08) 1.8(0.2) 0.0002(0.0001) 0.0033 (0.0002) — -1.3(0.4)
Maximum 0.5(0.3) 2.1 (G.35) 034(0.09) 3.4(03) 0.0003(0.0001) 0.0041 (0.0002) —_ 2.3(04)
= Cochiti Reservoir
Upper 1.0(0.3) 0.11(0.37) 043(0.10) 3.2(0.3) 0.0607(0.0001) 0.0129 (0.0005) 0.0041 (0.0010) 3.5(0.5)
Middle 0.7 (0.3) 0.44 (0.39) 041(0.12) 4.2(04) 0.u31(0.0004) 0.1330 (0.0070) 0.0371 (0.0031) 4.0(0.5)
Lower 0.4 (0.3) 0.44 (0.39) 0.60(0.13) 4.2(04) 00017(0.00G1) 0.0020 (0.0003) 0.0087 (C.0014) 3.5(0.5)
Maximum 1.0(0.3) 0.44 (0.39) 0.60(0.13) 4.2(04) 0.0051(0.0004) 0.1330 (0.0070) 0.0317 (0.0031) 4.0(0.5)
Background (1974-1986)° — 087 0.44 44 0.006 0023 — —

g

bBackground, upper limit (Purtymun 1987a).

3Samples were collected in Junc 1989; counting uncertainties are in parentheses.
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Table G-36. Radiochemical Analyses of Sediments from an Active Waste Management Area (TA-54)"

Gross
‘H 137Cs Total Uranium p, 240p,y, Gamma

Location (107 pCi/mL) (pCi/g) (ng/g) (pCi/g) (pCi/g) (counts/min/g)
Station Number

1 1.8 (0.4) 0.31 (0.08) 4.3(0.4) 0.000 (0.001) G.011 (0.002) 4.5(0.6)

2 1.9 (0.4) 0.05 (0.04) 4.3(0.49) 0.007 (0.001) 0.012 (0.002) 4.6 (0.6)

3 1.7(0.9) 0.20 (0.07) 2.9(0.3) 0.008 (0.001) 0.014 (0.002) 2.5(0.4)

4 1.7(0.9) 0.10 (0.05) 4.3(0.49) 0.001 (0.001) 0.016 (0.002) 5.1(0.6)

5 2.0(0.49) 0.32 (0.08) 4.6(0.5) 0.002 (0.001) 0.016 (0.002) 5.7(0.7)

6 16(0.4) —0.07 (0.04) 2.9(0.3) 0.005 (0.001) 0.021.(0.002) 3.2(0.5)

7 1.9 (0.9 0.05 (0.05) 3.4(0.3) 0.026 (0.002) 0.015 (0.002) 2.5(04)

8 24 (04) -0.06 (0.04) 2.7(0.3) 0.007 (0.001) 0.010 (0.002) 1.8 (0.4)

9 21(04) 0.05 (0.05) 2.8(0.3) 0.011 (0.002) 0.150 (0.008) 25(0.9)
Maximum concentration 24 (0.49) 0.32 (0.08) 46(0.5) 0.026 (0.002) 0.150 (0.008) 5.7(0.7
Background (1974-1986) 12 044 44 0.006 0.023 79
Maximum concentration as a

percentage of background 33 73 104 443 652 72

Analytical limits of detection 0.7 0.1 03 0.003 0.002 0.1

Samples were collected in August 1989; counting uncentainties are in parentheses.

\
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Table G-37. Number of Results abave the Analyiicul LOQs
for Organic Compounds in Sediments from an Active
‘Waste Management Area (TA-54)"

Type of Organic Compound
Volatile Semivolatile Pesticide Herbicide rcp®

Number of Compounds

Analyzed 65 68 22 3 4

Station
1 3 1 0 0 0
2 3 0 0 0 0
3 4 0 0 0 0
4 4 0 0 0 0
5 2 0 0 0 0
6 2 0 0 0 0
7 2 0 0 0 0
8 4 1 0 0 0
9 2 0 0 0 0

3samples were collected in August 1989; sec Table 23 for values of analytical results
reported above LOQs and Appendix C for list of compounds analyzed in each set.

®Total mixed aroclors and three specific aroclors were reported for the PCB analyses.
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Table G-38. Radionuclides in Local and Regional Produce®
Total
*H 8r Uranium Bpy 235:240py,
(pCi/mL) (10 pCi/dry g) (ngidryg) (10 pCildryg) (107 pCi/dry g)

Cochiti/Santo Domingo

N 11 11 11 11 11

Mecan 02 14 16 -9.5 44

Std dev 0.6 16 14 32 26

Minimum -1.5(C.3) 0.3 (1.8) 3.5(0.3) -110 (130) -54 (120)

Maximum 08(0.3) 4.8 (6.9) 46 (5.6) 4.5 (10) 55 (15)
Espaiiola

N 8 8 8 8 8

Mecan 0.0 19 56 1.7 20

Std dev 0.3 19 45 9.1 47

Minimum -0.3(0.3) 1.5 (2.4) 11 (1.5) -13 (8.2) -6.5 (6.5)

Maximum 0.5(0.3) 53 (22) 130 (15) 1.6 (12) 10 (10)
Sari Ildefonso

N 3 3 3 3 3

Mecan 0.2 17 3 -5.0 -0.3

Std dev 03 17 -23 8.0 39

Minimum 0.1(0.3) 1.3 (2.3) -5.4(0.5) -14 (83) —4.0 (6.3)

Maximum 04 (0.3) 34 (4.5) -52 (4.5) 00 (1.9 38 (6.0
Lus Alamos/White Rock

N 7 7 7 7 7

Mean -0.1 13 37 -3.2 -59

Sid dev 0.6 9.6 27 50 24

Minimum -1.3(0.3) 1.2 (3.6) 8.2(1.0) -90 (52) -52 (43)

Maximum 0.7 (0.3) 27 (19) 72 (1.2) 81 (42 16 (34)
On Site

N 2 2 2 2 2

Mean 0.1 6.8 7.7 23 1.3

Std dev 0.0 5.1 1.9 33 47

Minimum 0.1(0.3) 3.2 (4.0 6.3(0.8) 00 (34) =20 (2.0

Maximum 10 4.0 9.1(1.0) 42 (6.8) 4.7 @7
Minimum

detectable limit 0.7 30 20 10
®Counting uncertainties arc in parcntheses.
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Table G-39. Radionuclides in Fish®

~

\_

a . . .
Counting uncertaintics arc in parenthescs.
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Total
gy 3¢ Uranium Bipy Wpy
(10°pCildryg) (102 pCi/dryg)  (ng/dryg) (105pCiddryg)  (107° pCi/dry g)
Catfish
Abiquiu
N 7 7 7 S 5
Mecan 33 62 9.0 0.5 3
Std dev 14 71 1.6 5 2
Minimum 16 (5.5) -03 (9.9) 64 (0.6) -4 (3) 0 (6)
Maximum 55 (5.2) 160 (140) 12 (1.2) 7 (6) 5 4
Cochiti
N 9 9 9 5 5
Mecan 24 -1400 8.6 1 -0.2
Sid dev 9.2 1800 4.1 4 3
Minimum 11 4.8) -5600 (5200) 3.7 (04) -4 (6) 4 @)
Maximum 35 (1.2) -190 (470) 15 (1.5) 7 (6) 3 (3
Crappie
Abiquiu
N 10 10 10 5 h]
Mean 82 -4 2.2 6 -0.4
Std dev 28 74 0.60 ] 3
Minimum 36 (7.8) =150 (120) 1.5 (0.2) 3(10) -5 (6)
Maximum 120 (7.5) 100 (100) 32 (0.3) 14 (10) 3 (6)
Cochiti
N 10 10 10 5 5
Mecan 87 —44 34 10 8
Std dev 18 160 0.6 3 7
Minimum 43 (6.5) —45 (200) 25 (0.2) 9 9 -5 (9)
Maximum 10(16) 180 (180) 44 (0.4) 17 (8 16 (1M
Minimum
dctectable limit 10 3 30 20




LOS ALAMOS NATIONAL LABORATORY

K ENVIRONMENTAL SURVEILLANCE 1989 \

Table G-40. Locations of Beehives

North-South East-West
Station Coordinate Coordinate

Regional Stations (28—44 km), Uncontrolled Areas
1. Chimayo —_ —
13. San Pedro — —
16. El Rancho — —
17. San Juan — —

Perimeter Stations (0—4 km), Uncontrolled Areas

2. Northern Los Alamos County NI180 w020
3. Pajarito Acres S210 E380
On-Site Stations, Controlled Areas
4. TA-21 (DP Canyon) N09S E180
5. TA-50 (Upper Mortandad Canyon) N0O40 E095
6. TA-53 (LAMPF) NOS0 E220
1. Lower Mortandad Canyon N020 E185
8. TA-8 (Anchor Sitc W) S020 w065
9. TA-33 (HP-Sitc) 5260 E265
10. TA-54 (Arca G) NO50 E220
11. TA-9 (Anchor Siwc E) S005 W040
12. TA-15 (R-Site) $020 E065
14. Near TA-49, Frijolcs Mesa S160 E105
15. TA-16 (S-Site) S0ss W080

\_ /




LOS ALAMOS NATIONAL LABORATORY

ENVIRONMEN rAL S!IRVEILLANCE 1989 \
Table G-41. Selected Radionuclides in Local and Regional Honey®
H Be 2Ny SMn SCo BRb Wics
Station (pCi/L) (pCi/L) (pCi/L) (pCi/L.) (pCVL) (pCi/l)  (pCiL)

El Rancho 3(X) 190 130 80 120 -35 250
(300) (140) (100) (110) (83) (110) (120)

San Pedro 500 -11 -96 140 33 12 110
n redr (300) (97) (92) 97) (71 (1) (73)
San Juan 1 600 120 25 17 30 13 100
300) (130) (120) (110) (82) (110) (86)

Paiarito Acres 200 -10 37 100 170 49 100
) (300) “7) (V0) 92) (75) (72) 83)
TA-S 1000 120 47 S8 -61 49 150
) (300) (140) (110) (110) (82) (110) (110)
TA8 1600 230 190 150 220 150 220
(300) (140) (110) (110) (81) (110) (100)

TA-9 100 -90 37 81 160 47 100
(300) (98) (92) (95) (74) 81) (73)

TA-15 600 86 36 88 130 -64 420
(300) (130) (120) (110) (76) (110) (130)

TA-16 500 36 -130 140 12 18 28
(300) (88) 1 (98) (70) (70) an

TA-21 3900 -56 130 150 150 -62 12
(500) (98) (92) (95) (74) (81) ()

TA-33 38 000 76 75 48 280 -75 41
(4 000) (130) (110) (110) (895) (110) (85)

1100 -5.5 93 69 180 26 14
TA49 (300 (88) (93) 93) (75) €)) )]
TA-50 1300 -36 -160 -36 100 85 96
(300) 87 (92) (94) (73) (72) (82)

TA-53 61 000 180 2900 100 310 98 97
(6 000) (140) (460) (110) (89) (110) (100)

TA.54 200 62 57 130 160 -81 -12
(300) 7 (90) 95) (75) (72) an

®Data arc from 1988; counting unccraintics arc in parcntheses.
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Table G-42. Selected Trace Metals in Local and Regional Honey?

Arsenic Beryllium Boron Cadmium  Chromium Lead Mercury Sclenium

Station (ng/g) (ng/g) (ng/p) (ng/g) (ng/g) (ng/g) (ng/g) (ngl/g)

San Pedro 19 <2 12 9.3 90 0.1 <1 <0.1

San Juan 117 <2 20 8.6 150 0.1 <1 <0.1

Pajarito Acres 15 <2 7 9.4 120 0.1 3 <0.1 g
El Ranche 24 <2 25 9.5 140 0.1 <] <0.1 3
TA-S 81 <2 39 93 110 0.1 3 <0.1 z
TA-8 18 <2 48 26 270 0.1 3 <0.1 g
TA-9 81 <2 6.3 6.5 110 0.1 3 <0.1 @
TA-15 98 <2 6.0 8.0 150 0.1 2 <0.1 2
TA-16 81 <2 35 6.4 120 <0.1 6 <0.1 g
TA-21 22 <2 11 13 290 0.1 <l <0.1 o
TA-33 9 <2 8.2 10 200 0.1 3 <0.1 g
TA49 80 <2 6.9 8.5 330 <0.1 <] <0.1

TA-50 25 <2 35 9.5 94 <0.1 <l <0.1

TA-53 30 <2 10 16 230 0.1 <1 <0.1

TA-54 19 <2 5.1 12 22 <0.1 <1 <0.1

?Data are from 1988; uncertainty of the results is +10%. The density of honey is about 1860 g/L.
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Table G-43. Selected Radionuclides in Local and Regional Bees®

\_

SH Be 2Ny 54Mn SCa ®Rb B¢s  Uranium
Station (pCV/L) (pCi/g) (pCi/p) (pCi/g) (pCi/g) (pCi/g) (pCilg) (ng/p)

El Ranch 400 0056  -0.011 0.068 027 ~0.024 0019 45
cho (300) (0.24) (0.032)  (0.028)  (V.O68)  (0.05) 0.028)  (0.4)

Sun Pedro 300 ~0.26 0057  -0.0023 039 ~0.0075 0.015 20
(300) (0.54) (0.079)  (0.079)  (0.16) (0.14) 0.062) (0.2

San Juan -200 2.1 0.16 0.11 0.35 -0.20 0.014 10
u (300) (0.90) (0.074)  (0.082)  (0.11) (0.035) 0027 (02)

Paiarito Actes 10 000 0.26 -0.048 0.12 043 -0.056 0035 21
djarto Acres (1 000) (0.34) 0.034)  (0042)  (V.077)  (0.074) 0012)  (0.3)

TAS 30 000 -0.19 -0.067 0.056 0.32 -0.13 0027 —

(3 000) (0.34) (0.036)  (0.036)  (0.065)  (0.074) 0.011)

TAS 700 0.2 -0.073 0.045 041 -0.062 0026 20
(300)  (0.34) (0.036)  (0035)  (0075)  (0.075) ©011) (02

TAS 300 -0.17 -0.015 0.671 0.12 0.024 0.054 55
(300) (0.22) (0.026)  (0.027)  (0.051)  (0.044) 0.031)  (0.5)

TALLS 2 300 0.83 0.048 0.048 0.5 -0.22 0011 110
(40U) {0.76) (0.074)  (0.077)  (0.12) 0.17) ©022) O

TALL6 6 800 0059  -0072 0.063 0.39 0.050 0.13 23
(R00) (0.53) (0.064)  (0.0S8)  (0.14) (0.10) 0071)  (0.3)

TAAI 6700 -0.34 0.054 0.034 0.18 -0.090 0033 44
(807) (0.22} (0.028)  (0.026)  (0.057)  (0.048) 0.028)  (04)

TA33 4900 -0.34 -0.03 0.035 0.31 0.088 0023 71
. (600) (0.35) (0.034)  (0.035)  (0.064)  (0.065) 0.012)  (0.5)

TA49 600 -0.29 -0.031 0.J25 0.17 -0.033 0013 48
(300) (0.22) (0.03) (0.026)  (0.056)  (0.046) ©.031)  (0.4)

TA.S0 63 000 -0.23 -0.05 0.0080 021 -0.024 0020 34
(6 000) (0.24) (0.031)  (0.026)  (0.063)  (0.050) 0.028)  (0.3)

TA.S3 110 000 0.21 18 0.53 0.67 082 0.02 22
(10 000) (0.40) 2.7 0090) (1) (0.14) 0.012)  (0.3)

TA.S4 130 000 0.i0 -0.06 0.060 0.20 -0.056 0.021 61

(16 000) (0.24) (0.031) (0.028) (0.059) 0.046) (0.032) (0.5)

®Data arc from 1988; counting uncertaintics arc in parcnthescs.
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Table G-44. Selected Trace Metals in Local and Regional Bees®

Arsenic Beryllium Boron Cadmium Chromium Lead Mercury Selenium

Station (ng/g) (ng/g) (ng/g) (ng/g) (ng/g) (ug/g) (ng/g) (ng/g)
San Pedro <1 <2 13 40 96 0.3 27 <l
San Juan <1 <2 i1 2 81 0.5 <3 <l
Pajarito Acres 170 <2 34 30 1.8 0.7 <3 <l
El Rancho 170 <2 <0.1 <l 1.8 0.7 <3 <l
TA-S 100 <2 53 6 70¢ 0.6 <3 <1
TA-8 170 <2 12 40 510 0.3 <3 <1
TA-9 180 <2 —_— 150 1.7 0.8 <3

TA-15 100 <2 28 40 740 ] <3 <1
TA-16 11 <2 11 120 100 0.5 <3 <1
TA-21 90 <2 53 20 710 04 <3 —
TA-33 25 <2 <0.1 25 140 0.3 <3 —
TA-49 70 <2 43 <1 320 0.2 <3 —
TA-50 45 <2 — 66 150 0.3 <3 <1
TA-53 25 <2 73 15 12 3 <3 —
TA-54 90 75 10 15 235 0.5 <3 —

Data 2.= from 1988; uncerainty of the results is +10%.

\
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Table G-45. Hazardous Waste Management Facilitivs
at Los Alamos National Laboratory

~

Inclusion in

Part B Permit NMEID
Application or Application

Technical Area Facility Type <90-Day Storage Interim Status Closure
TA-54, Acca L Tank treatment Permitied

Container storage Interim status

Landfill® Neither FY 1991

Oil storage Lanks Neither FY 1990
TA-53. Arca G Landfil® Neither?
TA-50-1 Batch trcatment Permitted

Contincr storage Permitied
TA-50-37 Controlled-air incinerator Permitted

Container storage (feed bay) Yes Neither

Containcer storage (room 117) Permitted
TA-3-102 Container storage Yes Neither
TA-3-40 Container storage Yes Neither
TA-14 (2 units) Miscellancous unit Iinerim status
TA-15 Miscellancous unit Interim status
TA-36 Miscellancous unit Interim status
TA-39-6 Miscellancous unit Interim status
TA-39-57 Miscellancous unit Interim status
TA-22-24 Containcr storage Ncither Closed
TA-40-2 Container storagc Neither Closcd
TA-40 (detonation pit)  Miscellancous unit Ncither FY 1990
TA-16 (6 units) Miscellancous unit Interim status
TA-16, Arca P Landfill® Neither FY 1991
TA-46 (not in use) Tank storage Yes Ncither
TA-16 Surface impoundment Neither FY 1990
TA-54, Arca H Landfill® Neither FY 1990
TA-35-85 Surface impoundment Neither FY 1990
TA-35-125 Surface impoundment Neither FY 1990
TA-3-39 Containcr storage Yes
TA-3-30 Containcr storage Yes
TA-3-66 Containcer storage Yes
TA-16 (bum ground) Containcr storage Ycs
TA-3-38 (paint shop)  Container slorage Yes

*Interim status was terminated in November 1985. These landfills arc in the process
of being closed in accordance with New Mexico Hazardous Waste Management Regulations.

bMay be addced to Part B when mixed-waste regulatory issucs are scttled.

\_
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Table G-46. Resource Conservation and Recovery Act (RCRA) Interactions
among the Laboratory, the U.S. Environmental Protection
Agency (EPA), and New Mexico’s Environmental
Improvement Division (NMEID) in 1989

January S, 1989 NMEID disapproves the TA-16 surface-impoundment closure plan and requests revised
closure plan within 30 days.

February 3, 1989 DOE and the Laboratory hold ncgotiation meeting with NMEID on the draft RCRA
pennit.

February 6, 1989 The Laboratory submils reviscd TA-16 surface-impoundment closure plan to NMEID.

February 1989 The Laboratory submits Soli J Waste Management Units (SWMUs) report to the EPA

Region VI, with a copy to NMEID (the report is used in determining investigative and
corrective-action schedules for permit negotiations with the EPA).

Fcbruary 14, 1989 DOE requests a determination from NMEID on the operation of the Batch Waste
Treaiment Plant at TA-50 and the discharge of treated waste into the Industrial Waste
Treatinent Plant at TA-50.

DOE and the Laboratory hold ncgotiation mecting with NMEID on the draft RCRA
permit.

February 21, 1989 NMEID scnds facsimile letter to DOE regarding the settlement agreement for the
August 30, 1988, compliance order.

February 1989 The Laboratory scnds SWMU repont, orthogonal/topographic maps, and Environmental
Restoration Task Listing to EPA for negotiation on Hazardous and Solid Waste Amend-
ments (HSWA) portion of permit.

February 24, 1989 NMEID sends revised draft RCRA permit closure plans.,

DOE responds to NMEID's letter of February 21, 1989, regarding seitlement agreement
for compliance order.

February 28, 1989 NMEID responds to DOE requests of February 14, 1989. The statc’s interpretation is
pending because of NMEID’s legal review and because DOE's interpretation of the
regulations may not be consistent with NMEID's.

March 1, 1989 The Laboratory, DOE, and contract personnel frcm Roy F. Weston, Inc., meet with the
EPA (Stieve Slaten and Rich Mayer) to explain the Environmental Restoration Program
and the Laboratory's rationalc that thi is the approach to take in addressing the HSWA
permit r2quirements (continuing rcleases).

March 3, 1989 DOE sends proposed sequence of RCRA closures to NMEID,
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Table GG-46 (Coat)

March 7, 1989 NMEID responds to DOE’s January 11 response o the Notice ol Violation dated
November 23, 1988. NMEID states that the DOE's January 11 response adequately
addresses the Notice of Violation, but requests that the Laboratory submil a ground-
waler monitoring waiver,

March 13, 1989 DOE scnds letter to NMEID requesting clarification of the state’s on-again, off-again
authority over mixed wasle,

March 1989 DOE submits the Laboratory's ground-waier monitoring waiver to NMEID.

March 28, 1989 DOE and the Laboratory hold negotiation meeting with NMEID on draft RCRA permit.

June 18, 1989 NMEID holds public hearing on the RCRA portion of the Laboratory's draft hazardous
wasle permit,

August 7, 1989 EPA holds public hcaring on thc HSWA portion of the Laboratory's draft hazardous
wastc pcrmit,

EPA and NMEID conduct RCRA compliance inspection August 7--11, 1989,
August 15, 1989 EPA conducts additional inspection to look at land disposal restriction compliancc.

October 11, 1989 NMEID issucs a Notice of Violation resulting from the August 7, 1989, inspection. Ten
violations werc noted.

November 8, 1989 NMEID issucs the RCRA permit, with modifications.

November 13, 1989 The Laboratory responds to the October 11, 1989, Notice of Violation, stating that all
violations have been corrected.

December 8, 1989 NMEID notifics the Laboratory that the October 11, 1989, Notice of Violation has been
adcquatcly addresscd.
December 1989 The Laboratory files an appeal against the permit requircment for radiation monitoring at

the incincrator.
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Table G-47. Types< of Discharges and Parameters Monitored at
the Laboratory under its NPDES Permit NM0028355

EPA
Identifica- Number of Sampling
tion No. Type of Discharge Outfalls  Monitoring Required Frequency

0lA  Power plant 1 Total suspended ~ulids, free Menthly
available chlorine, pH, flow

02A  Boiler blowdown 2 pH, total suspcnded sciids, Wecekly
flow, copper, iron, phosphorus,
sulfite, total chromium

03A  Treated cooling water 36 Total suspended solids, free Weekly
2vailable chlorine, phosphorus,
pH, {low

04A  Noncontact cool'ng 28 pH, flow Weekly

waltcr

050  Radioactive waslc 2 Ammonia, chemical oxygen Wecekly

051 trcatment plant dcmand, wotal suspended solid:
cadmium, chromium, copper,
iron, lcad, mercury, zinc, pH,
flow

0SA  High explosive 19 Chemical oxygen demand, pH, Wecekly
flow, total suspended solids

06A  Pholo waste 13 Cvanide, silver, pH, flow Weekly

128  Printed circuit board 1 pH, chemical oxygen demand, Wecekly
total suspended solids, iron,
copper, silver, flow

SS Sanitary wasle 10 Biochemical oxygen demand, Vanable frcquency,
flow, pH, total suspended solids, from three per month
fecal coliform bacteria 1o once quarterly

230
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Table G-48. NPDES Permit Monitoring of Effiuent Quality at

Discharge
Location (Outfall)

Sanitary Sewage Treatment Outfalls

Permit Parameters

Number of
Deviations

Range of Deviation

TA-3 (018)

TA-9 (028)

TA-16 (03S)

TA-18 (04S)

TA-21 (05S;

TA-35 (10S)

TA-41 (06S)

TA-46 (07S)

TA-46 (12S)

TA-53 (09S)

BOD?

TSSb

Fecal coliform bacteria®
pH¢

BOD
TSS
pH

BOD
TSS
pH

BOD
TSS (90)
pH

BOD
TSS
pH

BOD
TSS (90)
pH

BOD

TSS

Fecal coliform bactcria
pH

BOD
TSS
pH

BOD
TSS
pH

BOD
TSS (90)
pH

OO (=R =N ] COCO oo O (=N N -] [ =N ] (=N o N SO0 O N =

1
0
0

46.7
50.8-65.0
1 890 000

#Biochemical oxygen demand (BOD) permit limits are 30 mg/L (20-day avcrage) and

45 mg/L (7-day average).

bFotal suspended solids (TSS) permit limits are 30 mg/L (20-day average) and 45 mg/L v
90 mg/L (7-day average), dependent on the specific outfall.

“Fecal coliform bacteria limits are 1000 organisms/100 mL (20-day avecrage) and
2000 organisms/100 mL (7-day average).

dRange of permit p.{ limits is between 6.0 and 9.0 standard units.
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vable G-49. Limits Established by NPDES Permit NM0028355
for Industrial Qutfall Discharges
Permit Daiiy Daily Unit of

Discharge Category Parameter Average Maximum Measurement
Power plant TSS 30.0 100.0 mg/L

Free Cl 0.2 0.5 mg/L

pH 6-9 6-9 standard un’
Boiler blowdown TSS 30 100 mg/L

Fe 10 40 mg/L

Cu 1 1 my/L

P 20 40 mg/L

SO, 35 70 mg/L

Cr Report Report mg/L

pH 6-9 6-9 standard unit
Treated cooling water TSS 30.0 100.0 mg/L

Free Cl 0.2 0.5 mg/L

P 50 5.0 mg/L
iNcncontact cooling water pH 6-9 6-9 standard unit
Radicactive waste cop? 18.8 37.5 Ib/day

treatment plant cop® 94.0 156.0 Ib/day

TSS® 38 12,5 Ib/day

TSS® 18.8 62.6 Ib/day

cd? 0.01 0.06 Ib/day

cd® 0.06 03 Ibiday

cr® 0.02 0.08 Ib/day

crb 0.19 0.38 Ib/day

Cu® 0.13 0.13 Ib/day

Cu® 0.63 0.63 Ib/day

Fc® 0.13 0.13 Ib/day

Feb 1.0 2.0 Ib/day

Pb* 0.01 0.03 Ib/day

Pb° 0.06 0.15 Ib/day

Hg? 0.007 0.02 ib/day

Hg® 0.003 0.09 Ib/day

Zn® 0.13 0.37 Ib/day

Zn® 0.62 1.83 Ib/day

pH? 6-9 6-9 standard unit

pH® 6-9 6-9 standard unit
High explosive COD 150.0 250.0 mg/L

TSS 300 45.0 mg/L

pH 6-9 6-9 standard unit

J
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‘Table GG-49 (Cont)

®Limitations for outfall 051 located at TA-50-1.

\ 233

31 imitations for outfall 050 located at TA-21-257; COD = chemical oxygen demand.

Permit Daily Dai.y Unit of

Discharge Category Parameter Average Maximum Measurement
Photo waste CN 0.2 0.2 mg/L

Ag 0.5 1.0 mg/L

pH 6-9 6-9 standard unit
Printed circuit board 8(0))) 19 8 b/day

TSS 1.25 25 Ib/day

Fe 0.05 0.1 b/day

Cu 0.05 0.1 Ib/day

Ag Report Report Ib/day

pH 6-9 6-9 standard unit
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Table G-50. NPDES Permit Monitoring of EfMuent Quality a« Indusirial Qutfalls®

Number of
Discharge Outfall Numberof Permit Number of Range of Outfalls with
Category No. Outfalls Paramcter  Deviations Deviations Deviations
Power plant 01A 1 TssP 0 — 0
Free Cl 0 -- 0
pH 0 — 0
Boiler blowdown  02A 2 pH 0 — 0
TSS 2 127.0-265.0 1
Cu 0 — 0
Fe 0 — 0
P 0 — 0
SO, 0 — 0
Cr 0 — 0
Treated cooling 03A 36 TSS 0 — 0
water Free Cl 1 1.2 1
P 0 — 0
pH 0 — 0
Noncontact 04A 28 pH 0 — 0
cooling water

Radioactive waste 051 and 2 cop° 0 — 0
treatment plant 050 TSS 0 — 0
Cd 0 — 0
Cr 0 — 0
Cu 0 — 0
Fe 0 — 0
Pb 0 — 0
Hg 0 — 0
Zn 0 — 0
pH 0 — 0
High explosive 05A 19 COD 0 — 0
TSS 1 249.0 1
pH 0 — 0
t'uoto wasle 06A 13 CN 0 — 0
Ag 0 — 0
TSS 0 — 0
pH 0 — 0
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Table G-50 (Cont)

Number of
Discharge Outfall Numberof  Permit Nu:nber of Range of Outfalls with
Category No. Outfalls Parameter  Deviations Deviations Deviations
Printed circuit 128 1 pH 0 — 0
board COoD 0 — 0
Ag
Fe 0 — 0
Cu 0 — 0
TSS 0 — 0

102

3Limits sct by the NPDES permit are presented in Table G-49.
bTota] suspended solids.
‘Chemical oxygen demand.
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Tablz G-51. Federal Facitiy Com pliance Agreement (FFCA): Schedule for
Upgrading the Laboratory’s Waste-Water Outfalls

Status or

236

Qutfalls Date Target Date
Outfall 02A (Boiler Blowdown)
Final design complcte December 1988 Completed
Advertiscment of construction contract February 1989 Completed
Award of construction contract April 1989 Completed
Construction complction September 1989 Completed
In compliance with final limits October 1989 Completed
Outfall 04S (TA-18 Sanitary Treatment Plant)
Final design complete Oclober 1989 Completed
Adbvertiscment of construction contract December 1989 September 1990
Award of constriction contract February 1990 Dccember 1990
Construction completion January 1992 January 1992
Special facilities completion and facility startup ~ Junc 1992 June 1992
In compliance with final limits July 1992 July 1992
Outfall 05A (High-Explosive Discharge)
Final design complete December 1988 Completed
Advertiscment of construction contract February 1989 Completed
Award of construction contract April 1989 Complcted
Construction completion August 1989 Completed
In compliance with final limits October 1989 Completed
Outfall 09S (TA-53 Lagoons)
Final design complete October 1989 Completed
Advertisement of construction contract December 1989 Scptember 1990
Award of construction contract February 1990 December 1990
Construction completion January 1992 January 1992
Special facilities completion and facility startup ~ June 1992 June 1992
In compliance with finat limits July 1992 July 1992
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Table G-52. Federal Facility Compliance Agreement (FFCA):

Interim Compliance Limits

Discharge Limitation®

~

Daily Average

Daily Average

Daily Maximum

Effluent Characteristic (1b/day) (mg/L) (mg/L)
Industrial Outfalls
Qutfall 0SA (High Explosive)
Flow N/A N/A N/A
Chemical oxygen demand N/A 650.0 1000
Total suspended solids N/A 60.0 90
Outfall 02A (Boiler Blowdown)
Flow N/A N/A N/A
Total suspended solids N/A 180.0 250.0
Total iron N/A 20.0 60.0
Total copper N/A 20 20
Total phosphorous N/A 300 60.0
Sulfite (as SO,) N/A 450 80.0
Total chromium N/A Report Report
Sanitary Waste-Water Outfalls
Outfall 04S (Located at TA-18)
Flow N/A N/A N/A
Biochemical oxygen deinand 25 60.0 90.0
Total suspended solids 2.5 60.0 150.0
pH® 5.5 minimum 11,0 maximum
Outfall 10S (Located at TA-35)
Flow N/A N/A N/A
Biochemical oxygen demand 23.2 115 185
Total suspended solids 26.1 130 170
Outfall 09S (Located at TA-53)
Flow N/A N/A N/A
Biocheiuical oxygen demand 42.0 70.0 160.0
Total suspended solids 54.0 90.0 150.0
pr 5.5 minimum 11.0 maximum

“Flows must b2 monitored and rcported (in millions of gallons per day).
B The pH must be between 6.0 and 9.0 standard units,
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Table GG-53. Status of Environmental Documentation®
Prepared for Proposed Laboratory Projects
by Group HSE-8

. Burn Facility at TA-11

ADM approved by the Laboratory Environmental Review
Committee (LERC), October 1989

Infrastructure Support Facilities (ISFs) Gas Line Replacement
ADM approved by LERC, June 1989

. ISF Gas Line Replacemeut, Phase 1

ADM approved by LERC, June 1989

. Oralloy Area Renavation, TA-3

ADM approved by LERC, April 1989

Sandia Canyon Landfill Utilization, TA-61
ADM approved by LERC, April 1989

. Utilities Restoration, Los Alamos and Pueblo Canyons

ADM approved by LERC, April 1989

. Waste Incinerator Facility, TA-36

ADM approved by LERC, July 1989

Scintillation Vial Crusher, TA-50
ADM approved by LERC, July 1989
EA preparation directed by DOE, January 1990

Animal Exposures to Compounds One and Two, Revision 1, TA-51
ADM revision submitted 10 DOE, October 198)

Weapons Engineering Tritium Facility, TA-16
ADM revision approved by LERC, March 1987
EA preparation directed by DOE, Junc 1989

Materials Science Laboratory, TA-3
ADM approved by LERC, Junc 1989
EA preparation dirccted by DOE, November 1989

Special Nuclear Materials Research and Development (SNMs
R&D) Laboratory, TA-55

EA approved by LERC, April 1988

EIS preparation dirccted by DOE, September 1989

8Action Description Memoras:Jum (ADM), Environmental Assessment
(EA), and Environmental Impact Statement (EIS).
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Table G-54. Summary of Estimated Emissions of Toxic Air Pollutants
at Los Alamos in 1989

Emissions Emissions
Pollutant (Ib/yr) Pollutant (Ih/yr)
Kerosene 15 256 Mcthyl chloride 17
Acctone 10 872 N-Buty! alcohol i6
Gasoline 7269 Dimethyl acetamide 15
Methyl alcohol 4437 Ammonium chloride fume 14
Ammonia 3816 Oil mist 13
Mecthyl cthy! ketone (MEK) 3 180 Boron oxide 13
VM&P naphtha 2162 Carbon disulfide 13
Hydrogen chloride 1832 Carbon tetrachloride 12
Nitric acid 1674 Formamide 12
Mecthy! acetate 1 500 Mecthyl iscbutyl kctone 11
Xylene 1347 Formaldchydc 9
Trichlorocthylenc 1229 Cyclohexane 9
Nitric oxidc 1049 Acrylonitrile 7
Nitrogen oxide 1049 2,4,6-Trinitrotoluenc (TNT) 7
2-Butoxyethanol 1014 Naphthalcne 7
Stoddard solvent 941 tert-Butyl alcohol 7
Isopropy! alcohol 829 Methy! isobuty! carbinol 7
Mecthylene chloride 702 Formic acid 7
Turpentine 579 Mcthyl N-buty! ketone 6
Soft wood 525 Boron trifluoride 6
Nitrous oxidc 450 Dicthylene triamine 6
Chloroform 443 Hydrogen fluoride as fluorine 6
Hexane (N-hexane) 435 Isobutyl acctate 6
Toluene (toluol) 268 Isobutyl alcohol 5
Welding fumes 253 Isopropyl cther 5
Acctonitrile 223 Aluminum oxide 4
Teuahydrofuran 194 Tin 4
Sulfuric acid 121 Dipropylene glycol mcthyl cther 4
Dioxane 119 Zinc chloride fume 4
sec-Buty! alcohol 109 Potassium hydroxide 3
N-Buty! acclate 100 Heptanc (V-heptanc) 3
Fluoride compounds, as fluorine 99 Glutaraidehyde 3
Acetic acid 96 Dichlorofluoromethane 2
Fluorine 82 2-Nitropropanc 2
Ethyl acetate 81 Acclic anhydride 2
Ethylene dichloride 66 Acrylamide 2
Pyridine 65 Sodium hydroxide 2
Dimcthy!formamidc 53 Cyclohexanonc 2
Ethylene glycol vapor 50 Nitrobenzene 1
N-Amyl acetate 38 1.1-Dichlorocthane 1
Trichloroacetic acid .37 Aluminum 1
Hydrogen peroxide 29 Sodium bisulfite 1
Propyl aicohol 23 Hydrogen bromide 1
Phcenol 22 Magnesium oxide fume 1
Lithium hydride 21 Hydrogen sulfide 1
Styrcne, monomer 19 Chromic acid 1
Phosphoric acid 19 Barium soluble compounds, as barium 1
1

k Ethyl cther 18 Vinyl acetate
239
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Table G-55. Los Alamos, New Mexico,” Climatotogical Summary (1911-1989),
Temperature and Precipitation Means® and Extremes

Temperature C°F)¢

Normals Extremes
High Low
Mean Mean High Low Daily Daily
Month Maximum Minimuem Average Average Year Average Year Maximum Date  Minimum Date e
<w
January 397 18.5 29.1 37.6 1986 209 1930 64 1/12/81 ~-18 1/13/63 § 2
February 430 215 322 374 1734 23.0 1939 69 2/25/86 -14 2/01/51 & 2
March 48.7 26.5 37.6 458 1972 32.1 1948 73 3/11/89 -3 3/11/48 § z
April 576 337 4595 543 1954 39.7 1973 80 4/23/50 ) 4/09/28 3
May 67.0 4238 549 605 1956 50.1 1957 89 529735 24 5/01/76° 3<C° r§
June 778 524 65.1 69.4 1980 604 1965 95 6/22/81 28 6/03/19 g5
July 804 56.1 68.2 74 1980 633 1926 95 1735 37 70724 § 8
August 774 54.3 658 70.3 1936 609 1929 92 8/10/37 40 8/16/47 m §
September 72.1 484 602 658 1956 56.2 1965 94 9/11/34 23 9/29/36 g _%
Crtober 620 38.7 50.3 54.7 1963 428 1984 84 10/01/80 15 10/19/76 ¢
Novemher 48.7 271 379 444 1949 305 1972 72 11/01/50 -14 11/28/76
December 414 203 30.8 384 1980 246 1931 64 12/27/80 -13 12/09/718
Annual 59.6 36.7 48.1 520 1954 46.2 1932 95 6/22/81° ~18 1/13/63

J
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Table G-55 (Cont)

\

Mean Number of Days

Precipitation (in.)d Per Year

Precipitation® o Snow Max. Min.

Daily Daily Precip. Temp. Temp.

Month Mean Maximum Year Maximum Date Mean Maximum Year Maximum Date 20.10in. 290°F <32°F

January 0.85 6.75 1916 245 1/12/16 10.7 64.8 1987 220 1/15/87 2 0 30

Fcbruary 0.68 2.78 1987 1.05 2020115 7.3 48.5 1987 20.0 2/19/87 2 0 26

March 1.01 4.11 1973 225 3730/16 9.7 36.0 1973 18.0 3/30/16 3 0 24

April 0.56 4.64 1915 2.00 4/12115 5.1 336 1958 20.0 4/12115 2 0 13

May 1.13 447 1929 1.80 5121729 0.8 17.0 1917 12.0 5/02/78 3 0 2

June 1.12 5.67 1986 2.51 6/10/13 0 — — —_ — 3 0 0

July 3.18 7.98 1919 247 7/31/68 0 —_ —_ — —_ 8 1 0

August 393 11.18 1952 2.26 8/01/51 0 — — —_— — 9 0 0

~  September 1.63 5.79 1941 221 9722129 0.1 6.0 1913 6.0 9/25/13 4 0 0

£ October 1.52 6.77 1957 348 10/05/11 1.7 20.0 1984 9.0 10/31/72 3 0 7

November 0.96 6.60 1978 1.77 11725778 5.0 345 1957 14.0 11722731 2 0 22

December 0.96 3.21 1984 1.60 12/06/78 114 413 1967 22.0 12/06/78 3 0 30

Annual 17.83 30.34 1941 348 10/05/1 i 50.8 178.4 1987 220 1/15/87 43 2 154
Scason 153.2 1986-87 12/06/78

.

ndt'.ic conversions: !in.=2.5cm; °F =9/5 °C + 32.

®Inciudes water cquivalent of frozen precipitation.

3Latitude 35°52° north, longitude 106°19" vest; elevation 2249 m.
®Mecans are based on standard 30-year period: 1951-1980.

C
Most-recent occurrence.
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Table G-56. Los Alamos Climatological Summary for 1989

Temperature (°F)*

Means Extremes
Mean Mean
Month Maximum Minimum Average High Date Low Date
January 38.5 170 278 S0 19 0 8
February 434 219 326 64 25 -4 6
March 58.0 31.7 448 73 11 14 5
April 66.5 389 52.7 79 21 19 10
May 733 46.2 59.7 84 2 30 1
Junc 783 517 65.0 92 19 42 4
July 81.3 554 68.4 93 2 51 22,23
August 76.6 522 644 86 5 47 8
September 73.2 476 60.4 83 1 34 14
October 614 36.6 49.0 75 1 18 30
November 524 27.1 39.7 66 11 10 29
December 40.8 17.7 292 56 5 -3 22
Annual 62.1 37.1 49.6 93 7/2/89 -4 2/6/89
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Table G-56 (Cont)

Precipitation (in.)" Number of Days
Water Equivalent Snow Max, Min.
Daily Daily Precip. Temp. Temp.
Month Total Maximum  Date Total Maximum Date 20.10 in. 290°F <32°F
January 1.20 0.75 27 16.6 inS 27 2 0 31
February 099 0.55 S 163 10.0 S 4 0 25
March 091 0.63 20 73 6.5 20 2 0 15
April 0.21 0.18 12 T T 10 1 0 7
May 1.07 0.75 9 0 0 - 2 0 1
June 0.51 0.18 14 0 0 - 2 1 0
July 37 0.70 25 0 0 - 11 8 0
August 3.16 091 1 0 0 - 7 0 0
Scptember 2.14 0.67 19 0 0 - 5 0 0
October 1.73 0.62 4 0 0 - 3 0 9
November 0.04 0.04 30 06 0.6 30 0 0 24
December 0.50 0.27 30 107 4.5 30 2 0 30
Annual 16.17 091 8/1/89 51.5 115 1727/89 41 9 142

AMetric coaversions: 1in. = 2.5 cm; °F = 9/5 °C + 32.
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Table G-57. Los Alamos Precipitation for 1989

3Metric conversion: 1in.=2.5 cm.

®See Fig. 28 for site tocations.

(in.)?
North
S-Site Community TA-59 Bandelier East Gate Area G White Rock Y  White Reck

(Site l)b (Site 2) (Site 3) (Site 4) (Site 5) (Site 6) (Site 7) (Site 8)

January 1.37 1.45 1.20 1.29 1.12 1.i5 1.05 1.29
February 133 1.49 0.99 1.15 1.00 0.63 0.94 0.70
March 1.04 0.96 091 0.88 0.63 0.67 0.60 0.68
April 0.23 0.16 0.21 0.03 0.19 0.06 0.11 6.10
May 043 1.54 1.07 0.94 1.53 1.34 2.39 1.65
June 091 0.69 0.51 0.29 045 0.40 0.26 0.55
. July 5.38 - 450 N 4.26 3.35 1.90 2.72 1.70
August 3.55 3.05 3.16 2.72 2.15 2.49 1.74 1.37
September 1.43 342 z.14 0.88 1.39 1.16 1.08 1.59
October 1.83 1.89 1.73 1.60 1.87 1.83 1.94 1.93
November 0.03 0.08 0.04 0.04 0.06 0.02 0.04 0.05
December 042 044 0.50 0.55 0.42 0.37 035 0.55
Annual 17.95 19.67 16.17 14.63 14.16 12.02 13.22 12.16
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LOS ALAMOS NATIONAL LABORATORY

ENVIRONMENTAL SURVEILLANCE 1989

Table G-53. 1989 Weather Highlights

Key for Abbreviations:
SMDH  Sct maximum daily high-temperature record.
TMDH Tied maximum daily high-temperature record.
SMDL  Sct minimum daily low-temperature record.
TMDL  Tied minimum daily low-temperature record.
SMDP  Sct maximum daily precipitation record.
TMDP  Ticd maximum daly precipitation record.
SMDS  Sect maximum daily snowrall record.

January
Snowy.
Snowfall = 16.6 in. (normal = 10.7 in.).
SMDP on the 4th: 0.34 in,
SMDS on the 27th: 11.5in.
Snowstorm on the 27th closcs the Laboratory, schools, and businesses in Los
Alamos during the aftermoon.
Strong winds with pcak gusts of 68 and 53 mph on the Sth and 6th, respectively.

February
Snowy.
Snowfall = 16,3 in. (normal = 7.3 in.),
SMDP on the Sth; 0.55 in.
SMDS on the Sth: 10.0in.
SMDL on the th: —-4°F.

Strong winds with pcak gusts of 51 and 64 mph on the 20th and 27th, respectively.

March
Very warm, second warmest March on record.
Mcan tem~erature = 44.8°F (normal = 37.6°F).
Only 15 days with minimum temperature <32°F (normal = 24 days).
SMDH on the 8th: 67°F. .
SMDH on the 9th: 72°F. Also highest for entire monthi of hiarch.
SMDH on the 10th: 71°F.
SMDH on the 11th: 73°F. Also highest for entirc month of March,
SMDH on the 12th;  70°F.
TMDP on the 20th: 0.63 in.
SMDS on the 20th: 6.5 in.
Northem lights visible during the evening on the 12th,
Strong winds with peak gust of 62 riph on the 14th,
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LOS ALAMOS NATIONAL LABORATORY

ENVIRONMENTAL SURVEILLANCE 1989

Table G-58 (Cont)

April
Very warm, second warmest April on record.
Mecan temperature = 52.7°F (normal = 45.6°F).
Only 7 days with minimum temperature <32°F (normal = 13 days).
Dry.
Precipitation = 0.21 in. (normal = 0.86 in.).
SMDH on the 7th: 75°F. Also warmest for so carly in the scason.
SMDH on the 8th: 74°F.
SMDH on the 20th: 78°F.
SMDH on the 21st: 79°F. Also warmest for so carly in the scason.
TMDH on the 24th: 72°F,
Strong dust devil at Royal Crest Trailer Court on the 20th; boat picked up and
damaged.
Hazc on the 21st and 22d.
Strong winds with gusts of 50 and 55 mph on the 1st and 3d, respectively.

May

Very warm, third warmest May on record.

Mean temperature = 59.7°F (normal = 54.9 F),

TMDH on the 6th: 78°F.

SMDH on the 7th; 81°F. Also warmest for so carly in the season.

SMDH on the 8th: 83°F. Also warmest for so carly in the scason.

SMDP on the 9th: 0.7S in.

Hailstorm on the 9th, with 0.75- and 0.5-in.-diameter hail reportcd at White Rock
and North Community, respectively. Some damage to cars, accidents in White
Rock. Accumulation up to 2 in.; 76-mph wind gust recorded at East Gate.

SMDH on the 23d: 84°F.

Strong thunderstorm winds on the 27th of 76 and 66 mph at Areca G and Bandelicr
sites, respectively.

Strong winds with gusts of 55 and 52 mph on the 3d and 4th, respectively.

Spring (March-May)
Warmest spring on rccord: 52.4°F (previous warmest was in 1972, with 50.2°F),

June
Dry.
Precipitation = 0.51 in. (normal = 1.12 in.).
SMDH on the 19th: 92°F. Also warmest for so early in the season.
Strong thunderstorm winds on the 8th, with peak gust of 62 mph.
Hazy on the 20th, 21st, 24th, 27th, and 28th.
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LOS ALAMOS NATIONAL LABORATORY

ENVIRONMENTAL SURVEILLANCE 1989

Table G-58 (Cont)

July

Hot first week.

Month had 8 days with high temperature 290°F (normal = 1 day).

Sccond most 90°F days for July (the most was 11 days in 1980).

Third most 90°F days for any month (the most was 11 days in July 1980; sccond most, 9
days in June 1980).

TMDH on the 1st: S0°F.

SMDH on the 2d: 93°F (also the warmest day since 95°F on Junc 21, 1981).

TMDH on the 3d: 91°F.

TMDH on the 8th: 90°F.

Strong thunderstorm on the 14¢h; 1.90 in. of rain in 3 hours at S-Sitc (10-ycar return),
with 0.75- to 1-in.-diamcter hail falling in North Community.

TMDH on the 18th: 91°F.

Flash flooding in Albugucrque on the 25th. One person was kiiled.

August
SMDL on the 22d: 45°F.

Suinmer (June-August)
Second highest total of days with high temperature 290°F: 9, The highcst was 22 in 1980.

September
SMDL on the 13th: 39°F.
SMDL on the 14th: 34°F.

October
TMDL on the 30th: 18°F.

November
Very dry, with warm daytime tcmperaturcs.
Mecan high temperature = 52.4°F (normal = 48.7°F).
Precipitation = 0.04 in. (normal = 0.96 in.).
Snowfall = 0.6 in. (normal = 5.0 in.).
TMDL on the 20th: 60°F.
Strong winds with peak gust of 52 mph on the 26th,

December
SMDL on the 22d: -3°F.
SMDS on the 30th: 4.5 in.

Annual
1989 mcan temperature = 49.6°F (normal = 48.1°F).
Warmest ycar since 1981,
1989 precipitation = 16.17 in. (normal = 17.83 in.).
Least precipitation since 1980,
1989 snowfall = 51.5 in. (normal = 50.8 in.).
1988 -1989 winter season snowfall = 52.6 in.
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Table G-59. Analyses of Surface-Water Quality at Fenton Hill, December 1989*

\

Specific
Total Conduc-
Hard- tance
Station Location §iO, Ca Mg K Na CO, HCO, P SO, C1 F NOiN TD5® ness (umho) pH®
F Sulphur Creek 52 49 5 83 20 <5 34 0.1 i14 17 03 1.2 302 148 294 75
J Jeme= River 65 22 4 2.7 27 <5 78 0.2 11 5 1.0 0.1 228 72 163 8.2
N San Antonio Creek 68 24 3 29 19 <5 63 0.2 13 3 14 00 190 71 146 75
Q Pio Guadalupe 35 81 7 32 25 <5 206 0.1 14 7 09 0.1 232 234 364 82
R Jemez River 54 84 7 127 93 <5 196 0.1 13 8 12 00 570 241 276 8.7
S Jemez River 60 5 17 159 119 S 197 0.1 18 125 14 00 532 217 649 85
N T Rio Cebolla 46 26 2 2.8 13 <5 7 0.1 6 2 06 01 208 77 142 7.7
x U Redondo Creek 37 17 2 32 10 <5 4 0.1 n 10 02 90 216 50 117 78
\Y Sulphur Creek 49 56 7 11 27 <5 <5 0.1 275 63 04 00 582 170 468 24
F-1  Lake Fork (6085 m)° Dry
LF-2  Lake Fork (7285 m)° Dry
LF-3  Lake Fnrk (8500 m)d 61 14 2 2.7 15 <5 54 0.1 5 3 13 05 200 44 135 74
LF-4  Lake Fork (9420 m)d 57 18 2 33 17 <5 67 0.2 6 4 1.2 04 152 55 148 78

BTotal dissolved solids.
‘Standard units.

-

® Analysis units are milligrams per liter, except as noted.

dNumber represents distance below lower pond (GTP-3) in Lake Fork Canyon.
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Table G-60. Anaiyses of Ground-Water Quality at Feiiton Hill, December 1989*

\

Specific
Total Conduc-
Hard- tance

Station Location Si0O, Ca Mg K Na CO, HCO P SO, q F NOjN TDS® ness (umho) pHS

JS-2.3  Jemez Village (spring) 76 17 3 1.2 18 <5 69 0.2 5 4 0S5 0.1 114 S8 137 76

JS4,5 Jemcz Village (spring) 72 2 S 1.0 19 <5 85 02 4 3 05 0.1 184 29 146 74

FH-1  Fenton Hill (well) 73 80 7 59 23 <5 148 02 12 53 041 0.6 350 230 42?2 74

JF-1  Jemez Canyon (hot spring) 49 262 23 700 641 <5 0 02 39 810 28 08 300 750 33399 73

JF-5  Soda Dam (hot spring) 49 424 27 191.0 1130 <5 1240 01 43 1600 34 04 451 1117 5555 64

RV-2  San Antonio (hot spring) 81 5 0 19 27 <5 47 02 28 2 34 01 270 36 114 80

RV-4  Spruce {hot spring) 70 10 2 14 58 <5 118 02 21 7 05 00 240 36 279 85 g :c},

RV-5 McCaulcy (hot spring) 8 12 S 1.1 24 <5 82 0.1 7 3 10 0.1 162 50 154 84 3>

Loc.4 LaCueva (well) 87 12 2 21 21 <5 78 03 4 3 02 01 231 40 135 7.7 % 2

Loc.6 LaCueva (spring) 75 26 6 39 21 <5 100 03 5 3 04 03 91 93 211 71 =@

Loc. 27 La Cueva (well) 58 28 5 67 18 <5 91 04 21 4 05 01 214 93 207 70 g £
% Loc.31 Lake Fork (spring) 9 17 2 30 14 <5 67 0.2 5 3 10 02 190 53 133 72 @ 3
*° Loc.39 Lake Fork (tank) 28 13 2 2.1 8 <5 38 00 16 3 12 02 120 43 105 6.7 gr;‘»:

Loc. 42 La Cueva (well) 52 16 6 48 12 <5 34 03 8 2 05 00 64 67 166 69 Zg

Loc. 47 La Cueva (well) 65 12 6 59 320 <5 78 00 27 2 33 00 592 34 955 83 g 8

Loc. 48 La Cueva (well) 67 31 S 22 27 <5 89 02 40 1S 08 0.1 212 81 280 70 9 2

Loc. 53 Sulphur Creek (well) 67 52 5 64 i6 <5 148 04 17 4 04 05 212 13] 298 70 29

Loc. 54 Sulphur Creek (well) 69 8 12 86 49 <5 267 03 23 4 05 00 344 209 507 71 ¢~

Loc. 55 Sulphur Creck (well) 92 87 10 208 63 <5 222 04 191 5 05 00 564 222 261 7.1

FH-2  Fenton Hill (well)d 74 27 27 33 13 <5 105 04 7 5 01 <01 212 82 235 —

FH-2  Fenton Hill (well)d 70 24 29 35 13 <5 105 0.3 7 7 01 <0.1 200 87 240 74

3 Analysis units are milligrams per liter, except as noted.
PTotal dissolved solids.
“Standard units.

A special pumping test of FH-2 was conducted in 1989. The first sample was taken Scptember 7, 1989. Four
samples were collected during a 23-minute interval: after pumping 1, 3, 10, and 23 minutes. Samples were
analyzed for €3 volaule and 72 scmivolatile organic compounds. Results were below limits of detection (sce
Qpcndix C for compounds and limits of detection). A second sample was taken Scptember 21, 1989.

%
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Table G-61. Trace Metals in Surface and Ground Waters, Fenton Hill, December 1939*

Total
Uranium
Station Location As B Ba Cu Fe Li Se Hg (ug/L)
Surface Water
F Sulphur Creck <0.05 <0.1 003 <005 003 <01 <0.01 00003 <2
J Jemez River CLy <01 <003 <005 001 0.v <0.01 00003 2
N San Antonio Creck <005 <0.1 003 <005 9002 0. <0.01 0.0002 2
Q Rio Guadalupe <0.05 <0.1 012 <0.05 <0.01 1.1 <0.01 00002 6
R Jemez River 007 07 009 <005 002 07 <001 <00002 3
S Jemez River 0.10 1.0 007 <005 0.02 1.1 <001 <00002 2
T Rio Cebolla <095 <0.1 003 <005 004 <01 <001 <0.0002 <2
U Redondo Creck <0.05 <0.! <003 <005 003 <01 <0.01 <0.0002 <2
\Y Sulphur Creek <0.05 <01 <003 <005 <0.01 <0.1 <001 <0.0002 <2
LF-1 Lake Fork Canyon Dry
LF-2 Lake Fork Canyon Dry— -
LF-3 Lake Fork Canyon <0.05 <01 <003 <005 008 <01 <0.01 0.0002 <2
LF4 Lake Fork Canyon <005 <01 <003 <005 002 <001 <0.01 00002 <2
Ground Water
JS-2,3  Jemez Village (spring) <0.05 <0.1 003 <005 003 <01 <001 <00002 2
JS4,5 Jemez Village (spring) <005 06 004 <005 — <01 <001 <00002 2
FH-1 Fenton Hill (well) <0,0S 70 010 <005 002 <01 <001 <00002 2
JF-1 Jemez Canyon (hot spring) <0.05 14 024 <005 010 54 002 <0.0002 2
JE-5 Scda Dam (hot spring) <0.08 <0.1 040 <005 007 0.12 <005 <00002 2
RV-2  San Antonio (hot spring) <005 02 <003 <005 002 <01 <001 <00002 2
RV4  Space (hot spring) <0.05 <01 <003 <0.05 <0.01 06 <001 <00002 2
RV-5  McCauley (hot spring) <0.05 <01 <003 <0.05 <0.01 1.1 002 <0.0002 2
Loc.4 LaCueva (well) <005 <0.1 003 <005 004 <0.1 001 <0.0002 2
Loc.6 LaCueva (well) <0.05 <0. 006 <0.05 008 <0.1 <001 <0.0002 2
Loc.27 LaCueva (well) <005 <0.1 0.13 <005 <001 <0.1 <001 <0.0002 <2
Loc. 31 Lake Fork (spring) <005 <01 <003 <005 <001 <0.1 <001 <0.0002 2
Loc. 39 Lake Fork (tank) <005 <01 <003 <005 <0.01 <0.1 <0.01 <0.0002 2
Loc.42 La Cueva (well) <0.08 04 005 <005 <001 <01 <001 <0.0002 2
Loc. 47 LaCueva (well) 005 06 035 <005 004 01 <001 <0.0002 16
Loc. 48 La Cueva (well) 005 <0.1 0.06 014 <001 <01 <001 0.0003 <2

~
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Table G-61 (Cont)

Total
Uranium
Station Location As B Ba Cu Fe Li Se Hg (ug/L)
Ground Water (Cont)
Loc. 53 Sulphur Creek (well) <005 <0.1 <003 <005 007 0.6 0.02 <0.0002 2
Loc.54 Sulphur Creck (well) <0.05 <0.1 0.14 <005 <001 <01 <001 <0.0002 <2
Loc. 55 Sulphur Creck (well) <005 <0.1 0.13 <0.05 <0.01 <0.1 <001 <0.0002 2

2 Analysis units are milligrams per liter, exceptas ncted. Analyseswere performed onsamples
from the 11 surface-water and 19 ground-water stations lisied above for the following
constituents, and concentrations were all found to be belc v limits of detection:

Ag< 005 mg/L;

Cd< 0.001 mg/L;

Cu< 0.005 mg/L;

Pb <0.001 mg/L; and
Tl <0.002 mg/L.
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Table G-62. Summary of Radiochemical Analyses of

Sediments from TA-49

Gross
‘H 137¢ Total Uranium Dpy 239240p, Gamma
Station (10-* mCi/mL) (pCi'g) (ugl/g) (pCi/g) (pCilg) (counts/min/L)
A-1 04 (0.3) 0.31 (0.08) 42 (04) 0.002 (0.002) 0.006 (0.002) 39 (0.5)
A-2 0.1 (0.3) 0.59 (0.15) 3.2 (0.3) 0.009 (0.002) 0.074 (0.005) 34 (0.5)
A3 08 (0.3) 0.27 (0.08) 3.1 (0.3) 0.015 (0.010) 0.902 (0.033) 3.6 (0.5)
A4 0.7 (03) 0.86 (0.17) 2.7 (0.2) 0.002 (0.001) 0.016 (0.002) 3.0 (0.5)
A<4A 04 (0.3) 0.44 (0.09) 3.5 (0.3) 0.001 (0.001) 0.020 (0.002) 3.8 (0.5)
A-S 0.6 (0.3) 0.49 (0.15) 3.2 (0.3) 0.001 (0.001) 0.014 (0.002) 4.1 (0.6)
A-6 0.7 (0.3) 1.7 (0.27) 3.8 (04) 0.003 (0.001) 0.058 (0.004) 45 (0.6)
A-7 0.5 (0.3) 0.16 (0.11) 3.3 (0.3) 0.001 (0.001) 0.002 (0.001) 3.7 (0.5)
A-8 0.3 (0.5) 0.30 (0.09) 2.7 (0.3) 0.003 (0.001) 0.006 (0.001) 4.3 (0.6)
A9 0.1 (0.3) 0.20 (0.11) 3.3 (0.3) 0.002 (0.001) 0.008 (0.002) 43 (0.6)
A-10 0.8 (0.3) 047 (0.11) 24 (0.2) 0002 (0.001) 0.011 (0.002) 4.5 (0.6)
A-11 0.0 (0.3) 0.39 (0.13) 09 (0.1) 0.001 (0.001) 0.004 (0.002) 1.2 (04)
Sediment background
(1974-1986)* 0.44 44 0.006 0.023

See Puntymun (1987a).
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Table G-63. Trace Metals in Solution Extracted from
Sediments at TA-49 (mg/L)

As Ba Cd Cr Pb He Se Ag
Maximum extraction procedure
toxic threshold 5.0 100 1.0 5.0 5.0 20 1.0 5.0
Limits of detection 0.002 05 0.01 0.04 0.05 0.002 0.001 0.005
Stations
A-1 BLD" BLD BLD BLD BLD BLD BLD BLD
A-2 BI.D BLD BLD BLD BLD BLD BLD BLD
A3 BLD BLD BLD BLD BLD BLD BLD BLD
A-4 BLD BLD BLD BLD BLD BLD BLD BLD
A-4A 0.003 BLD BLD BLD BLD BLD BLD 0.005
A-S 0.002 BLD BLD BLD BLD BLD BLD BLD
A-6 0.002 BLD BLD 0.08 BLD BLD BLD BLD
A-7 BLD BLD BLD BLD BLD BLD BLD BLD
;-8 BLD BLD BLD BLD BLD BLD BLD BLD
A9 0.009 BLD BLD 0.05 BLD BLD BLD 0.008
A-10 BLD BLD BLD BLD BLD BLD BLD BLD
A-11 BLD BLD BLD BLD BLD BLD BLD BLD
Maximum 0.009 BLD BLD BLD BLD BLD BLD 0.008

3BLD = below limits of detection.
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Table G-64. Number of Results above the Analytical LOQ for
Organic Compounds in Sediments from TA-49"

Type of Organic Compound

Volatile

Semivolat'ie Pesticide Herbicide

PCB

Number of Compounds
Analyzed

[#)
wn

Stations
A-1
A-2
A-3
A-4
A-4A
A-S
A-6
A-7
A-8
A9
A-10
A-11

RN WHERNNG = b~

2]
oo
[
N
LA
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Samples were collected June 22, 1989; sce Table 38 for listing of results

reported above LOQ.
®Mixed arcclor; LOQ is 0.12 mg/kg.

COCOT OOOCOCOCOOCO
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activation products

alpha particle

background radiation

beta particle

controlled area

cosmic radiation

curie (Ci)

dose

dose, absorbed

dose, effective

\
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GLOSSARY

Radioactive products gencrated as a result of ncutrons and other
subatomic particles interacting with materials such as air, con-
struction materials, or impuritics in cooling water. These “acti-
vation products” are usually distinguished, for reporting pur-
poses, from “fission products.”

A charged particle (identical to the helium nuclcus) composed of
two protons and two ncutrons that arc emitted during decay of
cerain radioactive atoms. Alpha particles are stopped by scveral
centimeters of air or a sheet of paper.

lonizing radiation from sources other than the laboratory. This
background may include cosmic radiation; cxternal radiation
from naturally occurring radioactivity in the carth (terrestrial
radiation), air, and water; intcrnal radiation from naturally occur-
ring radioactive clements in the human body; and radiation from
medical diagostic procedures.

A charged particle (identical to the clectron) that is emitted
during decay of certain radioactivity atoms. Most beta particles
arc stopped by <0.6 cm of aluminum.

Any Laboratory arca to which access is controlled to protect
ndividuals from exposure to radiation and radioactive materials.

High-cnergy particulate and electromagnetic radiations that
originate outside the carth’s atmosphere. Cosmic radiation ispart
of nztural backgronnd radiation,

A special unit of radioactivity. One curic equals 3.70 x 10'°
nuclear transformations per second.

A term denoting the quantity of radiation encrgy absorbed.

The energy imparted to matter by ionizing radiation per unit mass
of irmadiated material. (The unit of absorbed dose is the 1ad.)

The hypothetical who'e-body dosc that would give the same risk
of cancer montality and/or scrious genctic disorder as a given
cxposure and that n-ay be limited to just a few organs. The
cffective dose equivalen is equal to the sum of individual organ
doscs, cach weighted by degrec of risk that the organ dose carrics.
Forexample,a 100-mrem dosc to the lung, which has a weighting

255

/




LOS ALAMOS NATIONAL LABORATORY

ENVIRONMENTAL SURVEILLANCE 1989

dose, equivalent

dose, maximum boundary

dose, maximum individual

dose, population

dose, whole body

exposure

external radiation

Jission products

gallery

gamma radiation

factor of 0.112, gives an effective dosc that is equivalent to
(100 % 0.12) = 12 mrem,

A term uscd in radiation protection that expresses all types of
radiation (alpha, beta, and so on) on acommon scale for ¢ alculat-
ing the effective absorbed dose. It is the product of the absorbed
dose in rads and certain modifying factors. (The unit of dose
cquivalent is the rem.)

The greatest dose commitment, considering all potential routes
of exposure from a facility’s operation, to a hypothetical individ-
ual who is in an uncontrolled arca where the highest dosc rate
occurs. It assumes that the hypothetical individual is present
100% of the time (full occupancy), and it docs not take into
account shiclding (for example, by buildings).

The greatest dose commitment, considering all potential routes
of exposure from a facility's operation, to an individual at or
outside the Laboratory boundary where the highest dose rate
occurs. Ittakes intoaccount shielding and occupancy factors that
would apply to a rea! individual.

The sum of the radiation doses to individuals of a population. It
iscxpressed in units of person-rem. (Forexample, if 1000 people
cach received a radiation dose of 1 rem, their population dose
would be 1000 person-rem.)

A radiation dosc commitment that involves cxposure of the entire
body (as opposed to an organ dose that involves exposurc 10 a
single organ or sct of organs),

A measure of the ionization produced in air by x or gamma
radiation. (The unit of exposurc is the roentgen).

Radiation originating from a source outside the body.

Atoms created by the splitting of larger atoms into smaller oncs,
accompanied by release of energy.

An underground collection basin for spring discharges.

Short-wavelength electromagnetic radiation of nuclear origin
that has no mass or charge. Because of its short wavelength (hizh
energy), gamma radiation can cause ionization. Other electro-
magnctic radiation (such as microwaves, visible light, radio-
waves) have longer wavelengths (lower encrgy) and cannot
causc ionization,
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gross alpha

gross bela

ground water

half-life, radioactive

internal radiation

Laboratory

Maximum Contaminant
Level (MCL)

mrem

perche ; water

person-rem

rad

radiation

Radiation Protection
Standard (RPS)
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The total amount of measured alpha activity without identifica-
tion 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 radioactive substance to
decrease to half its value by inherent radioactive decay. Afteriwo
half-lives, one-fourth of the original activity remains (1/2 x 1/2),
aftcr three half-lives, one-cighth (1/2 x 1/2 x 1/2), and so on.

Radiation from a source within the body as a result of deposition
of radionuclides in body tissucs by processcs, such as ingestion,
inhalation, or implantation. Potassium-40), a naturally occurring
radionuclide, is a major source of internal radiation in living
organisms.

Los Alamos National Laboratory.

Maximum permissible level of a contaminant in water that is
delivered to the frec-flowing outlet of the ultimate userof a public
walcr system (sce Appendix A and Table A-3). The MCLs are
specificd by the EPA.

Millirem (1073 rem). Sce rem definition.

A ground-water body above an impermeable layer that is scpa-
rated from an underlying main body of ground water by an
unsaturated zone.

The unitof population dose, which expresses the sum of radiation
exposures reccived by a population. For cxample, two persons,
cach with a 0.5-rem exposure, receive 1 person-rem, and
500 people, cach with an exposurc of 0.002 rcm, also receive
1 person-rem.,

A special unit of absorbed dose from ionizing radiation. A dosc
of 1 rad equals the absorption of 100 ycars of radiation cnergy per
gram of absorbing material.

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

A standard for exicrnal and internal exposure to radioactivity as

defined in DOE Order 5480.1A, Chap. X1 (sce Appendix A and
Table A-2 in this report).
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rem

roenigen (R)

terrestrial radiation

thermoluminescent
dosimeter (TLD)

tritium

tuff

uncontrolled area

uranium
uranium, depleted

uranium, total

water year

Working Level Month

(WLM)
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The unit of radiation dosc cquivalent that takes int6 account
diffcrent kinds of ionizing radiation and permits them to be
expressed on a common basis. The dose equivalent in rems is
numerically equal to the absorbed dosc in rads multiplicd by the
nccessary modifying factors.

A unit of radiation exposure that expresses exposure in terins of
the amount of ionization produced by x rays in a volume of air.
Onc roentgen (R) is 2.58 x 107 coulombs per kilogram of air.

Radialion emitted by naturally occurring radionuclides, such as
40K ; the natural decay chains 2°U, 22U, or 2**Th; or cosmic-ray-
induced radionuclides in the soil.

A malerial (the Laboratory uscs lithium fluoride) that, after
being exposed to radiation, lumincsces upon being heated. The
amount of light the material emits is proportional to the amount
of radiation (dosc) to which it was exposcd.

A radionuclide of hydrogen with a half-iife cf 12.3 ycars, The
very low encrgy of its radioactivity decay makes itone of the lcast
hazardous radionuclides.

Rock of compacted volcanic ash and dust.

Anarcabeyond the boundarics of a cortrolled arca (see definition
of “controlled area” in this glossary).

Uranium consisting primarily of 2*U and having !css than
0.72 w1% 2*U. Exceptin rarc cases occurring in nature, depleted
uranium is manmade.

The amount of uranium in a sample, assuming that the uranium
has the isotopic content of uranium in nature (99.27 wi% 2*U, 0.72
wt% 28U, and 0.0057 wi% 2*U).

October through Sepiemiez,

A unit of exposurc to *2Rn and its decay products. Working
Level (WL) is any combination of the shori-lived 22Rn decay
productsin 1 L of ait that will result in the cmission of 1.3 x 10°
MeV potential alpha encrgy. At cquilibrium, 100 pCi/L of *2Rn
corresponds to 1 WL. Cumulative exposurc is measured in
Working Level Months, which is 170 WL-h,
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