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FOREWORD 

Suggestions on How to Read this Report 

This report addresses both the lay person and the scientist. Each reader may have limited or compre
hensive interest in this report. We have tried to make it acceskible to all without compromising its scientific in
tegrity. Following arc directions advising each audience on how best to use this document. 

1. Lay Person with Limited Interest. Read Part I, the Executive Summary, which describes the Laboratory's 
environmental monitoring operations and summarizes environmental data for this year. Emphasis is on the 
significance of findings and environmental 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, summaries 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 following each summary. 
Appendix A (Standards for Environmental Contaminants) and Appendix F (Description of Technical Areas and 
Their Associated Programs) may also be helpful. 

3. Scientists with Limited Interest. Read Part I, the Executive Summary, to determine the parts of the Labo
ratory's environmental program that interest you. You may then read summaries and technical details of these 
parts in the body of the report. Detailed data tables are in Appendix G. 

4. Scientists with Comprehensive Interest. Read Part I, the Executive Summary, which describes the Labo
ratory's environmental programs and summarizes environmental data for this year. Read the boldface sum
maries 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 
Surveillance Group (HSE-8): 

Environmental Surveillance Group (HSE-8) 
Los Alamos National Laboratory 
P. 0. Box 1663 
Los Alamos, New Mexico--87545 
Attn: Dr. Lars F. Soholt 
Mail Stop K490 
Commercial Telephone: (505) 667-5021 
Federal Telephone System: 843-5021 
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ENVIRONMENTAL SURVEILLANCE AT 

LOS ALAMOS DURING 1987 

by 

ENVIRONMENTAL SURVEILLANCE GROUP 

ABSTRACT 

This report describes the environmental surveillance program conducted by Los 
Alamos National Laboratory during 1987. Routine monitoring for r.tdiation and radioactive 
or chemical materials is conducted on the Laboratory site as well as in the surrounding re
gion. Monitoring results are used to determine compliance with appropriate standards and 
to permit early identification of potentially undesirable trends. Results and interpretation of 
data for 1987 cover: external penetrating radiation; quantities of airborne emissions and 
liquid emuents; concentrations of chemicals and radionuclides in ambient air, surface and 
ground waters, municipal water supply, soils and sediments, and foodstuffs; and environ
mental compliance. Comparisons with appropriate standards, regulations, and background 
levels provide the basis for concluding that environmental effects from Laboratory opera
tions are insignificant and do not pose a threat to the public, Laboratory employees, or the 
environment. 
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I. EXECUTIVE SUMMARY 

A. Monitoring Operations 

The Laboratory maintains an ongoing en
vironmental surveillance program as required by US 
Department of Energy (DOE) Orders 5480.1A 
("Environmental Protection, Safety, and Health Protec
tion Programs," August 1981) and 5484.1 
("Environmental Protection, Safety, and Health Protec
tion Information Reporting Requirements," February 
1981). The surveillance program maintains routine 
monitoring for radiation, radioactive materials, and 
chemical substances on the Laboratory site and in the 
surrounding region. These activities document com
pliance with appropriate standards, identify trends, pro
vide information for the public, and contribute to gen
eral environmental knowledge. More detailed, supple
mental environmental studies are carried out to deter
mine the extent of the potential problems, to provide 
the basis for any remedial actions, and to provide fur
ther information on surrounding environments. The 
monitoring program also supports the Laboratory's pol
icy to protect the public, employees, and environment 
from harm that could be caused by Laboratory activities 
and to reduce environmental impacts to the greatest 
degree practicable. Environmental monitoring in
formation complements data on specific releases, such 
as those from radioactive liquid-waste treatment plants 
and stacks at nuclear research facilities. 

Monitoring and sampling locations for various types 
of measurements are organized into three groups: (1) 
Regional stations are located within the five counties 
surrounding Los Alamos County (Fig. 1) at distances 
up to 80 km (50 mi) from the Laboratory. They provide 
a basis for determining conditions beyond the range of 
potential influence from normal Laboratory operations. 
(2) Perimeter stations are located within about 4 km 
(2.5 mi) of the Laboratory boundary, and many are in 
residential and community areas. They document con
ditions in areas regularly occupied by the public and 
potentially affected by Laboratory operations. (3) On
site stations are within the Laboratory boundary, and 
most are in areas accessible only to employees during 
normal working hours. They document environmental 
conditions at the Laboratory where the public has lim
ited access. 

Samples of air particulates and gases, waters, soils, 
sediments, and foodstuffs are routinely collected at 
these stations for subsequent analyses (Table 1). Ex-
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ternal penetrating radiation from cosmic, terrestrial, 
and Laboratory sources is also measured. 

Additional sam pies are collected and analyzed to 
gain information about particular events, such as major 
surface run-off events, nonroutine releases, or special 
studies. More than 25 000 analyses for chemical and 
radiochemical constituents were carried out for envi
ronmental surveillance during 1987. Resulting data 
were used for dose calculations, for comparisons with 
standards and background levels, and for interpretation 
of the relative risks associated with Laboratory opera
tions. 

B. Estimated Doses and Risks from Radiation 
Exposure 

1. Radiation Doses. Estimated individual radiation 
doses to the public attributable to Laboratory opera
tions are compared with applicable standards in this re
port. Doses are expressed as a percentage of DOE's 
Radiation Protection Standard (RPS). The RPS is for 
doses from exposures excluding contributions from nat
ural background, fallout, and radioactive consumer 
products. Estimated doses are those believed to be 
potential doses to individuals under realistic conditions 
of exposure. 

Historically, estimated doses from Laboratory oper
ations have been less than 7% of the 500 mrem/yr 
standard that was in effect prior to 1985 (Fig. 2). These 
doses have principally resulted from external radiation 
from the Laboratory's airborne releases. In 1985, DOE 
issued interim guidelines that lowered its RPS to 100 
mrem/yr (effective dose equivalent) from all exposure 
pathways. In addition, exposure via the air pathway is 
further limited to 25 mrem/yr (whole body) in ac
cordance with requirements of the US Environmental 
Protection Agency (EPA) (Appendix A). In 1987 the 
estimated maximum individual dose was 6.1 mrem, 
24% of the EPA's 25-mrem standard. This dose re
sulted mostly from external radiation from short-lived 
airborne emissions from a linear particle accelerator, 
the Los Alamos Meson Physics Facility (LAMPF). 

Another perspective is gained by comparing these 
estimated doses with the estimated whole-body dose 
attributable to background radiation. The highest esti
mated dose caused from Laboratory operations was 
about 2% of the 327 mrem received from background 
radioactivity in Los Alamos during 1987. 
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Fig. 1. Regional location of Los Alamos. 

2. Risk Estimates. Estimates of the added risk of 
cancer were calculated to provide a perspective for 
comparing the significance of radiation exposures. In
cremental cancer risk to residents of Los Alamos town
site due to 1987 Laboratory operations was estimated to 
be 1 chance in 50 000 000 (Table 2). This risk is 
<0.5% of the 1 chance in 31 000 cancer risk from natu
ral background radiation and the 1 chance in 190 000 
risk from medical radiation. 

The Laboratory's potential contribution to cancer 
risk is small when compared with overall cancer risks. 
The overall lifetime risk in the United States of con
tracting some form of cancer is 1 chance in 4. The life
time risk of cancer mortality is 1 chance in 5. 

3 

SANDOVAL COUNTY 

ALBUQUERQUE . 

TAOS COUNTY 

. 
SANTA FE 

SANTA FE 
COUNTY 



LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table I. Number of Sampling Locations 

Typing of Monitoring 

External radiation 
Air 
Surface and ground waters 8 

Soils and sediments 
Foodstuffs 

Regional 

4 
3 
6 

16 
10 

Perimeter 

12 
II 
32 
16 
8 

Onsite 

139 
12 
37 
34 
II 

8 An additional 22 stations for the water supply and 33 special surface and ground water 
stations related to the Fenton Hill Geothermal Program were also sampled and analyzed as 
part of the monitoring program. 
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Fig. 2. Summary of estimated maximum individual and Laboratory 
boundary doses (excluding contributions from cosmic, terrestrial, 
and medical diagnostic sources) from Laboratory operations. 

C. External Penetrating Radiation 

Levels of external penetrating radiation (including X 
and gamma rays and charged particle contributions 
from cosmic, terrestrial, and manmade sources) in the 
Los Alamos area are monitored with thermolu
minescent dosimeters (TLDs) at 147locations. 
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The TLD network monitoring radiation from air
borne activation products released by the LAMPF mea
sured about 12_± 5 mrem/yr (excludes background ra
diation from cosmic and terrestrial sources). This mea
sured external radiation level was used to calculate 
radiation dose by taking into account shielding by 
buildings and self-shielding by the body. The value 
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Table 2. Added Individual Lifetime Cancer Mortality Risks 
Attributable to 1987 Radiation Exposure 

Exposure Source 

Average exposure from Laboratory 
Operations 
Los Alamos Townsite 
White Rock Area 

Natural Radiation 
Cosmic, Terrestria 1, Self-Irradiation 
and Radon Exposurea 
Los Alamos and White Rock 

Medical X-Rays (Diagnostic Procedures) 
Average Whole Body Exposure 

Incremental 
Effective Dose 
Equivalent 

(mrem) 
Used in 

Risk Estimate 

0.21 
0.17 

53 

Added Risk (Chance) 
to an Individual 

of Cancer Mortality 

1 in 50 000 000 
1 in 60 000 000 

1 in 31 oooh 

in 190 000 

aAn effective dose equivalent of 200 mrem was used to estimate the risk from inhaling 
222Rn and its transformation products. 
bThe risks from natural radiation from non-radon sources were estimated to be 1 
chance in 79,000 in Los Alamos and in White Rock. The risk of lung cancer from 
radon exposure was estimated to be 1 chance in 50,000 for both locations. Risk 
estimates are derived from ICRP Publication 26 and NCRP Report 93. 

measured in 1987 is lower than the measured 18 .± 2 
mrem/yr obtained in 1986 (Fig. 2). The difference is 
probably caused by variation in weather patterns be
tween the two years rather than differences in LAMPF 
operations, because the estimate of airborne activity 
emitted from LAMPF increased in 1987 (Table 3). 

Radiation levels (including natural background ra
diation from cosmic and terrestrial sources) are also 
measured at regional, perimeter, and on-site locations 
in the Environmental TLD Network. Some measure
ments at on-site stations were above background levels, 
as expected, reflecting ongoing research activities at or 
historical releases from Laboratory facilities. 

D. Air Monitoring 

Airborne radioactive emissions were monitored at 
87 release points at the Laboratory. Total airborne 
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26 sampling stations. Measurements of radioactivity in 
the air are compared with concentration guides based 
upon DOE's RPS. These guides are concentrations of 
radioactivity in air breathed continuously throughout 
the year that result in effective doses equal to DOE's 
RPS of 100 mrem/yr for off-site areas (Derived Con
centration Guides for Uncontrolled Areas) and to the 
occupational RPS (see Appendix A) for on-site areas 
(Concentration Guides for Controlled Areas). Here
after they are called guides for on-site and off-site ar
eas. 

Only the on-site tritium air concentrations showed 
any measurable impact due to Laboratory operations. 
Annual average concentrations of tritium remained 
<0.1% of DOE's guides at all stations and posed no 
environmental or health problems in 1987. Annual av
erage concentrations of longer-lived radionuclides in air 
were also <0.1% of the guides during 1987. 
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Table 3. Comparison of 1986 and 1987 Radioactive Releases 
from the Laboratory 

Airborne Emissions 
Activity R~leas~d 

Ratio 
Radionu~lide Units 1986 1987 1987:198{2 

sH Ci 10 700 3 ISO 0.3 
32p Ci 70 48 0.7 
41Ar Ci 276 232 0.8 
1311 Ci 38 0 0 
Uranium Ci 847 1 080 1.3 
Plutonium Ci 207 73 0.4 
Gaseous Mixed Ci 112 000 150 000 1.3 

Activation 
Products 

Mixed Fission Ci 2 570 1 290 0.5 
Products 

Particulate/Vapor Ci 0.1 0.2 2.0 
Activation 
Products 

Total Ci 122 976 153 412 1.2 

Liguid Effluents 
Activity Released (mCi} Ratio 

Radionuclide 1986 1987 1987:1986 

3H 89 710 110 000 1.2 
89,90Sr 9.9 65 6.6 
t37cs 18 8.1 0.4 
234u 2.4 1.6 0.7 
238,239,240pu 5.1 4.6 0.9 
241Am 3.2 3.6 1.1 
Other 166.7 610.5 0.5 

Total 90 915.3 110 693.4 1.2 
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E. Water, Soil, and Sediment Monitoring 

Liquid effluents containing low levels of radioactiv
ity were routinely released from one waste treatment 
plant and one sanitary sewage lagoon system. Concen
trations at all discharge points were well below the 
DOE's concentration guides for on-site areas. The 
dominant change was an increase in tritium discharge 
from TA-50's radioactive liquid-waste treatment facility 
due to increased concentrations in the released waters 
(Table 3). 

Surface and ground waters are monitored to detect 
potential dispersion of radionuclides from Laboratory 
operations. Only the surface and shallow ground wa
ters in on-site liquid effluent release areas contained ra
dioactivity in concentrations that are above natural ter
restrial and worldwide fallout levels. These concentra
tions are minute fractions ( < 0.1%) of DOE's guides for 
on-site areas. These on-site waters are not a source of 
industrial, agricultural, or municipal water supplies. 
The radiochemical quality of water from regional, 
perimeter, and on-site areas that have received no di
rect discharge showed no significant effects from 
Laboratory releases. 

The potable water supply met all applicable EPA 
radiochemical and chemical standards. Lack of a 
hydrologic connection to the deep aquifer was con
firmed by lack of radioactive or chemical contamination 
in municipal water supply sources. 

Measurements of radioactivity in samples of soils 
and sediments provide data on less direct pathways of 
exposure. These measurements are useful for 
understanding hydrological transport of radioactivity in 
intermittent stream channels near low-level radioactive 
waste management areas. On-site areas within Pueblo, 
Los Alamos, and Mortandad canyons all had concen
trations of radioactivity on sediments at levels slightly 
higher than attributable to natural terrestrial sources or 
worldwide fallout. The low levels of cesium, plutonium, 
and strontium in Mortandad Canyon are due to liquid 
effluents from a waste treatment plant. No above
background radioactivity on sediments or in water has 
been measured in locations beyond the Laboratory 
boundary in Mortandad Canyon. However, small 
amounts of radioactivity on sediments in Pueblo 
Canyon (from pre-1964 effluents) and Los Alamos 
Canyon (from 1952 to current treated effluents) have 
been transported to the Rio Grande. Theoretical esti
mates, confirmed by measurements, show the in
cremental effect on Rio Grande sediments is in-
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significant when compared with background concentra
tions in soils and sediments. 

Environmental monitoring is done at 1 active and 11 
inactive waste management areas at the Laboratory. 
The general public is excluded from these controlled
access sites. Surface run-off has transported some low
level contamination from the active disposal area and 
several of the inactive areas into controlled-access 
canyons. Leachate extracts (following EPA guidelines) 
from the surface contamination indicate the presence of 
no constituents in excess of EPA criteria for hazardous 
waste determination. 

F. Foodstuffs Monitoring 

Most fruit, vegetable, fish, bee, and honey samples 
from regional and perimeter locations showed no ra
dioactivity distinguishable from that attributable to nat
ural sources or worldwide fallout. Some produce sam
ples from on-site locations had slightly elevated tritium 
concentrations at levels ~2% of DOE's guides for tri
tium in water (there are no concentration guides for 
produce). 

G. Unplanned Releases 

During 1987, there were two unplanned releases of 
radioactive or hazardous materials. Both involved re
lease of tritium. The quantities of tritium released were 
small and resulted in radiation doses that were fractions 
of the Radiation Protection Standard. 

1. March 18 Tritium Release at the Van de GraatT 
Facility at TA-3. On March 18, 1987, 375 Ci of tritium 
(as elemental tritium gas) were released from the Van 
de Graaff facility at TA-3. Air samples collected from 
four downwind air samplers were within normal ranges 
for tritium at these locations. All measured concentra
tions were <0.1% of the DOE's Derived Concentration 
Guide for tritium in off-site areas. Calculations from 
meteorological modeling estimated a dose to the maxi
mum exposed individual of 0.003 mrem to the lung, 
<0.1% of the EPA's air emission standard of 75 
mrem/yr (any organ) to a member of the public. 

2. December 11-12 Tritium Release at TA-33. Ap
proximately 165 Ci of elemental tritium gas were inad
vertently released from TA-33 on December 11-12, 
1987. Air samples were collected at five downwind lo
cations. All measured air concentrations were found to 
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be within their normal range and <0.1% of the DOE's 
Derived Concentration Guide for tritium. The highest 
estimated dose to a member of the public was 0.001 
mrem to the lung, <0.1% of the 75 mrem/yr EPA air 
emission standard. 

H. Environmental Compliance Activities 

1. Resource Conservation and Recovery Act. The 
Resource Conservation and Recovery Act (RCRA) 
regulates hazardous wastes from generation to ultimate 
disposal. The EPA has transferred full authority (with 
the exception of the Hazardous and Solid Waste 
Amendment of 1984) for administering RCRA to New 
Mexico's Environmental Improvement Division (EID). 
In 1987, the Laboratory had numerous interactions with 
EID and prepared documentation to comply with 
RCRA requirements. The Laboratory has revised 
RCRA Parts A and B permit applications, originally 
submitted in 1985. The latest revisions were submitted 
November 1987. 

2. Clean Water Act. Regulations under the Clean 
Water Act set water quality standards and effluent lim
itations. The two primary programs at the Laboratory 
to comply with the Clean Water Act are the National 
Pollutant Discharge Elimination System (NPDES) and 
the Spill Prevention Control and Countermeasure 
(SPCC) programs. 

The NPDES requires permits for nonradioactive 
constituents at all point source discharges. A single 
NPDES permit for the Laboratory authorizes liquid ef
fluent discharges from 98 industrial outfalls and 10 san
itary sewage treatment outfalls; the permit expires in 
March 1991. The Laboratory was in compliance with 
the NPDES permit in about 96% and 99% of the analy
ses done on samples collected for compliance monitor
ing at sanitary and industrial waste discharges, respec
tively. Chronically noncompliant discharges are being 
upgraded under an EPA/DOE Federal Facility Com
pliance Agreement. 

Another NPDES permit authorizes liquid effluent 
discharge from the Fenton Hill Geothermal Project. 
The permit for a single outfall was issued to regulate 
the discharge of mineral-laden water from the recycle 
loop of the geothermal wells. 

The SPCC program provides for cleanup of spills 
and requires preparation of a SPCC Plan. The Labo
ratory has many elements that are required in a SPCC 
plan and has assembled a Laboratory-wide formal 
SPCC Plan that was adopted and implemented in 1987. 
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3. National Environmental Policy Act. The Labo
ratory Environmental Review Committee reviews envi
ronmental documentation required by National Envi
ronmental Policy Act legislation as well as identifies 
other environmental items of concern to the Labora
tory. An Environmental Evaluations Coordinator helps 
prepare required DOE documentation and identify 
other items requiring committee attention. Documen
tation usually consists of Action Description Memo
randums (brief environmental evaluations) or Envi
ronmental Assessments (more detailed evaluations). 
During 1987, the committee approved 20 Action De
scription Memorandums and 1 Environmental Assess
ment and forwarded this documentation to DOE. 

4. Clean Air Act. During 1987, the Laboratory's 
operations remained in compliance with all federal and 
state air quality regulations. State regulations are re
quired to be as stringent as federal regulations, and 
many state standards are more stringent. Over 180 as
bestos removal jobs involved the disposal of 270 m3 

(9500 ft3) of asbestos. All beryllium shops met emis
sions performance requirements. The Laboratory ap
plied to EPA for approval to construct the Independent 
Management Activity facility. This program will emit 
depleted uranium similar to other dynamic testing pro
jects at the Laboratory. Approval was obtained from 
EPA in January, 1988. 

5. Safe Drinking Water Act. Municipal and indus
trial water supply for the Laboratory and community is 
from 16 deep wells and 1 gallery (collection system fed 
by springs). The wells range in depth from 265 to 942 
m (869 to 3090 ft). The chemical quality of the water 
easily met EPA's National Interim Primary Drinking 
Water Standards (40 CFR 141) in 1987. 

6. Federal Insecticide, Fungicide, and Rodenticide 
Act. The Federal Insecticide, Fungicide, and Rodenti
cide Act (FIFRA) requires registration of all pesticides, 
restricts use of certain pesticides, recommends stan
dards for pesticide applicators, and regulates disposal 
and transportation of pesticides. The Laboratory 
stores, uses, and discards pesticides in compliance with 
this act. 

7. Archaeological and Historical Protection. The 
Laboratory's Environmental Evaluation Coordination 
and Quality Assurance programs provide protection as 
mandated by law for the hundreds of archaeological 
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and historical resources located on Laboratory land. 
Pursuant to federal regulations implementing Section 
106 of the National Historic Preservation Act of 1966, 
as amended, clearance for construction where no re
source will be affected and mitigation of unavoidable 
adverse effects from Laboratory activity is determined 
in consultation with New Mexico's State Historical 
Preservation Office. During 1987, archaeologists per
formed 28 cultural resource surveys, monitored 7 pro
jects, fenced 1 site, and undertook adverse impact miti
gation at 2 sites. 

8. Threatened/Endangered Species and Flood
plains/Wetlands Protection. The DOE and Labora
tory must comply with the Endangered Species Act of 
1973, as amended, and with Executive orders 11988, 
Floodplain Management, and 11990, Protection of 
Wetlands Environmental Review Requirements. Three 
Floodplains/Wetlands notifications were prepared for 
publication in the Federal Register. Laboratory biolo
gists surveyed 17 proposed construction sites for poten
tial impact. They identified no endangered or rare 
species at these sites. 

9. Comprehensive Environmental Response, Com
pensation, and Liability Act. The Comprehensive En
vironmental Response, Compensation, and Liability Act 
(CERCLA) of 1980 mandated cleanup of toxic and haz
ardous contaminants at closed and abandoned haz
ardous waste sites. The Superfund Amendments and 
Reauthorization Act (SARA) of 1986 extensively 
amended CERCLA. Laboratory compliance activities 
at hazardous waste sites are part of DOE's Al
buquerque Operations Office's Comprehensive 
Environmental Restoration Program (CERP). The 

program is evaluating all areas at the Laboratory for 
possible contamination. 
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10. Toxic Substances Control Act. The Toxic Sub
stances Control Act (TSCA) regulates the manufacture, 
processing, distribution, use, storage, and labeling of 
chemical substances, including polychlorinated 
biphenyls (PCBs). The Laboratory has EPA autho
rization to dispose of PCB wastes at its chemical waste 
landfill (AreaL) and burn PCB contaminated wastes at 
its Controlled Air Incinerator (99.9999% combustion 
efficiency). The Laboratory is in compliance with 
EPA's permit conditions for authorizing on-site disposal 
of PCB contaminated wastes. 

11. Emergency Planning and Community Right-to· 
Know Act. Title III of SARA, also known as the Emer
gency Planning and Community Right-to-Know Act 
(EPCRA), is the centerpiece of federal policy on 
chemical disaster prevention and response. In response 
to this legislation, the state of New Mexico has estab
lished an Emergency Response Commission (ERC) 
within the State Police Department's Hazardous Mate
rials Emergency Response Division; the commission 
has designated Los Alamos County as the local Emer
gency Planning District, and the Laboratory's Emer
gency Management Office will continue to develop and 
coordinate a comprehensive laboratory-wide, all-haz
ards emergency response plan that is compatible with 
the county's overall plan. 

The Industrial Hygiene (HSE-5) and Environmental 
Surveillance (HSE-8) groups provided a preliminary list 
of 137 chemical substances used on-site to the Emer
gency Management Office. In addition, individual Ma
terials Safety Data Sheets for each of these 137 chemi
cals have also been provided to the Emergency Man
agement Office to facilitate county planning. 
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II. INTRODUCTION TO THE LOS ALAMOS AREA 

A. Geographic Setting 

Los Alamos National Laboratory and the associ
ated residential areas of Los Alamos and White Rock 
are located in Los Alamos County, northcentral New 
Mexico, approximately 100 km (60 mi) NNE of Albu
querque and 40 km (25 mi) NW of Santa Fe (Fig. 1). 
The 111 km2 ( 43 mi2) Laboratory site and adjacent 
communities are situated on Pajarito Plateau. The 
plateau consists of a series of finger-like mesas sepa
rated by deep eastwest oriented canyons cut by inter
mittent streams (Fig. 3). Mesa tops range in elevation 
from approximately 2400 m (7800 ft) on the flank of 
the Jemez Mountains to about 1800 m (6200 ft) at 
their eastern termination above the Rio Grande valley. 

All Los Alamos County and vicinity locations 
referenced in this report are identified by the Labora
tory Cartesian coordinate system, which is based upon 
US Customary units of measurement. This system is 
standard throughout the Laboratory, but is inde
pendent of the US Geological Survey and New Mexico 
State Survey coordinate systems. The major coordi
nate markers shown on the maps are at 3 km (10 000 
ft) intervals, and for the purpose of this report, loca
tions are reported to the nearest 0.03 km (100ft). 

The DOE controls the area within the Laboratory 
boundary and has the option to completely restrict ac
cess. This control can be instituted if necessary. 

B. Land Use 

Most Laboratory and community developments 
arc 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 Labo
ratory site held by the Santa Fe National Forest, Bu
reau of Land Management, Bandelier National Mon
ument, General Services Administration, and Los 
Alamos County (see the inside back cover). The San 
Ildefonso Pueblo borders the Laboratory to the east. 

Laboratory land is used for building sites, test ar
eas, waste disposal locations, roads, and utility rights
of-way (Fig. 4 and Appendix F). However, these ac
count for only a small fraction of the total land area. 
Most land provides isolation for security and safety 
and is a reserve for future structure locations. The 
Long Range Site Development Plan (Engineering 
1982) assures adequate planning for the best possible 
future uses of available Laboratory lands. 

/ 
N 

Pajarito Plateau 

Sangre de Cristo Mountains 

Fig. 3. Topography of the Los Alamos area. 
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Fig. 4. Technical areas (TAs) of Los Alamos National Laboratory in relation 
to surrounding landholdings. 

Limited access by the public is allowed in certain 
areas of the Laboratory reservation. An area north of 
Ancho Canyon between the Rio Grande and State 
Road 4 is open to hikers, rafters, and hunters, but 
woodcutting and vehicles are prohibited. Portions of 
Mortandad and Pueblo canyons are also open to the 
public. An archaeological site (Otowi Tract) north
west of State Road 4, near the White Rock Y, is 
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open to the public subject to restrictions of cultural re
source protection regulations. 

C. Geology-Hydrology 

Most of the finger-like mesas in the Laboratory 
area arc found in Bandelier Tuff (Fig. 5). Ashfall, 
ashfall pumice, and rhyolite tuff form the surface of 
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Pajarito Plateau. The tuff ranges from nonwclded to 
welded and is in excess of 300 m (1000 ft) thick in the 
western part of the plateau and thins to about 80 m 
(260 ft) eastward above the Rio Grande. It is de
posited as the result of a major eruption of a volcano 
in the Jemez Mountains about 1.1 to 1.4 million years 
ago. 

The tuffs overlap onto older volcanics of the 
Tschicoma Formation, which form the Jemez Moun
tains. They are underlain by the conglomerate of the 
Puye Formation (Fig. 5) in the central and eastern 
edge along the Rio Grande. Chino Mesa basalts (Fig. 
5) interfinger with the conglomerate along the river. 
These formations overlay the sediments of the 
Tesuque Formation (Fig. 5), which extends across the 
Rio Grande valley and is in excess of 1000 m (3300 ft) 
thick. 

Los Alamos area surface water is primarily in in
termittent streams. Springs on flanks of the Jemez 
Mountains supply base flow into upper reaches of 
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some canyons, but the amount is insufficient to main
tain surface flows across the Laboratory site before it 
is depleted by evaporation, transpiration, and infiltra
tion. Run-off from heavy thunderstorms or heavy 
snowmelt reaches the Rio Grande several times a year 
in some drainages. Effluents from sanitary sewage, 
industrial waste treatment plants, and cooling tower 
blowdown are released to some canyons at rates suffi
cient to maintain surface flows for about 1.5 km (1 
mi). 

Ground water occurs in three modes in the Los 
Alamos area: (1) water in shallow alluvium in 
canyons, (2) perched water (a ground water body 
above an impermeable layer that is separated from the 
underlying main body of ground water by an unsatu
rated zone), and (3) the main aquifer of the Los 
Alamos area (Fig. 5). 

Intermittent stream flows in canyons of the plateau 
have deposited alluvium that ranges from less than 
1 m (3 ft) to as much as 30 m (100 ft) in thickness. 
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The alluvium is quite permeable, in contrast to the 
underlying volcanic tuff and sediments. Intermittent 
run-off in canyons infiltrates the alluvium until its 
downward movement is impeded by the less 
permeable tuff and volcanic sediment. This results in 
a shallow alluvial ground water body that moves 
downgradient in the alluvium. As water in the 
alluvium moves downgradient, it is depleted by 
evapotranspiration and movement into underlying 
volcanics (Purtymun 1977). 

Perched water occurs in comglomerate and basalts 
beneath the alluvium in a limited area about 40 m 
(120 ft) in the mid-reach of Pueblo Canyon and in a 
second area about 50 to 70 m (150 to 200ft) beneath 
the surface in lower Pueblo and Los Alamos canyons 
near their confluence. The second area is mainly in 
basalts (Fig. 5) and has one discharge point at Basalt 
Springs in Los Alamos Canyon. 

The main aquifer of the Los Alamos area is the 
only aquifer in the area capable of serving as a munici
pal water supply. The surface 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 western part of the plateau. 
Depth of the aquifer decreases from 360 m (1200 ft) 
along the western margin of the plateau to about 180 
m (600 ft) at the eastern margin. The main aquifer is 
isolated from alluvial and perched waters by about 110 
to 190 m (350 to 620 ft) of dry tuff and volcanic sedi
ments. Thus, there is little hydrologic connection or 
potential for recharge to the main aquifer from allu
vial or perched water. 

Water in the main aquifer is under water table 
conditions in the western and central part of the 
plateau and under artesian conditions in the eastern 
part and along the Rio Grande (Purtymun 1974B). 
The major recharge to the main aquifer is from the 
intermountain basin of the Valles Caldera in the Je
mez Mountains west of Los Alamos. The water table 
in the caldera is near land surface. The underlying 
lake sediment and volcanics are highly permeable and 
recharge the aquifer through Tschicoma Formation 
interflow breccias (rock consisting of sharp fragments 
embedded in a fine-grained matrix) and the Tesuque 
Formation. The Rio Grande receives ground water 
discharge from springs fed by the main aquifer. The 
18.4 km (11.5 mi) reach of the river in White Rock 
Canyon between Otowi Bridge and the mouth of Rito 
de Frijoles receives an estimated 5.3 to 6.8 x lcf m3 

(4300 to 5500 acre-feet) annually from the aquifer. 
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D. Climatology 

Los Alamos has a semiarid, temperate mountain 
climate. Average, annual precipitation is nearly 45 em 
(18 in). Precipitation was heavy during 1987, totalling 
60 em (23.6 in.). It was the third consecutive year with 
precipitation at least 130% of normal. Forty per cent 
of the annual precipitation normally occurs during 
July and August due to thundershowers. Officially, at 
TA-59, rainfall was normal during the summer of 
1987. However, other areas in Los Alamos were be
low normal for the summer. Winter precipitation falls 
primarily as snow, with accumulations of about 130 em 
(51 in.) annually. Record snowfalls in January and 
February and heavy snow in December of 1987 helped 
produce a record annual snowfall of 453 em (178 in.). 

Summers are generally sunny with moderate warm 
days and cool nights. Maximum temperatures are 
usually below 32°C (90°F). Brief afternoon and 
evening thundershowers are common, especially in 
July and August. High . altitude, light winds, clear 
skies, and dry atmosphere allow night temperatures to 
drop below 15°C (59°F) after even the warmest day. 
Winter temperatures typically range from about -9 to -
4°C (15 to ~F) during the night and from -11 to 
10°C (30 to 50°F) during the day. Occasionally, tem
peratures drop to near -18°C (0°F) or below. Many 
winter days are clear with light winds, so strong sun
shine can make conditions quite comfortable even 
when air temperatures are cold. 

Snowstorms with accumulations exceeding 10 em 
(4 in.) are common in Los Alamos. Some storms can 
be associated with strong winds, frigid air, and danger
ous wind chills. Several severe storms occurred during 
the year. One storm dumped 122 em ( 48 in.) officially 
with up to 152 em (60 in.) along the mountains during 
January 15-17, 1987. It was the heaviest snowfall on 
record in Los Alamos for one storm. Another severe 
storm dropped nearly 66 em (26 in.) of snow during 
February 18-19. 

Surface winds in Los Alamos often vary dramati
cally with time-of-day and with location because of 
complex terrain. With light, large-scale winds and 
clear skies, a distinct daily wind cycle often exists: a 
light southeasterly to southerly upslope wind during 
the day and a light westerly to northwesterly drainage 
wind during the night. However, several miles to the 
east toward the edge of Pajarito Plateau, near the Rio 
Grande Valley, a different daily wind cycle is common: 
a moderate southwesterly up-valley wind during the 
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day and either a light northwesterly to northerly 
drainage wind or moderate southwesterly 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 1987 followed nor
mal patterns in wind. 

Historically, no tornadoes have been reported to 
have touched down in Los Alamos County. Numerous 
funnel clouds were reported near Santa Fe on August 
24-25, 1987. Strong dust devils can produce winds up 
to 35 m/sec (75 mph) at isolated spots in the county, 
especially at lower elevations. Strong winds with gusts 
exceeding 27 m/sec (60 mph) are common and wide
spread during the spring. Lightning is very common 
over Pajarito Plateau. There are 58 thunderstorm 
days during an average year, with most occurring 
during the summer. Lightning protection is an impor
tant design factor for most facilities at the Laboratory. 
Hail damage can also occur. Hailstones with diame
ters up to 0.64 em (0.25 in.) are common, whereas 1.3-
cm (0.5-in.) diameter hailstones are rare. 

Atmospheric mixing or dispersion characteristics 
affect the transport of contaminants released into the 
air. Good mixing conditions result in greater dilution 
of released contaminants. Under poorer mixing 
conditions, the potential increases for exposure to 
higher concentrations of released contaminants. 

Frequent clear skies and light winds promote good 
daytime atmospheric dispersion at Los Alamos. Com
plex terrain and forested vegetation also enhance 
vertical and horizontal mixing of the atmosphere and 
contaminants released into the air. During the night, 
light winds and clear skies favor the formation of tem
perature inversions, restricting vertical atmospheric 
dispersion. Air flow channeling by terrain features 
also reduces nighttime dispersion. Poor atmospheric 
dispersion conditions frequently exist in canyon bot
toms. The frequency of atmospheric stability, an es
timate of the dispersion capability of the atmosphere, 
is approximately 40% unstable (good mixing), 35% 
neutral (fair mixing), and 25% stable (poor mixing) on 
the mesa tops of the Los Alamos area. 

E. Population Distribution 

Los Alamos County has an estimated 1987 pop
ulation of approximately 18 370 (based on the 1980 
census adjusted for 1987). Two residential and related 
commercial areas exist in the county (Fig. 4). The Los 
Alamos townsite, the original area of development 

15 

(and now including residential areas known as the 
Eastern Area, the Western Area, North Community, 
Barranca Mesa, and North Mesa), has an estimated 
population of 11 480. The White Rock area (including 
the residential areas of White Rock, La Senda, and 
Pajarito Acres) has about 6820 residents. About one
third of those employed in Los Alamos commute from 
other counties. Population estimates for 1987 place 
about 193 000 people within an 80 km (50 mi) radius 
of Los Alamos (Table 4). 

F. Programs at Los Alamos National 
Laboratory 

The Laboratory is administered by the University 
of California for the Department of Energy. The 
Laboratory's environmental program, conducted by 
the Environmental Surveillance Group, is part of a 
continuing investigation and documentation program. 

Since its inception in 1943, the Laboratory's pri
mary mission has been nuclear weapons research and 
development. Programs include weapons develop
ment, magnetic and inertial fusion, nuclear fission, nu
clear safeguards and security, and laser isotope sepa
ration. There is also basic research in the areas of 
physics, chemistry, and engineering that supports such 
programs. Research on peaceful uses of nuclear en
ergy has included space applications, power reactor 
programs, radiobiology, and medicine. Major re
search programs in elementary particle physics are 
carried out at the Laboratory's linear proton acceler
ator. Other programs include applied photochemistry, 
astrophysics, earth sciences, energy resources, nuclear 
fuel safeguards, lasers, computer sciences, solar en
ergy, geothermal energy, biomedical and environ
mental research, and nuclear waste management re
search. Appendix F summarizes activities at the Lab
oratory's 32 active Technical Areas (TAs). 

In August 1977, the Laboratory site, encompassing 
111 km2 ( 43 mi2), was dedicated as a National Envi
ronmental Research Park. The ultimate goal of pro
grams associated with this regional facility is to 
encourage environmental 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 organi
zations outside of the Laboratory to facilitate self-sup
ported research on these subjects deemed compatible 
with the Laboratory programmatic mission (DOE 
1979). 
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Table 4. 1987 Population Within 80 km of Los Alamosa,b 

Direction 1-2 2-4 _±j_ ~ 15-20 20-30 30-40 40-60 

N I 114 
NNE 554 531 I 697 I 761 
NE 311 14 798 990 I 104 
ENE I 745 I 533 2 443 2 592 I 164 
E 75 23 500 I 030 626 
ESE 263 20 829 I 062 
SE 6 820 48 152 2 198 
SSE 383 3 911 
s 50 267 516 5 720 
ssw 20 686 169 6 917 
sw 264 3 490 
WSW 264 263 2 137 
w 138 
WNW I 448 6 595 
NW 528 I 737 I 410 
NNW 583 584 62 

---------------
aT his distribution represents the resident, nonworkforce population with respect to 
Alamos Meson Physics Facility's stack at T A-53. A slightly different distribution 
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Alamos County townsites was used to model releases from the TA-2 stack, which is located 
closer to Los Alamos. 
bTotal population within 80 km of Los Alamos is 192 649. 

A Final Environmental Impact Statement (DOE 
1979) that assesses potential cumulative environmen
tal impacts associated with current, known future, and 
continuing activities at the Laboratory was completed 
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in 1979. The report provides environmental input for 
decisions regarding continuing activities at the 
Laboratory. It also provides more detailed informa
tion on the environment of the Los Alamos area. 
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Ill. RADIATION DOSES 

Some incremental radiation 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 dose at 
an occupied location was about 6 mrem to the whole body or 24% of EPA's air emission stan
dard of 25 mremfyr. This dose estimate is principally due to airborne radiation from the 
linear particle accelerator at the Los Alamos Meson Physics Facility. The effective dose 
equivalent to the maximum exposed individual from all pathways was also approximately 6 
mrem. This is 6% of the DOE Radiation Protection Standard of 100 mremfyr. 

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-otT. Radionuclide concentrations in these sediments, however, 
are only slightly above background levels. Other minor pathways include direct radiation 
and foodstuffs. 

The cumulative 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 3.5 person-rem during 1987. This is <0.01% of the 61 000 person-rem cumulative ef
fective dose equivalent received by the same population from natural radiation sources and 
0.03% of the 10 000 person-rem cumulative effective dose equivalent received from diagnostic 
medical procedures. About 90% of this dose, 3.0 person-rem, was received by persons living 
in Los Alamos County. This dose is 0.05% of the 6000 person-rem received by the population 
of Los Alamos County from background radiation and 0.3% of the 970 person-rem from di
agnostic medical and dental procedures. 

In 1987, the average, added risk of cancer mortality to Los Alamos townsite residents was 
1 chance in SO 000 000 due to radiation from this year's Laboratory operations; this is much 
less than 1 chance in 31 000 from background radiation. The EPA has estimated average 
lifetime risk for overall cancer incidence as 1 chance in 4 and for cancer mortality as 1 
chance inS. 

A. Background 

The impact of environmental releases of ra
dioactivity is evaluated by estimating doses received by 
the public from exposure to these releases. These 
doses are then compared with applicable standards 
and with doses from background radiation and medi
cal and dental radiation. 

The DOE's Radiation Protection Standard (RPS) 
limits the effective dose equivalent to 100 mrem/yr for 
all pathways of exposure (DOE 1985). The effective 
dose equivalent is the hypothetical whole-body dose 
that carries the same risk of cancer or genetic disor
ders as a given dose to a particular organ (see Glos
sary). Using this dose, which was introduced by the 
International Commission on Radiological Protection 
(ICRP 1977), allows direct comparison of exposures to 
different organs. 
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In accordance with federal EPA regulations ( 40 
CFR 61), whole-body doses received via the air path
way only are limited to 25 mrem/yr and individual or
gan doses are limited to 75 mrem/yr via this pathway. 
The principal pathway of exposure at Los Alamos has 
been via release of radionuclides into the air resulting 
in external radiation doses to the whole body. Other 
pathways contribute finite but negligible doses. De
tailed discussion of standards is presented in Appendix 
A. 

The exposure pathways considered for the Los 
Alamos area are atmospheric transport of airborne ra
dioactive emissions, hydrologic transport of treated 
liquid effluents, food chains, and direct exposure to 
external penetrating radiation. Exposure to radioac
tive materials or radiation in the environment was 
determined by direct measurements of airborne and 
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waterborne contaminants, of contaminants in food
stuffs, and of external penetrating radiation. 
Theoretical dose calculations based on atmospheric 
dispersion modeling were made for other airborne 
emissions present at levels too low for measurement. 

Doses were calculated from measured or derived 
exposures using models based on the recommenda
tions of the International Commission of Radiological 
Protection (Appendix D). These doses are summa
rized in Table 5 for the most important exposure cate
gories, as defined in DOE Order 5484.1 (DOE 1981) 
as: 

1. Maximum Boundary Dose, or ''Fence-Post" Dose 
Rate: Maximum dose at the Laboratory bound
ary where the highest dose rate occurs. This 
dose does not take into account shielding or 
occupancy and does not require that an in
dividual actually receive this dose. 

2. Maximum Individual Dose: Maximum dose to 
an individual in the off-site location where the 
highest dose rate occurs and where there is a 
person present. It includes corrections for 
shielding (for example, for being inside a build
ing) and occupancy (what fraction of the year 
the person is in the area). 

3. Average Dose: Average doses to residents of 
Los Alamos and White Rock. 

4. Whole-Body Cumulative Dose: The whole-body 
cumulative dose for the population within an 
80-km (50-mi) radius of the Laboratory. The 
cumulative effective dose equivalent for the 80 
km area is also given in accordance with the 
DOE Radiation Protection Standard (DOE 
1985). 

The maximum boundary and the individual doses over 
the past 9 years are summarized in Fig. 2. Over 95% 
of each of these doses resulted from airborne emis
sions of activation products from the Los Alamos Me
son Physics Facility (IAMPF). 

The effective dose equivalent is taken to be the 
same as the whole-body dose equivalent for whole
body external radiation. The effective dose equivalent 
for internal radiation is the weighed sum of the doses 
to individual organs (see Glossary). 

All internal radiation doses (via inhalation or in
gestion) are 50-year dose commitments (Appendix D). 
This is the total dose received from intake of a 
radionuclidc for 50 years following intake. 

In addition to compliance with dose standards, 
which define an upper limit for doses to the public, 
there is a concurrent commitment to maintain radia-
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tion exposure to individuals and population groups to 
levels as low as reasonably achievable (AIARA). This 
policy is followed at the Laboratory by applying strict 
controls on airborne emissions, liquid effluents, and 
operations to minimize doses to the public and to limit 
releases of radioactive materials to the environment. 
Ambient monitoring described in this report docu
ments the effectiveness of these controls. 

B. Estimate of Radiation Doses 

1. Doses from Natural Background Radiation 
and Medical and Dental Radiation. Effective dose 
equivalents from natural background and from medi
cal and dental uses of radiation are estimated to pro
vide a comparison with doses resulting from Labo
ratory operations. Doses from global fallout are only 
a small fraction of these doses ( < 1%) and are not 
considered further here. Exposure to natural back
ground radiation results principally in whole-body 
doses and in localized doses to the lung and other or
gans. For convenience, these doses are divided into 
those resulting from exposure to radon and its decay 
products that mainly affect the lung, and those from 
nonradon sources that mainly affect the whole body. 

Estimates of background radiation arc based on a 
recent comprehensive report by the National Council 
on Radiation Protection and Measurements (NCRP 
1987). This document contains some minor differ
ences from a 1975 NCRP report that had been used in 
previous environmental surveillance reports. These 
differences include using 20% (instead of 10%) shield
ing by structures for cosmic radiation and 30% 
(instead of 20%) self-shielding by the body for terres
trial radiation. The 1987 NCRP document also gives 
an effective dose equivalent for radon exposure. 
These changes were incorporated into this report to 
obtain the most current estimates of background 
radiation. This resulted in some small differences 
from the procedure used in previous reports for de
termining background doses. 

Whole-body external dose is incurred from expo
sure to cosmic rays, external terrestrial radiation from 
naturally occurring radioactivity in the earth's surface 
and from global fallout. Effective dose equivalents 
from internal radiation are due to radionuclides de
posited in the body through inhalation or ingestion. 

Nonradon effective dose equivalents from back
ground radiation vary each year depending on factors 
such as snow cover and the solar cycle (Sec. IV). Esti
mates of background from nonradon sources arc 
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Table 5. Summary of Annual, Effective Dose Equivalents Due to 1987 Laboratory Operations 

Maxirrun Dose at 
Laboratory Boundary a 

Dose 12 ! 5 mrem 

Location Boundary N. of TA-53 

DOE Radiation Protection Standard --

% of Radiation Protection Standard --

Background 327 mrem 

% of Background 4% 

Maxirrun Dose to 
an lndividualb 

-

6.1 mrem 

Residence N. of 
TA-53 

100 mrem 

6% 

327 mrem 

2% 

Average Dose to 
Nearby Residents 

Los Alamos White Rock 

0.21 mrem 0.17 mrem 

Los Alamos White Rock 

100 mrem 100 mrem 

0.2% 0.2% 

327 mrem 327 mrem 

0.06% 0.05% 

Cumulative Dose to 
Population Within 80 km 

of the Laboratory 

3. 5 person- rem 

Area within 80 km of 
Laboratory 

61 000 person-rem 

0.006% 

aMaximum boundary dose is the dose to a hypothetical individual at the Laboratory boundary where the highest dose rate occurs with no correction 
for shielding. It assumes that the hypothetical individual is at the Laboratory boundary continuously (24 hours a day, 365 days a year). 
bMaximum 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. It takes into account occupancy (the fraction of time a person is actually at that location), self-shielding, and shielding by 
buildings. 
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based on measured external radiation background lev
els of 102 mrem (Los Alamos) and 106 mrem (White 
Rock) due to irradiation from charged particles, X 
rays, and gamma rays. These uncorrected, measured 
doses were adjusted for shielding by reducing the 
cosmic ray component (60 mrem at Los Alamos, 52 
mrem at White Rock) by 20% to allow for shielding 
by structures, and the terrestrial component ( 42 mrem 
at Los Alamos and 54 mrem at White Rock) by 30% 
to allow for self-shielding by the body (NCRP 1987). 
To these estimates, based on measurements, were 
added 10 mrem at Los Alamos and 8 mrem at White 
Rock from neutron cosmic radiation (20% shielding 
assumed) and 40 mrem from internal radiation 
(NCRP 1987). The estimated whole-body dose from 
background, nonradon radiation is 127 mrem at Los 
Alamos and White Rock. 

In addition to these nonradon doses, a second 
component of back~ound radiation is dose to the lung 
from inhalation of 22Rn and its decay products. The 
222Rn is produced by decay of 226Ra, a member of the 
uranium series, which is naturally present in the con
struction materials in a building and in its underlying 
soil. The effective dose equivalent from exposure to 
background 222Rn and its decay products is taken to 
be 200 mrem/year (NCRP 1987). This background 
estimate may be revised if a nationwide study of back
ground levels of 222Rn and its decay products in 
homes is undertaken as recommended by the NCRP 
(1984A, 1987). 

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

The use of medical and dental radiation in the 
United States accounts for an annual average, per 
capita, effective dose equivalent of 53 mrem (NCRP 
1987). This estimate includes doses from both X rays 
and radiopharmaceuticals. 

2. Dose to Individuals from External Penetrating 
Radiation from Airborne Emissions. The thermolu
minescent dosimeter network at the Laboratory 
boundary north of l.AMPF indicated a 12.4 mrem in
crement above cosmic and terrestrial background ra
diation during 1987 (Sec. IV). This increment is at
tributed to emission of air activation products from 
l.AMPF. Based on 30% shielding from being inside 
buildings (NRC 1977), 30% self-shielding (NCRP 
1987), and 100% occupancy, this 12.4 mrem increment 
translates to an estimated 6.1 mrem whole-body dose 
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to an individual living along State Road 4 north of 
l.AMPF (Table G-1). The 6.1 mrem is 24% of EPA's 
air emission standard of 25 mrem/yr for a member of 
the public (Appendix A). This location north of 
l.AMPF has been the area where the highest bound
ary and individual doses have been measured since the 
dosimeter monitoring began. 

Because these doses are from external penetrating 
radiation, all whole-body doses reported in this section 
are numerically equal to effective dose equivalents. 
Consequently, the doses are not only less than EPA's 
air emission standard of 25 mrem/yr (whole body), 
but also less than DOE's Radiation Protection Stan
dard of 100 mrem/yr (effective dose equivalent). 

A maximum on-site dose to a member of the pub
lic from external penetrating radiation from all Labo
ratory airborne emissions was estimated using a Gaus
sian dispersion meteorological model (Slade 1968). 
The estimated maximum on-site dose was 0.001 mrem 
(whole body) for 1987. This is <0.005% of the EPA's 
25 mrem air emission standard for protection of a 
member of the public (Appendix A). This dose was 
calculated (using credible worst-case conditions) for a 
person spending 4 hours at the Laboratory's science 
museum, an area readily accessible to the public. 

Average dose to residents in Los Alamos townsite 
attributable to Laboratory operations was 0.21 mrem 
to the whole body. The corresponding dose to White 
Rock residents was 0.17 mrem to the whole body. The 
doses are 0.8% and 0.7%, respectively, of EPA's 25 
mrem air emission standard. They were estimated us
ing an air dispersion model, measured stack releases 
(Table G-2), and 1987 meteorological data. These 
doses were dominated by external radiation from air
borne releases at l.AMPF. 

3. Doses to Individuals from Inhalation of Air· 
borne Emissions. The maximum individual doses at
tributable to inhalation of airborne emissions are sum
marized in Table G-1 and are below the EPA air 
emission standards for whole-body doses, 25 mrem/yr, 
and the limit for organ doses, 75 mrem/yr (Appendix 
A). 

Exposure to airborne 3H (as tritiated water vapor), 
uranium, 238Pu, 239

•240Pu, and 241Am were determined 
by measurement (Sec. V). Correction for background 
was made assuming that natural radioactivity and 
worldwide fallout were represented by data from the 
three regional sampling stations at Espanola, Po
joaque, and Santa Fe. Doses were calculated using 
the procedures described in Appendix D. 
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The inhalation dose that was the highest per
centage of the EPA's air emission standard was 0.11 
mrem to the bone surface; this is 0.1% of the 75 
mrem/yr standard for dose to any organ from the air 
pathway. 

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

All other atmospheric releases of radioactivity 
(Table G-2) were evaluated by theoretical calcula
tions. All potential doses from these other releases 
were less than the smallest ones presented in this sec
tion and were thus considered insignificant. 

4. Modeled Doses from Airborne Emissions. For 
compliance with 40 CFR Part 6~ Subpart H, the fed
eral EPA requires that radiation doses be determined 
with the computer code AIRDOS-EPA (EPA 1985A). 
The AIRDOS-EPA code was run with 1987 mete
orology data and radioactive emissions data given in 
Table G-2. As expected, over 98% of the maximum 
individual dose resulted from external exposure to the 
air activation products from IAMPF. The maximum 
individual whole-body dose as determined by AIR
DOS-EPA was 10.9 mrem corrected to include 
shielding due to buildings (30% reduction). This dose, 
which would occur in the area just north of LAMPF, is 
44% of the EPA's air emission standard of 25 
mrem/yr (whole body). 

The maximum organ dose was calculated by AIR
DOS-EPA to be 12.8 mrem to the lung, or 17% of 
EPA's air emission standard of 75 mrem/yr to any or
gan. This dose would also occur in the area just north 
of LAMPF. Of the 12.8 mrem, approximately 95% is 
due to external penetrating radiation from LAMPF air 
emissions and 5% from other Laboratory emissions. 

5. Doses from Direct Penetrating Radiation. No 
direct penetrating radiation from Laboratory oper
ations was detected by TLD monitoring in off-site ar
eas. The only off-site TLD measurements showing 
any effect from Laboratory operations were those 
taken north of LAMPF. These were due to airborne 
emissions and are discussed above. On-site TLD 
measurements of external penetrating radiation re
flected Laboratory operations and do 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 more than 2 mrem/yr of direct 
gamma and neutron radiation, which is 2% of the 
DOE's 100 mrem/yr standard for protection from ex-
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posure by all pathways (Appendix A). This value was 
based on 1987 field measurements of gamma plus 
neutron dose rates using thermoluminescent dosime
ters. 

The on-site thermoluminescent dosimeter station 
(Station 24, Fig. 6) near the northeastern Laboratory 
boundary recorded an above-background dose of 
about 70 mrem. This reflects direct radiation from a 
localized accumulation of 137cs on sediments trans
ported from treated effluent released from TA-21 
prior to 1964. No one resides near this location. 

6. Doses to Individuals from Treated Liquid Ef
fluents. Treated, liquid effluents do not flow beyond 
the Laboratory boundary but are retained in alluvium 
of the receiving canyons (Sec. VI). These treated ef
fluents are monitored at their point of discharge and 
their behavior in the alluvium of the canyons below 
outfalls has been studied (Hakanson 1976A, 1976B, 
and Purtymun 1971, 1974A). 

Small quantities of radioactive contaminants trans
ported during periods of heavy run-off have been mea
sured in canyon sediments beyond the Laboratory 
boundary in Los Alamos Canyon. Calculations made 
with radiological data from Acid, Pueblo, and Los 
Alamos canyons (ESG 1981) indicate a minor expo
sure pathway (eating liver from a steer that drinks 
water from and grazes in lower Los Alamos Canyon) 
to man from these canyon sediments. This pathway 
could potentially result in a maximum 50-year dose 
commitment of 0.0013 mrem to bone. 

7. Doses to Individuals from Ingestion of Food
stuffs. Data from sampling of produce, fish, and 
honey during 1987 (Section VII) were used to estimate 
doses received from eating these foodstuffs. All calcu
lated effective dose equivalents are 0.1% or less of the 
DOE's 100 mrem/yr standard (Appendix A). 

Fruit and ve:f.etable samples were anal)?:ed for six 
radionuclides ( H, 137Cs, total uranium, 238Pu, and 
239 '40 ) M · · d ff · d · ·- Pu . axtmum committe e ect1ve ose eqUiv-
alent that would result from ingesting one quarter of 
an annual consumption of fruits and vegetables (160 
kg) from the off-site locations was 0.07 mrem. This 
dose is 0.07% of the DOE's Radiation Protection 
Standards for protecting members of the public 
(Appendix A). 

Ingestion of produce collected on-site is not a 
significant exposure pathway because of the small 
amount of edible material, low radionuclide 
concentrations, and limited access to these foodstuffs. 
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Fig. 6. Thermoluminescent dosimeter (TLD) IOCC':tions on or near the Laboratory site. 

Fish sa~les were anal~ed for 90Sr, 137Cs, natural 
uranium, 2 Pu, and 239

• Pu. Radionuclide con
centrations in fish from Cochiti Reservoir, the sam
pling location downstream from the Laboratory, are 
compared with concentrations in fish taken from up
stream. The maximum effective dose equivalent to an 
individual eating 21 kg of fish from Cochiti Reservoir 
is 0.03 mrem, which is 0.03% of DOE's 100 mrem 
standard (DOE 1985). Maximum organ dose is 0.3 
mrem to bone surface. 
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Trace amounts of radionuclides were found in 
honey. The maximum effective dose equivalent one 
would get from eating 5 kg of this honey, if it were 
made available for consumption, would be 0.02 mrem, 
which is 0.02% of DOE's 100 mrem standard. 

8. Cumulative Effective Dose Equivalents. The 
1987 population cumulative effective dose equivalents 
attributable to Laboratory operations to persons living 
within 80 km (50 mi) of the Laboratory was calculated 
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to be 3.5 person-rem. This dose is <0.01% of the 61 
000 person-rem exposure from natural background 
radiation and 0.03% of the 10 000 person-rem ex
posure from medical radiation (Table 6). The 1987 
population whole-body dose equivalent is also 3.5 per
son-rem. This is because the dose is dominated by 
external whole-body radiation from l.AMPF emis
sions. Whole-body doses received from external 
radiation equal total effective doses. 

The population dose from Laboratory operations 
was calculated from measured radionuclide emission 
rates (Table G-2), atmospheric modeling using mea
sured meteorological data for 1987, and population 
data based on the 1980 Bureau of Census count ad
justed to 1987 (Table 4 and Appendix D). 

The population dose from natural background 
radiation was calculated using the background radia
tion levels given above. The dose to the 80-km popu
lation from medical and dental radiation was cal
culated using a mean annual dose of 53 mrem per 
capita. The population distribution in Table 4 was 
used in both these calculations to obtain the total pop
ulation dose. 

Also shown in Table 6 is the population effective 
dose equivalent in Los Alamos County from Labora
tory operations, natural background radiation, and 
medical and dental radiation. Approximately 90% of 
the total population dose from Laboratory operations 
is to Los Alamos County residents. This dose is 
0.05% of the population effective dose equivalent 
from background and 0.3% of the population dose 
from medical and dental radiation, respectively. 

Population centers outside of Los Alamos County 
are farther away, so dis~ersion, dilutions and decay in 
transit (particularly for 1C, 13N, 140, 1 0, and 41Ar) 
reduce their dose to less than 10% of the total. The 
population dose to residents outside of Los Alamos 
County and within 80 km (50 mi) of the Laboratory is 
0.001% of the dose from natural background radiation 
and 0.004% of the dose from medical and dental 
radiation. 

C. Risk to an Individual from Laboratory 
Releases 

1. Estimating Risk. Risk estimates of possible 
health effects from radiation doses to the public 

Table 6. Estimated Population Effective Dose 
Equhalents (person-rem) During 1987 

Exposure Mechanism 

Total Due to Laboratory Releases 

Natural Background 
Non-Radon 
Radon 

Total Due to Natural Sources 
of Radiation 

Diagnostic Medical Exposure 
[-53 mremjyr per person (NCRP 1987)] 

Los Alamos County 
(18 400 persons) 

2300 
3700 

6000 

970 

80-km Region 
(193 000 persons)a 

3.5 

22 000 
39 000 

61 000 

10 000 

alncludes doses reported for Los Alamos County. 
bCalculations are based on thermoluminescent dosimeter measurements. They include a 30% 
reduction in cosmic radiation from shielding by structures and a 30% reduction in terrestial 
radiation from self-shielding by the body. 
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resulting from Laboratory operations have been made 
to provide perspective in interpreting these radiation 
doses. These calculations, however, may overestimate 
actual risk for low-LET (linear energy transfer) radia
tion. The National Council on Radiation Protection 
and Measurements (NCRP 1975A) has warned "risk 
estimates for radiogenic cancers at low doses and low 
dose rates derived on the basis of linear (proportional) 
extrapolation from the rising portions of the dose inci
dence curve at high doses and high dose rates ... cannot 
be expected to provide realistic estimates of the actual 
risks from low level, low-LET radiation, and have such 
a high probability of overestimating the actual risk as 
to be of only marginal value, if any, for purposes of 
realistic risk-benefit evaluation." 

Low-LET radiation, which includes gamma rays, is 
the principal type of environmental radiation resulting 
from Laboratory operations. Estimated doses from 
high-LET radiation, such as neutron or alpha particle 
radiation, are less than 3% of estimated low-LET 
radiation doses. Consequently, risk estimates in this 
report may overestimate the true risks. 

The International Commission on Radiological 
Protection (ICRP 1977) estimated that the total risk of 
cancer mortality from uniform, whole-body radiation 
for individuals is 0.0001 per rem, that is, there is 1 
chance in 10 000 that an individual exposed to 1000 
mrem (1 rem) of whole-body radiation would develop 
a fatal cancer during his lifetime due to that exposure. 
This same risk factor applies to the risk of cancer 
mortality per rem of effective dose equivalent. In 
developing risk estimates, the International Commis
sion on Radiological Protection has warned "radiation 
risk estimates should be used only with great caution 
and with explicit recognition of the possibility that the 
actual risk at low doses may be lower than that im
plied by a deliberately cautious assumption of 
proportionality" (ICRP 1977). 

2. Risk from Natural Background Radiation and 
Medical and Dental Radiation. During 1987, persons 
living in Los Alamos and White Rock received an 
average effective dose equivalent of 127 mrem of non
radon (principally to the whole body) radiation from 
natural sources (including cosmic, terrestrial, and self
irradiation sources with allowances for shielding and 
cosmic neutron exposure). Thus the added cancer 
mortality risk attributable to natural, whole-body 
radiation in 1987 was 1 chance in 79 000 in Los 
Alamos and White Rock (Table 2). 
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Natural background radiation also includes ex
posure to the lung from 222Rn and its decay products 
(see above), in addition to exposure to whole body ra
diation. This exposure to the lung also carries a 
chance of cancer mortality due to natural radiation 
sources that was not included in the estimate for 
whole body radiation. For the background effective 
dose equivalent of 200 mremjyr, the added risk due to 
exposure to natural 222Rn and its decay products is 1 
chance in 50 000. 

The total cancer mortality risk from natural back
ground radiation is 1 chance in 31 000 for Los Alamos 
and White Rock. The additional risk of cancer 
mortality from exposure to medical and dental radia
tions is 1 chance in 190 000. 

3. Risk from Laboratory Operations. The risks 
calculated above from natural background radiation 
and medical and dental radiation can be compared 
with the incremental risk due to radiation from Labo
ratory operations. The average doses to individuals in 
Los Alamos and White Rock because of 1987 Labo
ratory activities were 0.21 mrem and 0.17 mrem, 
respectively. These doses are estimated to add life
time risks of about 1 chance in 50 000 000 in Los 
Alamos and White Rock to an individual's risk of can
cer mortality (Table 2). These risks are < 0.1% of the 
risk attributed to exposure to natural background ra
diation or to medical and dental radiation. 

For Americans the average lifetime risk is a 1 in 4 
chance of contracting a cancer and a 1 in 5 chance of 
dying of cancer (EPA 1979A). The Los Alamos incre
mental dose attributable to Laboratory operations is 
equivalent to the additional exposure from cosmic rays 
a person would get from flying in a commercial jet air
craft for 57 min. 

The exposure from Laboratory operations to Los 
Alamos County residents is well within variations in 
exposure to these people from natural cosmic and 
terrestrial sources and global fallout. For example, 
amount of snow cover and position in the solar 
sunspot cycle can account for a 10 mrem variation 
from year to year. Energy conservation measures, 
such as sealing and insulating houses and installing 
passive solar systems, are likely to contribute more to 
the total risk to Los Alamos County residents than 
Laboratory operations because of increased 222Rn 
levels inside homes. 
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IV. MEASUREMENT OF EXTERNAL PENETRATING RADIATION 

Levels of external penetrating radiation--including X and gamma rays and charged parti
cle contributions from cosmic, terrestrial, and manmade sources--are monitored in the Los 
Alamos area with thermoluminescent dosimeters. Measurements for regional locations 
showed a statistically discernible decrease in radiation levels for 1987. The only boundary or 
perimeter measurements showing an effect attributable to laboratory operations were those 
from dosimeters located north of the Los Alamos Meson Physics Facility (a linear particle 
accelerator). They showed an above-background radiation measurement of about 12 .± 5 
mrem in 1987. This is a decrease from the 1986 measurement of 18.± 3 mrem, although not 
statistically significant. Some on-site measurements were above background levels, as ex
pected, reflecting research activities and waste management operations at the Laboratory. 

A. Background 

Natural external penetrating radiation comes from 
terrestrial and cosmic sources. The natural terrestrial 
component results from decay of 40K and of radioac
tive nuclides in the decay chains of 232-rh, 235u, and 
238U. Natural terrestrial radiation in the Los Alamos 
area is highly variable with time and location. During 
any year, external radiation levels can vary 15 to 25% 
at any location because of changes in soil moisture 
and snow cover (NCRP 1975B). There is also spatial 
variation because of different soil and rock types in 
the area (ESG 1978). 

The cosmic source of natural ionizing radiation in
creases with elevation because of reduced shielding by 
the atmosphere. At sea level, it produces measure
ments between 25 and 30 mrem/yr. Los Alamos, with 
a mean elevation of about 2.2 km (1.4 mi), receives 
about 60 mrem/yr from the cosmic component. 
However, the regional locations range in elevation 
from about 1.7 km (1.1 mi) at Espanola to 2.7 km (1.7 
mi) at Fenton Hill, resulting in a corresponding range 
between 45 and 90 mrem/yr for the cosmic compo
nent. The cosmic component can vary about .±5% 
because of solar modulations (NCRP 1975B). 

Fluctuations in natural background ionizing ra
diation make it difficult to detect an increase in radia
tion levels from manmade sources. This is especially 
true when the size of the increase is small relative to 
the magnitude of natural fluctuations. Therefore, in 
order to measure contributions to external radiation 
from operation of the Los Alamos Meson Physics Fa
cility (lAMPF), arrays of 48 thermoluminescent 
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dosimeters (TLDs) each have been deployed ncar 
lAMPF and in background areas. 

Levels of external penetrating radiation--including 
X and gamma rays and charged particle contributions 
from cosmic, terrestrial, and manmade sources--in the 
Los Alamos area are measured with TLDs deployed 
in three independent networks. These networks are 
used to measure radiation levels at: (1) the Labo
ratory and regional areas, (2) the Laboratory bound
ary north of lAMPF, and (3) low-level radioactive 
waste management areas. 

B. Environmental TLD Network 

The environmental network consists of 40 stations 
divided into three groups. The regional group consists 
of four locations, 28 to 44 km (17 to 27 mi) from the 
Laboratory boundary in the neighboring communities 
of Espanola, Pojoaque, and Santa Fe as well as the 
Fenton Hill Site 30 km (19 mi) west of Los Alamos. 
The off-site perimeter group consists of 12 stations 
within 4 km (2.5 mi) of the boundary. Within the 
Laboratory boundary, 24 locations comprise the on
site group (Fig. 6). Details of methodology for this 
network are found in Appendix B. 

Annual averages for the groups were significantly 
lower in 1987 than 1986 (p < 0.05, 2-way analysis of 
variance) (Fig. 7). Regional and perimeter stations 
showed no statistically discernible increase in radia
tion levels attributable to Laboratory operations 
(Table G-3). Annual measurements at off-site sta
tions ranged from 70 to 124 mrem. 
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Fig. 7. Thermoluminescent dosimeter (TLD) measurements (includes contributions from 
cosmic, terrestrial, and Laboratory radiation sources). 

Some comparisons provide a useful perspective for 
evaluating these measurements. For instance, the 
average person in the United States receives about 53 
mrem/yr for medical diagnostic procedures (NCRP 
1987). The DOE's RPS is 100 mrem/yr, effective dose 
received from all pathways, and the dose received via 
air is restricted by EPA's standard of 25 mrem/yr 
(whole body) (Appendix A). These values are in addi
tion to normal background, consumer products, and 
medical sources. The standards apply to locations of 
maximum probable exposure to an individual in an 
off-site, uncontrolled area. 

C. Los Alamos Meson Physics Facility 
(LAMPF) TLD Network 

This network monitors external radiation from air
borne activation products (gases, particles, and va
pors) released by LAMPP, TA-53. The prevailing 
winds are from the south and southwest (Sec. II). 
Twelve TLD sites are located downwind at the Labo
ratory boundary north of LAMPF along 800 m (0.5 
mi) of canyon rim. Twelve 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 sources. 
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The TLDs at the 24 sites are changed each cal
endar quarter or sooner, if LAMPFs operating sched
ule dictates (start-up or shut-down of the accelerator 
for extended periods midway in a calendar quarter). 
The radiation measurement (above background) for 
this network was about 12 ...± 5 mrem for 1987. This 
value is obtained by subtracting the annual mea
surement at the background sites from the annual 
measurement at the Laboratory's boundary north of 
LAMPF (Appendix B). This year's measurement is 
about two-thirds of the value measured in 1986 (Fig. 
2) even though estimated emissions from LAMPP in
creased in 1987 (Table 3). 

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

This network of 92 locations monitors radiation 
levels at 1 active and 11 inactive low-level radioactive 
waste management areas. These waste management 
areas are controlled-access areas and are not acces
sible to the general public. Active and inactive waste 
areas are monitored for external penetrating radiation 
with arrays of TLDs (Table 7). Averages at all sites 
but Area X were higher than average perimeter val
ues. However, the ranges at most sites largely over
lapped the range of values found at perimeter and 
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regional stations (Tables 7 and G-3). The extremes at 
Area G, the active radioactive waste area, and Area T, 
an inactive waste area, have been noted in previous 

years. These are the results of past and present ra
dioactive waste management activities. 

Area 

A 
B 
c 
E 
F 
G 
T 
u 
v 
w 
X 

AB 

Table 7. Doses (mrem) Measured by TLDs at 
On-site Waste Areas During 1987 

Number 
of TLDs Mean Minimum 

5 118 112 
14 118 107 
10 116 104 
4 119 113 
4 108 102 

27 132 111 
7 133 109 
4 115 112 
4 117 Ill 
2 110 107 
I 91 

10 106 96 

27 

Maximum 

121 
126 
149 
125 
Ill 
174 
198 
119 
122 
113 

114 
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V. AIR MONITORING 

Airborne radioactive emissions were released from 87 points at the Laboratory 
during 1987. The largest airborne release was 150 000 Ci of short-lived (2 to 20 
minute half-lives) air activation products from the Los Alamos Meson Physics Fa
cility (LAMPF). Ambient air is routinely sampled at several locations on-site, along 
the Laboratory perimeter, and in distant areas which serve as regional background 
stations. Concentrations of airborne tritium, uranium, plutonium, americium, and 
gross beta activity are measured. The highest measured and annual average activity 
concentrations of these radioactive materials were much less than 0.1% of levels that 
exceed DOE's Radiation Protection Standards. Nonradiological airborne emissions 
from the Laboratory remained below federal and state limits. 

A. Radionuclides in Ambient Air 

1. Background. The ambient air sampling net
work for radioactivity consists of 26 continuously op
erating stations (see Appendix B for a complete de
scription of sampling procedures). The regional 
monitoring stations, 28 to 44 km (18 to 28 mi) from 
the Laboratory, are located at Espanola, Pojoaque, 
and Santa Fe (Fig. 8). The results from these stations 
are used as reference points for determining regional 
background levels of airborne radioactivity. The 11 
perimeter stations arc within 4 km (2.5 mi) of the 
Laboratory boundary; 12 stations are located within 
the Laboratory boundary (Fig. 8, Table G-4). 

Natural fallout radioactivity levels in air fluctuate 
and affect measurements made by the Laboratory's air 
sampling program. Worldwide background airborne 
radioactivity is largely composed of fallout from past 
above-ground nuclear weapon tests, natural radionu
clides from the transformation products of thorium 
and uranium attached to dust particles, and materials 
resulting from interactions with cosmic radiation (e.g., 
tritiated water vapor produced by interactions of cos
mic radiation and stable water). Background, air
borne radioactivity concentrations are summarized in 
Table G-5. 

Particulate matter in the atmosphere is primarily 
caused by resuspension of soil which is dependent 
upon meteorological conditions. Windy, dry days can 
increase soil resuspension, whereas precipitation (rain 
or snow) can wash out particulate matter from the 
atmosphere. Consequently, there arc often large daily 
and seasonal fluctuations in airborne radioactivity 
concentrations caused by changing meteorological 
conditions. 
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2. Airborne Emissions. Radioactive airborne 
emissions arc discharged at the Laboratory from 87 
stacks. These emissions consist primarily of filtered 
exhausts from glovcboxcs, experimental facilities, 
operational facilities (such as liquid waste treatment 
plants), a nuclear research reactor, and a linear parti
cle accelerator at LAMPP. The emissions receive ap
propriate treatment prior to discharge, such as filtra
tion for particulates as well as catalytic conversion and 
adsorption for activation gases. Quantities of airborne 
radioactivity released depend on the nature of ongoing 
research activities and vary significantly from year to 
year (Figs. 9-11). 

During 1987, as in previous years, the most sig
nificant releases were from LAMPP (Fig. 11 and 
Table G-2). The amount released for the year was 150 
000 Ci of air activation products (gases, particulates, 
and vapors). These emissions were about 30% above 
1986 amounts. The principal airborne activation 
rroducts (half-lives in parentheses) were 11C (20 min), 
3N (10 min), 140 (71 sec), 150 (123 sec), and 41Ar 
~1.83 h). Over 95% of the radioactivity was from 11C, 
3N, 140, and 150. However, the radioactivity from 

these radionuclides declines rapidly because of the 
short half-lives. 

Airborne tritium emissions decreased by 70% from 
10 700 Ci in 1986 to 3180 Ci in 1987 (Table 3). This 
was principally due to decreases in tritium releases 
from facilities at TA-3, TA-33, and TA-41. 

In addition to releases from facilities, some de
pleted uranium (uranium consisting primarily of 238U) 
is dispersed by experiments that use conventional high 
explosives. About 98 kg (220 lb) of depleted uranium 
was used in such experiments in 1987 (Table G-6). 
This mass contains about 46 mCi of radioactivity. 
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Fig. 8. Air sampler locations on or near the Laboratory site. 

Most of the debris from these experiments is de
posited on the ground in the vicinity of the firing sites. 
Limited experimental data indicate that about 10% of 
the depleted uranium becomes airborne. Dispersion 
calculations indicate that resulting airborne concentra
tions are in the same range as attributable to the natu
ral abundance of uranium resuspended in dust parti
cles originating from the earth's crust. This is con
finned by monitoring of airborne uranium concentra
tions (see below). 
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3. Gross Beta Radioactivity. Gross beta analyses 
help in evaluating general radiological air quality. Fig
ure 12 shows gross beta concentrations at a regional 
sampling location (Espanola), about 30 km (20 mi) 
from the Laboratory, and at an on-site sampling loca
tion (TA-59). 

4. Tritium. In 1987, the regional mean (4.1 x 
10"12 ~J.Ci/mL) and the perimeter annual mean (11.0 x 
10"12 iJ.Ci/mL) were slightly but statistically 
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Fig. 9. Summary of tritium releases (airborne emissions and liquid effluents). 
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Fig. 10. Summary of plutonium releases (airborne emissions and liquid effluents). 
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Fig. 11. Airborne activation product emissions (principally 11c, 10c, 13N, 16N, 140, 150, 
41Ar) from the Los Alamos Meson Physics Facility (TA-53). 
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Fig. 12. Atmospheric gross beta activity at a regional (background) station 
and an on-site station during 1987. 
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significantly lower than the on-site annual mean (21.7 
X w-12 flCi/mL) (Table G-7). This reflects the slight 
impact of Laboratory operations. The TA-21 (Station 
15) and TA-54 (Station 22) annual means of 51.8 x 
10-12 and 32.3 x 10-12 flCifmL, respectively, were the 
two highest means measured in 1987. Both of these 
stations are located within the Laboratory boundary 
near areas where tritium is disposed of or used in 
operations. These tritium concentrations are < 0.1% 
of the concentration guide for tritium in air based on 
DOE's RPS for Controlled Areas (Appendix A). 

5. Plutonium and Americium. Of the 101 air sam
ple analyses performed in 1987 for 238Pu, only three 
were above the minimum detectable limit of 2 x 10-18 

f1CifmL. The highest concentration occurred at TA-
54 (6.3 ..± 1.4 X 10-18 flCi/mL) and represents <0.1% 
of the DOE's Derived Concentration Guide for 238Pu 
in off-site areas 2 x 10-12 flCi/mL (Appendix A). The 
results of the 238Pu analyses are not tabulated in this 
report because of the large number of results below 
the minimum detectable activity. 

The 1987 annual means for 239
•
240Pu concen

trations in air for the regional (0.7 X w-18 f1CifmL{s 
perimeter (0.9 X w-18 flCi/mL), and on-site (1.8 X w
flCi/ mL) stations were all < 0.1% of concentration 
guides. 

Measured concentrations of 241Am were also 
<0.1% of the concentration guides for Controlled and 
Uncontrolled Areas (Appendix A). 

The detailed results are in Tables G-8 and G-9. 

6. Uranium. Because uranium is a naturally oc
curring radionuclide in soi~ it is found in airborne soil 
particles that have been resuspended by wind or me
chanical forces (for example, vehicles or construction 
activity). As a result, uranium concentrations in air 
are heavily dependent on the immediate environment 
of the air sampling station. Those stations with rela
tively higher annual averages or maximums are in 
dusty areas, where a higher filter dust loading ac
counts for collection of more natural uranium from 
resuspended soil particles. 

The 1987 means were: regional, 74 pgjm3; 
perimeter, 33 pgfm3

; and on-site, 31 pgfm3 (Table G-
10). All measured annual means were less than 0.1% 
of the concentration guides for uranium in off-site and 
on-site areas (Appendix A). No effects attributable to 
Laboratory operations were observed. 
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B. Nonradioactive Chemicals in Ambient Air 

1. Air Quality 

a. Bandelier National Atmospheric Deposition 
Program Station. The Laboratory operates a wet 
deposition station located at the Bandelier National 
Monument. The station is part of the National Atmo
spheric Deposition Program Network. The sampling 
results are presented in Section IX. 

b. Parliculate Air Quality Measurements. Mea
surements of total suspended particulates (TSP) in 
Los Alamos and White Rock and applicable state and 
federal standards are reported in Table 8. The 
measurements are made once every 6 days at a site on 
West Road in Los Alamos and at the sewage treat
ment plant in White Rock by the NMEID. The 24-
hour average standards are not to be exceeded more 
than once per year. There is both a primary and a 
secondary standard for TSP. The primary standard is 
to protect human health and the secondary standard is 
to protect general welfare, such as the prevention of 
soiling and material damage. The state 24-hour stan
dard is as stringent as the federal secondary standard. 

The state and federal ambient air quality standards 
were met in both Los Alamos and White Rock. The 
seasonally averaged TSP concentrations are shown in 
Table 9. 

2. Beryllium Operations. Beryllium machining 
operations are located in shop 4 at TA-3-39, in shop 
13 at TA-3-102, and the beryllium shop at TA-35-213. 
Beryllium machining takes place intermittently, a few 
days per year. A new beryllium processing facility lo
cated at TA-3-141 began operation in 1987. Exhaust 
air from each of these operations passes through air 
pollution control equipment before exiting from a 
stack. A baghouse type filter is used to control emis
sions from shop 4. The other operations use HEPA 
filters to control emissions. The air pollution control 
systems have >99.9% particulate removal efficiencies. 

3. Steam Plants and Power Plant. Fuel con
sumption and emissions estimates for the three steam 
plants and the TA-3 power plant are reported in Table 
G-12. The NOx emissions from the TA-3 power plant 



LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL SURVEILLANCE 1987 

Table 8. Particulate Air Quality ~gjm3) 

Federal and State 
Ambient Air Quality Standards 1\feasu rem en ts 

Tyoe Concentration Los Alamos White Rock 

24-hour averagea 
Statec 
Federal 

Primary 
Secondary 

7-day averaged 

30-day averaged 

Annual Geometric Mean 
Primary 
Secondary 

150 

260 
150 

110 

90 

75 
60 

70.2b ( 150.8)c 46.2b (53.3t 

23.8 29.7 

aNot to be exceeded more than once per year. 
bsecond highest 
cHighest. 
dNew Mexico state standard only. 

Table 9. Particulate Air Quality, Seasonal Averages ~gjm3) 

Los Alamos 
White Rock 

Winter 

22.5 
19.6 

were estimated based upon boiler exhaust gas mea
surements. Exhaust gas measurements indicated that 
SO levels exhaust gases were below minimum de-x 
tectable levels. Emission factors from EPA were used 
in making the other emission estimates (EPA 1984). 
The change in emissions from 1986 to 1987 reflects 
the change in fuel consumption. The Western Area 
steam plant, used as a standby plant, was operated 
only one month during 1987. 

Spring Summer 

26.4 
34.7 

24.0 
29.0 

17.8 
45.9 
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4. Motor Vehicle Emissions. Estimates of air pol
lutant emissions associated with the operation of the 
motor vehicle fleet arc reported in Table 10. Emis
sions increased due to increases in mileage and fuel 
use. Direct emissions from the vehicles as well as 
emissions caused by evaporative losses from fuel stor
age tanks were estimated. Hydrocarbons, carbon 
monoxide, nitrogen oxides, sulfur oxides, and particu
late emissions were estimated based upon motor 
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Table 10. Estimate of Air Pollutant Emissions Associated With the 
Operation of the Vehicle Fleet (metric tons) 

Incremen-
tal 

1986 1987 %Change 

Fuel Storage Evaporative Losses 4.8 6.7 39.8 
Hydrocarbons 10.4 12.4 18.9 
Carbon Monoxide 120.2 133.6 11.2 
Nitrogen Oxides 11.9 13.3 11.4 
Sulfur Oxides 1.4 1.8 30.6 
Particulates 

Exhaust 0.6 0.8 32.7 
Tire Wear 1.3 1.7 30.1 

Table 11. Asphalt Plant Particulate Emissions 

Production 
Year (tons/yer) 

1986 6 980 
1987 8 083 

vehicle class, age, and the vehicle miles traveled (EPA 
1981, EPA 1984). Fuel storage evaporative losses 
were estimated based upon the fuel usage. 

5. Asphalt Plant. Annual production figures and 
estimates of particulate emissions from the asphalt 
concrete plant are found in Table 11. The particulate 
emissions from the plant are low, but have increased 
from 1986 to 1987 because of an increase in produc
tion. There has been a substantial decrease in pro
duction since 1985 because of the purchase of the as
phalt from outside vendors. A multicyclone and a wet 
scrubber are used to clean the exhaust gas stream be
fore it is released into the atmosphere. The particu
late emission estimate was based upon stack testing 
data (Kramer 1977) and production data. 

Incremen-
tal 

Emissions %Change 

35 

(lb/year) from 1986 

232 
269 15.8 

6. Burning and Detonation of Explosives. During 
1987, a total of 18 400 kg (20 tons) of high-explosive 
wastes were disposed of by open burning at the TA-16 
burn ground. Estimates of emissions resulting from 
this burning are reported in Table 12. The emissions 
were 7.7% lower than those for 1986. These estimates 
were made by using data from experimental work car
ried out by Mason and Hanger - Silas Co., Inc. 
(MHSM 1976). 

Dynamic experiments employing conventional ex
plosives are routinely conducted in certain test areas 
at the Laboratory. In some experiments these explo
sives contain toxic metals including uranium, beryl
lium, and lead. Through November 1987, uranium 
emissions had decreased 51.3%, lead emissions 
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Table 12. Estimated Air Pollutant Emissions from the 
Open Burning of Waste Explosives (kg) 

Pollutant 

Oxides of Nitrogen 
Particulates 
Carbon Monoxide 
Hydrocarbons 

decreased 26.9%, and beryllium emissions decreased 
4.8% from 1986 levels. 

Estimates of average concentrations of these toxic 
metals downwind from the detonations are reported in 
Table G-6. Applicable standards are also presented in 
this table. Estimated concentrations were <0.01% of 
applicable standards. These estimates are based upon 
information concerning the proportion of material 
aerosolized provided from limited field experiments 
involving aircraft sampling and the amounts of toxic 
metals used in the experiments through November 
1987. 

7. Lead Pouring Facility. Pan Am World Services 
operates a lead pouring facility for producing lead 
castings that is located at TA-3-38. Approximately 11 
700 kg (25 800 Jb) of lead were estimated to have 
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1986 1987 

602.1 555.7 
358.9 331.2 
155.5 143.5 

2.0 1.8 

been poured during 1987. The estimated 1987 annual 
lead emissions from this facility were 5.1 kg (11.2 lb); 
maximum quarterly emissions were 1.8 kg (3.9 lb). 
The emission estimates were based upon the amounts 
of lead poured and an EPA emission factor for lead 
casting operations (EPA 1984). 

Both federal and state ambient air quality stan
dards for lead are 1.5 g/m3 averaged over a calendar 
quarter. Air dispersion procedures recommended by 
the EPA (EPA 1977, 1986) were used to estimate the 
maximum quarterly average lead concentrations 
caused by emissions from the lead pouring facility. 
These procedures provide conservative concentration 
estimates. The maximum quarterly concentration for 
1987 was estimated to be O.lll-lgjm3, 7% of the stan
dard. 
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VI. WATER, SOILS, AND SEDIMENTS MONITORING 

Surface and ground waters, soils, and sediments were sampled and analyzed to monitor 
dispersion of radionuclides and chemicals from Labor,ltory operations. Radionuclide and 
chemical concentrations of water from areas where there has been no direct release of 
treated emuents evidenced no observable effects due to Laboratory operations. The chemical 
quality of surface waters from areas with no emuent release varied with seasonal fluctua· 
tions. Water in on-site areas where treated emuent has been released contained ra
dionuclides below DOE's concentration guides. The quality of water in these release areas 
reflected some impact of Laboratory operations, but these waters are confined within the 
Laboratory and are not a source of municipal, industrial, or agriculturcll water supply. 

Most regional and perimeter soil and sediment stations contained radioactivity at or near 
background levels. Concentrations that did exceed background were low and not considered 
significant. Sediments from areas where treated discharges have been released contained 
radionuclides in excess of background. Concentrations of plutonium in sediments from re· 
gional reservoirs on the Rio Chama and Rio Grande reflected worldwide fallout. 

A. Effiuent Quality 

In the past, treated liquid effluents containing low 
levels of radioactivity have been released from the 
Central Liquid Waste Treatment Plant (TA-50), a 
smaller plant serving laboratories at TA-21, and a san
itary sewage lagoon system serving l.AMPF (TA-53) 

10
3 

~ 
u 

(Tables 3, G-12, G-13, and Figs. 9, 10, and 13). In 
1987, there were no releases from TA-21. 

Radionuclide concentrations in treated effluents 
from the larger radioactive liquid waste-treatment 
plant (TA-50) were well below DOE's concentration 
guides for on-site areas (Table G-12). The total activ
ity released in 1987 (ca. 110 Ci) was 120% of that 
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Fig. 13. Summary of strontium and cesium liquid effluent releases. 

37 



LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

released in 1986 (ca. 91 Ci) (Table 3). Release of 89Sr 
increased six-fold because of additional processing of 
IAMPF isotopes at the TA-48 hot cells. Effluents 
from TA-.50 are discharged into the normally dry 
stream channel in Mortandad Canyon, where surface 
flow has not passed beyond the Laboratory's boundary 
since before the plant began operation in 1963. 

Concentrations found in the TA-53lagoon effluent 
in 1987 were higher than in 1986 for some radionu
clides and lower for others (Table G-13). The source 
of the radioactivity was activated nuclides in water 
from the beam-stop cooling systems. The volume dis
charged from the lagoons decreased slightly in 1987. 
There was no discharge after April 8, 1987. All ra
dionuclide concentrations were well below DOE's 
concentration guides for on-site areas (Table G-13). 
The discharge from the lagoons sinks into the allu
vium of Los Alamos Canyon within the Laboratory's 
boundary. 

B. Radiochemical and Chemical Quality of Surface 
and Ground Waters 

1. Background. Surface and ground waters from 
regional, perimeter, and on-site stations are mon
itored to provide routine surveillance of Laboratory 
operations (Figs. 14 and 15, Table G-14). If a sample 
from a particular station was not taken this year, it was 
because the station was dry or a water pump was bro
ken. Concentrations of radionuclides in water sam
ples are compared with guides derived from DOE's 
Radiation Protection Standard (RPS) (Appendix A). 
Concentration guides do not account for concentrating 
mechanisms that may exist in environmental media. 
Consequently, other media such as sediments, soils, 
and foodstuffs are also monitored (see subsequent 
sections). 

Routine chemical analyses of water samples have 
been carried out for many constituents over a number 
of years. Although surface and shallow ground waters 
are not a source of municipal or industrial water sup
ply, results of these analyses are compared with EPA 
drinking water standards as these are the most re
strictive related to water use. 

2. Regional Stations. Regional surface water 
samples were collected within 75 km ( 47 mi) of the 
Laboratory from 6 stations on the Rio Grande, Rio 
Chama, and Jemez River (Fig. 14). The six sampling 
stations were located at U.S. Geological Survey Gag
ing Stations. These waters provided baseline data for 
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Fig. 14. Regional surface water, sediment, and soil 
sampling locations. 

radiochemical and chemical analyses in areas beyond 
the Laboratory boundary. Stations on the Rio Grande 
were: Embudo, Otowi, Cochiti, and Bernalillo. The 
Rio Grande at Otowi, just east of Los Alamos, has a 
drainage area of 37 000 km2 (14 300 mi2) in southern 
Colorado and northern New Mexico. Discharge for 
the period of record (1895-1905, 1909-1986) has 
ranged from a minimum of 1.7 m3 /sec (60 ft3 /sec) in 
1902 to 691 m3 /sec (24 400 ft3 /sec) in 1920. The dis
charge for water year 1986 (October 1985 to Septem
ber 1986) ranged from 12 m3 /sec ~408 ft3 /sec) in 
September to 220 m3 /sec (7900 ft /sec) in June 
(USGS 1987). 

The Rio Chama is tributary to the Rio Grande up
stream from Los Alamos (Fig. 14). At Chamita on the 
Rio Chama, the drainage area above the station is 
8143 km2 (3143 mi2) in northern New Mexico with a 
small area in southern Colorado. Since 1971, some 
flow has resulted from transmountain diversion water 
from the San Juan Drainage. Flow at the gage is gov
erned by release from several reservoirs. Discharge at 
Chamita during water year 1986 ranged from 1.8 
m3 /sec (65 ft3 /sec) in December to 98 m3 /sec (3460 
ft3 /sec) in May. 

The station at Jemez on the Jemez River drains an 
area of the Jemez Mountains west of Los Alamos. 
The Fenton Hill Hot Dry Rock Geothermal Facility 
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Fig. 15. Surface and ground water sampling locations on and near the Laboratory site. 

(TA-57) is located within this draina~r The drainage 
area is small, about 1220 km2 ( 471 mi ). During water 
year 1986, discharge ranged from 0.34 m3jsec (12 
ft3 /sec) in February to 54 m3 /sec (1900 ft /sec) in 
July. The river is tributary to the Rio Grande down
stream 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 
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Alamos. Water from these rivers is part of recre
ational areas on state and federal lands. 

a. Radiochemical Analyses. Surface water 
samples from regional stations were collected in 
February and September 1987. Cesium, plutonium, 
tritium, and total uranium activity levels in these wa
ters were low (Tables 13 and G-15). Samples col
lected downgradient from the Laboratory showed no 



Table 13. Maximum Concentrations of Radioactivity in Surface and Ground Waters from Off-site and On-site Stations 

Nl.lllber of 137cs 238Pu 239,240Pu 3H Total U 
Stations a -9 (10 fJ.Ci/ml) (10-9 fJ.Ci/ml) (10-9 fJ.Ci/ml) -6 (10 fJ.Ci/ml) (j..t.9/l) 

Analytical Limits of Detection 40 0.009 0.03 0.7 1.0 

Off-site Stations (Uncontrolled Areas) 

Derived Concentration Guide 3000 400 300 2000 800 mr 
b zo 

(DCG) for Uncontrolled Areas ~C/) 
:D > 

Regional 6 1200 (414) 0.011 (0.012) 0.025 (0.014) 0.2 (0.3) 3.0 (1.0) 0),: 

Perimeter 
z3: 
3::0 

Adjacent 6 98 (62) 0.036 (0.016) 0.037 (0.041) 0.4 (0.3) 12.5 (1.3) ~C/) 
.... z 

White Rock. 20 149 (71) 0.027 (0.015) 0.009 (0.006) 13 (1.0) 22 (2.4) > > r_. 
~ ~5 

:D z 
Off-site Station Group Summary: < > mr 

Maximum Concentration 1200 0.036 0.037 13 22 r): 
):m 

Maximum Concentration as % 40 <1 <1 <1 3 zO 
DCG for Uncontrolled Areas 

()5! m_. 
~a 
(I):D 

On-site Stations (Controlled Areas) 
~ -< 

Concentration Guide (CG) for 400 000 100 000 100 000 100 000 60 000 
Controlled Areas b 

Noneffluent Areas 
Groundwater (Main Aquifer) 7 136 (63) 0.035 (0.037) 0.022 (0.016) 0.5 (0.3) 0.0 (0. 1) 
Surface Water 3 44 (55) 0.010 (0.023) 0.006 (0.018) 0.6 (0.3) 7.0 (1.0) 
Pajarito Canyon 3 111 (68) 0.035 (0.016) 0.015(0.015) 0.7 (0.3) 1.0 (1.0) 
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Effluent Areas 
Acid-Pueblo Canyon 
DP·Los Alamos Canyon 
Sandia Canyon 
Mortandad Canyon 

On-site Group Summary: 
Maximum Concentration 
Maximum Concentration as % 

CG for Controlled Areas 

Nl.lllber of 
Stations a 
--

8 
8 
3 
7 

Table 13 (cont) 

137Cs 238Pu 
-9 (.10 IJ.Ci/ml) (10.9 IJ.Ci/ml) 

167 (71) 0.010 (0.015) 
188 (86) 0.028 (0.015) 
135 (58) 0.002 (0.004) 
213 (84) 30.0 (3.00) 

213 30.0 
<1 <1 

239,240Pu 

(10.9 !J.Ci/ml) 

2.38 (0.126) 
0.124 (0.024) 
0.012 (0.032) 
90.0 (5.00) 

90.0 
<1 

3H 

(10.6 1J.Ci/ml) 

1.4 (0.4) 
19 (2.0) 
0.8 (0.3) 
12000 (1000) 

12000 

Total U 
(f.19/L) 

1.0 (1.0) 

1.8 (0.1) 
5.7 (0.6) 

5.7 
<1 

mr zo <en 
- )> 

~> z 3: 
3:0 men 
~z 
~ ~ 
eno 
c z 
~ ~ 
~> 
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effect from the Laboratory's operation. Results from 
1987 exhibited no significant differences from 1986. 
Maximum concentrations of radioactivity in regional 
surface water samples were well below DOE's concen
tration guides for off-site areas. 

b. Chemical Analyses. Surface water samples 
from regional stations were collected in February 
1987. Maximum concentrations in regional water 
samples were well below drinking water standards 
(Tables 14 and G-16). There were some variations 
from previous years' results. These fluctuations result 
from chemical changes that occur with variations in 
discharges at the sampling stations. This is normal 
and no inference can be made that the water quality at 
these stations is deteriorating. 

3. Perimeter Stations. Perimeter stations within 
4 km (2.5 mi) of Los Alamos included surface water 
stations at Los Alamos Reservoir, Guaje Canyon, 
Frijoles 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 23 springs, 3 streams, and a sanitary effluent release 
(Fig. 15 and Table G-14). 

Los Alamos Reservoir in upper Los Alamos 
Canyon on the flanks of the mountains, west of Los 
Alamos, has a capacity of 51 000 m3 (41 acre-ft) and a 
drainage area of 16.6 km2 (6.4 mi2) above the intake. 
The reservoir is used for storage and recreation. 
Water flows by gravity through about 10.2 km (6.4 mi) 
of water lines for irrigation of lawns and shrubs at the 
Laboratory's Health Research Laboratory (TA-43), 
the Los Alamos High School, and University of New 
Mexico's Los Alamos Branch. 

The station in Guaje Canyon is below Guaje 
Reservoir. Guaje Reservoir in upper Guaje Canyon 
has a capacity of 0.9 x 103 m3 (0.7 acre-ft) and a 
drainage area above the intake of about 14.5 km2 (5.6 
mi2). The reservoir is used for diversion rather than 
storage as flow in the canyon is maintained by peren
nial springs. Water 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 stream and reservoir are also used for 
recreation. 

The water lines from Guaje and Los Alamos reser
voirs are not a part of the municipal or industrial wa
ter supply at Los Alamos. They are owned by DOE 
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and operated by Pan Am World Services. Diversion 
for irrigation is usually from May through October. 

Surface flow in Frijoles Canyon was sampled at 
Bandelier National Monument Headquarters. Flow in 
the canyon is from spring discharge in the upper reach 
of the canyon. Flow decreases as the stream crosses 
Pajarito Plateau because of seepage and evapotran
spiration losses. The drainage area above the monu
ment headquarters is about 45 km2 (17 mi2) 

(Purtymun 1980A). 
La Mesita Spring is east of the Rio Grande, 

whereas Indian and Sacred springs are west of the 
river in lower Los Alamos Canyon. These springs dis
charge from faults in the siltstones and sandstones of 
the Tesuque Formation and from small seep areas. 
Total discharge at each spring is probably less than 1 
L/sec (0.3 gal/sec). 

Perimeter stations in White Rock Canyon are 
composed of four groups of springs. The springs dis
charge from the main aquifer. Three groups (Group 
I, II, and III) have similar, aquifer-related, 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 discharging 
through a fault in volcanics. 

Part of the heavy run-off in the Rio Grande in 1987 
was stored in Cochiti Reservoir. In October, when the 
springs were sampled, seven springs were below the 
reservoir level and could not be sampled. 

Three streams that flow to the Rio Grande were 
also sampled. Streams in Pajarito and Ancho canyons 
are fed from Group I springs. The stream in Frijoles 
Canyon at the Rio Grande is fed by a spring on the 
flanks of the mountains west of Pajarito Plateau and 
flows through Bandelier National Monument to the 
Rio Grande. 

Treated sanitary effluent from the community of 
White Rock was also sampled in Mortandad Canyon 
at its confluence with the Rio Grande. 

Detailed results of radiochemical and chemical 
analyses of samples collected from the perimeter sta
tions are shown in Tables G-17 through G-22. 

a. Radiochemical Analyses. Cesium, pluto
nium, tritium, and total uranium activity for samples 
collected at perimeter stations were low and well be
low DOE's concentration guides for off-site areas 
(Table 13). 



Tabt• 1-4. Mexi.u. Chemical Concentrations in Surface and Ground Waters 

Nl.lllber 
of L 

Stet ions ct F N03 (as N) TDS pll 

-- --- --
EPA Drinking Yater Standard8 -- 250 2.0 10 500 6.5-8.5 

Off-site Stations 
Regional Stations 6 47 0.8 <1 174 8.3 
Perimeter Stations 

Adjacent 6 32 0.5 2 208 8.1 m r 
Yhite Rock Canyon 20 43 1.5 12 467 8.6 zo 

:SU> 
:Il)> 0> 

Summary: Off-site Stations z ~ 
~0 

Maximum Concentration 47 1.5 12 208 8.6 ~U> 
Maximum Concentration as 19 75 120 42 101 --i z 

> > ... r-; 
~ Per Cent of Standard ~6 

:Il z 
< > 

On-site Stations 
mr r=> 

Noneffluent Areas >ro zO 
Ground Water 7 32 0.5 7 253 8.4 ()5! 

m-; 
Surface Yater 3 36 9.3 <1 188 7.8 ~o 

U) :Il 
Pajarito Canyon 3 73 0.6 0.4 462 7.5 g:-< 

Effluent Release Areas 
Acid-Pueblo Canyon 8 86 0.9 6.0 343 8.0 
DP-Los Alamos Canyon 8 101 2.5 1.4 306 8.1 
Sandia Canyon 3 159 1.0 1.8 1129 7.9 
Mortandad Canyon 7 39 3.9 118 1011 9.9 

Summary: On-site Stations 
Maximum Concentration 159 9.3 118 1129 9.9 
Maximum Concentration as 80 465 1180 225 116 

Per Cent of Standard 

-------·-------
aEPA (1976, 19798). 
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b. Chemical Analyses. Maximum chemical 
concentrations in samples from the perimeter stations 
were within drinking water standards except for ni
trate (as N) in waters (sanitary effluent) from Mor
tandad Canyon at the Rio Grande (Tables 15 and G-
20). The effluent also exceeded secondary standards 
for copper, iron, and pH at the Rio Grande (Table G-
21). Table G-22 presents miscellaneous data for 
chemical quality of water in White Rock Canyon. 
Concentrations in water samples from the 16 springs 
and 3 streams in White Rock Canyon were also within 
drinking water standards. 

4. On-site Stations. On-site sampling stations 
are grouped as those that are not located in effluent 
release areas and those that are located in areas re
ceiving or that have received treated industrial efflu
ents (Fig. 15, Table G-14). 

a. Noneffluent Release Areas. On-site, 
noneffluent sampling stations consist of seven deep 
test wells, three surface water sources, and three new, 
shallow observation wells. The deep test wells are 
completed into the main aquifer. 

Test Wells 1 and 2 are in the lower and middle 
reaches of Pueblo Canyon. Depths to the top of the 
main aquifer are 181 to 231 m (594 and 758 ft), 
respectively. Test Well 3 is in the midreach of Los 
Alamos Canyon with a depth of 228m (748ft) to the 
top of the main aquifer. These wells are in canyons 
that have received (Pueblo Canyon) or are now re
ceiving (Los Alamos Canyon) industrial effluents. 
Test Wells DT-5A, DT-9, and DT-10 are at the south
ern edge of the laboratory. 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 midreach 
of Mortandad Canyon, an area that receives industrial 
effluents. The top of the aquifer here lies at about 295 
m (968 ft) below the surface. These test wells are 
constructed to seal out all water above the main 
aquifer. The wells monitor any possible effects that 
the Laboratory's operation may have on water quality 
in the main aquifer. 

Surface water samples are collected in Canada del 
Buey and Pajarito and Water canyons downstream 
from technical areas to monitor the quality of run-off 
from these sites. 

Three shallow observation wells were drilled in 
1985 and cased through the alluvium (thickness about 
4 m [12ft]) in Pajarito Canyon (Fig. 15 and Table G-
14). Water in the alluvium is perched on the underly-
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ing tuff and is recharged through storm run-off. The 
observation wells were constructed to determine if 
technical areas in the canyon or adjacent mesas were 
affecting the quality of shallow ground water (Tables 
13, 14, and G-23). 

Radiochemical concentrations from surface and 
ground water sources showed no effects of laboratory 
operations (Tables 13, G-23, and G-24). Concentra
tions of tritium, cesium, and plutonium were at or be
low limits of detection. Concentrations of all radionu
clides were well below DOE's concentration guides for 
on-site areas. 

Chemical quality of ground water from the test 
wells into the main aquifer reflected local conditions 
of the aquifer around the well. Quality of surface wa
ter and of observation wells in Pajarito Canyon varied 
slightly. The effect, if any, was small, probably as the 
result of seasonal fluctuations. Maximum concentra
tions of five chemical constituents in the on-site sur
face and ground water samples were within drinking 
water standards, except for fluoride (9.3 mg/L) in 
water from Canada del Buey (Tables 14, G-25, and G-
26). 

b. On-site Effluent Release Areas. On-site 
effluent release areas are canyons that receive or have 
received treated industrial or sanitary effluents. These 
include DP-Los Alamos, Sandia, and Mortandad 
canyons. Also included is Acid-Pueblo Canyon, which 
is a former release area for industrial effluents. Acid
Pueblo Canyon received untreated and treated indus
trial effluents, which contained residual radionuclides 
from 1944 to 1964 (ESG 1981). The canyon also re
ceives treated sanitary effluents from the Los Alamos 
County treatment plants in the upper and middle 
reaches of Pueblo Canyon. Sanitary effluents form 
some perennial flow in the canyon, but do not reach 
State Road 4. 

Water occurs seasonally in the alluvium dependent 
on the volume of surface flow from sanitary effluents 
and storm run-off. Hamilton Bend Springs discharges 
from alluvium in the lower reach of Pueblo Canyon 
and is dry part of the year. The primary sampling sta
tions are surface water stations at Acid Weir, Pueblo 
1, Pueblo 2, and Pueblo 3 (Table G-14). Other sam
pling stations are Test Well T-2A [drilled to a depth of 
40.5 m (133 ft)], which penetrates the alluvium and 
Bandelier Tuff and is completed into the Puye con
glomerate. Aquifer tests indicated the perched 
aquifer is of limited extent. Water level measure
ments over a period of time indicate that the perched 
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Location 

Water Canyon at SR-4 

Pajarito Canyon at SR-4 

Los Alamos Canyon at SR-4 

Pueblo Canyon at SR-4 

Los Alamos Canyon at Otowi 

Rio Grande at Otowi 

Backgrounda 

ax + 2s from Table G-35. 

Table 15. Average Plutonilrn Concentrations in Snowmelt Run-off 
in Canyons Draining the Laboratory 

Solution Suspended Sediments 

Nl.lllber 

of Analyses 

8 

14 

14 

7 

11 

238Pu 

(10- 9 jJ.Ci/mL) 

0.004 (0.011) 

-o.002 (0.016) 

0.006 (0.026) 

-o.002 (0.016) 

0.004 (0.022) 

-o.016 (0.011) 

0.030 

239,240Pu 
-9 (10 jJ.Ci/mL) 

0.005 (0.017) 

0.013 (0.037) 

0.015 (0.015) 

0.007 (0.010) 

0.007 (0.009) 

-o.024 (0.014) 

0.026 

238Pu 

(pCi/g) 

0.056 (0.118) 

0.068 (0.138) 

0.093 (0.093) 

0.016 (0.016) 

0.216 (0.561) 

0. 001 (0. 004) 

0.135 

239,240Pu 

(pCi/g) 

0.115 (0.268) 

0.128 (0.242) 

1.96 (1.01) 

2.86 (2.38) 

0.827 (0.829) 

0.001 (0.002) 
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aquifer is hydrologically connected to the stream in 
Pueblo Canyon. 

Perched water in the basaltic rocks is sampled 
from Test Well 1A, in lower Pueblo Canyon, and 
Basalt Springs, further eastward in lower Los Alamos 
Canyon. Recharge to the perched aquifer in the 
basalt occurs near Hamilton Bend Springs. Travel 
time from the recharge area near Hamilton Bend 
Spring to Test Well 1A is estimated to be 1 to 2 
months with another 2 to 3 months to reach Basalt 
Springs. 

DP-Los Alamos Canyon has received treated 
industrial effluents, which contain some radionuclides 
and some sanitary effluents from treatment plants at 
TA-21. Treated industrial effluents have been re
leased into the canyon since 1952. During 1987, there 
were no liquid discharges from TA-21. In the upper 
reaches of Los Alamos Canyon (above Station LA0-
1), there are occasional releases of cooling water from 
the research reactor at TA-2. Los Alamos Canyon 
also receives discharge from the lagoons at LAMPF 
(TA-53). On the flanks of the mountains, Los Alamos 
Reservoir impounds run-off from snowmelt and rain
fall. Stream flow from this impoundment into the 
canyon is intermittent, dependent on precipitation to 
cause run-off to reach the laboratory boundary at 
State Road 4. 

Infiltration of treated effluents and natural run-off 
maintains a shallow body of water in the alluvium of 
Los Alamos Canyon. Water levels are highest in late 
spring from snowmelt run-off and late summer from 
thundershowers. Water levels decline during the 
winter and early summer as storm run-off is at a 
minimum. Sampling stations consist of two surface 
water stations in DP Canyon and six observation wells 
completed into alluvium (about 66 m (20 ft] thick) in 
Los Alamos Canyon (Table G-14). 

Sandia Canyon has a small drainage area that 
heads on Pajarito Plateau in TA-3. The canyon re
ceives cooling tower blowdown from the TA-3 power 
plant and treated sanitary effluents from TA-3. 
Treated effluents from a sanitary treatment plant form 
a perennial stream in a short reach of the upper 
canyon. Only during heavy summer thundershowers 
in the drainage area does stream flow reach the 
Laboratory boundary at State Road 4. Two moni
toring wells in the lower canyon just west of State 
Road 4 indicated no perched water in the alluvium in 
this area. There are three surface water sampling 
stations in the reach of the canyon that contains 
perennial flow (Table G-14). 
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Mortandad Canyon has a small drainage area that 
heads in TA-3. Industrial liquid wastes containing ra
dionuclides are collected and processed at the Indus
trial Waste Treatment Plant at TA-50. After treat
ment that removes most of the radioactivity, the efflu
ents are released into Mortandad Canyon. Velocity of 
water movement in the perched aquifer ranges from 
18 m/day (59 ft/day) in the upper reach to about 2 
m/day (7 ft/day) in the lower reach (Purtymun 1974C, 
1983). The top of the main aquifer is about 290 m 
(950ft) below the perched aquifer. Hydrologic studies 
in the canyon began in 1960. Since that time, there 
has been no surface flow beyond the Laboratory's 
boundary because the small drainage area in the up
per part of the canyon results in limited run-off and a 
thick section of unsaturated alluvium in the lower 
canyon allows rapid infiltration and storage of run-off 
when it does occur. Monitoring stations in the canyon 
are one surface water station (Gaging Station 1, GS-1) 
and six observation wells completed into the shallow 
alluvial aquifer. At times, wells in the lower reach of 
the canyon are dry. 

Acid-Pueblo (Table G-27), DP-Los Alamos (Table 
G-28), Mortandad (Table G-29), and Sandia (Table 
G-30) canyons all contained surface and shallow 
ground waters with measurable amounts of radioac
tivity. Radioactivity is well below DOE's concentra
tion guides for on-site areas (Table 13). Radionuclide 
concentrations from treated effluents decreased 
downgradient in the canyon due to dilution and ad
sorption of radionuclides on alluvial sediments. Sur
face and shallow ground waters in these canyons are 
not a source of municipal, industrial, or agricultural 
supply. Only during periods of heavy precipitation or 
snowmelt would waters from Acid-Pueblo, DP-Los 
Alamos, or Sandia canyons extend beyond Laboratory 
boundaries and reach the Rio Grande. In Mortandad 
Canyon there has been no surface run-off to the Labo
ratory's boundary since hydrologic studies were initi
ated in 1960. This was 3 years before the treatment 
plant at TA-50 began releasing treated effluents into 
the canyon (Purtymun 1983). 

Relatively high concentrations of chlorides, ni
trates, fluorides, and total dissolved solids have re
sulted from effluents released into some of the 
canyons (Tables G-31 through G-34). Relatively high 
fluoride and nitrate concentrations were found in wa
ters from Mortandad Canyon, which receives the 
largest volume of industrial effluents (Purtymun 1977). 
Though the concentrations of some chemical con
stituents in the waters of these canyons were high 



LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

when compared with drinking water standards (Table 
14), these on-site waters are not a source of municipal, 
industrial, or agricultural supply. 

Maximum chemical concentrations occurred in wa
ter samples taken near treated effluent outfalls (Table 
G-31 through G-34). Chemical quality of the water 
improved downgradient from the outfalls. Surface 
flows in Acid-Pueblo and DP-Los Alamos canyons 
reach the Rio Grande only during spring snowmelt or 
heavy summer thunderstorms. There has been no sur
face run-off to Laboratory boundaries recorded in 
Mortandad Canyon since 1960, when observations be
gan. 

S. Transport of Radionuclides in Surface Run
Off. The major transport of radionuclides from 
canyons that have received treated, low-level ra
dioactive effluents is by surface run-off. Radionu
clides in the effluents may become adsorbed or at
tached to sediment particles in the stream channels. 
Concentrations of radioactivity in the alluvium is high
est near the treated effluent outfall and decreases in 
concentration downgradient in the canyon as the 
sediments and radionuclides are transported and dis
persed by other treated industrial effluents, sanitary 
effluents, and surface run-off. 

Surface run-off occurs in two modes. Spring 
snowmelt run-off occurs over a long period of time 
(days) at a low discharge rate and sediment load. 
Summer run-off from thunderstorms occurs over a 
short period of time (hours) at a high discharge rate 
and sediment load. During 1987, no summer run-off 
samples were collected. 

Spring snowmelt samples of run-off from 13 sta
tions (Fig. 16) were analyzed for radionuclides in so
lution and suspended sediments. Radioactivity in so
lution is defined as the filtrate passing through a 0.45 

1-lm pore-size filter, whereas radioactivity in suspended 
sediments is defined as a residue on the filter. For 
background samQles, the solution was analyzed for 3H, 
137Cs, total U, 238Pu, 239

•
240Pu, and gross gamma, 

whereas suspended sediments were analyzed for 238Pu 
and 239

•240Pu. Only plutonium was analyzed in sam
ples from the other stations. 

Background values are presented in Table G-35. 
Plutonium levels at the six sampling stations were be
low background (Tables 15 and G-36). Suspended 
sediments collected in Los Alamos Canyon at SR-4 
contained 238Pu above background levels; 239

•
240Pu in 

sediments from Los Alamos and Pueblo Canyon at 
SR-4 were above background. Los Alamos Canyon 
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and Pueblo Canyon west of SR-4 have received 
treated effluents containing plutonium. The pluto
nium in the suspended sediments in these canyons are 
dispersed and diluted by storm run-off before reaching 
the Rio Grande. The plutonium in suspended sedi
ments from Los Alamos Canyon was below back
ground in the Rio Grande (Table 15). 

In lower Mortandad Canyon just below Well 
MC0-7 (Fig. 15 and Table G-14), three sediment 
traps were constructed. The upper part of the canyon 
receives treated, low-level radioactive effluents from 
the treatment plant at TA-50. A run-off event into the 
upper sediment trap in June was sampled for radionu
clides. Transuranics in solution and in suspended sed
iments was above background indicating run-off 
transport from the upper canyon (Table G-37). 

C. Radioactivity in Soils and Sediments 

1. Background Levels of Radioactivity in Soils 
and Sediments. Samples were routinely collected and 
analyzed for radionuclides from regional stations from 
1974 through 1985 (Purtymun 1987A). They were 
used to establish background levels of 137 Cs, 238Pu, 
239

•
240Pu, 90Sr, total U, 3H, and gross gamma ra

dioactivity in soils and sediments (Table 16). Average 
concentrations plus twice the standard deviation were 
used to establish the upper limits of the background 
concentrations. The number of analyses used to es
tablish back.m:ound levels ranged from 29 (90Sr) to 76 
~238Pu, 239

•
2 Pu) for soils and 36 (90Sr) to 113 e38Pu, 

39
•
240Pu) for sediments. Samples were collected from 

5 regional soil stations and 10 regional sediments sta
tions. Background concentrations may be exceeded 
slightly by 1987 surveillance results due to changes in 
instrument background or a modification of analytical 
procedures. See Appendix B for description of meth
ods for collection of soil and sediment samples. 

2. Regional Soils and Sediments. Regional soil 
and sediment samples were collected in the same gen
eral locations as the regional water samples (Fig. 14). 
Additional regional sediment samples were collected 
along the Rio Grande from Otowi Bridge to Cochiti 
Reservoir. The locations are listed in Table G-38 and 
the detailed results of radiochemical analyses of the 
regional soils and sediments are in Table G-39. 

In 1987, soil and sediment samples were collected 
from seven stations and analyzed for six types of ra
dioactivity (Table 16). Radioactivity ranged within 
background as reported by Purtymun (1987A). 
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Fig. 16. Locations of surface run-off sampling stations at the Laboratory. 

3. Perimeter Soil and Sediments. Six perimeter 
soil stations were sampled within 4 km (2.5 mi) of the 
Laboratory. Seventeen sediment stations near the 
Laboratory boundary and in intermittent streams that 
cross the Pajarito Plateau were also sampled (Figs. 17 
and 18). The perimeter soil and sediment sampling 
stations are listed in Table G-38 and detailed ana
lytical results are found in Table G-40. 

Analyses of the perimeter soil samples indicated 
that background concentrations were slightly exceeded 

• 
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in 1987 for 238Pu (one sample), 239
•
240Pu (one sam

ple), and 137Cs (one sample). Uranium and gross 
gamma levels result from naturally occurring radiation 
in soil and sediments (Table 16). 

Analyses of sediments from the 17 perimeter sta
tions indicated that concentrations of most radionu
clides were below background levels with the excep
tion of total uranium, which exceeded background in 
one sample (Table 16). 
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Table 16. Maximum Concentrations of Radioactivity in Soils and Sediments from 
Regional, Perimeter, and On-site Stations 

Nllllber of 3H 137Cs 

Stations -6 (10 fJ.Ci/mL) (pCi/g) 

Analytical Limits of Detection -- 0.7 0.1 

Soil 
Background (1974-1986)a -- 7.2 1.09 
Regional Stations 7 13 0.60 
Perimeter Stations 6 2.8 (O)c 1.3 ( 1) 
On-site Stations 10 10 (1) 0.79 (0) 

Sediments 
Background (1974-1986)a -- 13 0.44 
Regional Stationsb 7 0.7 0.38 
Perimeter Stations 17 0.5 (0) 0.39 (0) 
On-site Station, Effluent 

Release Areas 
Acid-Pueblo Canyon 6 --- 0.27 (0) 
DP-Los Alamos Canyon 11 --- 10.7 (6) 
Mortandad Canyon 7 --- 38 (3) 

--------------
ax+ 2s of a nllllber of background analyses for soils and bed sediments (Purtymun 1987). 
bRegional background 1987. 
cNllllber in parentheses indicates number of stations exceeding background concentrations. 

Total U 
(fJ.g/g) 

0.03 

3.4 
5.4 
5.3 (5) 
4.6 (7) 

4.4 
8.5 
3.2 (0) 

3.4 (0) 
5.0 (1) 
4.8 (1) 
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Analytical Limits of Detection 

Soil 
Background (1974-1986)a 
Regional Stationsb 
Perimeter Stations 
On-site Stations 

Sediments 
Background (1974-1986)a 
Regional Stationsb 
Perimeter Stations 
On-site Station, Effluent 

Release Areas 
Acid-Pueblo Canyon 
DP-Los Alamos Canyon 
Mortandad Canyon 

Nl.lllber of 
Stations 

7 

6 

10 

7 

17 

6 

11 
7 

Table 16 (cont) 

238Pu 

(pCi/g) 

0.003 

0.005 
0.002 
0.029 (1) 
0.005 (0) 

0.006 
0.001 
0.002 (0) 

0.026 (1) 
0.196 (8) 

7.59 (2) 

239,240Pu 

(pCi/g) 

0.002 

0.025 
0.016 
0.026 (1) 
0.038 (1) 

0.023 
0.007 
0.006 (0) 

0.612 (3) 

0.615 (10) 
30.7 (2) 

ax+ 2s of a nl.lllber of background analyses for soils and bed sediments (Purtymun 1987). 
bRegional background 1987. 
cNI.Illber in parentheses indicates nl.lllber of stations exceeding background concentrations. 

Gross Gamma 
(Counts/min/g) 

0.1 

6.6 
6.4 
9.0 (4) 
7.5 (3) 

7.9 
3.8 
2.5 (0) 

0.8 (0) 

5.8 (0) 

54 (2) 
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Fig. 17. Soil sampling on an near the Laboratory site. 

4. On-site Soils and Sediments. On-site soil 
samples were collected from 10 stations within the 
Laboratory boundaries. On-site sediments were col
lected from 24 stations within areas that have received 
treated liquid effluent (Table G-38, Figs. 17 and 18). 

The maximum 137Cs and 238Pu concentrations in 
the 10 soil samples were below regional background 
levels (Tables 16, G-41, and G-42). The concentra
tions of 239

•
240Pu at two stations (near TA-55, Pluto-
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nium Facility) were above background (Tables 16 and 
G-42). The 3H concentrations from soil at two sta
tions (one near T A-33, Tritium Facility) were above 
background. The uranium background concentration 
was exceeded at seven stations, and gross gamma 
background activity was exceeded at three stations. 
Uranium and gross gamma arc low and do not reflect 
contamination from Laboratory operations but rather 
variation in natural radioactivity in the soil minerals. 
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Fig. 18. Sediment sampling locations on and near the Laboratory site. 

Three canyons received or are receiving treated, 
low-level radioactive effluents: Acid-Pueblo, DP-Los 
Alamos, and Mortandad canyons. The concentrations 
of radionuclides in these canyons exceeded regional 
background levels (Table 16). The concentrations in 
sediments of Pueblo and DP-Los Alamos canyons de
crease downgradient as the radionuclides arc dis
persed and mixed with uncontaminated sediments 
(Tables G-41 and G-42). The concentrations in Mor
tandad also decrease downgradient in the canyon; 
however, the concentrations at the Laboratory bound
ary do not indicate any transport to this point or be-
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yond. The radionuclides in these canyons are derived 
from low-level radioactive effluents released from the 
treatment plants. The concentrations arc low and 
pose no health or environmental problems. 

S. Sediments in Regional Reservoirs. Reservoir 
sediments were collected from three stations in 
Abiquiu Reservoir on the Rio Chama and three 
stations in Cochiti Reservoir on the Rio Grande south 
of Los Alamos ~F~ 19). The samples were analyzed 
for 238Pu and 2 9

• Pu using 1 kg (2 lb, dry weight) 
samples (100 times the usual mass used for analyses) 
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Fig. 19. Special regional sediment sampling locations. 

of regular sediments. These large samples increase 
the sensitivity of the plutonium analyses, which is 
necessary to effectively evaluate background plu
tonium concentrations in fallout from atmospheric 
tests. 

A vcrage 238Pu concentrations ranged from 0.00003 
pCi/g to 0.00135 pCijg; 239

•
240Pu concentrations were 

slightly higher, ranging from 0.00020 pCi/g to 0.02910 
pCi/g (Table 17). The distribution of plutonium was 
similar to samples collected in previous years (1979, 
1982, 1984, 1985, and 1986). Analyses of the current 
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and previous years' data revealed significantly higher 
levels (p < 0.05) of plutonium in Cochiti than in 
Abiquiu reservoir. Sediments in Cochiti reservoirs 
contained a higher fraction of finer particles and or
ganic materials than sediments from Abiquiu. These 
features enhance the capacity of the sediment to ad
sorb plutonium and other metal ions. The difference 
does not appear to be attributable to Laboratory op
erations. The ratios of 239

•
240Pu to 238Pu in the Co

chiti ~edimcnts do not differ significantly from the ra
tio characteristic of worldwide fallout, about the same 
as found in sediment at Abiquiu Reservoir. The plu
tonium concentrations in sediments from the two 
reservoirs are low, within the range of worldwide fall
out and are not a health or environmental concern. 

6. Transport in Sediments and Run-Off from an 
Active Waste Management Area (Area TA-54). Ra
dionuclides transported by surface run-off have an 
affinity for attachment to sediment particles by ion ex
change or adsorption. Thus, radionuclides in surface 
run-off tend to concentrate in sediments. Nine sam
pling stations were established in 1982 outside the 
perimeter fence at Area G (TA-54) to monitor possi
ble transport of radionuclides by storm run-off from 
the waste storage and disposal area (Fig. 20). The 
samples collected in September 1987 for ra
diochemical analyses were lost, and another set col
lected in February 1988 will be reported with 1988 
monitoring data. 

All surface run-off from Area L is into Canada del 
Buey. Sediment samples were analyzed for a number 
of inorganics (Table G-43). Eight constituents have 
EPA criteria set for toxic concentrations. The inor
ganics analyzed for EPA's Extraction Procedure (EP) 
toxicity criteria were well below criteria concentrations 
and below limits of detection. The other five were at 
or below limits of detection. The pH was slightly al
kaline, ranging from 7.0 to 8.0. 



Table 17. Radiochemical Analyses of Sediments from Reservoirs on the Rio Chama and Rio Grande8 

Ratio of 

137Cs Total u 90Sr 238Pu 239,240Pu 239,240Pu 

Reservoir (pCi/g) (f.ig/g) (pCi/g) (pCi/g) (pCi/g) to 238Pu 

Rio Chama 
Abiquiu Reservoir 

Upper 0.10 (0.08) 3.3 (0.3) 0.00 (0.10) 0.00009 (0.00002) 0.00020 (0.00011) 
Middle 0.21 (0.09) 3.8 (0.4) -o.03 (0.10) 0.00020 (0.00004) 0.00502 (0.00026) 

mr 
Lower 0.35 (0.11) 3.6 (0.4) -o.10 (0.20) 0.00024 (0.00003) 0.00602 (0.00026) -- zo 

~en 
:D )> 

X (S) 0.22 (0. 13) 3.6 (0.25) -o.04 (0.5) 0.00018 (0.00008) 0.00375 (0.00311) 21 os;: 
z 3: 
3:0 

Rio Grande 
~en 
-i z 
)> )> 

Cochiti Reservoir r-i 
VI ~5 ~ Upper 0.26 (0.11) 3.8 (0.4) 0.07 (0.05) 0.00003 (0.00001) 0.00256 (0.00011) -- :D z 

Middle 0.15 (0.09) 3.8 (0.4) 0.03 (0.06) 0.00110 (0.00006) 0.02970 (0.00107) 
< )> -- mr 

Lower 0.51 (0.12) 3.8 (0.4) 0.08 (0.09) 0.00135 (0.00010) 0.02020 (0.00089) -- r=s;: 
S::m zO 

x (s) 0.31 (0.18) 3.8 (0.0) 0.06 (0.03) 0.00083 (0.00070) 0.01749 (0.01377) 21 0~ 
m -i 
~ 0 
<D :D g: -< 



\ 
\ 

·-···kl ··."'-.. 

SCALE 
50 0 lOOm 
I lm I 

--FENCE 

I 

LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

AREA G 
TA-54 

- •. .._INTERMITTENT STREAM 

A SEDIMENT STATION 

'-· .. 

... >--.._ 
.1/r' 

___...._ ... .... / I 
8 

Fig. 20. Surface water gaging station in Area G (TA-54) and sediment sampling stations adjacent to Area G. 
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VII. 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 tritium and uranium. 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, garden soil, fish, and honey have been 
routinely sampled to monitor for potential radioactiv
ity from Laboratory operations. Produce and honey 
collected in the Espanola Valley and fish collected at 
Abiquiu Reservoir are not affected by Laboratory 
operations (Fig. 21). These regional sampling loca
tions are upstream from the confluence of the Rio 
Grande and intermittent streams that cross the Labo
ratory. They are also sufficiently distant from the 
Laboratory as to be unaffected by airborne emissions 
(Sec. V). Consequently, these regional areas are 

•Heron Res. 

.EI Vado 

LOS ALAMOS 
LABORATORY 

WHITEROCK ~ 

0 km 

~ PRODUCE SAMPLING LOCATION 

• FISH SAMPLING LOCATION 

30 

Fig. 21. Fish and produce sampling locations. 

57 

used as background sampling locations for the food
stuffs sampling program. 

B. Produce 

Data in Table G-44 summarize &roduce sam~le re-
sults for 3H (in tissue water), Sr, 137Cs, 38Pu, 
239 240p d l . s l' d ' u, an tota uramum. amp mg an prepara-
tion methods are described in A~pendix B. 

Concentrations of 137 Cs, 2 Pu, and 239
•
240Pu in 

produce from regional, perimeter, and on-site sam
pling locations were statistically indistinguishable 
(one-way analysis of variance at the 95% confidence 
level). Significantly higher levels of 3H 90Sr, and ura
nium were found in on-site produce than in produce 
from some other sites. 

Elevated radionuclide levels in on-site samples are 
probably the result of Laboratory operations. How
ever, on-site produce is not a regular component of 
the diet of either Laboratory employees or the general 
public. The Laboratory contributions to doses re
ceived in produce consumption pose no threat to the 
health and safety of the general public (Sec. III). 

C. Fish 

Fish were sampled in two reservoirs (Fig. 21). 
Abiquiu Reservoir is upstream from the Laboratory 
on the Rio Chama and serves as a background sam
pling location. Cochiti Reservoir could potentially be 
affected by Laboratory effluents because it is down
stream from the Laboratory on the Rio Grande. 
Sampling procedures are described in Appendix B. 
Edible tissue was radiochemical~ analyzed within fish 
species for 90Sr, 137Cs, 238Pu, 23 

•
240Pu, and total ura

mum. 
Results for fish are presented in Table G-45. For 

137 Cs, 238Pu, and 239
•
240Pu, no differences were appar

ent (two-factor analysis of variance, 95% confidence 
level) between the upstream and downstream samples. 
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Thus, significantly higher concentrations of plutonium 
in Cochiti sediments (Table 17) were not reflected in 
the food chain. In some previous years, higher levels 
of 137 Cs had been observed in fish upstream. As in 
previous years, uranium levels within species exhibited 
distinct patterns. Body burdens in bottom-feeding 
catfish tended to be higher than those found in crap
pie. Uranium levels were significantly higher in Co-
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.. ~--------.---- ·-......__ 
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~<Si 
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E200 

chiti fish, although the difference remained low ( 6 
fJ.g/g). Levels of 90Sr in crappie were significantly 
higher in upstream samples, reflecting increased 
global fallout at higher elevations. 

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

E300 E400 E500 E600 

0 

SIOO 

5200 

.A, SAMPLING LOCATION 5300 

E300 E400 E500 E600 

Fig. 22. Locations of beehives. 
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VIII. ENVIRONMENTAL COMPLIANCE 

In accordance with the policy of the Department of Energy, the Laboratory complies with 
federal and state environmental requirements. These requirements address handling, 
transport, release, and disposal of hazardous materials as well as protection of ecological, 
archaeological, historical, atmospheric, and aquatic resources. The Laboratory is currently 
applying for federal and state permits for operating hazardous waste storage areas as well as 
renewing a permit for discharge of liquid effluents. The Laboratory was in compliance with 
treated liquid discharge permit limits in 96% and 99% of monitoring analyses from sanitary 
and industrial effluent outfalls, respectively. Sanitary waste treatment facilities are currently 
being upgraded to improve compliance. All airborne releases were well within regulatory 
limits during 1987. A total of 180 asbestos removal jobs were carried out during the year, 
and appropriate notification was provided to state regulators. Concentrations of con· 
stituents in the drinking water distribution system remained within federal water supply 
standards, although a few constituents exceeded limits at the wellhead. The Laboratory car
ried out two mitigation actions at cultural sites. During 1987, 21 documents were prepared 
to ensure environmental compliance by new Laboratory activities. 

A. Resource Conservation and Recovery Act 
(RCRA) 

1. Background. The Resource Conservation and 
Recovery Act (RCRA) (as amended by the Haz
ardous and Solid Waste Amendments of 1984 
[HSWA]) mandates a comprehensive program to reg
ulate hazardous wastes from generation to ultimate 
disposal. Major emphasis of the amendments is to re
duce hazardous waste volume and toxicity and to 
minimize land disposal of hazardous waste. Major re
quirements under HSWA that impact waste handling 
at the Laboratory are presented in Table 18. 

The EPA has granted New Mexico interim RCRA 
authorization transferring regulatory control of haz
ardous wastes to the state's Environmental Im
provement Division (NMEID). State authority for 
hazardous waste regulation is the New Mexico State 
Hazardous Waste Act and Hazardous Waste Man
agement Regulation (HWMR). However, NMEID 
has not yet obtained authorization for implementing 
all of the 1984 RCRA amendments. 

The Laboratory produces a wide variety of haz
ardous wastes. Small volumes of all chemicals listed 
under 40 CFR 26133 could occur at the Laboratory as 
a result of ongoing research. Process wastes are 
generated from ongoing manufacturing operations 
that support research, such as liquid wastes from cir-
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cuit board preparation and lithium hydride scrap from 
metal machining. Although they occur in larger vol
umes than discarded laboratory chemicals, process 
wastes are few in number, well defined, and not 
acutely toxic. High-explosive wastes include small 
pieces of explosives and contaminated sludges that are 
thermally treated on-site. 

2. Permit Application. The Los Alamos Area Of
fice of DOE has submitted both Part A and Part B ap
plications under RCRA and the New Mexico Haz
ardous Waste Act for the Laboratory (Table 19). In 
response to changes in waste handling, comments 
from NMEID, and changes in regulations, DOE sub
mitted revised applications in November 1987. 

Landfilling of hazardous wastes was discontinued 
in 1985, and existing landfills will be closed under in
terim authority after the NMEID approves closure 
plans. Storage facilities holding wastes for less than 90 
days need not obtain a Part B permit. All facilities 
listed in Table G-49 as having interim status, but not 
included in the Part B application, must be closed be
fore the application is approved. 

3. Area P Landfill and Lagoons. The Area P 
landfill and surface impoundment are located in a re
mote area of the northeastern section of T A-16, adja
cent to burning pads. The landfill was used from the 
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Table 18. Major Regulatory Requirements of the Hazardous and 
Solid Waste Amendments of 1984 Impacting Waste Management 

at Los Alamos National Laboratory 

The Hazardous and Solid Waste Amendments of 1984: 

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

o prohibit landfill disposal of certain waste and require that the EPA review all 
listed wastes to determine their suitability for land disposal. 

o establish minimum technology requirements for landfills to include double liners 
and leak detection. 

o require EPA to establish minimum technology requirements for underground tanks. 

o require that generators of manifested wastes certify that they have minimized the 
volume and toxicity of wastes to the degree economically feasible. 

o require that the operators of landfills or surface impoundments certify that a 
ground water monitoring program is in place or a waiver demonstrated by 
November 8, 1985, with failure to do so resulting in loss of interim status on 
November 23, 1985. 

o require that federal installations submit an inventory of hazardous waste facilities 
by January 31, 1986. 

o require the preparation by August 8, 1985, of a health assessment for landfills and 
surface impoundments seeking a Part B permit. 

early 1950s until about 1982 to dispose of high-explo
sive (HE) contaminated materials. The surface 
impoundment received filtered liquid extract from HE 
contaminated wastewater associated with activities at 
Buildings 401 and 406. Both sites received soluble 
barium nitrate in excess of EPA's criteria for defining 
toxic materials and are considered to contain haz
ardous wastes under RCRA. Neither site was in
cluded in the Laboratory's original or updated RCRA 
permit applications. The Laboratory chose to sepa
rately close each of these sites under 40 CFR 265 in
terim status standards. Appropriate closure and post
closure plans were submitted to New Mexico's EID in 
1985, and both plans are awaiting fmal approval. 

A modified landfill closure and post-closure plan 
was prepared for submittal to the NMEID in late 
1987. Modifications were necessary because the land-
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fill will eventually be subject to permitted standards 
under 40 CFR 264 once the NMEID issues the Labo
ratory its RCRA permit. Furthermore, HSE-8 desired 
to establish a 30-year post-closure ground water mon
itoring plan that would be consistent with regard to 
monitoring parameters and would fulfill requirements 
under both interim and permitted standards. To this 
end, HSE-8 personnel constructed nine ground water 
monitoring wells and five neutron moisture access 
monitoring wells. To date no recoverable amounts of 
ground water have been observed; average unsatu
rated gravimetric borehole moisture contents range 
from 2% to 24%. Based on these and other hydroge
ologic data, a ground water monitoring waiver was re
quested from the NMEID in December 1987. If this 
waiver is eventually approved, then the 30-year, 
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Table 19. Enviromental Permits Under Which the Laboratory Operated in 1987 

Type 

RCRA Hazardous 
Waste Facility 

PCB 

PCB Oil 

NPDES-Los Alamos 

NPDES-Fenton Hill 

Ground Water Discharge 
Plan-Fenton Hill 

NESHAPS 

Open Burning 

Permitted Activity 

Hazardous Waste Handling 

Disposal of PCBs 

Incineration of PCB Oils 

Discharge of Industrial 
and Sanitary Liquid Effluents 

Discharge of Industrial 
and Sanitary Liquid Effluents 

Discharge to Ground Water 

Construction and Operation of 
Four Beryllium Facilities 

Burning at TA-16-412 

aNew Mexico Enviromental Improvement Division. 
bus Enviromental Protection Agency. 
cRenewal pending. 
dNew Mexico Oil Conservation Division. 

Issue Date 

Revised Application 
Submitted November 1987 

June 51 1980 

May 21 1 1984 

Modified Permit 
May 29 1 1987 

October 15 1 1983c 

June 51 1985 

December 26 1 1985 and 
March 19 1 1986 

May 26 1 1987 

Expiration 
Date 

March 1 1 1991 

June 1990 

May 26 1 1988 

Administering 
Agency 

NMEIDa 

EPAb 

EPA 

EPA 

EPA 

NMOCDd 

NMEID 

NMEID 
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post -closure ground water monitoring requirements at 
the landfill will be terminated. 

Closure and post-closure plans for the lagoon did 
not require modification because all of the im
poundment's wastewater was completely removed in 
1987 and shipped off-site for final treatment and dis
posal. In addition, the lagoon's synthetic membrane 
underliner was completely removed along with all con
taminated subbase soils. This "clean" closure ap
proach dictates interim status standards be followed 
rather than permitted standards since it occurred prior 
to the issuance of a RCRA permit. Furthermore, this 
lagoon closure plan does not require the typical 30-
year, post-closure care requirements for in situ clo
sure. The same process could not be used for the 
landfill because explosion hazards preclude landfill ex
cavations. 

4. Other RCRA Activities. Areas L and G are lo
cated at T A-54 on Mesita del Buey and have been 
used for disposal of hazardous wastes and are subject 
to RCRA regulation. A ground water monitoring 
waiver application for both Area L and Area G has 
been submitted to the NMEID. Vadose zone 
(partially saturated zone above the water table) mon
itoring beneath the landfills and perched water moni
toring in the adjacent canyons is being conducted to 
support this application (Sec. IX). Quarterly reports 
of the pore gas sampling and perched water analysis 
have been submitted to the NMEID. 

Table G-49 lists several storage areas and one 
thermal treatment area currently under interim status 
but for which a Part B permit is not being sought. 
Area TA-3-102, used to store drummed lithium hy
dride scrap, will be closed under interim authority in 
1988 and reopened as a < 90-day storage area. Areas 
TA-22-24 and TA-40-2 are magazines used for storage 
of high-explosive wastes. These will be closed to 
waste storage in 1988 and replaced by other satellite 
storage units. The TA-40 scrap detonation pit used 
for destroying scrap high explosives has been closed to 
waste detonation. All scrap generated will be handled 
at other detonation sites included in the Part B 
application. Closure plans for these facilities have 
been submitted to NMEID. 

A controlled air incinerator with interim status for 
treating hazardous waste is located at TA-50-37. A 
trial burn was conducted in October 1986. The raw 
data were submitted to the NMEID in December 
1986 and a final report for the test burn was submitted 
on March 5, 1987. These data and report will support 
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the laboratory's application for a hazardous waste 
permit for this facility. 

An inventory of underground storage tanks (UST) 
was submitted to the NMEID on May 5, 1986, in 
accordance with the Hazardous and Solid Waste 
Amendments. A revised inventory has been com
pleted. Some tanks have been removed and others 
added including one at the Life Sciences Division's fa
cility at Kirtland Air Force Base. A total of 104 tanks 
are now identified for the underground storage of 
regulated substances under Subtitle I of RCRA. Nine 
unused USTs were removed during 1987 and disposed 
of along with any contaminated soil. 

In July 1987, EPA/NMEID conducted a joint haz
ardous waste compliance inspection (Table G-50). Vi
olations were noted and a notice of violations will be 
issued in January 1988. Corrective actions will have to 
take place addressing these violations. The EPA was 
the lead 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 chemical, 
physical, and biological integrity of the nation's waters. 
The act established the National Pollutant Discharge 
Elimination System (NPDES) that requires permitting 
all point -source effluent discharges to the nation's wa
ters. The permit establishes specific chemical, physi
cal, and biological criteria that an effluent must meet 
prior to discharge. The DOE has two NPDES per
mits, one for Laboratory facilities in Los Alamos and 
one for the Fenton Hill Geothermal Project facility, 
located 50 km (30 mi) west of Los Alamos in the Je
mez Mountains (Table 19). Both permits are issued 
and enforced by EPA's Region VI, Dallas, Texas. 
However, through a federal/state agreement and 
grant, NMEID performs compliance monitoring and 
reporting as agents for EPA. 

The NPDES permit in effect for the Laboratory in 
1987 (NM0028355) was reissued May 29, 1987, and 
will expire on March 1, 1991. As of December 31, 
1987, the permit regulates 98 industrial outfalls and 10 
sanitary outfalls (Table G-51). Each outfall represents 
a sampling station for permit compliance monitoring. 

The Laboratory forwarded three NPDES permit 
modification requests to DOE for transmittal to EPA 
during 1987. The first requested addition of two new 
outfalls: outfall No. 128, which discharges effluent 
from a printed circuit board discharge at TA-22-91; 



LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

and outfall No. 129, which discharges effluent from 
boiler blowdown at TA-21-357. The second modifica
tion request addressed elimination of 22 outfalls that 
are no longer discharging; reactivation of outfall No. 
007 at the TA-16 steam plant; combination of outfalls 
at three locations within the Laboratory; correction of 
outfall descriptions at four locations; and addition of 
three new outfalls (outfall No. 130 discharges effluent 
from a cooling tower located at TA-11-30, outfall No. 
131 discharges effluent from once-through cooling 
water at TA-48-1, and outfall No. 132 discharges 
photographic waste effluent from TA 35-87. The third 
request contained information regarding 16 new 
wastewater outfalls consisting of eleven noncontact 
cooling water discharges, four treated cooling water 
discharges, and one sanitary wastewater discharge. 
The modification request also contained information 
about modifying six existing outfalls and eliminating 
two existing outfalls because wastewater has been 
diverted to other permitted outfalls. 

Weekly sampling results are tabulated in a Dis
charge Monitoring Report (DMR) and submitted 
through DOE to EPA and NMEID on a monthly ba
sis. Deviations from NPDES permit limits are ex
plained separately to EPA and NMEID with the 
monthly submittal (Tables G-52 through G-54). Dur
ing 1987, 96.3% and 98.7% of monitoring analyses 
complied with NPDES limits at sanitary and industrial 
outfalls, respectively (Fig. 23). 

2. Federal Facility Compliance Agreement. On 
July 18, 1986, the Federal Facility Compliance Agree
ment (FFCA) between DOE's Los Alamos Area Of
fice (I.AAO) and EPA became effective. The FFCA 
contains interim effluent limitations and a schedule of 

DOMESTIC WASTE DISCHARGES 
ii VIOLATIONS IN 299 SNoPLES 

CDMPLIANCE 
•. 3. 

compliance for several outfalls and outfall categories 
that had experienced frequent noncompliance with the 
NPDES permit limitations (Tables G-55 and G-56). 
Throughout 1987, required FFCA quarterly progress 
reports indicated that the Laboratory was well ahead 
of schedule in meeting final compliance milestones, 
with the exception of corrective actions on outfall 06S 
(TA-41). The completion of these corrections was 
delayed until November due to contract negotiations. 
At the end of December 1987, completion of only one 
project was needed to meet the FFCA schedule of 
compliance. 

3. Clean Water Act Audits. The EPA conducted 
one audit under the Clean Water Act in 1987 (Table 
20). An EPA Compliance Evaluation Inspection 
(CEI) was conducted on April 23, 1987. The CEI re
port received from EPA indicated that the permit 
deficiencies previously noted during the CEI had been 
corrected, and that the permittee was in compliance 
with permit requirements. The report stated that, 
"overall, this is a well run, well managed facility." 

4. Administrative Order. On August 6, 1987, 
EPA's Region VI issued an Administrative Order 
(AO) to DOE regarding NPDES Permit NM0028355. 
The AO was based on self-monitoring reports sub
mitted by the Laboratory that identified a number of 
individual parameter violations occurring at outfalls 
during 1986 and 1987, as well as alleged reporting vi
olations. DOE responded to the AO in a submittal to 
EPA dated September 3, 1987. 

5. Fenton Hill Geothermal Project NPDES Per-
mit. The NPDES permit for the Fenton Hill 

INDUSTRIAL WASTE DISCHARGES 
i2 VIOLATIONS IN 9i0 SAJI.PLES 

OC»A..IANCE 
M.7 tl 

Fig. 23. 1987 Summary of Clean Water Act Compliance, NPDES Permit NM0028353 
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Table 20. Environmental Appraisals Conducted at the Laboratory in 1987 

Day 

January 28-29 

January 27-31 

January 27-29 

March 30-
April 17 

Purpose 

Hazardous Waste Management 
Inspection 

Review of Environmental 
Monitoring Program 

Reconnaissance Survey of 
Zia Motor Pool 

Environmental Survey 

Performing Agency 

New Mexico's Environmental 
Improvement Division (EID) and U.S. 
Environmental Protection Agency (EPA) 

Albuquerque Operations Office 
U.S. Department of Energy 
(ALO/DOE) 

La bora tory's En vironmen ta 1 Surveillance 
Group, HSE-8 

DOE Headquarters 

April 23 NPDES Compliance Evaluation 
Inspection - Main Technical Area 

EPA 

May I Inspection of Air Pollution 
Compliance 

EPA and EID 

June 19 Compliance Inspection Federal 
Facility Compliance Agreement 

EPA 

June 24 Groundwater Discharge Plan 
Inspection - Fenton Hill 

OCD 

August 11 NPDES Compliance Evaluation 
Inspection - Fenton Hill 

EID 

October 27 Evaluation of RCRA Permit EID 

November 9 NPDES Site Inspection - Fenton 
Hill 

EID and OCD 

Geothermal Project was issued to regulate the dis
charge of mineral-laden water from the recycle loop of 
the geothermal wells (Table 19). NPDES permit 
NM0028576 was issued October 15, 1979, with an 
expiration date of June 30, 1983. Although the Labo
ratory applied for permit renewal more than 180 days 
prior to the expiration date, until April1987 EPA Re
gion VI had not acted upon the application. The ex
isting permit has been administratively continued until 
supplanted by a new permit. 
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On April15, 1987, EPA requested an updated ap
plication for the permit in order to reflect present con
ditions at the site, and DOE submitted an application 
package on May 20. Subsequently, EPA issued a pro
posed permit for comment and state certification 
(pursuant to Section 401, 33 U.S.C. 466 et seq.). The 
proposed permit included effluent monitoring and 
reporting requirements for flow, pH, and phenols. 

Because proposed NPDES permits are subject to 
state review and certification, a meeting was held with 
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the NMEID and New Mexico Oil Conservation Divi
sion (NMOCD) to discuss the proposed permit and 
the environmental concerns of the state agencies. 
Subsequent to the meeting, a site inspection was held 
at Fenton Hill on November 9, 1987, to review the dis
charge location(s), inspect treatment systems, sample 
the wastewater, and survey the drainage system af
fected by the discharge. In December an information 
package containing a description of all water and 
wastewater piping and storage at the site was mailed 
by DOE/I.AAO to the state agencies. State certifica
tion was granted by NMEID on January 8, 1988, with 
no additional state-imposed permit conditions. Is
suance of the final NPDES permit is anticipated dur
ing the first quarter of 1988. 

The original Fenton Hill NPDES permit regulates 
a single outfall. The daily monitoring requirements 
for the outfall during discharge include: arsenic, 
boron, cadmium, fluoride, lithium, pH, and flow. 
Concentrations for each of these parameters are to be 
reported. However, only the parameter pH has a 
limit, i.e., it must be within the range of 6.0 to 9.0 
standard units. 

The proposed Fenton Hill NPDES permit also will 
regulate the same single outfall. The daily monitoring 
requirements for the outfall during discharge will in
clude: flow, pH, and phenols. 

On August 11, 1987 the NMEID conducted a CEI 
at the Fenton Hill Geothermal Site. The results of the 
inspection were transmitted to DOE/I.AAO on 
September 11, 1987. The inspection report indicated 
some deficiencies in flow measurement, pH monitor
ing, and analytical reporting, and record-keeping. All 
deficiencies were corrected. 

A discharge plan for the Fenton Hill Geothermal 
Project was submitted to the NMOCD in June 1984 
and approved in June 1985 (Table 19). The discharge 
plan approval is for a period of 5 years. The discharge 
plan approval letter states that there will be no routine 
monitoring or reporting requirements other than 
those mentioned above. 

On April 27, 1987, DOE/I.AAO submitted to 
NMOCD a request to modify the ground water dis
charge plan (GW-31) by using chemical tracers in 
various experiments conducted to evaluate the 
geothermal reservoir. In order to fully evaluate the 
discharge plan modification, NMOCD conducted a 
site inspection at Fenton Hill on June 24, 1987. After 
considering all of the information available to them, 
NMOCD approved the discharge plan modification on 
September 8, 1987. 
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6. Spill Prevention Control and Countermeasure 
(SPCC) Plan. During 1987 technical and admin
istrative reviews of the Laboratory's Spill Prevention 
Control and Countermeasure (SPCC) Plan were com
pleted. The SPCC Plan was distributed to the Senior 
Management Group and to divisional environmental 
coordinators during October 1987. The plan was ac
companied by a VHS video cassette that included a 
15-minute overview of the plan, as well as two short 
videos on safe drum handling and polychlorinated 
biphenyls (PCBs) at the Laboratory, topics related to 
the SPCC plan. 

The SPCC plan addresses facilities improvements 
(e.g., dikes, berms, or other secondary spill con
tainment measutes), operational procedures, and 
mechanisms for reporting of hazardous substances 
and oil spills to the appropriate managerial and regu
latory authorities. The plan complements existing 
Administrative Requirements in the Laboratory's 
Health and Safety Manual for accidental oil and 
chemical spills and environmental protection. Its goal 
is to minimize off-site oil and hazardous chemical dis
charges and to provide a spill response system. 

7. Sanitary Wastewater Systems Consolidation. 
Many of the existing sanitary wastewater treatment fa
cilities at the Laboratory are over 30 years old and do 
not consistently meet NPDES permit requirements. 
The cost of operation of these facilities has increased 
over the years due to maintenance and replacement of 
old equipment and other factors. In 1985, the Labora
tory initiated the Sanitary Wastewater Systems 
Consolidation (SWSC) project to replace most of 
these facilities and to provide an area-wide wastewater 
treatment system. 

The proposed SWSC project will be designed to 
meet current and anticipated future discharge require
ments and reduce operation and maintenance costs. 
The new wastewater treatment plant will be located 
near TA-46 and will utilize the extended aeration pro
cess. The proposed plant will include preliminary 
treatment works, flow equalization basins, an oxida
tion ditch, a secondary clarifier and facilities for dis
infection of effluent. Effluent from the plant will be 
reused for cooling water at the T A-3 power plant and 
for other nonpotable uses. Excess effluent will be dis
charged to Canada del Buey under a new NPDES 
permit. Upon completion, the proposed SWSC pro
ject will replace 8 wastewater treatment plants and 32 
septic tank systems currently maintained by the Labo
ratory. 
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During 1987, the final design criteria for the SWSC 
project were approved, and construction is scheduled 
to be completed in 1992. When complete, the SWSC 
project will eliminate noncomplying discharges. The 
project will reduce operation and maintenance costs 
associated with the existing treatment plants and sep
tic tank systems. Also, the number of discharge points 
requiring sampling, analyses and reporting will be re
duced. 

8. Interim Improvements at TA-3 Sanitary 
Wastewater Treatment Plant. The TA-3 Wastewater 
Treatment Plant is presently the largest sanitary 
wastewater facility at the Laboratory and provides 
treatment for about 1.15 x 106 liter (0.3 x 10 gal.) of 
wastewater per day. The TA-3 plant is a trickling fil
ter plant with two parallel trains of treatment units. 
Effluent from the plant exceeds biochemical oxygen 
demand (BOD) standards at times during the winter 
months. During cold periods, biological activity in the 
trickling filters is reduced and removal of dissolved or
ganic matter from the wastewater declines. Installa
tion of a steam injection system was selected from 
several alternatives considered to improve BOD re
moval at the plant. No discharge violations for BOD 
have occurred since completion of the system. Addi
tional testing is being conducted in order to fine-tune 
the temperature setting and to determine the opti
mum amount of steam for meeting permit require
ments. 

In addition to the steam injection system, a new 
chlorination system was installed at the plant to pre
vent occasional violations of the fecal coliform limit. 
Since installation of this system, no violations of fecal 
coliform requirements have occurred. 

9. Interim Improvements At Other Sanitary 
Wastewater Treatment Plants. The wastewater treat
ment facilities serving TA-18 include two lined la
goons that are operated in parallel. Effluent from 
these lagoons has contained total suspended solids in 
excess of NPDES limits. A conceptual design was 
completed for the construction of two sand filters to 
be located below the lagoons for removal of sus
pended solids. The old wastewater treatment facilities 
that served TA-41 were replaced by a high-pressure 
system, which now carries wastewater to the TA-3 
plant. This new pumping system has eliminated all ef
fluent discharges at TA-41. 
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10. Septic Tank System Survey And Registration. 
During 1987, a survey of all septic tank systems at the 
Laboratory found a total of 61 systems receiving 
<2,000 gal./day that required registration under New 
Mexico's Liquid Waste Disposal Regulations. Each 
septic tank system was registered with the Health, 
Safety, and Environment Section of Los Alamos 
County. In addition, a manual for selecting on-site 
wastewater disposal systems was completed. The 
manual provides Laboratory design engineers and 
project reviewers with information on the alternatives 
available for treatment and disposal of sanitary 
wastewater and on meeting state regulations when 
connection to the central collection system is not pos
sible. 

11. Treatment of Chemical Oxygen Demands at 
TA-16. The industrial wastewater at TA-16 originates 
from explosives processing and includes several or
ganic wastes. Effluent from industrial outfall No. 055 
at TA-16 has exceeded the chemical oxygen demand 
(COD) NPDES limit of 150 mg/L. In order to con
sistently meet COD permit limitations, a new treat
ment unit was combined with the existing facilities in 
1987. 

The new treatment unit includes two activated car
bon tanks designed to reduce organics contributing to 
COD. Preliminary results indicate that adsorption by 
activated carbon is selective and that some organics 
remain in the effluent. Additional testing is needed to 
determine the most effective types of activated carbon 
or other filter media available for the organics pre
sent. 

C. National Environmental Policy Act (NEPA) 

The National Environmental Policy Act of 1969 
(NEPA) requires that proposed federal actions be 
evaluated for their potential environmental impacts. 
The DOE's compliance with NEPA generally takes 
the form of an Action Description Memorandum 
(ADM). The ADM provides a brief description of the 
proposed action and serves as a basis for determining 
the required level of any further NEPA documenta
tion. Further documentation is carried out at the re
quest of DOE and may consist of either an Environ
mental Assessment (EA) or an Environmental Impact 
Statement (EIS). The Laboratory Environmental 
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Review Committee (LERC) reviews NEPA 
documentation. A Laboratory Environmental Evalu
ation Coordinator assists project personnel to prepare 
the appropriate documentation and present it to the 
committee. 

The LERC approved 18 ADMs, 2 revised ADMs, 
and 1 EA in 1987 (Table-G-57). The Laboratory insti
tuted a new procedure for identifying project environ
mental, health, and safety requirements which has re
duced the volume of paperwork required for NEP A 
documentation. 

D. Clean Air Act 

1. Federal Regulations 

a. National Emissions Standards for Hazardous 
Air Pollutants (NESHAPS). This regulation sets re
porting, emissions control, disposal, stack testing, and 
other requirements for specified operations involving 
hazardous air pollutants. New Mexico's EID has 
responsibility for administering these regulations. 
Laboratory operations that are regulated by NE
SHAPS include radionclide handling, asbestos dis
posal and removal, and beryllium machining. 

The EPA has promulgated regulations for control 
of airborne radionuclide releases from DOE facilities 
( 40 CFR 61, Subpart H). Since 1985, DOE and its 
contractors have been subject to EPA's radionuclide 
air emissions limits for exposure of the general public 
via the air pathway (DOE 1985). Laboratory opera
tions are in compliance with these standards (Sec. III). 
Further discussion is presented in Appendix A. Dur
ing 1987, the DOE and the Laboratory submitted an 
application to construct facilities for the Independent 
Management Activity program, as required under 40 
CFR 61, Subpart A. This application was approved by 
EPA in January 1988. 

Notification, emissions control, and disposal re
quirements for operations involving the removal of fri
able asbestos are specified under the NESHAPS regu
lations. The NMEID requires asbestos disposal certi
fication forms be filled out and sent to them for each 
large asbestos removal job and an annual one for all 
small renovation jobs. Four certification forms, in
cluding the annual notification for the small disposal 
jobs, were sent to NMEID. Nearly 270m3 (9500 ft3

) 

of asbestos contaminated wastes were disposed at TA-
54 in 1987. 

During 1987, 180 asbestos jobs involved the re
moval of 2080 m (6825 ft) of asbestos materials on 
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pipe and 96 m2 (1032 ft2
) on other facility compo

nents. Six notifications of asbestos removal were sent 
to NMEID in 1987, including the notification for small 
removal jobs. Ninety-seven percent of the asbestos re
moved, including 53.5% of the length of asbestos re
moved from pipe, involved small renovation jobs that 
required no job-specific notification to the state. 

The NESHAPS includes notification, emission 
limit, and stack performance testing requirements for 
beryllium machine shops. A modification to an exist
ing permit was issued by NMEID during 1987 for one 
processing operation (Table 19). 

b. National Ambient Air Quality Standards. 
Federal and state Ambient Air Quality Standards are 
shown in Table 21. Based upon available monitoring 
data and modeling, Laboratory emissions have not ex
ceeded federal or state standards (Sec. V). Pollutants 
emitted by Laboratory sources include: sulfur dioxide, 
particulates, carbon monoxide, nitrogen dioxide, lead, 
beryllium, heavy metals, and nonmethane hydrocar
bons. Laboratory sources that emit these pollutants 
include beryllium machining and processing, the T A-3 
power plant, the steam plants, the motor vehicle fleet, 
the asphalt plant, the lead pouring facility, the burning 
and detonation of high explosives, and the burning of 
potentially high-explosive contaminated wastes (Sec. 
V). 

A new federal particulate standard (the PM10 stan
dard) for particles less than 10 microns in diameter 
went into effect this year. 

c. Prevention of Significant Deterioration (PSD). 
The PSD regulations have stringent requirements 
(preconstruction review, permitting, best available 
control technology for emissions, air quality in
crements not to be exceeded, visibility protection 
requirements and air quality monitoring) for the con
struction of any new major stationary source or major 
modification located ncar a Class I Area, such as Ban
delier National Monument's Wilderness Area. To 
date, the DOE and Laboratory have not been subject 
to PSD. 

d. New Source Perfonnance Standards (NSPS ). 
The NSPS applies to 72 source categories. Its provi
sions include emission standards, notification, and 
emission testing procedures and reporting and emis
sion monitoring requirements. The DOE and Labo
ratory have not been subject to NSPS. A proposed 
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Table 21. National and New Mexico Ambient Air Quality Standards 

Averaging New F~deuJ 
Pollutant Time Units Mexico Primary Secondary 

Sulfur Dioxide Annual ppm 0.02 0.03 
Arithmetic 
Mean 

24 houra ppm 0.10 0.14 

3 houra ppm 0.5 

Total Suspended Annual gjm3 60 75 60 
Particulates Geometric 

Mean 

30 days flg/m3 90 

7 days l-lg/m3 110 

24 houra l-lg/m3 150 260 150 

PMlO 
c Annual i-L&/m3 50 50 50 

Arithmetic 
Mean 

24 hour i-L&/m3 150 150 150 

Carbon Monoxide 8 houra ppm 8.7 9 

1 houra ppm 13.1 35 

Ozone 1 hourb ppm 0.06 0.12 0.12 

Nitrogen Dioxide Annual ppm 0.05 0.053 0.053 
Arithmetic 
Mean 

24 houra ppm 0.10 

Lead Calendar i-L&/m3 1.5 1.5 1.5 
Quarter 

Beryllium 30 days i-L&/m3 0.01 
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Table 21 (cont) 

Averaging New Federal 
Pollutant Time Units Mexico Primary Secondary 

Asbestos 30 days fl.S/m
3 0.01 

Heavy Metals 30 days fl.g/m3 10 
(Total Combined) 

Non-Methane 3 hour ppm 0.19 
Hydrocarbons 

aMaximum concentration not to be exceeded more than once per year. 
bThe standard is attained when the expected number of days per calendar year with 
maximum hourly average concentrations above the limit is equal to or less than one. 
cPM10 covers particles less than 10 microns in diameter. 

solid-waste-fired-boiler would easily meet NSPS limits 
for incinerators. 

2. State Regulations 

a. New Mexico Air Quality Control Regulation 
(NMAQCR) 301. Under this regulation, open burning 
of explosive materials is permitted where transport to 
other facilities may be dangerous. The DOE and 
Laboratory are permitted to burn waste explosives and 
explosive-contaminated wastes. Burning of waste ex
plosives is done at the TA-16 burn ground, whereas 
burning of potentially high-explosive contaminated 
wastes is done at the TA-16 open incinerator. 

The open incinerator is in the process of being re
placed by an enclosed incinerator, with two-stage com
bustion. Complete combustion would occur within the 
two-stage incinerator, and an open burning permit is 
not required. An air pollution review of the planned 
incinerator estimated ambient air pollutant concentra
tions that were not of concern. The estimated emis
sions were too low to require either a permit or regis
tration. 

b. NMAQCR 501. The NMAQCR 501 sets 
emission standards according to process rate and re-
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quires the control of fugitive emissions from asphalt 
processing equipment. The asphalt concrete plant op
erated by Pan Am World Services is subject to this 
regulation. This plant is old, subject to leaking, and is 
inspected annually. During the annual inspection, 
leaks causing fugitive emissions were discovered and 
repaired. 

The asphalt plant meets the stack emission stan
dard for particulates as specified in this regulation. 
The plant, which has a 75 000 kg/h (75 ton/h) capac
ity, is required to meet an emission limit of 16 kg (35 
lb) particulates per hour. A stack test of the asphalt 
plant in 1977 indicated an average emission rate of 0.8 
kg/h (1.8 lb/h) and a maximum rate of 1.0 kg/h (2.2 
lb/h) over 3 tests (Kramer 1977). Although the plant 
is old and not required to meet NSPS stack-emission 
limits for asphalt plants, it meets these standards 
(Kramer 1977). 

c. NMAQCR 604. The NMAQCR 604 re
quires gas burning equipment built prior to January 
10, 1973, to meet an emission standard for NO of 0.3 
lb/106 Btu when natural gas consumption exceeds 1012 

Btu/yr/unit. The TA-3 power plant's boilers have the 
potential to operate at heat inputs that exceed the 1012 

Btu/yr /unit but have not operated beyond this limit. 
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Thus, these boilers have not been subject to this regu
lation. The TA-3 power plant meets the emission 
standard, although it is not required to do so. The 
emission standard is equivalent to a flue gas con
centration of 248 ppm. The TA-3 boilers meet the 
standard with measured flue gas concentrations of 15 
to 22 ppm. 

d. NMAQCR 702. The NMAQCR 702 re
quires the permitting of any new or modified source if 
it exceeds a given emissions rate and is not addressed 
by other regulations. When new Laboratory emission 
sources or modifications to existing sources are 
planned, an air pollution regulatory compliance review 
is carried out. This review evaluates the steps to be 
followed to comply with state and federal air pollution 
regulations. As part of the permitting process, 
NMEID reviews new or modified sources for compli
ance with all state and federal air pollution regula
tions. Under this regulation, the NMEID issued the 
modification to the permit for the beryllium process
ing operation at TA-3-141. 

Group HSE-8 is assisting Facilities Engineering 
(ENG) Division in obtaining an air quality construc
tion permit for a steam production facility consisting 
of two solid-waste-fired boilers (SWFB) and two gas
fired auxiliary boilers. This facility is proposed to re
place the TA-16 steam plant. The facility will burn 
county and Laboratory refuse as well as natural gas 
and generate steam for TA-16. The permit applica
tion has been submitted and has been ruled complete 
by the NMEID. Meteorological air-dispersion mod
eling of emitted substances has demonstrated that im
pact on the local air quality, including impacts at the 
Bandelier Wilderness Area, will be negligible. 

The NMEID has proposed amendments to this 
regulation that would require the permitting of an ad
ditional 600-700 substances. The NMEID has called 
this new class of substances "toxic air pollutants." If 
adopted, the proposed amendments would have a ma
jor impact on Laboratory operations and would be ex
pensive to comply with. The Laboratory has hundreds 
of laboratories and shops that use these substances. 
Reconstruction of existing facilities and the construc
tion of new facilities would be impacted by the pro
posed amendments. 

e. Other Regulations. The NMEID proposed 
new regulations requiring one-time registration of all 
sources that have emissions of toxic air pollutants that 
exceed specified levels. The New Mexico En-
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vironmental Improvement Board (NMEIB) adopted 
these regulations on June 12, 1987, and they went into 
effect on September 17, 1987. The Laboratory is re
quired to comply with these regulations by September 
17, 1988. The Laboratory, with the assistance of a 
subcontractor, has completed a survey to obtain the 
necessary information and is in the process of using 
this information to develop an emission inventory for 
all of the Laboratory sources. A computerized data 
base system is being developed to process the large 
amount of information that has been collected. The 
data base will also be used to meet future permitting 
and internal requirements. 

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

1. Background. The federal Safe Drinking Water 
Act (42 U.S.C. 300f et seq.), as amended, requires the 
adoption of national drinking water regulations as part 
of the effort to protect the quality of drinking water in 
the United States. The U.S. Environmental Protection 
Agency (EPA) is responsible for the administration of 
the act and has promulgated National Interim Primary 
Drinking Water regulations. Although EPA is desig
nated by law as the administrator of the Act, assign
ment of responsibilities to a state is permitted, and 
primacy for administration and enforcement of federal 
drinking water regulations has been approved for New 
Mexico. 

The state of New Mexico administers and enforces 
the drinking water requirements through regulations 
adopted by New Mexico's EIB and implemented by 
NMEID. During 1987, reports on trihalomethane, ra
diological, microbiological, and inorganic chemical 
concentrations in the Laboratory's water supply were 
prepared for the NMEID pursuant to NMEIB reg
ulations. Municipal and industrial water supplies for 
the Laboratory and community easily met the regula
tions. 

The main aquifer is the only aquifer in the area ca
pable of municipal and industrial water supply (Sec. 
II). Water for the Laboratory and community is sup
plied from 17 deep wells in 3 well fields and 1 gallery. 
The well fields are on Pajarito Plateau and in canyons 
east of the Laboratory (Fig. 24). The gallery is west of 
the Laboratory on the flanks of the mountains. Pro
duction from the wells and gallery for 1987 was 6.1 x 
109 L (1.6 x 109 gal). 

The Los Alamos well field is composed of five pro
ducing wells and one standby well. Well LA-6 is on 
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Fig. 24. Locations of reservoirs, well fields, supply wells, and gallery water supply 

standby status, to be used only in case of emergency. 
Water from Well LA-6 contains excessive amounts of 
natural arsenic (up to 0.200 mg/L) that cannot be re
duced to acceptable limits by mixing in the distribution 
system (Purtymun 1977). Well LA-4 was down for re
pairs and was not sampled. Wells in the field range in 
depth from 265 to 600 m (870 to 2000 ft). Movement 
of water in the upper 411 m (1350 ft) of the main 
aquifer in this area is eastward at about 6 m/yr (20 
ft/yr) (Purtymun 1984). 
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The Guaje well field is composed of seven pro
ducing wells. During 1987, Well G-3 was down for re
pairs and was not sampled. Wells in the field range in 
depth from 463 to 610 m (1520 to 2000 ft). Movement 
in water in the upper 430 m (1410 ft) of the aquifer is 
southeastward at about 11 m/yr (36 ft/yr) (Purtymun 
1984). 

The Pajarito well field is composed of five wells 
that range in depth from 701 to 942 m (2300 to 3090 



LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

ft). Movement of water in the upper 535 m (1750 ft) 
of the aquifer is eastward at 29 m/yr (85 ft/yr). 

The Water Canyon gallery collects spring dis
charge from a perched water zone in the volcanics on 
the flanks of the mountains west of Los Alamos and 
Pajarito Plateau (Fig. 24). The canyon supplies a 
small but important part of the production with use of 
little energy. 

Water for drinking and industrial use is also ob
tained from a well at the Laboratory's experimental 
geothermal site (Fenton Hill, TA-57) about 45 km (28 
mi) west of Los Alamos. The well is about 133 m 
(436ft) deep completed in volcanics. During 1987, the 
well produced about 20 x 106 L (5.4 x 106 gal). The 
TA-57 water is not a part of the Los Alamos supply. 

All water comprising the municipal and industrial 
supply is pumped from wells, piped through trans
mission lines, and lifted by booster pumps into reser
voirs for distribution to the community and Labora
tory. Water from the gallery flows by gravity through 
a microfilter station and is pumped into one of the 
reservoirs for distribution. All supply water is chlori
nated prior to entering the distribution system. 

Water in the distribution systems was sampled at 
five community and Laboratory locations (fire sta
tions), Bandelier National Monument, and Fenton 
Hill (Fig. 24, Table G-14). Although federal and state 
standards (Appendix A) require analyses every 3 
years, the Laboratory performs the analyses annually. 

2. Radioactivity in Municipal and Industrial Wa
ter Supply. 'The maximum radioactivity concentra
tions found in the supply (wells and gallery) and distri
bution (including Fenton Hill) systems are in compli
ance with the EPA's National Interim Primary Drink
ing Water Standards (Tables 22, G-58, and G-59). 

3. Chemical Quality of Municipal and Industrial 
Water Supply. Water from most wells and the distri
bution systems complied with EPA's primary and sec
ondary standards (Tables 23 and G-60 through G-62). 
The concentration of fluoride from Well LA-1B was 
above primary standards (Table G-60). This is consis
tent with previous years. Mixing in the distribution 
system reduced concentrations to acceptable levels 
(Table 23). The concentration of lead from Well PM-
5 also exceeded the primary standard (Table G-60). 
Well PM-5 was resampled and lead ( <0.001 mg/L) 
was well below the primary standard. 

The quality of water from the wells varied with lo
cal conditions within the same aquifer (Tables G-60 
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through G-62). Water quality depends on well depth, 
lithology of aquifer adjacent to well, and yield from 
beds within the aquifer. 

F. Federal Insecticide, Fungicide, and Roden
ticide Act 

The Federal Insecticide, Fungicide, and Roden
ticide Act (FIFRA) requires registration of all pesti
cides, restricts use of certain pesticides, recommends 
standards for pesticide applicators, and regulates dis
posal and transportation of pesticides. A pesticide is 
defined as any substance intended to prevent, destroy, 
repel, or mitigate pests. The Laboratory stores, uses, 
and discards pesticides in compliance with the provi
sions of FIFRA. A Laboratory pest control policy was 
established in June 1984 to establish procedures and 
identify suitable pesticides for control of plant and ani
mal pests. Anything outside the scope of the policy 
must be approved by the Pest Control Oversight Com
mittee. No unusual events associated with compliance 
occurred during 1987. 

G. Archaeological and Historical Protection 

Laboratory lands contain about 900 known ar
chaeological and historical sites. Protection of cultural 
resources is mandated by numerous laws and regula
tions, including the National Historic Preservation Act 
of 1966, as implemented by 36 CFR Part 800 Protec
tion of Historic and Cultural Properties, and the New 
Mexico Cultural Properties Act of 1969, as amended. 
The Laboratory's Environmental Evaluation Coordi
nator oversees management and protection of cultural 
resources. 

Laboratory archaeologists survey project sites in 
advance of construction to determine the presence or 
absence of cultural resources. During 1987, the Labo
ratory conducted 28 cultural resource surveys, moni
tored construction at 7 sites, had permanent protective 
fencing erected at 1 site, and undertook adverse im
pact mitigation at 2 sites. During surveys of one pro
ject in Mortandad Canyon, archaeologists discovered a 
pit house site that indicates earlier prehistoric occu
pation of the area than heretofore thought. 

The DOE granted an Archaeological Resource 
Protection Act permit to the Museum of New Mexico, 
Laboratory of Anthropology, for archaeological test
ing at the White Rock Y Intersection, site of a pro
posed new highway interchange. 



Table 22. Maximum Concentrations of Radioactivity in Municipal Water Supply, Well and Distribution System 

Nl.mber of 3H 137Cs Total U 238Pu 

Stations (10-6 f..lCi/mL) -9 (10 f..lCi/mL) (f..lg/L) -9 (10 f..lCi/mL) 
---

Analytical Limits of Detection -- 0.7 40 1.0 0.009 

Maximum Contamination Level (MCL)a -- 20 200 1800b 15 

Wells 16 0.3 (0.7) 42 (48) 6.0 (1.0) 0.011 (0.009) mr 
(2%)c (21%) (<1%) (<1%) ~0 _en 

:D > 

Distribution System (Los Alamos) 6 2.1 (0.7) 71 (42) 2.0 (1.0) 0.012 (0.012) fii 
s:::o 

( 11%) (36%) (<1%) (<1%) ~en 
-tz 
> > 

-J 
r-t 

V.l Distribution System (Fenton Hill) 1 0.1 (0.3) 113 (50) 1.0 (1.0) 0.000 (0.010) ~5 
:D z 

(<1%) (57%) (<1%) (<1%) <> mr - > ~OJ 
zO 
0~ m-t 
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Table 22 (cont) 

Number of 239,240Pu Gross Alpha 
Stations (10- 9 f..J.Ci/ml) (10- 9 flCi/mL) 

Analytical Limits of Detection 0.03 3 

Maximum Contamination Level (MCL)a 15 15d 

Wells 16 0.044 (0.007) -5.0 (2.0) 
(<1%) (<1%) 

Distribution System (los Alamos) 6 0.037 (0.017) 2.4 (0.9) 
(<1%) (16%) 

Distribution System (Fenton Hill) 0.004 (0.004) -o.2 co.8> 
(<1%) (<1%) 

aEPA (1976). 
blevel recommended by International Commission on Radiological Protection. 
cPercentage of EPA's MCL is shown in parentheses. 
dEnvironmental Protection Agency's Maximum Contaminant Level (MCL) for gross alpha is 15 x 10-9 flCi/mL. 
EPA's limit of 5 x 10-9 Ci/ml, isotopic analysis to determine radium content is required. 

Gross Beta 
(10-9 fJ.Ci/ml) 

3 

3.2 (0.5) 

42 (4.0) 

6.1 (0.8) 

Gross Ganma 
(Counts/min/L) 

50 

-40 (100) 

500 (90) 

350 (90) 

However, if gross alpha results exceed 
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Table 23. Maximum Chemical Concentrations in Water Supply and Distribution Systems 
(results in mg/L) 

Inorganic Well 
Chemical and 

Contaminant Standards Gallen 

Primarya 
Ag 0.05 <0.001 
As 0.05 0.044 
Ba 1.0 0.084 
Cd 0.01 <0.0005 
Cr 0.05 0.022 
F 2.0 3.2 
Hg 0.002 0.0003 
N0

3
(N) 10 <1 

Pb 0.05 0.092 
Se 0.01 <0.002 

Secondaryb 
Cl 250 17 
Cu 1.0 0.266 
Fe 0.3 0.095 
Mn 0.05 0.009 
so. 250 39 
Zn 5.0 0.250 
TDS 500 430 
pH 6.5 - 8.5 8.6 

----------
aEPA (1976). 
b£p A (1979B). 

Pursuant to federal regulations implementing Sec
tion 106 of the National Historic Preservation Act of 
1966, as amended, clearance for construction and miti
gation of unavoidable adverse impact to cultural re
sources is determined in consultation with the New 
Mexico State Historic Preservation Office (SHPO) 
and, if necessary, with the Advisory Council on His
toric Preservation. The SHPO was consulted con
cerning potential impact to surveyed project areas. 

The SHPO and Advisory Council approved sta
bilization and restoration work on the historic Pond 
Cabin at TA-18. The Laboratory completed work on 
this project during 1987. The cabin will be nominated 
for inclusion on the State Register of Cultural Proper
ties. Surveys of prehistoric Indian cavates along the 
south slope of Mesita del Buey using volunteer Labo-

SU(!(!I! Distribution 
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Per Cent Los Alamos Per Cent 
of Bandelier of 

Standard TA-57 Standard 

<2 <0.001 <2 
88 0.017 34 

8 0.107 11 
<5 <0.0005 <5 
44 0.011 22 

160 1.0 50 
15 <0.0002 10 

<10 <1 <10 
184 0.031 62 
<20 <0.002 <20 

7 45 18 
27 0.024 2 
32 0.110 37 
18 <0.001 <2 
16 10 4 
5 0.096 <2 

86 276 55 
101 8.4 99 

ratory staff supervised by Laboratory archaeologists 
were completed, and a report was submitted to the 
Laboratory. Analysis of archaeological and botanical 
data recovered from the Romero Cabin homesteading 
site was completed and draft reports prepared. 

The DOE and the Museum of New Mexico es
tablished a curatorial Programmatic Memorandum of 
Agreement (PMOA). Archaeological and historical 
artifacts from Laboratory projects will be curated pro
fessionally at the Museum's Laboratory of Anthropol
ogy. A draft procedural PMOA among DOE, SHPO, 
and the Advisory Council for Historic Preservation 
was prepared and is under DOE review. The PMOA 
will streamline Section 106 consultation requirements 
of the National Historic Preservation Act of 1966. 
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H. Threatened/Endangered Species and Flood· 
plains/Wetlands Protection 

The DOE and Laboratory must comply with the 
Endangered Species Act of 1973, as amended, and 
with Executive orders 11988, Floodplain Management, 
and 11990, Protection of Wetlands Environmental Re
view Requirements. Three Floodplain/Wetland 
notifications were prepared for publication in the 
Federal Register: Live Firing Range Extension, 
Sandia Canyon; Pulsed Power Assembly Building, TA-
39, Ancho Canyon; and White Rock Y Interchange, 
Pueblo and Los Alamos canyons. Laboratory biolo
gists surveyed 17 proposed construction sites for po
tential impact. They identified no endangered or rare 
animal or plant species at these sites. 

A draft management plan for the endangered 
peregrine falcon was prepared and is under review. 
Computer mapping and analysis of raptor aeries and 
prey habitat in Los Alamos and Water canyons were 
initiated. 

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

The Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) of 1980 
and Superfund Amendments and Reauthorization Act 
(SARA) of 1986 mandate cleanup of toxic and haz
ardous contaminants at closed and abandoned haz
ardous waste sites. The CERCLA/SARA-related ac
tion at hazardous waste sites at the Laboratory are be
ing addressed under the DOE Albuquerque Opera
tions Office's Environmental Restoration (ER) Pro
gram. 

J. Toxic Substances Control Act (TSCA) 

The TSCA (15 U.S.C. et seq.) establishes a list of 
toxic chemicals for which the manufacture, use, stor
age, handling, and disposal are regulated. This is ac
complished by requiring premanufacturing notification 
for new chemicals, testing of new or existing chemicals 
suspected of presenting unreasonable risk to human 
health or the environment, and control of chemicals 
found to pose an unreasonable risk. 

Part 761 of TSCA contains the regulations appli
cable to polychlorinated biphenyls (PCBs). This part 
applies to all persons who manufacture, process, dis
tribute in commerce, use, or dispose of PCBs or PCB 
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items. Substances that are regulated by this rule in
clude, but are not limited to, dielectric fluids, contami
nated solvents, oils, waste oils, heat transfer fluids, hy
draulic fluids, paints, sludges, slurries, dredge spoils, 
soils, and materials contaminated as a result of spills. 
Most of the provisions of the regulations apply to 
PCBs only if they arc present in concentrations above 
a specified level. For example, the regulations re
garding storage and disposal of PCBs generally apply 
to materials at PCB concentrations of 50 parts per 
million (ppm) and above. At the Laboratory, materi
als with > 500 ppm PCBs are transported off-site for 
disposal. 

During 1987, the Laboratory continued to inven
tory and mark PCB articles such as transformers and 
capacitors. The Laboratory's inventory of in-service 
PCB transformers > 500 ppm, PCB transformers >50 
but < 500 ppm, and PCB capacitors includes 136, 137, 
and 2,777 units, respectively, as of July 1, 1987. Visual 
inspection of PCB transformers was conducted at least 
quarterly during 1987, and inspection records main
tained pursuant to regulations. An annual report sum
marizing PCB disposal, transportation, storage, and 
in-service use for the time period July 1, 1986, through 
June 30, 1987, is available pursuant to federal regula
tion. During September 1987, HSE-8 prepared a 15-
minute video film summarizing PCB use and reg
ulation at the Laboratory. The video film will be used 
as a training aid to acquaint Laboratory personnel 
with PCBs and familiarize them with the federal reg
ulations governing their use and disposal. 

The Laboratory has EPA approval (Region VI) to 
dispose of PCB-contaminated articles, oils, and ma
terials in the chemical waste landfill located at TA-54, 
Area G (Table 19). The approval requires semiannual 
reporting to EPA regarding the type and weight of 
PCB articles disposed of, and monitoring information 
regarding chemical quality of storm water run-off and 
natural springs in the area. The cumulative weights of 
specific types of PCB articles which were disposed at 
TA-54 during 1987 are listed in Table 24. 

K. Emergency Planning and Community Right-to· 
Know Act 

Title III of SARA, also known as the Emergency 
Planning and Community Right-to-Know Act 
(EPCRA), became effective on May 17, 1987. The 
EPCRA is the centerpiece of federal policy on chemi
cal disaster prevention and response. The act is in
tended to encourage and support emergency planning 
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Table 24. Quantities (kg) of PCB Contaminated Articles 
Discarded at T A-54 in 1987a 

PCB Article(s) Shaft Cll Shaft C12 Pit 29 Pit 32 

Transformer Carcases 907 522 
Absorbed PCB Oil 

(<500 ppm) 
Rags/Dirt 

(drummed) 
Empty Drums 
Asphalt/ dirt 9 616 I 361 

(noncontainerized) 
Capacitors 
Generators 
Power Supply 
PCB Clean-Up Drum 722 41 
PCB Contaminated 175 2 359 

Equipment 
Mise 

Total 722 10 523 216 4 242 

Grand Total 15 703 

----------
aPCB article and oils that contain ~500 ppm PCB are shipped out-of-state for disposal. 

efforts at state and local levels. Its implementation 
provides the public and local governments with infor
mation concerning potential toxic and chemical haz
ards present in their communities. The act is orga
nized into three subtitles; the Laboratory will only be 
directly affected by Subtitle B, which provides the 
mechanism for community awareness of hazardous 
chemicals present in a given facility. However, it has 
voluntarily taken an active role in coordinating local 
community emergency response planning activities 
under Subtitle A. 

The Laboratory is required to report its hazardous 
chemical substance inventory and safety handling pro
cedures to the newly-created Los Alamos District 
Emergency Planning Commission, the state Emer
gency Response Commission, and the Los Alamos 
County Fire Department. The Laboratory's Emer
gency Management Office (EMO) coordinates all re
porting, planning, and response efforts with the pre
existing Los Alamos County Office of Emergency Pre-

77 

paredness, which acts as the district emergency plan
ning group. Groups HSE-5 and HSE-8 provided a 
preliminary list of 137 on-site chemical substances that 
are on either the EPA's Chemical Emergency Pre
paredness Program (CEPP) list of 369 chemicals that 
are considered to be extremely hazardous ( 40 CFR 
355, Appendices A and B) or on the list of 717 haz
ardous substances that are subject to CERCIA re
portable quantity provisions ( 40 CFR 302, Table 
302.4). In addition, individual Materials Safety Data 
Sheets (MSDS) for each of these substances have 
been provided to the EMO. These sheets, which were 
organized according to health and physical hazards, 
were originally developed in response to the Oc
cupational Health and Safety Administration's 
(OSHA) Hazard Communication Standard (29 CFR 
1910.1200). They are designed to inform individuals 
of specific chemical dangers and methods to avoid 
potential hazards. 
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In order for a listed chemical substance to qualify 
for EPCRA reporting requirements, the Laboratory 
must have a combined total amount of that chemical 
substance in excess of either its threshold planning 
quantity or its reportable quantity. For those chemical 
substances with no established reportable quantities, 
the Laboratory must have at least 0.45 kg (lib) of that 
substance before it qualifies for reporting require
ments. Once a given listed chemical substance has 
been determined to be reportable, future annual re
porting requirements dictate that the Laboratory must 
disclose individual building storage locations and the 
average annual quantity on-hand at each location 
where that substance is located. Once reported, this 
information becomes public property. These re
quirements may conflict with national security guide
lines enforced by DOE and may require future DOE 
reporting directives if conflicting requirements are to 
be fully satisfied. 

L. DOE Headquarters' Environmental Survey 

The DOE Headquarters conducted an environ
mental survey of the Laboratory during March 30 
through April17, 1987. The purpose of the survey was 
to provide a no-fault identification, inventory, prioriti
zation, and review of environmental issues and prac
tices at the Laboratory. Similar surveys have been 
conducted at other DOE facilities, and evaluation of 
findings from all the surveys will lead to a DOE-wide 
prioritization of environmental problems (due in Oc
tober 1989). 

Findings of the survey were separated into four 
categories based upon potential for environmental im
pact: 

Category 1: Finding addresses situations 
that pose an immediate threat to employ
ees, public, or environment. Immediate ac
tion required. 

Category II: Finding addresses situations 
that cannot wait for action to be taken until 
the final report of the survey is published in 
approximately 3 years. The Laboratory 
should start new programs or continue 
existing programs, as appropriate, to ad
dress this finding before the 3-year period 
expires. 
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Category III: Finding addresses situations 
that hold a "potential" for contamination 
from existing operations. The Laboratory is 
encouraged to continue existing programs 
or start new programs to address this find
ing as appropriate. 

Category IV: Finding ts an observation 
only. 

The fmdings were further subdivided into eight 
topical areas (Table 25). The majority (87%) of the 
fmdings were in categories III and IV. Most (63%) 
addressed hazardous materials handling and storage. 

A preliminary report that will list the findings at 
Los Alamos from the survey will be published by 
DOE in March 1988. The DOE Survey Team will 
conduct environmental sampling at the Laboratory in 
the summer of 1988 and results of this sampling may 
affect the findings. 

The Laboratory has drafted an implementation 
plan based on the tentative fmdings and has started to 
implement appropriate remedial actions. 

M. Health, Safety, and Environmental Appraisal of 
Laboratory Operations and Facilities 

Laboratory policy requires line management to es
tablish an effective health, safety, and environmental 
(HSE) protection program. These programs must be 
appraised periodically to evaluate their effectiveness. 
The HSE Division began an appraisal program in 
November 1987, and over the next three years will 
perform operational and facility appraisals of the HSE 
programs of all Divisions. Appraisal teams are com
prised of one representative each from the Safety 
(HSE-3), Industrial Hygiene (HSE-5), Waste 
Management (HSE-7), and Environmental Surveil
lance (HSE-8) groups. The responsibility of HSE-8 is 
to determine the effectiveness of divisional and facili
ties programs for ensuring compliance with applicable 
Laboratory policy, DOE orders and guidelines, federal 
and state regulations, and prudent management prac
tices for protection of the environment and the gen
eral public. 

Group HSE-8's appraisal includes evaluations of 
air emissions, liquid effluents, toxic substances use, 
waste management practices, and archaeologi
cal/cultural resources protection as applicable. The 
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Table 25. Tentative Findings by Topical Area and Category 
from the DOE Headquarters' En-vironmental Suney of 

Los Alamos National Laboratory 1987 

Topical Area 

Air 
Surface Water 
Ground Water 
Active Waste Disposal Areas 
Chemical Handling 
Hazardous Materials 
Inactive Waste Disposal Areas 
Quality Assurance 

Group also evaluates whether the operation or facility 
is in accord with applicable environmental documenta
tion such as an EIS, EA, ADM, or completed HSE 
Preliminary Project Questionnaire. The Group takes 
the opportunity during the appraisal to inform opera
tions and facilities of potential environmental prob
lems and of the availability of support from the Group 
for addressing these problems. 

The HSE programs of Life Sciences and Facilities 
Engineering divisions were appraised in the last 
quarter of 1987. 

N. Engineering Quality Assurance 

The Laboratory has a Quality Assurance program 
(Facilities 1983) for engineering, construction, modifi
cation, installation, and maintenance of DOE fa
cilities. The purpose of the program is to minimize 
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Catea:;ory 
I II III IV 

0 0 0 2 
0 2 3 3 
0 0 1 2 
0 1 5 I 
0 1 5 2 
0 1 2 1 
0 .. o 5 0 
0 0 I 0 

the chance of deficiencies in construction; to improve 
the cost effectiveness of facility design, construction, 
and operation; and to protect the environment. A 
major goal of engineering quality assurance is to en
sure operational compliance with all applicable envi
ronmental regulations. The quality assurance pro
gram is implemented from inception of design through 
completion of construction by a project team ap
proach. The project team consists of individuals from 
the DOE's program division, the DOE's Albuquerque 
Operations, and Los Alamos Area Offices, the 
Laboratory's operating group(s), the Laboratory's Fa
cility Engineering Division, design contractor, inspec
tion organization, and construction contractor. Each 
proposed project is reviewed by personnel from the 
Environmental Surveillance Group (HSE-8) to ensure 
environmental integrity is maintained. 
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IX. ENVIRONMENTAL SUPPORT ACfiVITIES 

In addition to environmental surveillance and compliance activities, the Laboratory carried 
out a number of related environmental activities. Selected studies are briefly described below. 
Many of these are ongoing and provide information for surveillance and compliance activities 
at the Laboratory. 

A. Meteorological Monitoring (Brent Bowen, 
Jean Dewart, William Olsen, I-Ii Chen, 
and Margaret Salazar) 

1. Weather Summary. Los Alamos received heavy 
precipitation for the third consecutive year, with 60 em 
(23.6 in.) of water equivalent falling during 1987. 
Much of the precipitation was from record snowfall in 
January and February and from heavy rainfall in May 
and June. Snowfall totaled a record 453 em (178.4 in.) 
for the year, over 3.5 times normal. Record snow fell 
in both January and February, including a record 122 
em (48 in.) from one storm during January. Heavy 
rains fell during May and locally (TA-59) during June. 
Temperatures were quite warm during October. Arc
tic air and several storms gave Los Alamos a cold De
cember with near-record snowfall. The year as a 
whole had slightly cooler than normal temperatures. 
The annual summary is shown in Fig. 25 and other 
data are shown in Table G-63 through G-66. 

A stormy pattern became established over the 
southwestern United States during January. One 
storm dropped nearly 25 em (10 in.) on Los Alamos 
during the 7-8th and the record snowfall from one 
storm fell during the 15-17th. Even larger accumula
tions of 152-178 em (60-70 in.) were reported in north
ern Los Alamos. The storm closed the Laboratory and 
the townsite. The locally large snowfall resulted from 
a stationary storm in Arizona forcing relatively warm 
air northward over the Pajarito Plateau and an arctic 
air mass. Only several inches fell in the Rio Grande 
Valley and Santa Fe. The snowfall helped give Los 
Alamos its snowiest month on record of nearly 165 em 
(65 in.), exceeding the old record by nearly 61 em (2 
ft). Also, the 102 em (40 in.) of snow on the ground on 
the 16th and 17th set a record. After 5 em (2 in.) of 
snowfall two days later, temperatures rose dra
matically, reaching 12.2°C (54°F) on the 27th. Except 
for another 10 em (4 in.) of snow on January 31st, 
temperatures remained warm through the middle of 
February, with the snow cover shrinking to 2.5 em (1 
in.) by the 14th. The stormy pattern returned, 
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however, with a 11.4 em (4.5 in.) snowfall on the 16th. 
Then, an intense storm dropped nearly 68 em (27 in.) 
of snow during the 18-20th, including 51 em (20 in.) on 
the 19th. This snowfall became the largest for Febru
ary on record. A week later, another storm dropped 
43 em (17 in.) of snow during the 24-26th. Some of the 
snow was accompanied by thunder and lightning. The 
total snow of 123 em ( 48.5 in.) was the largest on 
record for February and second only to the previous 
month for all months. In addition, this month became 
the wettest February on record with 7.1 em (2.78 in.) 
of water equivalent precipitation. 

Winter weather moderated during March, with 
near-normal weather. Except for a storm that dropped 
30 em (12 in.) of wet snow on April 4-5th, warm 
weather prevailed during April. Frequent thunder
showers produced 7.2 em (2.83 in.) of rain during May, 
nearly 2-1/2 times the normal. One thunderstorm 
produced up to 7.6 em (3 in.) of hail on the 23rd. 

The summer began with a downpour at T A-59 on 
June 7th. A local thunderstorm dropped 5.5 em (2.16 
in.) of rain, with 5.4 em (2.11 in.) falling in two hours. 
The two hour rainfall represented a near 50 year rain
fall. Very little or no rain fell at other sites. Rainfall 
was scant in July with 3.5 em (1.37 in.), less than half of 
normal. Rainfall was normal during August with 10.9 
em (4.29 in.). Thunderstorms produced a funnel cloud 
on the 24th and numerous funnel clouds on the 25th 
near Santa Fe. 

Near-normal weather conditions prevailed during 
September. A strong high-pressure system centered 
over the Western United States gave Los Alamos a 
warm and dry October. High temperatures for the 
month averaged (19.1°C) (66.4°F), nearly 2°C (4°F) 
above normal. Rainfall was light at 1.2 em (0.49 in.), 
less than one-third of normal. Near-record snows fell 
during December, with a total of over 91 em (36 in.). 
The biggest snowfall of 48 em (19 in.) on the 24-25th 
gave Los Alamos its whitest Christmas on record, with 
41 em (16 in.) of snow on the ground. The year ended 
with 453 em (178.4 in.) of snow, exceeding the previous 
record of 287 em (112.8 in.) set in 1984. 
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1987 WEATHER SUMMARY, LOS ALAMOS, NM (EL. 7380 ft) 
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Fig. 25. Summary of 1987 weather in Los Alamos (data from Occupational Health 
Laboratory, OHL, TA-59. 

2. Wind Roses. The 1987 surface wind speed and 
direction measured from three sites at Los Alamos are 
plotted in wind roses for day, night, and total hours 
(figs. 26 through 28). A wind rose is a circle with lines 
extending from the center representing the direction 
from which the wind blows. The length of each line is 
proportional to the frequency of the wind speed inter
val from that particular direction. Each direction is 
one of 16 primary compass points (N, NNE, etc.) and 
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is centered on a 22.5 sector of the circle. The fre
quency of the calm winds, defined as those having 
speeds less than 0.5 m/s (1.1 mph), is given in the cir
cle's center. Day and night are defined by the times of 
sunrise and sunset. 

The wind roses represent winds at TA-50 (2216 m 
above sea level or MSL (7019 ft]), East Gate (2140 m 
MSL (7019 ft]), and Area-G (2039 m MSL [6688 ft]). 
Surface winds were measured at a height of about 
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Fig. 26. Daytime wind roses at Laboratory stations during 1987. 
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Fig. 27. Nighttime wind roses at Laboratory stations during 1987. 
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Fig. 28. Cumulative wind roses at Laboratory stations in 1987. 
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11 m (36 ft) at the three sites and an upper level wind 
rose is shown for the 91 m (300 ft) level at TA-50. 
Data recovery exceeded 96% at all sites. 

Surface winds at Los Alamos are generally light 
with the average speed of nearly 3 m/s (7 mph). Wind 
speeds greater than 5 mjs (11 mph) occurred with fre
quencies ranging from 10% at TA-50 to 21% at East 
Gate. Many of the strong winds occurred during the 
spring. Over 40% of surface winds at all sites were 
less than 2.5 m/s (5.5 mph). The average wind speed 
increases to over 4 m/s (9 mph) at 91 m (300 ft). 
Wind speeds greater than 5 mjs (11 mph) occurred 
34% of the time while speeds less than 2.5 m/s (5.5 
mph) occurred 29% of the time at the higher level. 

Distribution of winds varies with site, height above 
ground, and time of day primarily because of the ter
rain features found at Los Alamos. On days with sun
shine and light large-scale winds, a deep, thermally 
driven upslope wind develops over the Pajarito 
Plateau. Note the high frequency of SE through S 
winds during the day at TA-50 (both levels) and East 
Gate (Fig. 26). Upslope winds are generally light, less 
than 2.5 m/s (5.5 mph). Winds become more SSW 
and S at Area G (i.e., at lower elevations). The winds 
here are more affected by the Rio Grande Valley than 
the plateau. Channeling of regional-scale winds by the 
valley contributes to the high frequency of SSW and 
NNE or NE winds. In addition, a thermally driven up
valley wind probably causes some of the SSW winds 
under 2.5 m/s (5.5 mph) at Area G. 

Winds display a reversal during the night. A shal
low drainage wind often forms and flows down the 
plateau on clear nights with light, large-scale winds. 
These winds arc generally less than 2.5 mjs (5.5 mph). 
Surface wind peaks from the NW through W are evi
dent at TA-50, whereas the drainage wind at Area G is 
evenly distributed from the WNW through the N. 
Downslope winds are much less frequent at East Gate. 
TheTA-50 wind rose at 91 m (300ft) shows dramati
cally different winds from those at the surface, with 
valley-channeled winds dominating. A high frequency 
of winds are up-valley (SW and SSW) and down-valley 
(N through NE). Note that less frequent channeled 
winds also occur at the lower sites, East Gate and Area 
G, during the night. 

3. Precipitation Summary. Precipitation in Los 
Alamos County was heavy during 1987, with as much 
as 61 em (24 in.) falling in the North Community and 
at TA-59. Figure 29 shows analyses of rainfall for the 
summer season (June-August) and the entire year. 
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Monthly precipitation totals are presented in Table G-
64. Record January and February and near-record 
December snowfalls helped to push 1987 precipitation 
to about 30% above normal at the western sites near 
the Jemez Mountains. Summer rainfall was generally 
below normal. The maximum area of summer rainfall 
included TA-59. A thunderstorm dumped 5 em (2 in.) 
of rain locally at TA-59 during a single day in June. 
Precipitation was generally the highest in the north
western part of the area, ncar the mountains and 
where the highest terrain is. Precipitation decreased 
with decreasing elevation and distance from moun
tains. 

B. Environmental Restoration (ER) Program 
(Kenneth Rea, Robert Vocke, 
Roger Ferenbaugh, Robert Gonzales, 
Marjorie Martz-Emerson, Betty Perkins, 
and Alan Stoker) 

The DOE facilities operate under a policy of full 
compliance with applicable environmental regulations. 
The DOE's Albuquerque Operations Office (AL) 
Environmental Restoration (ER) Program is being 
implemented to help fulfill that commitment at instal
lations within the AL complex, including facilities in 
California, Colorado, Florida, Missouri, New Mexico, 
Ohio, and Texas. The program assists DOE in setting 
environmental priorities and in justifying funding 
enhancements of existing programs or remedial 
actions. Implementation of the ER Program is being 
accomplished through the combined efforts of the AL 
complex. The Laboratory is providing programmatic 
guidance/management and technical support to AL 
for ER implementation. 

The program is designed to identify, assess, and 
correct existing or potential environmental concerns. 
The scope includes the review of major environmental 
regulations, with emphasis on CERCLA/SARA and 
RCRA. The program includes evaluation of man
agement practices for hazardous substances. 
Additionally, assessment of pollution control of and 
monitoring programs for hazardous substances em
phasizes both adequate understanding of environ
mental pathways and regulatory compliance. Imple
mentation of the ER Program is intended to help fulfill 
DOE's obligations for federal facilities under the 
EPA's CERCLA/SARA. The program was initially 
implemented in five phases (i.e., Installation Assess
ment, Remedial Investigation, Feasibility Study, Re
medial Action, and Compliance and Verification). 
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During 1987, the Phase I reports for Pinellas, San
dia National Laboratories-Livermore and Los Alamos 
National Laboratory were released to the EPA and 
appropriate states. The Phase I reports for the other 
major AL installations were released in 1986. 

Remedial investigation plan (RIP) development 
and remedial investigations proceeded at all eight AL 
installations during 1987. The installation generic 
monitoring plans (IGMPs) that have been prepared 
for each DOE/ AL installation are being tiered to the 
DOE/ AL CERP generic monitoring plan (CGMP), 
which was prepared during 1986. Remedial investiga
tion plans that will be prepared for each AL installa
tion will be tiered to the appropriate IGMP. 

The draft Phase I report for Los Alamos was re
leased to the state of New Mexico and the EPA during 
October 1987. The Laboratory's IGMP will be ready 
for internal review during early 1988. Several site-spe
cific RIPs will be prepared for the Laboratory during 
1988. 

Remedial investigations at Los Alamos during 1987 
consisted of the White Rock Y and the Potrillo 
Canyon studies. Reconnaissance geophysics studies 
were also conducted at TA-21. Additionally, substan
tial information was acquired for preparing site-spe
cific RIPs at TA-21, TA-33, and TA-49. 

C. Vadose Zone Characterization at Areas L and G 
(Alice Barr, Anthony Grieggs, and 
David Mcinroy) 

The Resource Conservation and Recovery Act 
(RCRA) requires that hazardous waste disposal facili
ties such as the Laboratory either (1) perform ground 
water monitoring, or (2) obtain a waiver of ground wa
ter monitoring requirements, provided there is a low 
potential for migration of hazardous waste or con
stituents from the disposal areas to water supply wells 
via the uppermost aquifer. A vadose zone (unsat
urated zone above the main aquifer) characterization 
program was initiated to substantiate the Laboratory's 
request for a ground water monitoring waiver. 

At Areas Land G (TA-54), the uppermost aquifer 
is approximately 300 m (1000 ft) below the surface. 
The zone above the aquifer (the vadose zone) was 
studied to characteriZe its hydrogeology and evaluate 
the potential for contaminant migration. Data were 
collected to determine intrinsic permeability, moisture 
characteristic curves, unsaturated hydraulic conductiv
ity, pore gas distribution, and actual contaminant pres
ence in the vadose zone. Several conclusions were 
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reached from this study, including the following: (1) 
the dominant mechanism of subsurface transport is 
through vapor phase migration--aqueous transport of 
contaminants is highly unlikely; (2) perched water is 
confined to the alluvium in the adjacent canyon and 
does not extend beneath the mesa or connect hydrauli
cally to the main aquifer; (3) some metal contamina
tion exists at shallow depths in Area L; ( 4) organic va
por contamination exists in Areas L and G; (5) no 
contamination was evident in the perched canyon wa
ter; and (6) vertical cooling fractures are present in the 
disposal areas but their ability to transport contami
nants and water has not been determined. A final re
port presenting these findings and the data collected 
was submitted to the NMEID's Hazardous Waste Pro
gram on March 31, 1987. 

The analytical results of this study indicated the 
presence of organic vapor contamination at depths up 
to 30 m (100ft). As a result, the Laboratory has initi
ated a program to determine the vertical and horizon
tal extent of this contamination and appropriate 
remediation, if deemed necessary. The program con
sists of four phases: (1) an initial experimental effort 
to determine the most effective method for monitoring 
hole completion and sampling; (2) an expanded sam
pling and analytical program to delineate the extent of 
contamination; (3) interpretation of results and pro
posal of any necessary remedial action; and ( 4) the 
remediation itself. 

The first phase is now in progress. Four different 
(1 existing, 3 new) borehole completions have been 
sampled. Initial analytical results indicate the new 
sampling technique is more effective in determining a 
concentration gradient. Also, the three new comple
tion methods surpass the existing borehole in sensitiv
ity, ease of installation and cost. Additional sampling 
will be performed to substantiate these findings before 
proceeding to the second phase. 

D. Remedial Investigations at the Proposed White 
RockY Interchange (Lars Soholt, Richard 
Romero Eddie Lujan, John Salazar and 
Thomas Buhl) 

The state of New Mexico is proposing to construct 
an interchange to improve the intersection of State 
Road 4 (SR 4) and the Main Hill Road (Alternate 
SR 4) into the Los Alamos townsite. The DOE in
tends to grant an easement to the state for construc
tion and maintenance of the interchange on DOE
managed lands. The easement area would include 



LOS ALAMOS NATIONAL LABO.RATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

parts of Los Alamos and Lower Pueblo canyons that 
arc known to have residual radioactivity at levels above 
background. This residual radioactivity is the result of 
liquid discharges from TA-2, TA-21, and TA-45. As 
part of DOE's ER Program, the Environmental 
Surveillance Group (HSE-8) carried out an in
vestigation to determine if the lands were suitable for 
release to the state without remedial action to lower 
levels of residual radioactivity. The results of this re
medial investigation indicate that the lands in Los 
Alamos and Lower Pueblo canyons are suitable for 
construction of the White Rock Y interchange without 
need for remedial action. 

Above-background, residual radioactivity in Los 
Alamos Canyon is dominated by cesium-137 (up to 50 
pCi/g) and strontium-90 (up to 13 pCi/g). Uranium 
and transuranics are also present at above-background 
levels, but activity concentrations are lower. These ra
dionuclides have deposited in the alluvial accumulation 
of sediment where the canyon's stream intersects State 
Road 4. Within Lower Pueblo Canyon, plutonium-239 
is the dominant residual radionuclide (up to 15 pCijg), 
and uranium is also present at above-background lev
els. These radionuclidcs have deposited where the 
canyon's stream widens, upstream from its confluence 
with Los Alamos Canyon. 

Transport pathways analyses were carried out using 
conservative scenarios to determine if the levels of 
residual radioactivity indicated that remedial action 
was necessary prior to granting an easement to the 
state. The two scenarios that were considered were: 

- Construction activity in Los Alamos and 
Lower Pueblo canyons; and 

- Removal of soil material for use in a 
home garden. 

Potential pathways of exposure within the construction 
scenario include worker inhalation of dust suspended 
during earth-moving activities and direct exposure to 
gamma radiation from residual cesium-137. Within 
the home garden scenario, it was assumed that mate
rial was removed from the construction site for use as 
garden soil. Potential pathways for exposure of a 
home gardener include direct gamma radiation from 
cesium-137, inhalation of dust suspended during gar
dening activities, ingestion of produce grown in the 
garden, and ingestion of water from a nearby well 
which has received radionuclides leached from garden 
soils. 

For residual radioactivity in Los Alamos Canyon, 
the pathways analyses resulted in a calculated commit-
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ment of 9 mremjyr effective dose equivalent within the 
construction scenario and 29 mrem/yr effective dose 
equivalent within the home-garden scenario. For 
residual radioactivity in Lower Pueblo Canyon, the 
pathways analyses resulted in a calculated commitment 
of 4 mrem/yr effective dose equivalent within the 
construction scenario and 9 mrcm/yr effective dose 
equivalent within the home-garden scenario. All of 
these doses are less than the 100 mrem/yr effective 
dose equivalent commitment that serves as DOE's ra
diation protection standard for protection of the gen
eral public. Maximum concentrations of airborne ra
dionuclides during construction would be less than 
15% of DOE's limits for exposure of the general pub
lic. 

E. Environmental Monitoring at the Fenton 
Hill Site [William Purtymun, Roger Ferenbaugh, 
(HSE-9), Max Maes and Mary Williams (HSE-9)] 

The Laboratory is currently evaluating the feasi
bility of extracting thermal energy from the hot dry 
rock geothermal reservoir at the Fenton Hill 
Geothermal Site (TA-57). The site is located about 45 
km (28 mi) west of Los Alamos on the southern edge 
of the Valles Caldera. The hot dry rock energy con
cept involves drilling two deep holes, connecting these 
holes by hydraulic fracturing, and bringing thermal en
ergy to the surface by circulating water through the 
system. Environmental monitoring is performed adja
cent to the site to assess any impacts from the 
geothermal operations. 

The chemical quality of surface and ground waters 
in the vicinity of TA-57 (Fig. 30) has been determined 
for use in geohydrologic and environmental studies. 
These water quality studies began before construction 
and testing of the hot dry rock system (Purtymun 
1974D). The most recent samples were collected in 
November 1987. 

Surface water stations (13 on the Jemez River, the 
Rio Guadalupe, and their tributaries) are divided into 
four general groups based on the predominate ions 
and TDS (Table 26). The predominate ions are (1) 
sodium and chloride, (2) calcium and bicarbonate, (3) 
calcium and sulfate, and ( 4) sodium and bicarbonate. 
Ground water stations (five mineral and hot springs, 
one well, and five springs) are also grouped according 
to predominate ions. These ions are (1) sodium and 
chloride, (2) calcium and bicarbonate, and (3) sodium 
and bicarbonate (Table 26). 
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Fig. 30. Sampling stations for surface and ground water near the Fenton Hill Site (T A-57). 

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

F. Distribution or Radionuclides in Channel 
Alluvium or Mortandad Canyon [Donald 
VanEtten, William Purtymun, Max Maes, 
and Richard Peters (HSE-9)] 

Trace amounts of radionuclides remammg in ef
fluent are released from the treatment plant at TA-50 
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into the adjacent Mortandad Canyon (Table G-12). 
The effluent recharges a shallow body of ground water 
in the alluvium. The radionuclides in the effluent are 
adsorbed or bound to the sediments in the channel, re
ducing the amount found in the water of the shallow 
aquifer. This shallow aquifer is of limited extent and 
lies within the Laboratory boundary. 

The sediments and radionuclides in the stream 
channel alluvium are subject to transport by additional 
releases of effluent or by storm run-off. The small 
drainage area of the canyon and the ability of the thick 



Table 26. Quality of Surface and Groundwaters at Fenton Hill Geothermal Site 
(concentrations in mg/L) 

November 

Surface Water Groundwater 

!!! ..£L TDS !!! ..£L TDS 

Sodillll Chloride Sodillll Chloride 
Redondo Creek (U) 10 15 126 Loc. JF-1 (Hot Spr) 460 1000 1940 

Jemez River (R) 75 97 436 Loc. JF-5 (Hot Spr) 960 2300 3830 

Jemez River (S) 85 132 388 

Na HC03 TDS Ca HC03 TDS 
- -

Calcillll Bicarbonate 
San Antonio Creek (N) 16 62 141 Calcillll Bicarbonate m r 

Rio Cebolla (T) 10 88 118 FH-1 (Supply Well) 48 117 280 ~0 _CI> 

Rio Guadalupe (Q) 15 170 228 Loc. 39 (Spr) 13 41 52 
:D )> os;;: 

Lake Fork 1 (LF-1) 10 54 132 
z 3: 
3:0 

Lake Fork 2 (LF-2> 17 71 168 ~(/) 
-l z 

Lake Fork 3 (LF-3) 13 50 220 )> )> 
r-l 

\Q Lake Fork 4 (LF-4) 15 72 284 ~6 ...... :D z < )> mr 
Ca so4 TDS Na HC03 TDS ;=s;;: 

- - - s;;:ro 
zO 

Calcillll Sulfate Sodillll Bicarbonate 05j! 
m -l 

Sulphur Creek (V) 52 305 JS-2, 3 (Spr) 456 17 80 160 ~ 0 
<0 :D 

Sulphur Creek (F) 28 66 150 JS-4, 5 (Spr) 17 72 154 g: -< 

Loc. 4 (Spr) 16 55 92 
Loc. 31 (Spr) 11 62 110 
RV-2 (Hot Spr) 22 45 114 
RV-4 (Hot Spr) 52 123 168 
RV-5 (Hot Spr) 20 83 78 

Na Hco3 TDS 

Sodillll Bicarbonate 
Jemez River (J) 16 59 104 

........................................... 

asee Fig. 30 for sampling locations. One sample taken at each location. 
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section of unsaturated alluvium to store the run-off has 
prevented transport to the Laboratory boundary. To 
confine the surface run-off and contaminants within 
the Laboratory, there has been a series of sediment 
traps installed in the canyon since early 1970. The 
traps range from gravel-filled galleries to stilling basins 
that contain suspended solids as well as bed sediment 
(alluvium). 

A storm on June 7, 1987, produced a record 50-
year, 2-hr rainfall of 5.5 em (2.16 in.). The rainfall re
sulted in the largest run-off event in Mortandad 
Canyon since hydrologic studies began in 1960. The 
peak discharge in the upper canyon at gaging station 
GS-1 was estimated to be 4.5 m3 /s (160 ft3 js [cfs]). 
Two other large run-off events occurred in August 
1968 (3.2 m3 js [115 cfs]) and November 1987 (2.9 
m3 js [102 cfs]). The peak discharge at the sediment 
traps of the June 1987 event was about 3 m3 /s (100 
cfs). The run-off filled the two sediment traps and 
overflowed into the third. The estimated volume of 
run-off was 3500 m3 (930 000 gal.). 

A set of sediment samples were collected in the 
canyon on June 16 and analyzed for transuranics and 
gamma emitting radionuclides (Fig. 31). The con
centrations of plutonium and americium above the ef
fluent outfall from TA-50 (stations 1, 2, and A) were 
background (Table 27). The 238Pu concentrations be
tween gaging station GS-1 to station 7 just above the 
sediment trap ranged from 3.3 to 11.7 pCi/g, and the 
239

•
240Pu in the same reach of canyon ranged from 12.2 

GS-1 

to 39.3 pCi/g. The 241Am for this same sampling area 
ranged from 11.72 to 33.81 pCi/g. The largest concen
trations of transuranics in sediments were in sediment 
trap 1 with 18 pCijg of 238Pu, 58.9 pCijg of 239

•
240Pu, 

and 79.50 pCi/g of 241Am. The concentrations de
creased in trap 2 and decreased further in trap 3. All 
of the bed sediments and most of the suspended sedi
ments were retained in trap 1, resulting in higher 
concentrations here than in traps 2 and 3. 

Gamma-emitting radionuclides followed the same 
trends as transuranics (Table 28). The concentrations 
above the effluent outfall were background. The high
est concentrations were for 137 Cs with a range from 
15.3 to 62.9 pCi/g in the channel above the tra~s and 
96.7 ~Ci/g in trap 1. Trace amounts of 134Cs, 5 

•
60Co, 

and Se were found in the channel sediment samples 
with the highest concentrations in the sediment traps. 

The sediments from traps 1 and 2 were analyzed 
using EPA's toxic characteristic leach procedure 
(TCLP) to identify haz.ardous wastes. Analyses were 
carried out for pesticides (8 compounds), extractable 
organics (15 compounds), volatile organics (18 com
pounds), and metal (8 elements). None of these were 
detected. 

Previous run-off events have not been contained in 
the area of the sediment traps. The analyses of sedi
ments below the traps indicated that run-off events had 
carried radionuclides to station 10. Below station 10 
and still within the Laboratory, the concentrations of 
radionuclides were at or below background. The 

0 
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A I 3 45 
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4
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Fig. 31. Sediment sampling stations in Mortandad Canyon. 
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Table 27. Transuranics in Mortandad Canyon 
Channel Alluvium, June 16, 1987a 

238pu 239,240pu 241Am 

Station (pCijg) (pCi/g) (pCi/g) 

Effluent Can1:on 
I 0.012 (0.007) 0.024 (0.011) -0.008 (0.002) 
2 0.011 (0.006) 0.033 (0.0 11) 0.130 (0.050) 
T A-50 Outfall 0.712 (0.058) 1.81 (0.107) 0.970 (0.050) 

Mortandad Can1:on 
A 0.005 (0.009) 0.033 (0.0 1 0) 0.02 (0.002) 
GS-1 3.91 (0.330) 16.2 ( 1.20) 11.72 (0.14) 
3 7.69 (0.580) 17.6 F.30) 16.79 (0.17) 
GS-2 7.00 (0.560) 24.6 1.80) 31.96 (0.24) 
4 7.27 (0.550) 26.2 ( 1.80) 33.81 (0.24) 
4.2 II. 7 (0.070) 39.3 (2.30) 22.08 (0.20) 
4.5 4.69 (0.37) I8.9 ( I.30) I9.85 (0.20) 
4.8 4.26 (0.390) I8.l (1.40) 28.76 (0.22) 
5 7 .1I (0.690) 29.7 (2.20) 20.51 (O.I9) 
GS-3 4.67 (0.450) 20.1 ( 1.60) 22.60 (0.19) 
5.5 5.67 (0.430) 24.5 ( I.60) 27.7I (0.22) 
6 6.29 (0.6IO) I6.2 (1.40) 14.60 (O.I6) 
7 3.30 (O.I7I) 12.2 (0.5I9) I6.53 (O.I7) 
Sediment Trap l I8.2 ( 1.30) 58.9 (3.90) 79.50 (0.40) 
Sediment Trap 2 9.7I (0.750) 35.8 (2.60) 51.42 (0.31) 
Sediment Trap 3 2.06 (O.I26) 7.06 (0.329) I O.II (O.I3) 
3 2.I3 (0.24) 7.I7 (0.64) I2.53 (O.I5) 
8.2 0.105 (O.OI8) 0.399 (0.03 7) 0.56 (0.03) 
IO 0.09 (0.02) 0.33 (0.04) 0.3I (0.03) 
II 0.095 (0.024) 0.330 (0.042) 0.01 (0.002) 
I2 -0.025 (0.0I7) O.OIO (O.OI2) 0.1 (0.0 I) 
13 -0.0 IO (0.011) 0.089 (0.020) 0.8 (0.002) 

------------
aLoca tion of sediment stations shown on Fig. 31; counting uncertainty in parentheses. 

maintenance of the sediment traps is essential to con
tain residual radioactivity within the Laboratory 
boundaries. 

G. Underground Storage Tanks (James White, Alice 
Barr, David Mcinroy, and Steven McLin) 

Subtitle I of the Hazardous and Solid Waste 
Amendments to the Resource Conservation and Re
covery Act has broadened the scope of underground 
tank regulations. Previously, only Subtitle C of RCRA 
regulated those underground tanks that contained haz-
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ardous waste. Subtitle I now brings underground tanks 
that contain regulated substances under RCRA regula
tion. Along with the requirement for EPA to promul
gate specific regulations, several major provisions have 
been included in this new program. Among them are: 
the requirement to notify of existing tanks; the provi
sion granting EPA authority to inspect the test tanks 
and to enforce regulatory requirements through the 
use of administrative orders, injunctions or civil penal
ties; the provision subjecting tanks controlled by the 
federal government to Subtitle I; and the requirement 
to satisfy statutory standards for new tanks. 



Table 28. Radionucl ides in Mortandad Canyon 
Channel Alluviun, June 16, 1987" 

137Cs 134Cs 60co 57 co 75se 
Station (pCi/g) (pCi/g) (pCi/g) (pCi/g) (pCi/g) --

Effluent Canyon 

0.24 (0.10) 0.11 (0.09) 0.07 (0.14) 0.39 (0.21) -o.11 (0.14) 
2 0.005 (0.07) -o.12 (0.09) -o.07 (0.12) 0.02 (0.14) -o.03 (0.09) 
TA·50 OUtfall 0.69 (0.14) 0.28 (0.12) 0.16 (0.13) 1.56 (0.33) 0.71 (0.17) 

Mortandad C&n¥2Q 
m,-

A 0.13 (0.09) 0.03 (0.08) -o.10 (0.11) 0.09 (0.014) 0.003 (0.008) ~g 
15.30 (2.31) 0.83 (0.17) 1. 73 (0.30) 15.60 (2.36) 2.82 (0.44) 

:D)> 
GS·1 ~i 3 30.20 (4.55) 0.25 (0.18) 0.73 (0.20) 8.23 (1.26) 2.13 (0.36) ~0 
GS-2 48.90 (7.36) 0.10 (0.09) 0.40 (0.16) 4.30 (0.69) 2.00 (0.34) ~en 
4 62.90 (9.46) 0.97 (0.18) 0.35 (0.14) 3.52 (0.55) 1.92 (0.31) ~~ 

\Q en-
~ 4.2 31.60 (4.76) 0.34 (0.11) 0.23 (0.17) 3.00 (0.53) 1.27 (0.24) cO 

4.5 37.30 (5.63) 0.56 (0.16) 0.18 (0.17) 1.80 (0.35) 0. 73 (0.17) ~~ 
4.8 43.20 (6.50) 0.78 (0.15) 0.12 (0.12) 1.99 (0.33) 1.33 (0.23) r=~ 
5 23.50 (3.55) 0.29 (0.12) 0.02 (0.15) 1. 75 (0.36) 0.79 (0.18) ~0 
GS-3 39.50 (5.95) 0.84 (0.16) 0.20 (0.12) 1.45 (0.25) 0.76 (0.15) ()~ 

m-t 
5.5 55.40 (8.33) 0.98 (0.19) 0.24 (0.12) 2.08 (0.35) 1.24 (0.23) ~o 

6 53.30 (8.01) 0.16 (0.11) 0.11 (0.16) 1.02 (0.29) 0.21 (0.12) ~ ~ 
7 29.70 (4.48) 0.34 (0.10) -o.18 (0.12) 0.85 (0.21) 0.34 (0.12) 
Sediment Trap 1 96.70 (19.5) 0.24 (0.12) 1.36 (0.26) 11.70 (1.79) 7.64 (1.17) 
Sediment Trap 2 96.50 (14.5) 1.68 (0.28) 0.71 (0.18) 5.52 (0.85) 3.41 (0.52) 
Sediment Trap 3 15.10 (2.29) 0.16 (0.10) -o.19 (0.14) 1.37 (0.36) 0.61 (0.17) 
B 27.40 (4.13) 0.37 (0. 16) 0.21 (0.19) 0.70 (0.32) 0.38 (0.19) 
8.2 3.12 (0.48) 0.29 (0.10) -o.14 (0.13) 0.48 (0.21) 0.07 (0.14) 
10 1.60 (0.26) 0.23 (0.11) -o.09 (0.14) 0.66 (0.22) 0.16 (0.14) 
11 0.46 (0.13) 0.02 (0.08) -o.27 (0.14) -o.06 (0.12) 0.09 (0.09) 
12 0.63 (0.15) 0.19 (0.11) -o.20 (0.14) 0.66 (0.24) 0.01 (0.12> 
13 0.23 (0.08) -o.o8 <0.09> -o.o5 co.12> -o.16 (0.14) 0.09 (0.09) 

......................................... 

8 Location of sediment stations shown in Fig. 31; counting uncertainty in parentheses. 
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In response to these requirements, underground 
storage tanks at the Laboratory were inventoried and 
the results submitted to New Mexico's EID. Leak test
ing was conducted on 27 of the 105 tanks subject to 
Subtitle I, and several leaking tanks were found. The 
major leaks were corrected. Further mitigation will be 
implemented as the need is identified in development 
of a tank management plan. An underground storage 
tank management program is currently being devel
oped that will provide background information, de
scriptions of the tank population and associated regu
latory requirements, a leak detection program, and a 
software package to facilitate data manipulation. 

For new USTs installed after 1988, there is little 
difference between the newly proposed and existing 
regulations regardless of the substance stored. These 
requirements basically mandate design and construc
tion standards, secondary containment provisions, cor
rosion protection, leak detection monitoring, and spill 
and overfill control. However, for existing USTs that 
hold regulated substances under Subtitle I of RCRA, 
there are some important differences: (1) a ten-year 
transition period during which existing USTs must be 
upgraded to new UST standards or removed from ser
vice; (2) a three to five year period during which exist
ing USTs must be retrofitted with corrosion protection 
and spill prevention safeguards; and (3) a regulatory 
exemption for all USTs that are contained within an 
underground vault, or otherwise having complete sec
ondary containment. This last provision in the pro
posed rules was the main driving force behind the de
velopment of a vault design concept for all new USTs 
at the Laboratory below. 

During 1987, 32 inactive USTs that were used to 
store petroleum products were identified at the labo
ratory. The majority of these tanks were installed in 
the mid-1940s. These tanks were prioritized for re
moval according to age, tank size, and overall envi
ronmental concerns. Residual fuels in these tanks 
were removed by pumping and sold to a recycling firm 
in Albuquerque after being tested to verify their 
chemical composition. Complete removal of the first 
nine of these tanks began in August 1987 and included 
the removal of the tank, all associated piping, and any 
contaminated soils which might have been affected by 
leaking hydrocarbons. These excavated materials were 
then decontaminated before final off-site landfill dis
posal. Two leaded gasoline and seven diesel fuel tanks 
were completely removed by late October. A sum
mary of these tanks is shown in Table 29. 
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During the remainder of 1987, the other twenty
three abandoned USTs were emptied of their contents. 
Pan Am World Services has estimated the costs of re
moving these twenty-three USTs at approximately 
$10,000 per tank; during FY 1988 Pan Am will con
tinue removal operations as funding permits. 

H. PCB Inventory at the Laboratory (Roy Bohn) 

In order to comply with federal, state, and Labo
ratory environmental regulations, the Laboratory's En
vironmental Surveillance Group (HSE-8) coordinated 
a Laboratory-wide program to inventory and label 
polychlorinated biphenyls (PCBs). 

A PCB hotline was installed and operated by HSE-
8 personnel to record any messages or questions 
regarding PCB contaminated items owned or operated 
by any user group throughout the Laboratory. Each 
division appointed a PCB representative whose 
responsibilities included notifying HSE-8, through the 
PCB hotline, of any equipment owned or operated by 
the division that contained or was suspected to contain 
PCBs. 

Once notified of equipment containing or sus
pected of containing PCBs, HSE-8 sampled the equip
ment and submitted the samples to the Laboratory's 
Health and Environmental Chemistry Group (HSE-9) 
for PCB analysis. The analytical results along with 
other information on sample origin (i.e., location and 
type of equipment) are entered into the HSE-8 com
puter data base. The equipment is then labeled either 
as containing PCBs (in concentrations found present) 
or as containing no PCBs. 

The HSE-8 computer data base contains data on 
931 samples analyzed for PCBs in 1987. 

I. Biomonitoring of the Laboratory's Liquid Effiu
ents (Roy Bohn and Charles Nylander) 

HSE-8 has initiated a biomonitoring program at 
the Laboratory in support of its NPDES program. 
Biomonitoring is used as a strategy to evaluate the 
overall toxic impact of effluents without specifically 
identifying individual contaminants. 

With over 100 NPDES permitted outfalls at the 
Laboratory, consistent monitoring of each effluent is 
not feasible. Outfalls were segregated into nine basic 
categories according to wastewater source. Biomoni
toring samples are collected from one representative 
outfall of each category. Biomonitoring assays using 
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Table 29. Summary of Underground Petroleum Storage Tanks 
Remol'ed in 1987 

Tank Structure Size 
Number (&allons) 

TA-3-318 5,000 
TA-6-47 2,000 
TA-8-60 2,000 
TA-8-61 2,000 
TA-15-52 6,000 
TA-15-274 218 
T A-16-16 1,000 
TA-16-196 4,000 
TA-52-12 400 

Daphnia pulex as a test organism are conducted for 
each representative effluent and LC50 values are cal
culated. To date each outfall has been sampled three 
times and preliminary results indicate that overall wa
ter quality of effluents is good. Biomonitoring sam
pling will continue in 1988. 

J. National Atmospheric Deposition Program 
(NADP) Network Station (David Nochumson 
and Michael Trujillo) 

Group HSE-8 operates a wet deposition station 
that is part of the NADP Network. The station is lo
cated at the Bandelier National Monument. Composi
tion precipitation samples are collected on a weekly 
basis. The samples are initially weighed and analyzed 
for pH and conductivity before being sent out for the 
analysis of the composition of ionic species. The sam
ples are sent out for analysis to a laboratory located at 
Colorado State University. Summary statistics of the 
data for the four latest completed quarters are pre
sented in Table G-67. 

The magnitude of the ionic species deposition was 
generally highest in the third quarter of 1987 and low
est during the second quarter of 1987. The amount of 
precipitation was also lowest during the second quarter 
of 1987. The amount of deposition is quite variable. 
This variation reflects the variability in the cleanliness 
of the atmosphere that the storm clouds have 
contacted. The ions in the rainwater are from nearby 
and distant as well as manmade and natural sources. 
High nitrate and sulfate deposition are most likely 
from manmade sources (motor vehicles, copper 
smelters, and power plants). 
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Substance Stored 

Diesel 
Diesel 
Diesel 
Diesel 
Diesel 
Leaded Gasoline 
Diesel 
Leaded Gasoline 
Diesel 

The natural pH of the rainfall, without manmade 
contribution, is unknown. The natural pH is most 
likely higher than 5.6, for rainwater in equilibrium with 
atmospheric carbon dioxide because of the contribu
tion from alkaline soils. For the latest 4 quarters, all 
but two of the weekly samples had pHs below 5.6, 
which indicates contributions from acidic species other 
than carbon dioxide. 

K. Vadose Zone Characterization at TA-16, Area P 
(Steven McLin, David Mcinroy, and Anthony 
Grieggs) 

The hydrologic transmitting characteristics of the 
vadose zone in Area P are presently under detailed in
vestigation. These efforts will support the ground wa
ter monitoring waiver that was requested in December 
1987 as required under 40 CFR 265, Subpart F. This 
waiver must demonstrate that there is low potential for 
migration of hazardous wastes or their components 
from the landfill via the uppermost aquifer to water 
supply wells or to surface water in Canon de Valle. 
Based on currently available information, major poten
tial migratory pathways from the landfill include (in 
decreasing order of importance): (1) surface erosion 
into Canon de Valle waters and subsequent sediment 
transport; (2) shallow percolation into the underlying 
unsaturated tuff with hydraulic interconnection to the 
surface stream; and (3) deep percolation to the major 
freshwater aquifer. Soluble barium nitrate is the ma
jor contaminant of concern, although other substances 
may also be present in the landftll. During a Decem
ber 1987 survey of locations adjacent to the landfill, 
barium concentrations did not exceed 3 mg/L; in the 



LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

past, barium concentrations have occasionally ex
ceeded 100 mg/L. 

Five neutron moisture access wells and nine ground 
water monitoring wells were installed around the land
fill in 1987. Additional boreholes were also located ap
proximately 240 m (800 ft) south to verify suspected 
stratigraphic unit correlations within the unsaturated 
Bandelier Tuff and to obtain continuous core samples 
from a third borehole for laboratory testing. A thin 
veneer of alluvium (i.e., locally less than 1.5 m (5 ft) 
has been deposited on the floor of Canyon de Valle; 
however, the entire landfill site is underlaid by the 
Bandelier Tuff. Two major lithologic subunits were 
identified at Area P, based on degree of welding. The 
uppermost subunit varies in thickness from about 40 to 
60 m (140 to over 200 ft) and consists of unsaturated, 
friable to moderately welded, yellowish-brown tuff. 
The lower subunit is also unsaturated, and consists of a 
densely welded, grey tuff. The top of the major fresh
water aquifer is estimated to be between 240 and 370 
m (800 and 1200 ft) below the surface of Area P. 

Continuous core samples were recovered from well 
P-16A, located immediately south of the western por
tion of the Area P landfill. Total borehole depth was 
about 25 m (80 ft); this test hole was converted to a 
neutron moisture access well when 2.5-in. aluminum 
casing was set. Laboratory testing on selected core 
segments included a determination of saturated hy
draulic conductivity utilizing both a constant and 
falling head procedure, moisture retention character
istics using the hanging column and pressure plate ap
paratuses, initial gravimetric and volumetric moisture 
contents, bulk density, porosity, and unsaturated hy
draulic conductivity as a function of both negative pore 
pressure head and volumetric moisture content. This 
information will be utilized in a numerical simulation 
of potential barium migration from the landfill through 
these upper Bandelier Tuff units in order to evaluate 
the likelihood deep ground water contamination. A 
detailed water balance computation and sediment ero
sion characterization study for Canon de Valle will 
complete the efforts required under the waiver re
quest. 

L. Environmental Studies ofTA-49 (William 
Purtymun, Alan Stoker, and Max Maes) 

From 1959 to 1961, hydronuclear experiments were 
conducted in underground shafts at the Laboratory's 
TA-49. Area TA-49 is located on Frijoles Mesa in the 
southwest corner of the Laboratory between TA-28 
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and TA-33 (Fig. 4). These experiments involved a 
combination of conventional (chemical) high explo
sives, usually in a nuclear weapon configuration, and 
fissile material whose quantity was reduced far below 
the amount required for a nuclear explosion. A total 
of 35 hydronuclear experiments and 9 related equa
tion-of-state and criticality experiments, all involving 
some fissile material, were conducted. Other experi
ments involving high explosives, but no fissile materi
als, were conducted through the same period. 

A total of about 41 kg (90 lb) of plutonium, 93 kg 
(200 lb) of enriched uranium, 82 kg (180 lb) of de
pleted uranium, and 15 kg (33 lb) of beryllium was uti
lized. These materials were dispersed in the bottoms 
of the shafts by detonation of the conventional 
(chemical) high explosives. 

Some plutonium contamination was measured at 
the surface in one experimental area in December 
1960 and was traced to cuttings from a shaft drilled 
during October and November. Plutonium had appar
ently been dispersed through fractures in the tuff by 
the detonation of an experiment in an adjacent, experi
mental shaft. All surface soil contamination ascertain
able by standard procedures and instruments of the 
time was cleaned up and placed back in the shaft from 
which it originated (Purtymun 1987B). 

Three deep test wells (DT-5A, DT-9, and DT-10) 
are drilled from the surface of the mesa at TA-49 into 
the main aquifer of the Los Alamos area (Fig. 23). 
The depth to the main aquifer is about 360m (1200 ft). 
There is no water perched in beds between the surface 
of the mesa and top of main aquifer. The chemical 
and radiochemical quality of water from these wells 
indicated no contamination from activities at T A -49 
(Sec. VI). 

Eleven sediment surface stations were established 
in 1972 in natural drainage from the experimental ar
eas. A twelfth station was added in 1981 as the 
drainage was changed (Fig. 32). Samples collected in 
1986 and 1987 indicated sediments at Station A-3 con
tained plutonium concentrations in excess of back
ground (Table G-68). The concentrations are below 
cleanup levels (100 pCi/g) and are from the chemistry 
building (removed) at Area 11. The 3H, 137Cs, total U 
and gross gamma analytical results were at or near 
background levels. 

Sediments from the twelve stations were analyzed 
for chemical constituents extracted from sediments 
downgradient from the experimental area (Fig. 31). 
The results of the analyses indicated constituents were 
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below limits of detection or EP toxic criteria con
centrations where applicable (Table G-69). 

M. Quality of Surface and Ground Water Adja
cent to the Los Alamos National Laboratory: 

Storm run-off samples were taken from four sta
tions in late August and early September. The 137Cs 
and plutonium in solution and plutonium in suspended 
sediments were at or below background indicating no 
detectable transport in storm run-off (Table G-70). 

The chemical quality of the run-off contained only 
naturally occurring constituents (Table G-71). 
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Organic Compounds (William Purtymun, 
Roger Ferenbaugb, and Max Maes) 

Surface and ground water samples were collected 
from 43 stations representing the major occurrences of 
natural and municipal water and industrial and sani
tary effluents in the Los Alamos area (Fig. 33). The 



tJ2JJ 

5200 

S3JO 

WIOO 0 

LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

::100 E200 E300 

-----._, 

0 .....-FS-4 

E400 E500 E600 

~::-G-1 
~ ~-. .· 
'··-~~ O~ .. PUEBLO 1 T~· .. ------... _ _ _ '. SACRED S~RING \ 

, . 0 cJ>-N,~-···-~ \ PUEBLbr- l ~ .. ~ r 
~./· ACIDWEiR FS~--2 1 -~·------... I '-?- ... ~ I 

LOSAL~MO ;:tJ~~ ~~- ::J.--r-- ... '----.-~~~r'·~LA-18~·· / 
RESERVOIR FS-1 sc&:~ ~LA~~s-::/ ::::::_LA0-3 ~~TW-1 A ~ OTOWI-

'-- --- ::;:-,-W-8 - TW-3 ·~ 1Yt:.1~....._ l . ,.-<( LA-5 ~ 
----~-'lv. MC0-3~·~~ LA0-4.5 f .........., LOS ALAMOS LA MESITA 

) ·, '~l?t?: MC0-~~1"¢._ ~~-~ .. .-PM-1 / CANYON } SPRING 
FS-5 -.__ ~ --S3ANYON C0-5 '-:_~~ ~L SA,"" BASALT SPRING 

) ~ --... ~~MC0-6 ~ - .ff, "--- Ot-4 +--.1 U CANADA DEL BUt)<:: PM-4~\...__ ----;, 01?)': --_- ~-'~'vr, 1 

't-WATER CANYON "-.,\..._··-~'v-'lo-'1 ~ -'~'vo-'lo -'\~0'v 
.. -1 '· "" 0~ ""( "-
l~ ~ .. '- '---.. "-.... ...___,......., l.. &u '----- CANYON 

-"" --.__ .......__ ... - '- '""'\ ~·- CAN '---'- ··=---- ·- ·~ I-'ll .. '--. '-··· • .:.._.. YO!:i 
-, DT-~A'- --._, -1.,.~1? \~ "-_ ~. ~ ~ ~ 

~ 0 Q- ·~-1'vr. ·. ..1( 'FS-3 ~· 
\ "--- DT-10 · ---.....0 'v ~. ~ .__r- g 

\ '--. -1~ \..._ ""·( "-- ~ £> 1 LEGEND 
~ ' \,_ (\~ [_,. ··~ I Q" "" ----=:=~'-------

-----..... ~!?tv; "'-.. ~ 0'1. "\. '\ e SUPPLY WELL 

LABOR A TORY AREA 
0 

~ 0l..~.S '~ '1t;..01- ."-. ~, • SUPPLY GALLERY 

l
~'vY, (""'- ·~ • SURFACE WATER 
~ --..__ 0 TEST WELL 

,.........-'4 '\ " c._.. <t> OBSERVATION WELL 

FRIJOLES\ \ -4 SPRING 

\ \ 
0 DISTRIBUTION, 

FIRE STATION 

2 3 4 km \ 

Fig. 33. Surface and ground water locations sampled for organic analyses. 

samples were analyzed for volatile organics (35 com
pounds), semi-volatile organics (65 compounds), BNA 
fraction, pesticides (20 compounds), herbicides (3 
compounds), polychlorinated biphenyls (7 com
pounds), and cyanides. The investigation was made to 
investigate possible areas of organic contamination for 
further study; however, the impact of organic contami
nation in surface and ground water is minimal. A lim
ited program of organic monitoring will be incorpo
rated into the annual surveillance of surface and 

ground water in and adjacent to the Laboratory at Los 
Alamos (Purtymun 1988). 

N. Radiation Levels from LAMPF Emissions (Brent 
Bowen, William Olsen, I-Ii Chen, and Donald 
VanEtten) 

The monitoring network of high-pressure ioniza
tion chambers (HPICs) used to measure external radi
ation from LAMPF emissions was expanded to seven 
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units during 1987. Three HPICs continued to monitor 
external radiation levels north, north-northeast, and 
northeast of I.AMPP, across the Los Alamos Canyon 
during most of the LAMPP operating cycle, June 
through November. The other four units were placed 
at various locations for shorter periods of time. Loca
tions included Kwage Mesa (2.0 km [1.2 mi] north of 
LAMPP), Bayo sewage treatment plant (2.3 km [1.4 
mi] northeast of I.AMPP in Bayo Canyon), locations 
north-northwest and east-northeast of LAMPP across 
Los Alamos Canyon, 0.8 km (0.5 mi) east of LAMPP, 
0.5 km (0.3 mi) northwest of LAMPP in Los Alamos 
Canyon, sites 1.2-2.6 km (0.7-1.6 mi) south to south
west of I.AMPP on mesas, and a site west-southwest of 
LAMPP in Mortandad Canyon. Most of the siting 
took advantage of the high frequency of south to 
southwesterly and north to northeasterly winds caused 
by Rio Grande Valley channeling. 
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Results to date confirm that the highest external ra
diation levels are transported toward the northeast and 
north-northeast. However, the highest short-term (an 
hour or so) levels of over 100 1-1R/hour were found 
east of LAMPP, with over the mesa transport. Higher 
short-term levels were also found north of LAMPP. 
External radiation dropped off by 50% or so with in
creases in downwind distance of 0.8-2.0 km (0.5-1.2 
mi). Above-background external radiation was de
tected at all canyon sites, especially in Los Alamos 
Canyon, at 0.5 km (0.3 mi) downwind. Radiation lev
els occasionally exceeded 50-60 f.LR/h at this site. 
Much of these levels may be a result of shine of the 
LAMPP plume traveling overhead. Predicted external 
radiation levels using on-site meteorological data and 
release data agree well with measured concentrations 
at all sites. 
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APPENDIX A 

STANDARDS FOR ENVIRONMENTAL CONTAMINANTS 

Throughout this report, concentrations of ra
dioactive and chemical constituents in air and water 
samples are compared with pertinent standards and 
guidelines in regulations of federal and state agencies. 
No comparable standards for soils, sediments, and 
foodstuffs are available. Laboratory operations arc 
conducted in accordance with directives and proce
dures regarding compliance with environmental stan
dards. These directives arc contained in DOE Orders 
5480.1B (Environmental Protection, Safety, and 
Health Protection Program for DOE Operations), 
5480.1 (Environmental Protection, Safety, and Health 
Protection Standards) and 5480.11 (Requirements for 
Radiation Protection); and DOE Order 5484.1 
(Environmental Radiation Protection, Safety, and 
Health Protection Information Reporting Require
ments), Chapter III (Effluent and Environmental 
Monitoring Program Requirements). All of these 
DOE orders are being revised. 

The DOE regulates radiation exposure to the pub
lic and the worker by limiting the radiation dose 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 
caused by inhalation, ingestion, or absorption of such 
radionuclidcs. This involves integrating the dose re
ceived from radionuclides over a standard period of 
time. For this report, 50-yr dose commitments were 
calculated using dose factors from Reference Al. The 
dose factors adopted by DOE are based on the recom
mendations of Publication 30 of the International 
Commission on Radiological Protection (ICRP).A2 

Those factors used in this report are presented in Ap
pendix D. 

In 1985, DOE adopted interim limits that lowered 
its Radiation Protection Standard (RPS) for members 
of the general public.A3 Table A-1 lists currently 
applicable RPS for operations at the Laboratory. 
Concentrations of radionuclides that arc measured at 
on-site stations are compared with DOE's Concentra
tion Guides (CGs) for Controlled Areas as listed in 
DOE Order 5480.1, Chapt. 11 (Table A-2). Off-site 
measurements are compared with DOE's Derived 
Concentration Guides (DCGs) for Uncontrolled Ar
eas, based upon a revised RPS for the general public 
of 100 mrcm/yr effective dose equivalcnt.A4 These 
DCGs represent the smallest estimated concentrations 
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in water or air, taken in continuously for a period of 50 
yr, that will result in annual effective dose equivalents 
equal to the RPS of 100 mrcm. The new RPSs and the 
information in Reference Al arc based on recommen
dations of the ICRP and of the National Commission 
on Radiation Protection and Measurements 
(NCRP).A2,A3.A4 

The effective dose equivalent is the hypothetical 
whole-body dose that would result in the same risk of 
radiation-induced cancer or genetic disorder as a given 
exposure to an individual organ. The effective dose is 
the sum of the individual organ doses, weighted to ac
count for the sensitivity of each organ to radiation-in
duced damage. The weighting factors are taken from 
the recommendations of the ICRP. The effective dose 
equivalent includes dose from both internal and exter
nal exposure. 

Radionuclidc concentrations in air and water in un
controlled areas measured by the Laboratory's surveil
lance program arc compared to DCGs in this report. 
In addition to the 100 mrcm/yr effective dose RPS, ex
posures from the air pathway are also limited by the 
EPA's standard of 25 mrcmjyr (whole body) and 75 
mrcm/yr (any organ) (Table A-1). To demonstrate 
compliance with these standards, doses from the air 
pathway arc compared directly with the EPA dose lim
its. 

For chemical constituents in drinking water, stan
dards have been promulgated by the EPA and adopted 
by the New Mexico Environmental Improvement Divi
sion (Table A-3). The EPA's primary Maximum 
Contaminant Level (MCL) is the maximum permissi
ble level of a contaminant in water that is delivered to 
the outlet of the ultimate user of a public water sys
tem.A7 The EPA's secondary water standards control 
contaminants in drinking water that primarily affect es
thetic qualities associated with public acceptance of 
drinking water.A8 At considerably higher con
centrations of these contaminants, health implications 
may arise. 

Radioactivity in drinking water is refulated by EPA 
regulations contained in 40 CFR 141.A These regula
tions provide that combined 226Ra and 228Ra may not 
exceed 5 x w·9f.!CifmL. Gross alpha activity (including 
226Ra, but excluding radon and uranium) may not ex
ceed 15 x w·9f.!Ci/mL. 
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Table A-1. DOE Radiation Protection Standards for 
External and Internal Exposures 

Exposure of Any Member of the Publica 

I. All Pathways 

Occasional annualc exposure 
Prolonged annualc exposure 

No individual organ shall 
receive an annual dose 
equivalent in excess of 
5000 mrem. 

2. Air pathway onlyd 

Whole body dose 
Any organ 

Annual Effective Dose Equivalentb at 
Point of Maximum Probable Exposure 

500 mrem 
100 mrem 

Annual Dose Equivalent at Point of 
Maximum Probable Exposure 

25 mrem 
75 mrem 

Occupational Exposuresa 

Type of Exposure 

Whole body, head and trunk, 
gonads, lens of the eyee, 
red bone marrow, active 
blood forming organs 

Unlimited area of the skin 
(except hands and forearms); 
other organs, tissues, and 
organ systems (except bone) 

Bone 

Forearms! 

Hands and feetf 

Exposure Period 

Year 
Calendar Quarter 

Year 
Calendar Quarter 

Year 
Calendar Quarter 

Year 
Calendar Quarter 

Year 
Calendar Quarter 

108 

Dose Equivalent 

5 000 mrem 
3 000 mrem 

15 000 mrem 
5 000 mrem 

30 000 mrem 
10 000 mrem 

30 000 mrem 
10 000 mrem 

75 000 mrem 
25 000 mrcm 
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Table A-1 (coot) 

aln keeping with DOE policy, exposures shall be limited to as small a fraction of 
the respective annual dose limits as practicable. These Radiation Protection 
Standards apply to exposures from routine Laboratory operation, excluding 
contributions from cosmic, terrestrial, global fallout, self-irradiation, and medical 
diagnostic sources of radiation. Routine operation means normal, planned 
operation and does not include actual or potential accidental or unplanned releases. 
Exposure limits for any member of the genc;:ral public are taken from Reference 
A3. Limits for occupational exposure are taken from DOE Order 5480.11. 

bAs used 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. 
cFor the purposes of DOE's Radiation Protection Standard, a prolonged exposure 
will be one that lasts, or is predicted to last, longer than 5 years. 

dThese levels are from EPA's regulations promulgated under the Clean Air Act(40 
CFR 61, Subpart H). 
eBeta exposure below 700 keY will not penetrate the lens of the eye; therefore, the 
applicable limit for beta radiation of these energies would be that for skin, 15 000 
mrem/year. 
fAll reasonable effort should be made to keep exposure of forearms and hands 
within the general limit for skin. 
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Table A-2. DOE's Derived Concentration Guides (DCG) for Uncontrolled Areas and 
Concentration Guides (CG) for Controlled Areas (}.!.Ci/mL)a 

Nuclide 

U, naturale 

DCGs for 
Uncontrolled Areas 
Air Water 

X 10·7 

5 X 10-8 

3 X 10-10 

9 X 10-12 

4 X 10-10 

9 X 10-U 
I X 10-13 

1 X 10-13 

3 X 10-14 

2 X 10·14 

2 X 10-14 

2 X 10-14 

I X 10+5 

2 X 10-3 
I X 10-3 

2 X 10-5 

I X 10-6 

3 X 10-6 

5 X 10-7 

6 X 10-7 

6 X 10-7 

4 X 10-7 

3 X 10-7 

3 X 10-7 

6 X 10-7 

(mg/L) 

8 X 10-1 

CGs for 
Controll Areas 

Air Water 

5 X 10-6 X 10-1 

I X 10-6 5 X 10-2 

3 X 10-8 3 X 10-4 

I X 10-9 1 x 10-5 

1 X 10-8 4 X 10-4 

1 X 10-10 1 X 10-4 

I X 1 o-1o 1 x 10-4 
7 X 10-u 2 X 10-5 

2 X 1 o-12 1 X 10-4 

2 X I o-12 I X 10-4 

2 X 1 o-12 1 X 10-4 

6 X 10-12 1 X 10-4 

(pg/m3) (mg/L) 

2 X 10+8 6 X 10+1 

aGuides for uncontrolled areas are based upon DOE's Radiation Protection Standard 
(RPS) for the general public;A5 those for controlled areas are based upon 
occupational RPSs for DOE Order 5480.11. Guides apply to concentrations in excess 
of those occurring naturally or due to fallout. 

bGuides for 239Pu and 90Sr are the most appropriate to usc for gross alpha and gross 
beta, respectively. 

cone curie of natural uranium is equivalent to 3000 kg of natural uranium. 
Therefore, uranium masses may be converted to DOE's "uranium special curie" by 
multiplying by 3.3 x 10-13 flCi/pg. 
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Table A-3. Maximum Contaminant Level (l\ICL) in Water Supply for 
Inorganic Chemicals and Radiochemicalsa 

Inorganic Chemical 
Contaminant 

Ag 
As 
Ba 
Cd 
Cr 
Fe 

Hg 
N03 (as N) 
Pb 
Se 

Cl 
Cu 
Fe 
Mn 
so. 
Zn 
TDS 
pH 

MCL Radiochemical 
(mg/L) Contaminant 

Primary Standard 

0.05 
0.05 Gross alpha b 

1 3H 

0.010 238Pu 

0.05 239Pu 

2.0 
0.002 

10 
0.05 
0.01 

Secondary Standards 

250 
1 
0.3 
0.05 

250 
5.0 

500 
6.5 - 8.5 

aSource: References A 7 and A8. 

MCL 
(uCi/mL) 

15 X 10-9 

20 X 10-6 

15 X 10-9 

15 X 10-9 

hsee text for duscussion of application of gross alpha MCL and gross beta 
screening level of 5 x 1 o-9 IJCi/mL. 
cBased on annual average of the maximum daily air temperature of 14.7 to 17.6°C. 

lll 
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A screening level of 5 x 10-9 Ci/mL is established 
to determine when analysis specifically for radium iso
topes is necessary. In this report, plutonium concen
trations are compared with the gross alpha standard 
for drinking water (Table A-3). For manmade beta 
and photon emitting radionuclides, drinking water 
concentrations are limited to concentrations that 
would result in doses not exceeding 4 mremjyr, calcu
lated according to a specified procedure. 

The EPA established minimum concentrations of 
certain contaminants in a water extract from wastes for 
designation of these wastes as hazardous by reason of 
toxicity.A9 The Extraction Procedure (EP) must fol
low steps outlined by EPA in 40 CFR 261, Appendix 
II. In this report, the EP toxicity minimum concentra
tions (Table A-4) are used to compare to concentra
tions of selected constituents in extracts from the 
Laboratory's active waste areas. 
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Table A-4. Minimum Concentrations of 
Inorganic Contaminants for Meeting 

EPA's Extraction Procedure (EP) 
Toxicity Characteristic 
for Hazardous Wastea 

Contaminant 

Arsenic 
Barium 
Cadmium 
Chromium 
Lead 
Mercury 
Selenium 
Silver 

asource: Reference A9. 

Criteria 
Concentration 

(mg/L) 

5.0 
100.0 

1.0 
1.0 
5.0 
0.2 
1.0 
5.0 

tor, Office of Environmental Guidance, U.S. 
Department of Energy (February 28, 1986). 

A5. U.S. Environmental Protection Agency, 
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APPENDIX B 

PROCEDURES FOR SAMPLING, DATA HANDLING, 
AND QUALITY ASSURANCE 

A. Thermoluminescent Dosimeters 

The thcrmoluminescent dosimeters (TLDs) used at 
the Laboratory are lithium fluoride (LiF) chips, 6.4 
mm square by 0.9 mm thick. The TLDs, after being 
exposed to radiation, emit light upon being heated. 
The amount of light is proportional to the amount of 
radiation to which the TLD was exposed. The TLDs 
used in the Laboratory's environmental monitoring 
program arc insensitive to neutrons, so the contribu
tion of cosmic neutrons to natural background radia
tion is not measured. 

The chips are annealed to 400°C (752°F) for 1 h 
and then cooled rapidly to room temperature. This 
followed by annealing at 100°C (212°F) for 1 h and 
again cooling rapidly to room temperature. In order 
for the annealing conditions to be repeatable, chips arc 
put into rectangular borosilicate glass vials that hold 48 
LiF chips each. These vials are slipped into a borosili
cate glass rack so they can be placed at once into the 
ovens maintained at 400°C and 100°C. 

Four LiF chips constitute a dosimeter. The LiF 
chips arc contained in a two part threaded assembly 
made of an opaque yellow acetate plastic. A calibra
tion set is prepared each time chips are annealed. The 
calibration set is read at the start of the dosimetry cy
cle. The number of dosimeters and exposure levels are 
determined for each calibration in order to efficiently 
use available TLD chips and personnel. Each set 
contains from 20 to 50 dosimeters. These are irradi
ated at levels between 0 mR and 80 mR using an 8.5 
mCi 137Cs source calibrated by the National Bureau of 
Standards. 

A factor of 1 rem (tissue) = 1.050 mR is used in 
evaluating the dosimeter data. This factor is the recip
rocal of the product of the rocntgcn-to-rad conversion 
factors of 0.958 for muscle 137Cs and of 0.994, which 
corrects for attenuation of the primary radiation beam 
at electronic equilibrium thickness. A rad-to-rem con
version factor of 1.0 for gamma rays is used as rec
ommended by the International Commission on 
Radiation Protcction.81

•
82 A method of weighted least 

squares linear regression is used to determine the rela
tionship between TLD reader response and dose 
( 'h' f . h . ) 83 we1g tmg actor IS t e variance . 
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The TLD chips used are all from the same pro
duction batch and were selected by the manufacturer 
so that the measured standard deviation in 
thermoluminescent sensitivity is 2.0 to 4.0% of the 
mean at a 10 R exposure. At the end of each field cy
cle, whether calendar quarter or the Los Alamos Me
son Physics Facility operation cycle, the dose at each 
network location is estimated from the regression 
along with the regression's upper and lower 95% con
fidence limits at the estimated value. 84 At the end of 
the calendar year, individual field cycle doses are 
summed for each location. Uncertainty is calculated 
as summation in quadrature of the individual 
uncertainties. 83 

Further details are provided in the TLD quality as
surance project plan.85 

B. Air Sampling 

Samples are collected monthly at 26 continuously 
operating stations.86 Air pumps with flow rates of 
about 3 L/sec arc used. Airborne aerosols are col
lected on 79 mm diameter polystyrene filters. Each 
filter is mounted on a cartridge that contains charcoal. 
This charcoal is not routinely analyzed for radioactiv
ity. However, if an unplanned release occurs, the 
charcoal can be analyzed for any 1311 it may have col
lected. Part of the total air flow is passed through a 
cartridge containing silica get to absorb atmospheric 
water vapor for tritium analyses. Air flow rates 
through both sampling cartridges are measured with 
rotameters and sampling times recorded. The entire 
air sampling train at each station is cleaned, repaired, 
and calibrated as-needed. 

Two clean, control filters arc used to detect any 
possible contamination of the 26 sampling filters while 
they are in transit. The control filters accompany the 
26 sampling filters when they are placed in the air sam
plers and when they are retrieved. The control filters 
are analyzed for radioactivity along with the 26 sam
pling filters. Analytical results for the control filters 
are subtracted from the appropriate gross results to 
obtain net data. 

At one on-site location (N050 E040), airborne ra
dioactivity samples are collected weekly. Airborne 
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particulate matter on each ftlter is counted for gross 
alpha and gross beta activities, which help trace 
temporal variations in radionuclide concentrations in 
ambient air. The same measurements are made 
monthly on a filter from the Espanola (Station 1) re
gional air sampler. 

On a quarterly basis, the monthly ftlters for each 
station are cut in half. The filter halves are combined 
to produce two quarterly composite samples for each 
station. The first group is analyzed for 238Pu, 
239

•
240Pu, and 241Am (on selected ftlters). The second 

group of ftlter halves is saved for uranium analysis. 
Filters from the first composite group are ignited in 

platinum dishes, treated with HF-HN03 to dissolve 
silica, wet ashed with HNOfH202 to decompose or
ganic residue, and treated With HN03-HC1 to ensure 
isotopic equilibrium. Plutonium is separated from the 
resulting solution by anion exchange. For 11 selected 
stations, americium is separated by cation exchange 
from the eluant solutions resulting from the plutonium 
separation process. The purified plutonium and 
americium samples are separated, electrodeposited, 
and measured for alpha-particle emission with a solid 
state alpha detection system. Al~ha particle energy 
~oups associated with decay of 2 Pu, 239

•
240Pu, and 

1 Am are integrated and the concentration of each 
radionuclide in its respective ftlter sample calculated. 
This technique does not differentiate between 239Pu 
and 240Pu. Uranium analyses by neutron activation 
analysis (see Appendix C) are done on the second 
group of ftlter halves. 

Silica gel cartridges from the 26 air sampling sta
tions are analyzed monthly for tritiated water. The 
cartridges contain blue "indicating" gel to indicate the 
degree of desiccant saturation. During cold months of 
low absolute humidity, sampling flow rates are in
creased to ensure collection of enough water vapor for 
analysis. Water is distilled from each silica get car
tridge and an aliquot of the distillate is analyzed for tri
tium by liquid scintillation counting. The amount of 
water absorbed by the silica get is determined by the 
difference between weights of the gel before and after 
sampling. 

Analytical quality control for analyses done in the 
air sampling program are described in Appendix C. In 
brief, both blanks and standards are analyzed in con
junction with normal analytical procedures. About 
10% of the analyses are devoted to quality control. 

Further details may be found in the air sampling 
I. · 1 B7 qua 1ty assurance proJect p an. 
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C. Water Sampling 

Surface and ground water sampling stations are 
grouped by location (regional, perimeter, onsite) and 
hydrologic similarity. Water samples are taken once 
or twice a year. Samples from wells are collected after 
sufficient pumpage or bailing to ensure that the sample 
is representative of the aquifer. Spring samples 
(ground water) are collected at the discharge point. 

The water samples are collected in 4 L (for ra
diochemical) and I L (for chemical) polyethylene bot
tles. The 4-L bottles are acidified in the field with 5 
mL of concentrated nitric acid and returned to the 
laboratory within a few hours of sample collection for 
ftltration through a 0.45iJID pore membrane filter. 
The samples are analyzed radiochemically for 3H, 
137Cs, total U, 238Pu and 239

•
240Pu, and as well as for 

gross alpha, beta, and gamma activities. Water sam
ples for chemical analyses are handled similarly. 

Storm run-off samples arc analyzed for radionu
clides in solution and suspended sediments. The sam
ples are ftltcred through a 0.45- m ftlter. Solution is 
defined as ftltrate passing through the filter, while sus
pended sediment is defmed as the residue on the filter. 

Further details may be found in the water sampling 
quality assurance project plan.138 

D. Soil and Sediment Sampling 

Two soil sampling procedures are used. The first 
procedure is used to take surface composite samples. 
Soiled samples are collected by taking 5 plugs, 75 mm 
(3.0 in.) in diameter and 50 rom (2.0 in.) deep, at the 
center and corners of a square area 10 m (33 ft) on a 
side. The five plugs are combined to form a composite 
sample for radiochemical analysis 

The second procedure is used to take surface and 
subsurface samples at one sampling location. Samples 
are collected from three layers in the top 30 em (12 
in.) of soil. A steel ring is placed on the surface of the 
soil at the sampling point. The soil enclosed by the 
ring is then collected by undercutting the ring with a 
metal spatula. A second spatula is then placed on top 
of the ring and the sample is transferred into a plastic 
bag and labelled. 

All three layers are preserved by freezing. All 
equipment used for collection of these samples is 
washed with a soap and water solution and dried with 
paper towels. This is done before each sample is taken 
to reduce the potential for cross contamination. 
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Sediment samples are collected from dune buildup 
behind boulders in the main channels of perennially 
flowing streams. Samples from the beds of in
termittently flowing streams are collected in the main 
channel. 

Depending on the reason for taking a particular 
soil or sediment sample, it may be analyzed to detect 
any of the following: gross alpha and beta activities, 
90Sr, total uranium, 137Cs, 238Pu, and 239

•
240Pu. Mois

ture distilled from soiled samples may be analyzed for 
3H. 

Further details may be found in the soil and sedi
ment sampling quality assurance plan.88 

E. Foodstuffs Sampling 

Local and regional produce are sampled annually. 
Fish are sampled annually from reservoirs upstream 
and downstream from the Laboratory. 

Produce and soil samples are collected from local 
gardens in the fall of each year.89 Each produce or 
soil sample is sealed in a labeled, plastic bag. Samples 
are refrigerated until preparation for chemical analy
sis. Produce samples are washed as if prepared for 
consumption and quantitative wet, dry, and ash weights 
are determined. Soils are split and dried at 100°C 
(212°F) before analysis. A complete sample bank is 
kept until all radiochemical analyses are completed. 
Water is distilled from samples and submitted for tri
tium analysis. Produce ash and dry soil are submitted 
for analyses of 90Sr, 137Cs, total uranium, 238Pu, and 
239,240Pu. 

At each reservoir, hook and line, trot line, or gill 
nets are used to capture flsh.89 Fish, sediment, and 
water samples are transported under ice to the Labo
ratory for preparation. Sediment and water samples 
are submitted directly for radiochemical analysis. Fish 
are individually washed as if for consumption, dis
sected, and wet, dry, and ash weigltts determined. Ash 
is submitted for analysis of 90Sr, 137Cs, total uranium, 
238p d 239 ,240p u, an u. 

Further information may be found in the foodstuffs 
1. 1' . 1 BlO samp mg qua tty assurance proJect pan. 

F. Meteorological Monitoring 

Meteorological data are continuously monitored on 
instrumented towers at five Laboratory locations. 
Measurements include wind speed and direction, stan
dard deviations of wind speed and direction, vertical 
wind speed and its standard deviation, air temperature, 
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dewpoint temperature, relative humidity, solar radia
tion, and precipitation. 

These parameters are measured at discrete levels 
on the towers at heights ranging from ground level to 
91 m (300ft). Each parameter is measured every 3 to 5 
sec and averaged or summed over 15 minute intervals. 
Data are recorded on digital cassette tape or transmit
ted by phone line to a microcomputer at the Occupa
tional Health Laboratory at TA-59. 

Data validation is accomplished with automated 
and manual screening techniques. One computer code 
compares measured data with expected ranges and 
make comparisons based on known meteorological re
lationships. Another code produces daily plots of data 
from each tower. These graphics are reviewed to pro
vide another check of the data. This screening also 
helps to detect problems with the instrumentation that 
might develop between the annual or semi-annual 
(depending upon the instrument) calibrations. 

Further details may be found in the meteorological 
. . I' . I Bll momtonng qua 1ty assurance proJect p an. 

G. Data Handling 

Measurements of the radiochemical samples re
quire that analytical or instrumental backgrounds be 
subtracted to obtain net values. Thus, net values that 
are lower than the minimum detection limit of an ana
lytical technique (see Appendix C) are sometimes ob
tained. Consequently, individual measurements can 
result in values of zero and negative numbers. Al
though a negative value does not represent a physical 
reality, a valid long-term average of many measure
ments can be obtained only if the very small and ncga-
. I . I d d . h I . mz tive va ucs are me u e m t e popu ation. 

For individual measurements, uncertainties arc re
ported as the standard deviation. These values are as
sociated with the estimated variance of counting, and 
indicate the precision of the counts. 

Standard deviations (s) for the station and group 
(regional, perimeter, onsite) means arc calculated us
ing the following equation: 

N 

I (e-el 
I 

i=l 
s = 

(N-1) 
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where, 

c. = concentration for sample i, 
I c = means of samples from a given station or group, 

and 
N = number of samples comprising a station or a 
group. 

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

H. Quality Assurance 

Collection of samples for chemical and radio
chemical analyses follow a set procedure to ensure 
proper sample collection, documentation, submittal for 
chemical analysis, and posting of analytical results. 

Before sample collection, the schedule and pro
cedures to be followed are discussed with the chemist 
or chemists involved with doing the analyses. The dis
cussion includes: 

1. Number and type of samples. 
2. Type of analyses and required limits of detec

tion. 
3. Proper sample containers. 
4. Preparation of sample containers with preser

vative, if needed. 
5. Sample schedule to ensure minimum holding 

time of analyses to comply with EPA criteria. 
The Health and Environmental Chemistry Group 

(HSE-9) issues to the collector a block of sample num
bers (e.g., 86.0071) with individual numbers assigned 
by the collector to individual station. These sam pie 
numbers follow the sample from collection through 
analyses and posting of individual results. 

Each number, a single sample, is assigned to a par
ticular station and is entered into the collector's log 
book. After the sample is collected, the date, time, 
temperature (if water), other pertinent information, 
and remarks are entered opposite 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 section leader. The section leader 
makes out a numbered request form entitled "HSE-9 
Analytical Chemical Request." The request form num
ber is entered in the collector's log book opposite sam
ple numbers submitted along with the date delivered to 
chemist. The analytical request form serves as "chain
of-custody" for the samples. 
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The analytical request form contains the following 
information related to ownership and sample program 
submitted as (1) requestor (i.e., sample collector), (2) 
program code, (3) sample owner (i.e., program man
ager), (4) date, and (5) total number of samples. The 
second part of the request form contains (1) sample 
number or numbers, (2) matrix (e.g., water), (3) types 
of analyses (i.e., specific radionuclide and/or chemical 
constituent), ( 4) technique (i.e., analytical method to 
be used for individual constituents), (5) analyst (i.e., 
chemist to perform analyses), (6) priority of sample or 
samples, and (7) remarks. One copy of the form goes 
to the collector for his file and the other copies follow 
the sample. 

Quality control, analytical methods and procedures, 
and limits of detection related to Group HSE-9's ana
lytical work are presented in Appendix C. 

The analytical results are returned to the sample 
collector who posts data according to sample and sta
tion taken from the log book. These data sheets are 
included in the report and are used to interpret data 
for the report. 

Further details may be found in the quality as
surance project plan for each program.B5,B?,B8,DHI,Rlt 
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APPENDIX C 

ANALYTICAL CHEMISTRY METHODOLOGY 

Most analytical chemistry is provided by the En
vironmental and Health Chemistry Group (HSE-9). 
Overflow work is contracted to several commercial 
laboratories. 

A. Radioactive Constituents 

Environmental samples are routinely analyzed for 
the following radioactive constituents: gross alpha, 
beta, and gamma, isotopic plutonium, americium, ura
nium, cesium, tritium, and strontium. The detailed 
procedures have been published in this appendix in 
previous years. Cl,C2 Occasionally other radionuclides 
from specific sources are determined: 7Be.t 22Na~ 4°K, 
51Cr 60Co 65zn 83Rb 106Ru 134Cs 14uBa b2Eu ' , ' ' ' , , ' 154Eu, and 226Ra. All but 226Ra are determined by 
gamma-ray spectrometry on large Ge(Li) detectors. 
Depending upon the concentration and matrix, 226Ra 
is measured by emanation° or by gamma-ray 

f . 214B· d d C4 U · spectrometry o Its 1 ecay pro uct. ranmm 
isotopic ratios e35u P38u) are measured by neutron 
activation analysis where precisions of ...±5% are 
adequate.cs More precise work require mass spectro
metry. Group HSE-9 acquired a VG-Instruments 
Pl.ASMAQUAD Inductively Coupled Plasma Mass 
Spectrometer (ICPMS) in early 1986. Uranium iso
topic ratios can be readily determined in envi
ronmental materials with precisions of 1-2% RSD at 
considerably reduced cost relative to neutron activa
tion. 

B. Stable Constituents 

A number of analytical methods are used for vari
ous stable isotopes. The choice of method is based on 
many criteria, including the operational state of the in
struments, time limitations, expected concentrations in 
samples, quantity of sample available, sample matrix, 
and Environmental Protection Agency (EPA) regula
tions. 

Instrumental techniques available include neutron 
activation, atomic absorption, ion chromatography, 
color spectrophotometry (manual and automated), po
tentiometry, combustion analysis, and ICPMS. Stan
dard chemical methods are also used for many of the 
common water quality tests. Atomic absorption 
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capacities include flame, furnace, mercury cold vapor, 
and hydride generation, as well as flame emission 
spectrophotometry. The methods used and references 
for determination of various chemical constituents arc 
summarized in Table C-1. In 1986 the EPA Rcgion-6 
administration granted HSE-9 limited approval for al
ternative test procedures for uranium in drinking wa
ter (delayed neutron assay) and for flow injection 
(without distillation) for chloride in drinking water 
and waste water. EPA approved for other modified 
methods is being actively sought. 

C. Organic Constituents 

Environmental water samples are analyzed by 
EPA or modified EPA methodology. Methods in use 
are supported by the use of documented 
spike/recovery studies, method and field blanks, ma
trix spikes, surrogate spikes, and blind quality control 
samples. EPA procedures are modified in order to 
take advantages of recent advances in analytical sep
aration and analysis techniques. Volatile organics arc 
analyzed by a modification of EPA 624 [purge and 
trap/gas chromatography/mass spectrometry 
(PT /GC/MS)]. Semivolatilc organics arc analyzed by 
a variety of methods including 604 (phenols), 606 
(phthalate esters), 608 (organochlorine pesticides and 
PBCs), 609 (nitroaromatics), 610 (polynuclear aro
matic hydrocarbons), 612 (chlorinated hydrocarbons), 
and 625 (semivolatiles by GC/MS). For samples in a 
solid matrix, comparable methods found within EPA's 
document SW-846 are used with suitable modifica
tions as needed. Manual and automated methods 
have been developed using neutron activation to 
screen oil samples for potential PCB contamination 
via total chlorine determination. 

Instrumentation available for organic analysis in
cludes gas chromatographs with a variety of detector 
systems including mass spectrometry, flame ionization, 
and electron capture. Also available is a high pressure 
liquid chromatograph equipped with a UV and refrac
tive index detection system, an infrared spectropho
tometer, and a UV /visible spectrophotometer for col
orimetric analyses. Methods used for sample prepara
tion include solvent extraction, soxhlet extraction, liq
uid/liquid extraction, kuderna danish concentration, 
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Table C-1. Analytical Methods for Various Stable Constituents 

Technique 

Standard Chemical Methods 

Color Spectrophotometry 

Neutron Activation 

Instrumental Thermal 

Instrumental Epithermal 

Thermal Neutron Capture 

Gamma Ray 

Radiochemical 

Delayed Neutron Assay 

Atomic Absorption 

Stable Constituents Measured 

Total Alkalinity, Hardness, 

S03-2, S0
4

-
2, TDS, Conducti

vity, COD 

Al, Sb, As, Ba, Br, Ca, Ce, 

References 

C6, C65 

C6, C65 

C7, CI2, CI3, Cl4, Cl5 

Cs, Cl, Cr, Co, Dy, Eu, Au, C65 

Hf, In, I, Fe, La, Lu, Mg, 

Mn, K, Rb, Sm, Sc, Se, 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, N i, K, Sm, Se, 

Si, Na, Sr, Th, Ti, W, U, Zn, 

Zr 

Al, B, Ca, Cd, C, Gd, H, Fe, 

Mg, N, P, K, Si, Na, S, Ti 

Sb, As, Cu, Au, Ir, Hg, Mo, 

Os, Pd, Pt, R u, Se, Ag, Te, 

Th, W, U, La, Ce, Pr, Nd, 

Sm, Eu, Gd, Tb, Dy, Ho, Er, 
Yb, L u, 23su 123su, 23sPu, 
239pu 

u 

Sb, As, Ba, Be, Bi, Cd, Ca, 

Cr, Co, Cu, Ga, In, Fe, Pb, 

Li, Mg, Mn, Hg, Mo, Ni, K, 

Se, Ag, Na, Sr, Te, Tl, So, 

Ti, V, Zn, Al 
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C7, C9, CI6, Cl7, CIS, 

Cl9, C20, C21, C65 

C7, C22, C23, C24, C25, 

C26, C27, C29, C65 

C5, C6, C7, C30, C31, 

C32, C33, C34, C35, C36, 

C37, C38, C51, C65 

C7, C8, CIO, Cll, C39, 

C40, C65 

C6, C41, C43, C44, C45, 

C46, C47, C48, C52, C53, 

C54, C65 



Technique 

Inductively Coupled Plasma 

Mass Spectrometry 

Ion Chromatograpy 

Potentiometric 

Combustion 

Corrosivity 

lgni ta bili ty (Flash point) 

Automated Colorimetry 
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Table C-1 (coot) 

Stable Constituents Measured 

Sb, As, Ba, Be, B, Bi, Cd, Cr, 

Co, Cu, Ga, In, Pb, Li, Mn, 

Hg, Mo, Ni, Se, Br, Ag, Sr, Te, 

Ti, Sn, Ti, V, Zn 

F-, NH
4 
+, pH, Br-, Cl2 

(total) Cl2 (free) 

C, N, H, S, Total Organic 

Carbon 

CN-, NH
4
-, PO 

4
- 3, N0

3
-

N02-, Cl-, COD, TKN 

Si, B, SO 
4

- 2, Cr+6 

References 

C65 

C49, C65 

C50, C55, C65 

C29, C62, C63, C65 

C56, C57 

C56, C58 

C6, C59, C60, C62, 

C65 

column separation, headspace, and purge and trap. 
The methods used for analyses in 1987 along with ref
erences are shown in Table C-2. Tables C-3 through 
C-7 show compounds determined by these methods 
and representative detection limits. 

over analytical procedures so that problems that might 
occur can be identified and corrected. Secondly, data 
obtained from analysis of control samples permit 
evaluation of the capabilities of a particular analytical 
technique for determination of a given clement or 
constituent under a certain set of circumstances. The 
former function is analytical quality control; the latter 
is quality assurance. 

D. Analytical Chemistry Quality Evaluation 
Program 

1. Introduction. Control samples are analyzed in 
conjunction with normal analytical chemistry work
load. Such samples consist of several general types: 
calibration standards, reagent blanks, process blanks, 
matrix blanks, duplicates, and standard reference 
materials. Analysis of control samples fills two needs 
in the analytical work. First, it provides quality control 
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No attempt is made to conceal the identity of con
trol samples from the analyst. They are submitted to 
the laboratory at regular intervals and analyzed in as
sociation with other samples; that is, they are not han
dled as a unique set of samples. We feel it would be 
difficult for analysts to give the samples special atten
tion, even if they are so inclined. We endeavor to run 
at least 10% of stable constituent analyses and 
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Table C-2. Method Summary (Organics) 

Analyte Matrix Method Techniguea Reference 

Volatiles air GC/MS C65 

Volatiles soil 8010 PT/GC/MS C64 
C65 

8020 C66 

Volatiles water 625 PT/GC/MS C64 

EP Toxicity soil 1310, 8080 GC/ECD C66 
8150 

PCBs water 606 GC/ECD C64 
soil 8080 GC/ECD C66 
oil IH 320 GC/ECD C65 

aGe - gas chromatography, PT - purge and trap, ECD - electron capture detection, and MS 
- mass spectrometry. 

selected radioactive constituent analyses as quality as
surance samples using the materials described above. 
A detailed description of our Quality Assurance pro
gram and a complete list~ of our annual results have 
been published annually. -C76 

2. Radioactive Constituents. Quality control and 
quality assurance samples for radioactive constituents 
are obtained from outside agencies as well as pre
pared internally. The Quality Assurance Division of 
the Environmental Monitoring Systems Laboratory 
(EPA-Las Vegas) provides water, foodstuff, and air 
filter samples for analysis of gross alpha) gross beta, 
3 40 60 65 90 106 134 137~ 226 H, 1) Co, Zn, Sr, Ru, Cs, Cs, Ra, 
and 23 •240Pu as part of an ongoing laboratory 
intercomparison program. The National Bureau of 
Standards (NBS) provides several soil and sediment 
Standard Reference Materials (SRM) for en
vironmental radioactivity. These SRMs are certified 
for 60Co 90Sr 137Cs 226Ra 238Pu 239,240Pu 241Am 

' ' , ' , , ' 
and several other nuclides. The DOE's Environmen-
tal Measurements Laboratory also provides quality as
surance samples. 

Soil, rock, and ore samples obtained from the 
Canadian Geological Survey (CGS) are used for qual-
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ity assurance of uranium and thorium determinations 
in silicate matrices. Our own "inhouse" standards are 
prepared by adding known quantities of liquid NBS 
radioactivity SRMs to blank matrix materials. 

3. Stable Constituents. Quality assurance for the 
stable constituent analysis program is maintained by 
analysis of certified or well-characterized environ
mental materials. The NBS has a large set of silicate, 
water, and biological SRMs. The EPA distributes 
mineral analysis and trace analysis water standards. 
Rock and soil reference materials have been obtained 
from the CGS and the United States Geological Sur
vey (USGS and NBS), Details of this program have 
also been published elsewhere.c76 

The analytical quality control program for a spe
cific batch of samples is the combination of many fac
tors. These include the "fit of the calibration," instru
ment drift, calibration of the instrument and/or 
reagents, recovery for SRMs, and precision of results. 
In addition, there is a program for evaluation of the 
quality of results for an individual water sample.c77 

These individual water sample quality ratios are the 
sum of the milliequivalent (meq) cations to the sum of 
meq anions, the meq hardness of the sum of meq 
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Table C-3. Volatiles Determined by Purge and Trap 

Compound 

Methylene chloride 
I, I-Dichloroethane 
1, I-Dichloroethene 
cis- I ,2-Dichloroethene 
I ,2-Dichloroethane 
Chloroform 
Bromoform 
Carbon tetrachloride 
Bromodichloromethane 
Dibromochloromethane 
Dibromomethane 
4-Methyl-2-pen tanone 
1, l, I-Trichloroethane 
I, I ,2-Trichloroethane 
I ,2-Dichloropropane 
cis- I ,3-Dichloropropene 
trans- I ,3-Dichloropropene 
I ,2-Di bromo-3-chloropropane 
Trichloroethene 
2-chloroethylvinyl ether 
1,1 ,2,2-Tetrachloroethane 
Tetrachloroethene 
Chlorobenzene 
I ,2-Dichlorobenzene 
1 ,3-Dichlorobenzene 
1 ,4-Dichlorobenzene 
Benzene 
Acetone 
Carbon disulfide 
Toluene 
Ethyl benzene 
Styrene 
o-xylene 
m-xylene/p-xylene 

Represen ta the 
Detection Limits 0g/L) 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
5.0 
5.0 
1.0 
1.0 
5.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
5.0 
5.0 
1.0 
1.0 
5.0 
1.0 
1.0 

Column: Supelco SPB-5 60 m x 0.25 mm x 1.0 flm. Limits of detection esti
mated by minimum signal required to yield identifiable mass spectral scan. 

Ca +2 and Mg +2, the observed total dissolved solids 
(TDS) to the sum of solids, the observed conductivity 
to the sum of contributing conductivities, as well as the 
two ratios obtained by multiplying (0.01) x (con
ductivity) and dividing by the meq cations and the meq 
anions. · 
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4. Indicators of Accuracy and Precision. Ac
curacy is the degree of difference between average test 
results and true results, when the latter are known or 
assumed. Precision is the degree of mutual agreement 
among replicate measurements (frequently assessed 
by calculating the standard deviation of a set of data 
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Table C-4. Volatiles Determined by SW-846 Method 8010 

Compound 

Bis (2-chloroethoxy) methane 
Bis (2-chlorisopropy) ether 
Bromo benzene 
Bromodichloromethane 
Bromoform 

Carbon tetrachloride 
Chloracetaldehyde 
Chlorobenzene 
Chloroethane 
Chloroform 

I-Chlorohexane 
2-Chloroethyl vinyl ether 
Chloromethane 
Chlorotoluene 
Di bromochloromethane 

Dibromomethane 
I ,2-Dichlorobenzene 
I ,3-Dichlorobenzene 
I,4-Dichlorobenzene 
Dichlorodifl uoromethane 

l, I-Dichloroethane 
I ,2-Dichloroethane 
I, I-Dichloroethylene 
trans- I ,2-Dichloroethylene 
Dichloromethane 

I ,2-Dichloropropane 
trans- I ,3-Dichloropropylene 
I, I ,2,2-Tetrachloroethane 
I ,I, I ,2-Tetrachloroethane 
Tetrachloroethylene 

l, l, 1-Trichloroethane 
I, I ,2-Trichloroethane 
Trichloroethylene 
Trichlorofl uoromethane 
Trichloropropane 
Vinyl chloride 

Detection Limits 4Lg/kg)a 

2300 
1000 
1000 

2100 

1200 

1000 

1000 

500 
500 
500 

1000 
800 

500 
500 

500 

2IOO 

2IOO 

1600 
1500 
500 

acolumn: 60 m x 0.32 mm SPB-5 fused silica capillary, using methanolic 
partition with purge-and-trap. Detection limits is calculated from intercept 
of external calibration curve using a Flame Ionization Detector. 
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Table C-5. Volatiles Determined by SW-846 Method 8020 

Compound 

Benzene 
Chloro benzene 
1,4-Dichlorobenzene 
1,3-Dichlorobenzene 
1,2-Dichlorobenzene 
Toluene 
Ethyl Benzene 
Xylenes 

Detection Limits ~g/kg)a 

500 
1200 
500 
500 
500 
500 
800 

aColumn: 60 m x 0.32 mm SPB-5 fused silica capillary, using metha
nolic partition with purge-and-trap. Detection limits is calculated 
from intercept of external calibration curve using a Flame Ionization 
Detector. 

points). Accuracy and precision are evaluated from 
results of analysis of reference materials. These re
sults are normalized to the known quality in the ref
erence material to permit comparison among refer
ence materials of similar matrix containing different 
concentrations of the analyte: 

r = 
Reported Quantity 

Known Quantity 

A mean value (R) for all normalized analyses of a 
given type is calculated as follows for a given matrix 
type (N is total number of analytical determinations): 

R= 
N 

The standard deviation(s) of R is calculated assuming 
a normal distribution of the population of analytical 
determinations (N): 

s = 

(N- 1) 
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These calculated values are presented in Table C-8 
through C-12. The mean value of R is a measure of 
the accuracy of a procedure. Values of R greater than 
unity indicate a positive bias and values less than unity 
a negative bias in the analysis. 

The standard deviation is a measure of precision. 
Precision is a function of the concentration of analyte; 
that is, as the absolute concentration approaches the 
limit of detection, precision deteriorates. For in
stances, the precision for some determinations is quite 
large because many standards approached the limits 
of detection of a measurement. We are attempting to 
address this issue by calculating a new quality assur
ance parameter: 

where X and Xc are the experimentally determined 
and certited or consensus mean elemental concentra
tions, respectively. The S~ and Sc par~meters ~re the 
standard deviations associated with XE and Xc, re
spectively. An analysis will be considered under con
trol when this condition is satisfied for a certain ele
ment in a given matrix. Details on this approach are 
presented elsewhere. C7

6 

Data on analytical detection limits are in Table 
C-13. 
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Table C-6. Volatiles Determined in Air 

Compound 
Representathe 

Detection Limits (i,J.gjtu be) 

1,1-Dichloroethane 
1,1-Dichloroethene 
cis-1 ,2-Dichloroethene 
Chloroform 
Bromoform 
Bromodichloromethane 
Dibromochloromethane 
Dibromomethane 
1,1, 1-Trichloroethane 
1,1 ,2-Trichloroethane 
1,2-Dichloropropane 
cis-1 ,3-Dichloropropene 
trans-1 ,3-Dichloroprepene 
1 ,2-Dibromo-3-chloropropane 
Trichlorethene 
2-chloroethylvinyl ether 
1,1 ,2,2-Tetrachloroethane 
Tetrachloroethene 
Chloro benzene 
1 ,2-Dich1orobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
Trichlorofluoromethane 
Toluene 
Ethyl benzene 
o-xylene 
m-xylene/p-xylene 

Column: Supelco SPB-5 60 m x 0.25 mm x 1.0 f.lm. 

3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
5.0 
5.0 
3.0 
3.0 
5.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
5.0 
3.0 
3.0 
3.0 
3.0 

Method: Carbon disulfide desorbtion of charcoal tubes followed by GC/MS 
analysis. 
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Table C-7. EP Toxicity Organic Contaminants 

Contaminant 

Endrin (I ,2,3,4, I 0, I 0-Hexachloro-l 
7-epoxy-l ,4,4a,5,6, 7 ,8,8a-octahydro-l 

4-endo, endo-5, 8-dimethanoaphthalene) 

Lindane (1,2,3,4,5,6-
Hexachlorocyclohexane, gamma isomer) 

Methoxychlor (I, I, 1-Trichloro-2,2-bis 
(p-methoxphenyl)ethane) 

Toxaphene (C
10

H
10

CI
8 

Technical 
chlorinated camphene, 67-69% 
chlorine) 

2,4-D (2,4-Dichlorophenoxyacetic acid) 

2,4,5-TP (Sit vex) (2,4,5-
Trichlorophenoxypropionic acid) 

Maximum 
Concentration 

(me;/L) 

0.02 

0.4 

10.0 

0.5 

10.0 

1.0 

Represen ta ti ve 
Detection Limits (mg/L)a 

0.006 

0.0002 

0.004 

0.020 

0.016 

0.005 

acolumn: 30 m x 0.32 mm SPB-5 fused silica capillary. Detection limit is calculated from 
GC response being equal to four times the GC background noise using an electron capture 
detector. 
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Table C-8. Summary of HSE-9 Quality Assurance Tests for Data from January 1, 1987 to December 31, 1987 
(Stable Element Analyses Performed by HSE-9) 

ELE 

Ag 
Al 

BIOLOGICAL 
Mean t SO (n) 

SLUDGE 
Mean t SO (n) 

EP·TOX FILTER BULK 
Mean t SO (n) Mean t SO (n) Mean t SO (n) 

1.07 t 0.06 (31) --- 1.17 t 0.01 (3) 
1.04 t 0.02 (3) 

SILICATE 
Mean t SO (n) 

As 
B 

Ba 

0.96 t 0.22 (12) 0.92 t 0.09 (9) 1.05 t 0.05 (51) 1.01 t 0.07 (27) 
0.99 t 0.10 (7) --- --- 1.08 (1) 

1.33 t 0.39 (6) 

Be 

Bi 

Br 0.93 t 0.18 (14) 
c 0.99 t 0.02 (25) 
Ca 0.78 (1) 
Cd ··· 0.94 t 0.08 (15) 
Ce 
Cl 0.93 (1) 
Cl2 

CN 

Co 

coo 
COND 

Cr 

Cr(+6) 

Cs 1.65 t 0.08 (7) 
Cu 1.06 (1) 
Eu 
F 

Fe 
FLASH PT. 
Ga 

~ 

H 0.99 t 0.04 (31) 

1.03 t 0.08 (35) --- 0.91 t 0.02 (3) 1.15 (2) 
1.02 t 0.07 (9) 0.95 t 0.09 (93) --- 1.42 t 0.37 (9) 

1.05 t 0.08 (78) 

0.94 (2) 

1.02 t 0.06 (60) 

0.97 t 0.05 (13) 

1.05 t 0.11 (10) 

0.96 t 0.11 (32) 1.08 t 0.04 (3) 

1.03 t 0.03 (6) 

1.04 t 0.06 (13) 

0.97 t 0.06 (4) 

0.96 t 0.08 (4) 

1.01 t 0.02 (27) 

0.98 (1) 

1.00. (1) 

1.13 (2) 

2.88 t 2.77 (10) 

0.89 (2) 

0.97 (2) 
1.09 (1) 

1.02 t 0.08 (8) 

0.98 t 0.04 (9) 

1.08 t 0.38 (7) 

WATER 
Mean t SO (n) 

1.02 t 0.07 (130) 
1.01 t 0.11 (19) 
1.05 t 0.10 (92) 
1.02 t 0.06 (42) 
1.02 t 0.11 (93) 
1.04 t 0.06 (35) 

0.91 t 0.07 (26) 

0.99 t 0.04 (39) 
0.98 t 0.08 (127) 

1.00 t 0.05 (89) 
0.96 t 0.16 (13) 
0.87 t 0.09 (175) 
1.00 t 0.08 (4) 
1.02 t 0.06 (54) 
1.01 t 0.04 (52) 
1.01 t 0.16 (115) 
0.92 t 0.06 (109) 

1.01 t 0.08 (108) 

1.02 t 0.11 (104) 
1.03 t 0.07 (102) 

HARD ··· ··· ··· ··· ··· ··· 1.00 t 0.05 (17) 
HEAT CAP 
Hf 
Hg 

I( 

0.85 t 0.26 (21) 

0.95 (1) 

1.06 t 0.14 (8) 
0.99 (2) 

1.09 t 0.21 (135) 

1.13 t 0.16 (4) 

1.00 t 0.10 (70) 
0.94 t 0.02 (6) 
1.02 t 0.09 (26) 

mr 
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Table C-8 (cont) 

ELE BIOLOGICAL SLUDGE EP-TOX FILTER BULK SILICATE IIATER 

Mean ! so (n) Mean ! so (n) Mean ! so (n) Mean ! so (n) Mean ! so (n) Mean ! so (n) Mean ! so (n) 

-- --
La --- --- --- --- --- 0.95 ! 0.08 (12) 

Li --- --- 0.99 (2) 1.20! 0.01 (3) --- . -- 1.01 ! 0.05 (40) 

Lu --- --- --- --- --- 1.16 (1) 

Mg --- --- --- --- --- --- 0.96 ! 0.12 (40) 

Mn 1.04 (1) --- 0.89 ! 0.03 (3) 1.01 ! 0.01 (3) --- --- 1.07 ! 0.12 (41) 

Mo 1.00! 0.02 (4) --- --- --- --- --- 1.13 ! 0.08 (7) 

N 0.95 ! 0.06 (65) 
Na 1.00 ( 1) --- --- --- ·-- 0.97 t 0.02 (4) 1.03 t 0.04 (29) 

NH3-N --- --- --- --- --- --- 0.98 ! 0.06 (138) m r 

Ni --- --- 1.02 t 0.07 (22) --- --· 0.90 ( 1) 1.00 ! 0.08 (61) ~0 _(J) 

N03-N --- --- --- --- --- --- 1.00! 0.05 <n> :IJ )> os: 
p --- --- --- --- --- --- 0.95 t 0.11 (86) z ~ 

~0 
Pb --- 1.03 ! 0.04 (17) 1.06 t 0.08 (73) 1.01 t 0.12 (49) 1.02 (2) . -- 1.01 ! 0.11 (144) ~(J) 
pH --- --- --- --- --- --- 1.00! 0.01 (474) --1 z 

)> )> 

...... Rb --- --- --- --- --- 0.95 t 0.05 (8) --- r --1 

~ ~6 s 0.97 ! 0.06 (138) --- --- --- --- 0.69 t 0.09 (99) --- :IJ z 
Sb --- --- --- --- -.- 1.18 (2) --- < )> 

mr 

Sc 0.97 ! 0.02 (4) --- --- 1.00t0.11 (19) --- 1.00 t 0.06 (8) --- FS: s: Ill 
Se --- --- 0.97 ! 0.14 (42) ... --- 1.12 (2) 1.05 t 0.14 (73) zO 
Si --- --- --- --. --- --- 0.99 t 0.06 (85) 05! 

m --1 

Sm --- --- --- --- --- 0.96 ! 0.05 (4) --- ~ 0 
CD:IJ 

S04 --- --- --- --- --- --- 0.97 ! 0.06 (80) ~ -< 
Ta --- --- --- --- --- 0.86 (2) 

TALK --- --- --- --- --- --- 0.98 t 0.03 (47) 

Tb --- --- --- --- --- 1.11 ( 1) 

TOS --- --- --- --- 1.04 ( 1) --- 0.98 ! 0.12 (34) 

Th --- --- --- --- --- 1.03 t 0.20 (20) 1.00 ! 0.10 (6) 

Ti --- 1.32 t 0.25 ( 10) --- 1.01 ! 0.01 (3) 
Tl --- --- --- --- --- --- 1.04 ! 0.12 (8) 

TOX --- --- --- --- 1.08 ! 0.10 (9) 
TSS --- --- --- --- --- --- 0.66 (1) 

u 1.08 ! 0.08 (25) --- --- 0.99 ! 0.07 (29) --- 0.98 ! 0.03 (81) 1.02 t 0.06 (62) 

v 1.29 ( 1) 1.92!0.15 (32) 0.99 (2) 1.02! 0.01 (3) --- 1.09 ! 0.13 (3) 1.03! 0.08 <4> 
II 0.79! 0.06 (4) 
Yb --- --- --- --- --- 0.95 t 0.11 (10) 
Zn --- 1.05 ! 0.07 (58) 1.01 ! 0.06 (5) 0.98 t 0.10 (32) --- --- 1.00 t 0.09 (93) 



ELEMENT 

Ag 
Al 
As 
Ba 
Br 
Ca 
Cd 
Cl 
Cr 
Oy 
F 
Fe 
I 
Mg 
Mn 
Na 
Pb 
Ti 
v 
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Table C-9. Summary of HSE-9 Quality Assurance Tests for Data 
from January 1, 1987 to December 31, 1987 

(Stable Element Analyses Performed by Contractors) 

BULK 
Mean :t SO (n) 

0.98 ± 0.12 (11) 

0.91 :t 0.22 (13) 

1. 85 :t 1. 16 ( 11 ) 

1. 02 :t 0. 09 ( 11 ) 

SILICATE 
Mean :t SO (n) 

0.93 :t 0.06 (20) 

0.96 ±'0.06 (20) 

0.96 ± 0.20 (20) 

0.97 ± 0.16 (20) 

0.83 :t 0.12 (20) 
1.01 :t 0.03 (20) 
0.97 ± 0.03 (20) 

0.95 :t 0.06 (20) 
1.03 ± 0.04 (20) 
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I.IATER 
Mean :t SO (n) 

1.43 
1.11 
0.92 
0.98 

(1) 
(1) 
(1) 
(1) 

1.00 ( 1) 
1.06 :t 0.04 (7) 
1.06 (1) 

1.23 (2) 

1.81 (1) 



Table C-10. Summary of HSE-9 Quality Assurance Tests for Data from January 1, 1987 to December 31, 1987 
(Organic Analyses Performed by HSE-9) 

COMPOUND FILTER BULK SILICATE TUBE \JATER 
Mean :1; so (n) Mean :1; so (n) Mean :1; so (n) Mean :1; so (n) Mean :1; so (n) 

-

Acetone --- --- --- --- 0.07 (1) 

Aldrin --- --- --- --- 1.16 (2) 

Aroclor 1221 --- --- --- --- 1.03 (2) 

Arocl or 1242 1.04 :!: 0.06 (5) 0. 97 :1: 0. 11 ( 64) 0.66 :1: 0.24 (8) --- 0.99 :1; 0.19 (3) 

Aroclor 1254 1.15 ( 1) 0.90 :1: 0.10 (6) 0.67 (2) 

Arocl or 1260 1.00 (2) 0.92 :1: 0.11 (56) 0.93 (2) --- 0.88 (2) 

Benzene --- 0.89 (1) 0.48 (1) 0.92 :1; 0.27 (16) 1.00 :1; 0.28 (4) m r 
Benzo-k-fluoranthene --- --- 0.83 (1) zo --- --- ~en 

Bis(2-chloroethoxy)methane --- --- --- --- 0.82 (1) :D )> 
0~ 

Bromodichloromethane --- --- 0.55 (1) 0.87 (2) 0.83 :1; 0.05 (8) z s:: 
s::o 

Bromoform --- --- 0.68 (1) --- 0.97 :1; 0.16 (6) ~en 
-lz 

2-Butanone --- 0.75 (1) )>)> 
1--' 

r -I 

~ Camphene, chlorinated --- --- --- --- 3.10 (2) ~6 :Dz 
Carbon tetrachloride --- --- --- 1.07 :1; 0.15 (18) 0.68 :1; 0.23 (11) <)> 

mr 
Cellosolve acetate --- --- --- 1.02 :1; 0.04 (3) --- ;=~ 

Chlorobenzene --- --- 0.60 (2) 0.85 (2) 0.85 (2) ~!D zO 
Chlorodibromomethane --- --- --- 0.76 (2) 0.93 :1; 0.15 (5) 0~ m--1 
Chloroform --- --- 0.47 (1) 1.01 :1; 0.22 (18) 0.85 :1; 0.21 (8) - 0 

<D :D 
2-Chloronaphthalene --- --- --- --- 1.03 (1) ~ ~ 

2,4-D --- --- 1.74 (1) --- 1.18 :1; 0.44 (7) 

Dibromochloromethane --- --- --- 0.76 (2) 0.93 :1; 0.15 (5) 

Dibromomethane --- --- --- --- 0.99 (1) 

a-Dichlorobenzene (1,2) --- --- --- 1.01 (1) 0.99 (1) 

m-Dichlorobenzene (1,3) --- --- --- --- 0.98 (2) 

p-Dichlorobenzene (1,4) --- --- --- --- 1.06 (2) 

Dichlorobromomethane --- --- 0.55 ( 1) 0.87 (2) 0.83 :1; 0.05 (8) 

1, 1-Dichloroethane --- --- 0.47 (2) 1.03 :1; 0.08 (16) 0.92 :1; 0.20 (3) 

1,1-Dichloroethane 0.96 (2) 
1,1-Dichloroethene --- --- --- --- 1.64 :1; 0.69 (4) 

2,4-Dichlorophenol --- --- --- --- 1.14 (1) 

1 ,4-D i oxane --- --- --- 1.26 (1) 



Table C-10 (coot) 

COMPOUND FILTER BULK SILICATE TUBE IJATER 
Mean :1: so (n) Mean :1: so (n) Mean :1: so (n) Mean :1: so (n) Mean :1: so (n) 

Endrin --- --- --- --- 0.95 (2) 
Ethyl acetate --- --- --- 1.09 (1) 
Ethyl benzene --- 0.88 (1) --- 1.47 :1: 0.05 (4) 0.72 :1: 0.09 (4) 
Ethylene chloride --- --- --- 1.03 :1: 0.08 (16) 0.92 :1: 0.20 (3) 
Hexachloro-1,3-butadiene --- --- --- --- 0.96 (1) 
Hexane --- --- --- 0.82 (1) 
Lindane --- --- 2.75 (1) --- 1.23 :1: 0.36 (6) m r 

zo 
Methoxychlor --- --- --- --- 1. 79 :1: 0.39 (3) ~en 

:0 )> 
Methyl chloroform --- --- --- --- 0.68 :1: 0.16 (7) or; 
Methylene chloride --- --- --- --- 1.68 :1: 0.76 (4) z ~ 

~0 
Methylethyl ketone --- 0.75 ( 1) --- --- --- ~en 

--i z 
Naphthalene --- --- --- 0.45 (2) --- )> )> 

....... r --i 
1.;.) Phenol --- --- --- --- 0.92 (1) ~6 .... 

:0 z 
Silvex --- --- --- --- 0.96 :1: 0.24 (7) < )> 

mr 
Styrene --- --- --- 1.00 (1) --- ;=r; 
1,1,2,2-Tetrachloroethane 1.05 (2) 

r; Ill --- --- --- --- zO 
Tetrachloroethylene --- --- --- 0.40 (1) 0.81 (1) 0~ 

m --i 

Tetrahydrofuran --- --- --- 0.31 (4) --- ~a 
(0 :0 

Toluene --- --- 0.21 :1: 0.08 (5) 0.97 :1: 0.06 (18) 0.82 (2) <?:l -< 

Toxaphene --- --- --- --- 3.10 (2) 
Tribromomethane --- --- 0.68 (1) --- 0.97 :1: 0.16 (6) 
1,1,2-Trichloroethane --- --- --- --- 1.35 ± 0.60 (3) 
1, 1, 1-Trichloroethane --- --- --- --- 0.68 ± 0.16 (7) 

Trichloroethylene --- --- --- 0.97 :1: 0.15 (13) 1.14 :1: 0.42 (3) 
Vinyl acetate --- --- --- --- 1.29 (1) 
Vinylidene chloride --- --- --- --- 1.64 ± 0.69 (4) 
o-Xylene --- --- --- 1.09 :1: 0.30 (15) 
p-Xylene --- --- --- 1.30 (2) o.n (1) 
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Table C-11. Summary of HSE-9 Quality Assurance Tests for Data from January 1, 1987 to December 31, 1987 
(Organic Analyses Performed by Contractors) 

COMPOUND 

Acenaphthene 
Anthracene 
Aroclor 1242 
Aroclor 1254 
Aroclor 1260 
1,2-Benzanthracene 
1,2-Benzanthracene (d12) 
Benzo-a-pyrene 
Benzo-b-fluoranthene 
Benzo-k-fluoranthene 
Bis(2-chloroethoxy)methane 
Bis(2-chloroethyl)ether 
Bis(2-chloroisopropyl)ether 
Bis(2-ethylhexyl)phthalate 
Bromodichloromethane 
Bromoform 
4-Bromophenylphenyl ether 
Butylbenzyl phthalate 
Carbon tetrachloride 
Chlorobenzene 
Chlorodibromomethane 
Chloroform 
2-Chloronaphthalene 
4-Chlorophenylphenyl ether 
Chrysene 
Di-n-butyl phthalate 
Dibromochloromethane 
Dibutyl phthalate 
o-Dichlorobenzene (1,2) 
m-Dichlorobenzene (1,3) 
p-Dichlorobenzene (1,4) 
Oichlorobromomethane 
1,2-Dichloroethane 
Oiethyl phthalate 
Dimethyl phthalate 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
Ethyl benzene 
Ethylene chloride 
Fluoranthene 
Fluorene 
HCB 
Hexachloro-1,3-butadiene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
lsophorone 
Methylchloroform 
Methylene chloride 
Nitrobenzene 
N-Nitrosodi-n-propylamine 
Phenanthrene 
Phenanthrene (d10) 
Tetrachloroethylene 
Tribromomethane 
1,1,1-Trichloroethane 
Trichloroethylene 
o-Xylene 

\.lATER 
Mean :1: SO (n) 

0.87 
0.35 

(1) 
(1) 

0.62 (2) 
0.62 (2) 
0.63 (1) 
1.11 (1) 
0.53 (2) 
0.66 (2) 
0.56 (2) 
0.66 (1) 
0.48 :1: 0.47 (3) 
0.62 (2) 
0.70 (2) 
0.76 (1) 
0.67 (1) 
0.99 :1: 0.58 (6) 

0.69 (2) 
0.64 (2) 
0.23 (2) 
0.62 (1) 
0.70 (1) 
1.59 (2) 
0.69 (2) 
1.59 (2) 
0.42 (2) 
0.54 (2) 
0.59 (1) 
0.62 (2) 
0.89 (2) 
0.92 (2) 
0.46 (1) 
0. 76 (2) 
0.76 (2) 

0.89 (2) 
0.78 (1) 
1.67 (1) 
0.41 (2) 
0.30 (2) 
0.41 (2) 
0.30 (2) 
0.46 (1) 
0.57 (2) 
0.73 (2) 

0.57 (1) 
0.24 (2) 
0.72 (2) 
0.72 (2) 
0.41 (2) 
0.70 (2) 
0. 73 (2) 
0.59 :1: 0.17 (4) 

BULK 
Mean :1: SO (n) 

0.74 :1: 0.14 (10) 
0.71 :1: 0.22 (5) 
0.78 :1: 0.46 (9) 

0.87 (1) 
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SILICATE TUBE 
Mean :1: SO (n) Mean :1: SO (n) 

0.77 :1: 0.43 (5) 
0.07 :1: 0.04 (4) 

0.13 :1: 0.07 (5) 

0.36 (2) 

200. (2) 0.05 (2) 
0.16 :1: 0.04 (5) 
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Table C-12. Summary of HSE-9 Quality Assurance Tests for Data from January 1, 1987 to December 31, 1987 
(Radiochemical Analyses Performed by HSE-9) 

NUCLIDE 

Alpha 
Am-241 
Be-7 
Beta 
Co-57 
Co-60 
Cs-134 
cs-137 
Gamma 
H-3 
I-131 
K-40 
Mn-54 
Na-22 
Pu-238 
Pu-239 
Ra-226 
Ru-106 
Sr-90 
U-234 
U-235 
U-235/238 

BIOLOGICAL 
Mean ± SO (n) 

1.23 ± 0.09 (3) 

1.19 ± 0.10 (4) 

1.13 ± 0.66 (35) 

1.11 ± 0.13 (9) 

0.95 ± 0.21 (22) 
1.15 ± 0.37 (34) 

0.98 ± 0.13 (23) 

FILTER 
Mean ± SO (n) 

0.93 ± 0.06 (72) 
1.12 ± 0.10 (7) 
1.80 ± 0.31 (6) 
0.94 ± 0.04 (72) 

0.92 ± 0.01 (3) 

1.34 ± 0.32 (6) 

1.05 ± 0.03 (3) 

1.33 ± 0.60 (9) 

1.49 ± 0.07 (3) 
1.01 ± 0.07 (4) 
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SILICATE 
Mean ± SO (n) 

1.00 ± 0.16 (6) 

0.92 ± 0.11 (43) 
0.93 ± 0.04 (5) 

3.29 ± 0.02 (3) 

1.09 ± 0.44 (18) 
1.20 ± 0.62 (25) 

1.16 ± 0.46 (7) 

IJATER 
Mean ± SD (n) 

1.07 ± 0.13 (546) 
1.04 ± 0.08 (66) 

1.03 ± 0.47 (549) 
1.15 ± 0.09 (53) 
0.91 ± 0.41 (72) 
1.03 ± 0.24 (66) 
1.00 ± 0.11 (108) 
0.92 ± 0.11 (21) 
1.07 ± 0.23 (307) 

1.07 ± 0.07 (56) 
1.01 ± 0.03 (49) 
1.05 ± 0.10 (58) 
1.00 ± 0.17 (81) 
0.94 ± 0.06 (15) 
1.07 ± 0.36 (10) 
0.94 ± 0.05 (18) 
0.93 ± 0.10 (26) 
0.89 ± 0.13 (23) 
0.95 (2) 
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Table C-13. Detection Limits for Analyses of Typical Environmental Samples 

Detection 
Approximate Sample Count Limit 

Parameter Volume or Wehzht Time Concentration 

Air Sample 
1 x 10-10 f.!Cijm3 Tritium 3m3 50 min 

238pu 2.0 X 104 m3 8 x 104 sec 2 x 10-18 f!.Ci/m 3 
239,240pu 2.0 x 104 m3 8 x 104 sec 3 x 10:18 f.!Ci/m3 
241Am 2.0 X 104 m3 8 x 104 sec 2 ... x ·10-18 flCi/m3 

Gross alpha 6.5 x 103 m3 100 min 4 X w-16 tJ-Cijm3 

Gross beta 6.5 x 103 m3 100 min 4 x 10-16 flCijm3 

Uranium 2.0 X 104 m3 60 sec 1 pg/m3 

(delayed neutron) 

Water Sample 
1 o-7 flCi/mL Tritium 0.005 L 50 min 7 X 

137cs 0.5 L 5 x 104 sec 4 X 10-8 flCi/mL 
238pu 0.5 L 8 x 104 sec 9 X 10- 1~ f.!Ci/mL 
239,240pu 0.5 L 8 x 104 sec 3 X 10-11 f.!Ci/mL 
241Am 0.5 L 8 x 104 sec 2 X 10-10 tJ-Ci/mL 
Gross alpha 0.9 L 100 min 3 x 10-9 flCi/mL 
Gross beta 0.9 L 100 min 3 x 10-9 f.!Ci/mL 
Uranium 0.025 L 50 sec 1 f.!g/L 
(delayed neutron) 

Soil Sample 
Tritium 1 kg 50 min 0.003 pCi/g 
137cs 100 g 5 x 104 sec 10-1 pCi/g 
238pu 10 g 8 x 104 sec 0.003 pCi/g 
239,240pu 10 g 8 x 104 sec 0.002 pCi/g 
241Am 10 g 8 x 104 sec 0.01 pCi/g 
Gross alpha 2 g 100 min 1.4 pCi/g 
Gross beta 2 g 100 min 1.3 pCi/g 
Uranium 2 g 20 sec 0.03 f.!g/g 
(delayed neutron) 
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APPENDIX D 

METHODS FOR DOSE CALCULATIONS 

A. Introduction 

Annual radiation doses are evaluated for three 
principal exposure pathways: inhalation, ingestion, and 
external exposure (which includes exposure from im
mersion in air containing photon-emitting 
radionuclides and direct and scattered penetrating 
radiation). Estimates are made of: 
(1) Maximum boundary organ doses and effective 

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

(2) Maximum individual organ doses and effective 
dose equivalents to an individual at or outside the 
Laboratory boundary where the highest dose rate 
occurs and a person actually is present. It takes 
into account occupancy (the fraction of time that 
a person actually occupies that location), 
shielding by buildings, and self-shielding. 

(3) Average organ by body tissues and effective dose 
equivalents to nearby residents. 

( 4) Collective effective dose equivalent for the popu
lation living within an 80-km (50-mi) radius of the 
Laboratory. 

Results of environmental measurements are used 
as much as possible in assessing doses to individual 
members of the public. Calculations based on these 
measurements follow procedures recommended by 
federal agencies to determine radiation doses.01•02 

If the impact of Laboratory operations is not de
tectable by environmental measurements, individual 
and population doses attributable to Laboratory activi
ties are estimated through modeling of releases. 

Dose conversion factors used for inhalation and in
gestion calculations are given in Table D-1. These 
adose conversion factors are taken from the DOE03 

and are based on factors in Publication 30 of the Inter
national Commission on Radiological Protection 
(ICRP).04 

The dose conversion factors for inhalation assume 
a 1 urn activity median aerodynamic diameter, as well 
as the lung solubility category that will maximize the 
effective dose equivalent (for comparison with DOE's 
100 mrem/yr Radiation Protection Standard [RPS]) if 
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more than one category is given. Similarly, the inges
tion dose conversion factors are chosen to maximize 
the effective dose or organ dose if more than one 
gastrointestinal tract uptake is given (for comparison 
with DOE's 100 mrem/yr RPS for all pathways). 

These dose conversion factors calculate the 50-yr 
dose commitment for internal exposure. The 50-yr 
dose commitment is the total dose received by an or
gan during the 50-yr period following the intake of a 
radionuclide that is attributable to that intake. 

External doses are calculated using the dose-rate 
conversion factors published by Kocher.05 These fac
tors, which are given in Table D-2, give the photon 
dose rate in mrem/yr per unit radionuclide air 
concentration in uCifmL. The factors are used in the 
calculation of the population effective dose equivalent 
from external radiation for the 80-km (50-mi) area. 

B. Inhalation Dose 

Annual average air concentrations of 3H, total U, 
238Pu, 239

•240Pu, and 241Am, determined by the Lab
oratory's air monitoring network, are corrected for 
background by subtracting the average concentrations 
measured at regional stations. These net concen
trations are then multiplied by a standard breathing 
rate of 8400 m3 jyr06 to determine total annual intake 
via inhalation, in uCi/yr, for each radionuclide. Each 
intake is multiplied by appropriate dose conversion 
factors to convert radionuclide intake into 50-yr dose 
commitments. Following ICRP methods, doses are 
calculated for all organs that contribute over 10% of 
the total effective dose equivalent for each ra
dionuclide (see Appendix A for definition of effective 
dose equivalent). 

The dose calculated for inhalation of 3H is in
creased by 50% to account for absorption through the 
skin. 

This procedure for dose calculation conservatively 
assumes that a hypothetical individual is exposed to the 
measured air concentration continuously throughout 
the entire year (8760 h). This assumption is made for 
the boundary dose, dose to the maximum exposed in
dividual, and dose to the population living within 80 
km (50 mi) of the site. 



Table 0-1. Dose Conversion Factors (rem/uCi Intake) for Calculating Internal Doses 

INHALATION 

Tar 
Soft Bone Red Effective 

Radionuclide Tissue Lung Surface Marrow Liver Gonads Dose 

3H 6.3 X 10 -5 6.3 X 10 -5 

234u 1.1 X 10+3 1.3 X 10+2 

235u 1.0 X 10+3 1.2 X 10+2 

238u 1.0 X 10+3 1.2 X 10+2 
m r 

238Pu 8.1 X 10+3 6.7 X 10+2 1.8 X 10+3 1.0 X 10+2 4.6 X 10+2 zo 
~en 

239,240Pu 9.3 X 10+3 7.4 X 10+2 2.0 X 10+3 1.2 X 10+2 5.1 X 10+2 :D )> 

0);: 
241Am 9.3 X 10+3 7.4 X 10+2 2.0 X 10+3 1.2 X 10+2 5.2 X 10+2 z ~ 

~0 
~en 
~ z 
)> )> 

..... r ~ 

+:.. INGESTION go ...... 
:D z < )> 
mr 

Bone Red r=);: 
Radionuclide Surface Marrow Liver Gonads Kidney Lungs Breast Thyroid 

);:ro 
zO 
0~ 

3H 
m ~ 
~ 0 
<D :D 

7Be -3 -4 ~ -< 4.4 X 10 2.1 X 10 
90Sr 1.6 7.0 X 10 -1 

137Cs 4.8 X 10 -2 4.8 X 10"2 5.2 X 10 -2 4.8 X 10-3 4.4 X 10 -3 4.8 X 10 
234u 4.1 2.7 X 10 -1 1.7 
235u 3.7 2.5 X 10 -1 1.6 
238u 3.7 2.5 X 10 -1 1.5 
238Pu 6.7 5.5 X 10 -1 1.5 8.5 X 10 -2 

239,240Pu 7.8 5.9 X 10 -1 1.6 9.6 X 10 -2 

241Am 4.1 X 10+1 3.1 8.5 5.2 X 10 -1 



Table 0-1 (cont) 

Target Organ 
Soft llla Sla Ulla Effective 

Radionuclide Tissue Wall Wall Wall Remainder Dose 

3H 6.3 X 10 -5 6.3 X 10 -5 

7se 4.4 X 10 -4 2.0 X 10 -4 2.7 X 10 -4 1.1 X 10 -4 

90Sr 1.3 X 10 -1 

137Cs -2 -2 5.5 X 1 2 -2 mr 5.2 X 10 5.2 X 10 5.0 X 10 
234u -1 zo 

2.6 X 10 ::;;CJ> 

235u -1 -1 Jl> 
2.0 X 10 2.5 X 10 os,;: 

238u -1 z 3: 
2.3 X 10 3:0 

238Pu -1 ~CJ> 3.8 X 10 -1 z 
239,240Pu -1 > > 4.3 X 10 r -1 

...... 241Am CJ>-.. 2.2 cO 
N JJ z 

<> mr 
..................... r=s;: 
all! = lower lower-intestine; Sl = small intestine; Ull = upper-intestine. 

S,::OJ 
zO 
0~ m -1 
-o 
tO JJ 
~ -< 
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Table D-2. Dose ConYersion Factors 
[(mrem/yr)/(f.J.Ci/mL)) 

for Calculating External Dosesa 

9.8 X 10+9 

5.6 X 10+9 

5.6 X 10+9 

2.5 X 10+10 
1.8 X 10+10 
5.6 X 10+9 

7.5 X 10+9 

aDose conversion factors for 11C, 13N, 150, and 41 Ar 
were taken from Kocher.05 Dose conversion factors 
for the remammg radionuclides, which were not 
presented by Krocher, were calculated from: 

DCF [(mremjyr)/{f.J.Ci/mL)] = 0.25 x E x 3.2 x 10+1° 

where E is the average gamma ray energy in MeV. The 
calculated factors were reduced by 30% to account for 
self -shielding by the body, so that they would be 
directly comparable with the factors from Kocher. 

Organ doses and effective dose equivalent are de
termined at all sampling sites for each radionuclide. A 
final calculation estimates the total inhalation organ 
doses and effective dose equivalent by summing over 
all radionuclides. 

C. Ingestion Dose 

Results from foodstuff sampling (Sec. VII) are 
used to calculate organ doses and effective dose equiv
alents from ingestion for individual members of the 
public. The procedure is similar to that used in the 
previous section. Corrections for background are 
made by subtracting the average concentrations from 
sampling stations not affected by Laboratory opera
tions. The radionuclide concentration in a particular 
foodstuff is multiplied by the annual consumption 
rate02 to obtain total annual intake of that ra
dionuclide. Multiplication of the annual intake by the 
radionuclide's ingestion dose conversion factor for a 
particular organ gives the estimated dose to the organ. 
Similarly, effective dose equivalent is calculated using 
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the effective dose equivalent conversion factor (Table 
D-1). 

Doses are evaluated for ingestion of 3H, 137 Cs, to
tal U1 

238Pl!>. and 239
•
240Pu in fruits and vegetables; 3H, 

7Be .l
2Na :>4Mn 57co 83Rb 134Cs 137Cs and total U , , , 7, ' 2 , 

in honey; and 90Sr, 13 Cs, total U, 38Pu, and 239
•
240Pu 

in fish. 

D. External Radiation 

Environmental thermoluminescent dosimeter 
(TLD) measurements are used to estimate external ra
diation doses. 

Nuclear reactions with air in the target areas at the 
Los Alamos Meson Physics Facility (LAMPF, TA-53) 
cause the formation of air activation products, prin
cipally 11C, 13N, 140, and 150. These isotopes are all 
positron emitters and have 20.4 min, 10 min, 71 sec, 
and 122 sec half-lives, respectively. Neutron reactions 
with air at the Omega West Reactor (TA-2) and the 
LAMPF also form 41Ar, which has a 1.8 h half-life. 
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The radioisotopes 11C, 13N, 140, and 150 are 
sources of photon radiation because of formation of 
two 0.511 MeV &hotons through positron-electron an
nihilation. The ,.0 emits a 2.3 MeV gamma with 99% 
yield. The 41Ar emits a 1.29 MeV gamma with 99% 
yield. 

The TLD measurements are corrected for back
ground to determine the contribution to the external 
radiation field from Laboratory operations. Back
ground estimates at each site, based on historical data, 
consideration of possible nonbackground contribu
tions, and, if possible, values measured at locations of 
similar geology and topography, are then subtracted 
from each measured value. This net dose is assumed 
to represent the dose from Laboratory activities that 
an individual would receive if he or she were to spend 
100% of his or her time during an entire year at the 
monitoring location. 

The individual dose is estimated from these mea
surements by taking into account occupancy and 
shielding. At offsite locations where residences are 
present, an occupancy factor of 1.0 was used. 

Two types of shielding are considered: shielding by 
buildings and self-shielding. Each shielding type is es
timated to reduce the external radiation dose by 
30%.D9,D10 

Boundary and maximum individual doses from 
41 Ar releases from the Omega West Reactor are esti
mated using a standard Gaussian dispersion model and 
measured stack releases (from Table G-2). Proce
dures used in making the calculations are described in 
the following section. 

Neutron doses from the critical assemblies at TA-
18 were based on 1987 measurements. Neutron fields 
were monitored principally with TLDs placed in cad
mium-hooded 23-cm (9-in.) polyethylene spheres. 

At onsite locations at which above-background 
doses were measured, but at which public access is 
limited, doses based on a more realistic estimate of 
exposure time are also presented. Assumptions used 
in these estimates are in the text. 

E. Population Dose 

Calculation of collective effective dose equivalent 
estimates (in person-rem) are based on measured data 
to the extent possible. For background radiation, av
erage measured background doses for Los Alamos, 
White Rock, and regional stations are multiplied by 
the appropriate population number. Tritium average 
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doses are calculated from average measured concen
trations in Los Alamos and White Rock above back
ground (as measured by the regional stations). 

These doses are multiplied by population data in
corporating results of the 1980 census (Sec. II.E). The 
population data haye been slightly modified (increased 
from 155 077 in 1980 to 192 649 persons in 1987 within 
80 km [50 mi] of the boundary) to account for popula
tion changes between 1980 and 1987. These changes 
are extrapolated from an estimate of the 1986 New 
Mexico population, by coun-?', that was made by the 
U.S. Bureau of the CensusP 

Radionuclides emitted by the LAMPF and, to a 
lesser extent, by the Omega West Reactor, contribute 
over 95% of the po.eulation dose. 

For 41Ar, 11c, 1-'N, 140, and 150, atmospheric dis
persion models are used to calculate an average dose 
to individuals living in the area in question. The air 
concentration of the isotope (X[r,e]) at a location (r,e) 
due to its emission from a particular source is found 
using the annual average meteorological dispersion co
efficient (X[f)9]/0) (based on Gaussian plume disper
sion models 8

) and the source term Q. Source terms, 
obtained by stack measurements, are in Table G-2. 

The dispersion factors were calculated from 1987 
meteorological data collected near LAMPF during the 
actual time periods when radionuclides were being re
leased from the stacks. Dispersion coefficients used to 
calculate the X/O's were determined from meas
urements of the standard deviations of wind direction. 
The X/0 includes the reduction of the source term due 
to radioactive decay. 

The gamma dose rate in a semi-infinite cloud at 
time t,"Ym(r,9,t), can be represented by the equation 

'{ mCr,e,t) = (DCF) (r,9,t) 

where 

DCF 

x(r,9,t) 

gamma dose rate in mrem/yr at 
time t, at a distance r, and angle e, 

dose rate conversion factor from 
Kocher 05 or calculated from 
Slade0 g 

= plume concentration in~i/mL. 

The annual dose is multiplied by the appropriate pop
ulation figure to give the estimated population dose. 
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APPENDIX E 

UNITS OF MEASUREMENT 

Throughout this report the International (SI) or 
Metric system of measurements has been used, with 
some exceptions. For units of radiation activity, expo
sure, and dose, customary units [i.e., Curie (Ci), 
Roentgen (R), rad, and rem] are retained because 
current standards are written in terms of these units. 
The equivalent SI units are the Becquerel (Bq), 

coulomb per kilogram (C/kg), Gray (Gy), and Sievert 
(Sv), respectively. Table E-1 presents prefixes used in 
this report to define fractions or multiples of the base 
units of measurements. Table E-2 presents 
conversion factors for converting from SI units to U.S. 
Customary Units. 

Table E-1. Prefixes Used with SI (Metric) Units 

Prefix Factor S!mbol 

mega- 1,000,000 or 10+6 M 
kilo- I ,000 or 10+3 k 
centi- 0.01 or 10·2 c 
milli- 0.00 I or 10-3 m 
micro- 0.00000 I or 1 o-6 

Jl 
nano- 0.000000001 or 1 o-9 n 
pi co- 0.00000000000 I or I o-12 p 
femto- 0.000000000000001 or 1 o-15 f 
atto- 0.000000000000000001 or I o-18 a 

Table E-2. Approximate Conversion Factors for Selected SI (Metric) Units 

Multipl! SI (Metric) Unit 

Celsius (0 C) 
Centimeters (em) 
Cubic Meters (m3

) 

Hectares (ha) 
Grams (g) 
Kilograms (kg) 
Kilometers (km) 
Liters (L) 
Meters (m) 
Micrograms per Gram ( gjg) 
Milligrams per Liter (mg/L) 
Square Kilometers (km 2) 

B! 

9/5, +32 
0.39 
35 
2.5 
0.035 
2.2 
0.62 
0.26 
3.3 
1 
1 
0.39 
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To Obtain 
US Customar! Unit 

Fahrenheit (°F) 
Inches (in.) 
Cubic Feet (ft3

) 

Acres 
Ounces (oz) 
Pounds (lb) 
Miles (mi) 
Gallons (gal) 
Feet (ft) 
Parts per Million (ppm) 
Parts per Million (ppm) 
Square Miles (mi 2

) 
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APPENDIX F 

DESCRIPTIONS OF TECHNICAL AREAS AND THEIR ASSOCIATED PROGRAMS 

Locations of the 32 active technical areas (TA) op
erated by the Laboratory are shown in Fig. 4. The 
main programs conducted at each are listed in this ap
pendix. 

TA-2, Omega Site: Omega West Reactor, an 8 
megawatt nuclear research reactor, is located here. It 
serves as a research tool in providing a source of neu
trons for fundamental studies in nuclear physics and 
associated fields. 

T A-3, South Mesa Site: In this main technical area 
of the Laboratory is the Administration Building that 
contains the Director's office and administrative of
fices and laboratories for several divisions. Other 
buildings house the Central Computing Facility, Ad
ministration offices, Materials Department, the sci
ence museum, Chemistry and Materials Science 
Laboratories, Physics Laboratories, technical shops, 
cryogenics laboratories, a Van de Graaff accelerator, 
and cafeteria. 

T A-6, Two Mile Mesa Site: This is one of three 
sites (TA-22 and TA-40 are the other two sites) used 
in development of special detonators for initiation of 
high explosive systems. Fundamental and applied re
search in support of this activity includes investigation 
of phenomena associated with initiation of high explo
sives, and research in rapid shock-induced reactions 
with shock tubes. 

TA-8, GT Site (or Anchor Site West): This is a 
nondestructive testing site operated as a service facility 
for the entire Laboratory. It maintains capability in all 
modern nondestructive testing techniques for ensuring 
quality of material, ranging from test weapon compo
nents to checking of high pressure dies and molds. 
Principal tools include radiographic techniques (X ray 
machines to 1 million volts, a 24-MeV betatron), ra
dioactive isotopes, ultrasonic testing, penetrant testing, 
and electromagnetic methods. 

T A-9, Anchor Site East: At this site, fabrication 
feasibility and physical properties of explosives are ex
plored. New organic compounds are investigated for 
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possible usc as explosives. Storage and stability prob
lems are also studied. 

TA-11, K-Site: Facilities arc located here for test
ing explosive components and systems under a variety 
of extreme physical environments. The facilities are 
arranged so testing may be controlled and observed 
remotely, and so that devices containing explosives or 
radioactive materials, as well as those containing 
nonhazardous materials, may be tested. 

TA-14, Q·Site: This firing site is used for running 
various tests on relatively small explosive charges and 
for fragment impact tests. 

TA-15, R-Site: This is the home of PHERMEX--a 
multiple cavity electron accelerator capable of pro
ducing a very large flux of X rays for certain weapons 
development problems and tests. This site is also used 
for the investigation of weapon functioning and 
weapon system behavior in nonnuclear tests, princi
pally by electronic recording means. 

TA-16, S-Site: Investigations at this site include 
development, engineering design, pilot manufacture, 
environmental testing, and stockpile production liaison 
for nuclear weapon warhead systems. Development 
and testing of high explosives, plastics and adhesives, 
and process development for manufacture of items us
ing these and other materials are accomplished in ex
tensive facilities. 

TA-18, Pajarito Laboratory Site: The funda
mental behavior of nuclear chain reactions with sim
ple, low-power reactors called "critical assemblies" is 
studied here. Experiments are operated by remote 
control and observed by closed circuit television. The 
machines are housed in buildings known as "kivas" and 
are used primarily to provide a controlled means of 
assembling a critical amount of fissionable materials. 
This is done to study the effects of various shapes, 
sizes and configurations. These machines are also 
used as source of fission neutrons in large quantities 
for experimental purposes. 
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TA-21, DP-Site: This site has two primary re
search areas, DP West and DP East. DP West is con
cerned with chemistry research. DP East is the high 
temperature chemistry and tritium site. 

TA-22, TD Site: See TA-6. 

TA-28, Magazine Area "A": Explosives storage 
area. 

TA-33, HP-Site: A major high-pressure tritium 
handling facility is located here. Laboratory and office 
space for Geosciences Division related to the Hot Dry 
Rock Geothermal Project are also here. 

T A-35, Ten Site: Nuclear safeguards research and 
development, which is conducted here, is concerned 
with techniques for nondestructive detection, identifi
cation, and analysis of fissionable isotopes. Research 
in reactor safety and laser fusion is also done here. 

TA-36, Kappa Site: Various explosive phenomena, 
such as detonation velocity, are investigated here. 

T A-37, Magazine Area "C": Explosives storage 
area. 

TA-39, Ancho Canyon Site: Nonnuclear weapon 
behavior is studied here, primarily by photographic 
techniques. Investigations are also made into various 
phenomenological aspects of explosives, interactions 
of explosives, and explosions with other materials. 

TA-40, OF-Site: See TA-6. 

TA-41, W-Site: Personnel in this site are engaged 
primarily in engineering design and development of 
nuclear components, including fabrications and eval
uation of test materials for weapons. 

T A-43, Health Research Laboratory: The 
Biomedical Research Group does research here in 
cellular radiobiology, biophysics, mammalian radiobi
ology, and mammalian metabolism. A large medical 
library, special counters used to measure radioactivity 
in humans and animals, and animal quarters for dogs, 
mice and monkeys are also located in this building. 

TA-46, WA-Site: Here, applied photochemistry, 
which includes development of technology for laser 
isotope separation and laser-enhancement of chemical 
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processes, is investigated. Solar energy research, 
particularly in the area of passive solar heating for res
idences, is done. 

TA-48, Radiochemistry Site: Laboratory scientists 
and technicians at this site study nuclear properties of 
radioactive materials by using analytical and physical 
chemistry. Measurements of radioactive substances 
are made and "hot cells' are used for remote handling 
of radioactive materials. 

TA-50, Waste Management Site: Personnel at this 
site have responsibility for treating and disposing of 
most industrial liquid waste received from Laboratory 
technical areas, for development of improved methods 
of solid waste treatment, and for containment of ra
dioactivity removed by treatment. Radioactive liquid 
waste is piped to this site for treatment from most 
technical areas. 

TA-51, Animal Exposure Facility: Here, animals 
are exposed to nonradioactive toxic materials to deter
mine biological effects of high and low exposures. 

TA-52, Reactor Development Site: A wide variety 
of activities related to nuclear reactor performance 
and safety are done here. 

TA-S3, Meson Physics Facility: The Los Alamos 
Meson Physics Facility (LAMPP), a linear particle ac
celerator, is used to conduct research in the areas of 
basic physics, cancer treatment, material studies, and 
isotope production. 

TA-S4, Waste Disposal Site: This is a disposal 
area for solid radioactive and toxic wastes. 

TA-SS, Plutonium Processing Facilities: Pro
cessing of plutonium and research in plutonium metal
lurgy are done here. 

TA-S7, Fenton Hill Site: This is the location of the 
Laboratory's Hot Dry Rock geothermal project. Here 
scientists are studying the possibility of producing en
ergy by circulating water through hot, dry rock located 
hundreds of meters below the earth's surface. The 
water is heated and then brought to the surface to 
drive electric generators. 

TA-S8, Two Mile Mesa: Undeveloped technical 
area. 
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TA-59, Occupational Health Site: Occupational 
health and environmental science activities are con
ducted here. 
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Table G-1. Estimated Maximum Individual 50-Year 
Dose Commitments from 1987 Airborne Radioactivitya 

Estimated 
Critical Dose 
Organ Location (mrem/yr) 

Whole Body Royal Crest 0.02 
(Station ll)b 

Whole Body East Gate 6.1 
(Station 6)b 

Bone Surface Exxon Station 0.11 
(Station lO)b 

Percentage of 
Radiation 
Protection 
Standard 

<0.1% 

24% 

0.1% 

aEstimated maximum individual dose is the dose from Laboratory operations (excluding dose 
contributions from cosmic, terrestial, medical diagnostics, and other non-Laboratory sources) 
to an individual at or outside the Laboratory boundary where the highest dose rate occurs 
and where there is a person. It takes into account occupancy factors. 
bsec Fig. 8 for station locations. 
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Table G-2. Airborne Radioactive Emissions Totalsa 

238,239,240Pub 

Location (f..I.Ci) --
TA-2 
TA-3 64.9 
TA-21 1.4 
TA-33 
TA-35 0.6 
TA-41 
TA-43 0.5 
TA-46 
TA-48 0.6 
TA-50 4.5 
TA-53 
TA-54 <0.1 
TA-55 0.2 

Totals n.8 
------------··-

235,238uc 

(pCi) 

868 

207 

1.6 

1080 

Mixed Fissi'on 
Products (IJ.Ci) 

21.6 
0.2 

1250 
21.6 

1290 

4\rd 

(Ci) 

232 

232 

32p 

Q..L.Ci) 

48.4 

48.4 

aAs reported on DOE Forms F-5821.1 
bPlutonium values contain indeterminant traces of 241 Am, a transformation product of 241 Pu. 
cDoes not include aerosolized uranium from explosives testing (Table G-6). 
d . lud 600 . f 41 . . ed . . od 

3H 

(Ci) 

851 
596 

1000 
155 
470 

Activation Products 
Gaseouse Particulate/Vaporf 

(Ci) (Ci) 

15.2 150 000 0.2 

85.4 

3180 150 000 0.2 

Does not 1nc e Cl o Ar present 1n gaseous
6 

m1x act1vat1on pr ucts. 
e . . 16 1 14 15 13 11 41 Includes the followmg constituents: N- 3.7%; C- 1.4%; 0- 0.6%; 0- 43.7%; N- 15.1%; C- 35.1%; Ar- 0.4%. 
flncludes 37 nuclides, dominated by 183os and 7se. 

m r zo 
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mO 
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Table G-3. Thermoluminescent Dosimeter Measurements 

Annual a 
Measurement 

Station Location Coordinates (mrem) 

Reeional Stations (28-44 km)--Uncontrolled Areas 

1. Espanola 70 (8)a 
2. Pojoaque 88 (8) 
3. Santa Fe 90 (8) 
4. Fenton Hill 124 (8) 

Perimeter Stations (0-4 km)--Uncontrolled Areas 

5. Barranca School Nl80 El30 98 (8) 
6. Arkansas A venue Nl70 E030 85 (8) 
7. Cumbres School Nl50 E090 103 (8) 
8. 48th Street N110 WOIO 107 (8) 
9. LA Airport N110E170 98 (8) 

10. Bayo Canyon N120 E250 106 (10) 
11. Exxon Station N090 El20 115 (8) 
12. Royal Crest Trailer Court N080 E080 108 (8) 
13. White Rock S080 E420 122 (8) 
14. Pajari to Acres S210 E380 90 (8) 
15. Bandelier Lookout Station S280 E200 95 (8) 
16. Pajarito Ski Area N150 W200 112 (8) 

Onsite StatiQns--Controlled Areas 

17. T A-21 (DP West) N095 E140 83 (8) 
18. TA-6 (Two-Mile Mesa) N025 E030 97 (8) 
19. T A-53 (LAMPF) N070 E090 115 (8) 
20. Well PM-1 N030 E305 115 (8) 
21. TA-16 (S-Site) S035 W025 113 (7) 
22. Booster P-2 S030 E220 112 (8) 
23. T A-54 (Area G) S080 E290 93 (8) 
24. State Hwy 4 N070 E350 176 (8) 
25. Frijoles Mesa S165 E085 102 (8) 
26. T A-2 (Omega Stack) N075 El20 117 (8) 
27. T A-2 (Omega Canyon) N085 E1210 149 (7) 
28. TA-18 (Pajarito Site) S040 E205 153 (8) 
29. T A-35 (Ten Site A) N040 E105 116 (8) 
30. T A-35 (Ten Site B) N040 El10 122 (8) 
31. T A-59 (Occupational Health Lab) N050 E040 111 (8) 
32. T A-3 (Van de Graaff) N050 E020 121 (8) 
33. TA-3 (Guard Station) N050 E020 219 (8) 
34. T A-3 (Alarm Building) N050 E020 211 (8) 
35. T A-3 (Guard Building) N050 E020 165 (8) 
36. T A-3 (Shop) N050 E020 112 (8) 
37. Pistol Range N040 E240 110 (8) 
38. T A-55 (Plutonium Facility South) N040 E240 106 (8) 
39. T A-55 (Plutonium Facility West) N040 E080 117 (8) 
40. T A-55 (Plutonium Facility North) N040 E080 118 (8) 

---------------
aMeasurement (95% confidence increments). 
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Table G-4. Location of Air Sampling Stations 

Latitude or Longitude or 
Station N-S Coord E-W Coord 

Re~:;ional (28-44 km} 

1. Espanola 36°00' 106°06' 
2. Pojoaque 35°52' 106°02' 
3. Santa Fe 35°40' 106°56' 

Perimeter (0-4 km} 

4. Barranca School Nl80 El30 
5. Arkansas Avenue Nl70 E030 
6. East Gate N090 E210 
7. 48th Street N110 WOIO 
8. LA Airport NIIO E170 
9. Bayo Canyon Nl20 E250 

10. Exxon Station N090 El20 
11. Royal Crest N080 E080 
12. White Rock S080 E420 
13. Pajari to Acres S210 E380 
14. Bandelier S280 E200 

Onsite 

15. TA-21 N095 El40 
16. TA-6 N025 E030 
17. T A-53 (LAMP F) N070 E090 
18. Well PM-I N030 E305 
19. TA-52 N020 El55 
20. TA-16 S035 W025 
21. Booster P-2 S030 E180 
22. TA-54 S080 E290 
23. TA-49 SI65 E085 
24. TA-33 S245 E225 
25. TA-2 N082 EIIO 
26. T A-16-450 S0 55 W070 
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Table G-5. Average Background Concentrations of Radioactivity in the Atmosphere 

Radioactive 
Constituent 

Gross beta 

U(natural) 

Units 

10-15 fJ.Ci/mL 

10-12 f.l.CijmL 

pg/m3 

10-18 flCi/mL 

10-18 flCi/mL 

10-18 flCifmL 

EPA a 

1983-1986 

10 ± 20 

Not reported 

68 ± 25 

0.3 ± 0.4 

0.8 ± 0.9 

Not reported 

Laboratoryb Uncontrolled 
1987 Area Guidec 

13 ± 3 9000 

4.1 ± 17.0 200 000 

74 ± 35 100 000 

0.4 ± 0.3d 30 000 

0.7 ± 0.4e 20 000 

1.4 ± 0.4d 20 000 

aEnvironmental Protection Agency, "Environmental Radiation Data," Reports 33 through 45. 
Data are from Santa Fe, New Mexico sampling location and were taken from January 1983 
through June 1986, excluding the periods from May 1983 through February 1984 and 
January 1985 through February 1985 for which data were not available. 
bData are annual averages from the regional stations (Espanola, Pojoaque, Santa Fe) and 
were taken during calendar year 1987. 
csee Appendix A. These values are presented for comparison. 
dMinimum detectable limit is 2 x 10-18 flCi/mL. 
eMinimum detectable limit is 3 X 10-18 jJCi/mL. 
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Table G-6. Estimated Aerial Concentrations of Toxic Elements 
Aerosolized by Dynamic Experimentsa 

Element 

Uranium 
Beryllium 
Lead 

1987 
Total 
Usage 
(kg) 

97.6 
2.0 

70.8 

aThrough November. 
bDOE 1981. 

Fraction 
Aerosolized 

(%) 

Annual Average 
Concentration 

(ne:/m3.~.-) __ _ 

(4 km) (8 km) 

9.5 x 10-3 

5.5 x 10-5 

7.6 X 20-2 

3.8 x 1o-3 

1.6 x w-5 

3.0 x 10-2 

Applicable 
Standard (ngjm 3

) 

cThirty day average. New Mexico Air Quality Control Regulation 20 I. 
d Assumed percentage aerosolized. 
eThree-mon th average, 40 CFR 50.12. 
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Table G-7. Airborne Tritiated Water Concentrations for 1987 

Concentrations--pCitm3 (10" 12 ~Ci/mL) 
Total Nl..lllber Nl..lllber 
Air of of Mean 

Volll!le Monthly Sa~les as 

Station Location8 (m3> Sa~les <MDL b Max c Mine Meanc % Guided 
--

Regional Stations (24-44 km)--Uncontrolled Areas 

,_ Espanola 111.31 11 7 31.0 (6.0) -8.0 (2.0) 3.1 (10.0) <0. 1 

2. Pojoaque 104.96 11 7 90.0 (20.0) -7.0 (2.0) 9.1 (27.6) <0. 1 
m r zo 

3. Santa Fe 111 .66 11 .1! 5.0 (2.0) -7.0 (2.0) 0.0 (3.7) ~ 
s;cn 
JJ> 
Olj;: 
z s:: 

Regional Group Summary 326.93 33 22 90.0 (20.0) -8.0 (2.0) 4.1 (17.0) <0.1 s::o 
~en 
-t z 
l>)> 

,..... r -t 
VI ~6 00 Perimeter Stations (0-4 km)··Uncontrolled Areas JJ z < )> mr 

4. Barranca School 122.26 12 2 60.0 (10.0) -3.0 (1.0) 11.7 (16.8) <0. 1 
r=lj;: 
lj;: OJ 

5. Arkansas Avenue 116.71 12 5 30.0 (6.0) -2.5 (0.6) 9.4 (10.9) <0.1 zO 
0~ 

6. East Gate 121.19 12 1 28.0 (5.0) 0.7 (0.6) 9.0 (6.9) <0.1 m-t 
~ 0 

7. 48th Street 119.99 12 4 120.0 (20.0) -3.6 (1.0) 27.0 (41.6) <0.1 (0 JJ g: -< 
8. LA Airport 118.14 12 0 37.0 (7.0) 3.5 (0.8) 11.5 (9.0) <0.1 

9. Bayo STP 113.21 11 5 7.0 (1.0) -1.3 (0.4) 2.9 (2.8) <0.1 

10. Exxon Station 123.49 12 2 25.0 (5.0) -1.8 (0.6) 8.9 (8.2) <0.1 

11. Royal Crest 108.75 12 0 140.0 (30.0) 3.0 ( 1.0) 27.3 (39.0) <0.1 

12. White Rock 106.36 12 7 49.0 (9.0) -6.0 (2.0) 7.7 (15.2) <0.1 

13. Pajarito Acres 120.93 12 9 7.0 (1.0) -4.0 (1.0) 0.6 (3.0) <0.1 

14. Bandelier 105.59 ..E ...!!. 13.0 (3.0) -0.8 (0.6) 4.4 (3.8) <0. 1 

Perimeter Group Summary 1276.62 131 39 140.0 (30.0) -6.0 (2.0) 11.0 (20.4) <0. 1 



.... 
Vl 
\0 

Total Nl.lllber 
Air of 

Volune Monthly 
Station Location a (m3) Samples --

On-site Stations--Controlled A~ 

15. TA-21 94.84 11 
16. TA-6 116.66 12 
17. TA-53 (LAMPF) 106.20 12 
18. Well PM-1 107.70 12 
19. TA-52 105.85 12 
20. TA-16 121.59 12 
21. Booster P-2 95.73 12 
22. TA-54 114.93 12 
23. TA-49 99.71 12 
24. TA-33 120.35 12 
25. Ta-2 90.70 12 
26. TA-16-450 ~ ..Jl 

On-site Group Summary 1253.29 143 
.............................. 

asee Fig. 8 for map of station locations. 
bMinimum detectable limit; 2 x 10" 12 ~Ci/ml. 
cUncertainties are in parentheses (see Appendix B). 
dcontrolled Area DOE Concentration Guide= 5 x 10-6 ~Ci/ml; 

uncontrolled Area Derived Concentration Guide= 1 x 10"7 flCi/ml. 

Table G-7 (cont) 

Concentrations--pCitm3 (10- 12 ~Ci/ml) 
NU!ber 

of Mean 
Samples as 

<MDLb Max c Mine Mean c % Guided 

2.5 (0.8) 51.8 (135.6) <0.1 
mr 

0 460.0 (90.0) ~g 
5 90.0 (20.0) -2.9 (0.9) 10.9 (25.6) <0.1 :Il )> 

2 70.0 (10.0) -4.0 (1.0) 15.1 (21.3) <0.1 os;;: 
z ~ 

2 51.0 (10.0) -5.0 (1.0) 12.3 (15.8) <0.1 ~0 
~en 

2 130.0 (30.0) -3.6 (1.0) 19.2 (37.4) <0.1 --1 z 
)> )> 

6 39.0 (8.0) -6.0 (1.0) 3.9 (11.5) <0.1 r --1 

go 
3 140.0 (30.0) -5.0 ( 1.0) 19.6 (41.2) <0.1 :Il z < )> 

1 100.0 (20.0) -2.0 (2.0) 32.3 (35.7) <0.1 mr 
r=s;;: 

8 160.0 (30.0) -7.0 (2.0) 17.9 (46.8) <0.1 );: CD 

0 32.0 (6.0) 7.0 (1.0) 19.5 (7.5) <0.1 zO 
0~ 

0 120.0 (20.0) 3.0 ( 1.0) 27.4 (33.9) <0.1 m --1 
~ 0 

.1 180.0 (30.0) -12.0 (3.0) 15.8 (52.1) <0.1 ~ :Il 
~ -< 

36 460.0 (90.0) -12.0 (3.0) 21.7 (51.5) <0.1 
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Station Locationa 

Total 
Air 

Volune 
(m3) 

Regional Stations (28-44 km)--Uncontrolled Areas 

1. Espanola 
2. Pojoaque 
3. Santa Fe 

Regional Group Summary 

91 077 
84 739 

96 114 

271 930 

Perimeter Stations (0-49 km)--Uncontrolled Areas 

4. Barranca School 
5. Arkansas Avenue 
6. East Gate 
7. 48th Street 
8. LA Airport 
9. Bayo STP 

10. Exxon Station 
11. Royal Crest 
12. White Rock 
13. Pajarito Acres 
14. Bandelier 

Perimeter Group Summary 

72 961 
74 296 
73 328 
59 630 
93 632 
88 374 
87 022 
86 622 
92 885 

105 964 
88466 

923 180 

Table G-8. Airborne 239 •240Pu Concentrations for 1987 

NI.Jllber 

of 
Quarterly 
Samples 

4 

4 

~ 

12 

3 

3 

4 

3 
4 
4 

4 

4 

4 

4 

~ 

41 

NI.Jllber 

of 
Samples 

<MDL b 

4 

4 

~ 

12 

3 
3 

4 

3 
3 
3 

2 

4 

4 

4 

~ 

37 

Concentrations- -aci tm3 ( 10 "18 tJ.Ci/ml) 

Maxc 

1.0 (1.5) 
1.3 (0.6) 
1.2 (0.6) 

1.3 (0.6) 

1.4 (2.3) 
0.8 (0.7) 

3.8 (3.0) 
0.5 (0.5) 
2.1 (0.6) 
2.1 (0.9) 
3.1 (0.8) 
1.4 (4.2) 
1.1 (0.5) 
1.1 (0.5) 
0.6 (0.4) 

3.8 (3.0) 

Mine 

0.5 (0.5) 
0.0 (0.5) 
0.3 (0. 7) 

0.0 (0.5) 

0.2 (0.3) 
0.5 (0.4) 
0.2 (0.5) 
0.0 (0.5) 
0.6 (0.4) 
0.7 (1.3) 
0.6 (0.6) 
0.0 (0.5) 
0.0 (0.6) 
0.2 (0.2) 
0.1 (0.4) 

0.0 (0.5) 

Meanc 

0.8 (0.2) 
0.5 (0.6) 
0.7 (0.4) 

0.7 (0.4) 

0.6 (0.6) 
0.7 (0.2) 
1.5 (1.6) 
0.3 (0.3) 
1.2 (0.7) 
1.2 (0.6) 
2.1 (1.0) 
0.6 (0.6) 
0.7 (0.5) 
0.5 (0.4) 
0.3 (0.2) 

0.9 (0.9) 

Mean 
as 

% Guided 

<0.1 
<0.1 
<0.1 

<0.1 

<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 

~ 

<0.1 

mr 
~0 _en 
:Il > 
~~ s:: s:: 
mO 
zen 
--iz 
f!~ encO 
:Ilz 
< > m' 
r=~ 
~m 
zO 
()~ 
m-i 
~a 

~ ~ 
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Total Nunber 
Air of 

Volume Quarterly 
Station location a (m3) Sa~les 

--
On-site Stations--Controlled Areas 

15- TA-21 94 118 4 
16. TA-6 87 428 4 
17. TA-53 (LAMPF) 104 546 4 
18. Well PM-1 110 612 4 
19. TA-52 94 263 4 
20. TA-16 103 821 4 
21. Booster P-2 91 987 4 
22. TA-54 91 599 4 
23. TA-49 n 741 4 
24. TA-33 105 211 4 
25. TA-2 89 097 4 
26. TA-16-450 67 011 ~ 

On-site Group Summary 1 117 434 48 

---------------
aSee Fig. 8 for map of station locations. 
bMinimum detectable limit= 3 x 10- 18 ~Ci/ml. 
cUncertainties are in parentheses (see Appendix B). 
dcontrolled Area DOE Concentration Guide~~ 2 x 10- 12 ~Ci/ml. 
Uncontrolled Area Derived Concentration Guide·= 2•x 10- 14 ~Ci/ml. 

Table G-8 (cont) 

Concentrations--aCitm3 (10- 18 ~Ci/ml) 
Nunber 

of Mean 
Sa~les as 

<MDlb Max c Mine Mean c X Guided 

4 1.8 (0.5) 0.4 (0.4) 1.1 (0.6) <0.1 mr 
~0 

4 1.0 (0.5) 0.4 (0.4) 0.6 (0.3) <0.1 
_(j) 

:0 )> 

4 0.8 (0.6) 0.0 (0.4) 0.4 (0.4) <0.1 os;;: 
z ~ 

4 0.3 (0.2) 0.1 (0.1) 0.2 (0.1) <0.1 ~0 
0.2 (0.1) <0.1 

ZCJl 
4 0.3 (0.4) 0.0 (0.5) --t z 

)> )> 

4 0.9 (0.4) 0.5 (0.4) 0.7 (0.2) <0.1 r --t 

~6 3 3.8 (1.0) 0.0 (0.4) 1.6 ( 1.6) <0.1 :0 z 
2.8 (0.7) 13.5 (15.7) <0.1 

< )> 
0 36.8 (3.6) m r 

4 0.7 (0.8) 0.4 (0.2) 0.6(0.1) <0.1 
r=s;;: 
s;;: OJ 

4 1. 7 (0.6) 0.1 (0.4) 0.8 (0.7) <0.1 zO 
0~ 

3 3.2 (1.0) 0.2 (0.4) 1.0 (1.5) <0.1 m --t 
- 0 

~ 1.6 (0.9) 0.3 (0.6) 0.8 (0.6) <0.1 <D :0 g: -< 

42 36.8 (3.6) 0.0 (0.4) 1.8 (5 .4) <0.1 
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Table G-9. Airborne 241 Am Concentrations for 1987 

. c·/ 3 (10·18 . Concentrations--a 1 m ~Cl/ml) 

Total Nl.lllber Nl.lllber 
Air of of 

Volune Quarterly Sa~les 

Station Location a (m3) Sa~les <MDL b Maxc Mine Mean c 
--

Regional Stations (28-44 km)--Uncontrolled Areas 

3. Santa Fe 71 629 3 3 1.8 (0.8) 1.0 (0.8) 1.4 :!: 0.4 

Perimeter Stations (0-40 km)--Uncontrolled Areas 

6. East Gate 55 655 3 3 1.7 (0.7) 0.3 (0.7) 1.1 (0.7) 
8. LA Airport 24 931 1 1 1.7 (0.8) 1.7 (0.8) 1.7 (0.8) 

9. Bayo STP 66 204 3 3 1.7 (0.7) 0.3 (0.4) 1.0 (0. 7) 

12. llhite Rock 92 885 4 4 1.3 (0.8) 0.5 (0.7) 0.8 (0.3) 
-- --

Perimeter Group Summary 239 675 11 11 1. 7 (0.8) 0.3 (0.7) 1.0 (0.5) 

On-site Stations--Controlled Areas 

16. TA-6 87 428 4 4 1.9 (0.9) 0.8 (0.5) 1.5 (0.5) 
17. TA-53 (LAMPF) 104 546 4 4 1.0 (0.5) 0.5 (0.4) 0.8 (0.2) 

20. TA-16 103 821 4 4 1.6 (0.8) 0.6 (0.5) 1.0 (0.4) 
21. Booster P-2 91 987 4 4 1.9 (0.9) 0.8 (0.6) 1.3 (0.5) 

22. TA-54 91 599 4 0 26.3 (2.4) 3.3 (1.0) 9.5 (11.2) 

23. TA-49 77 741 4 4 2.5 (1.5) 0.4 (0. 7) 1.2 (0. 9) 
-- --

On-site Group Summary 557 122 24 20 26.3 (2.4) 0.4 (0.7) 2.5 (5.2) 

---------------
aSee Fig. 8 for map of station locations. 
bMinimum detectable limit= 2 x 10- 18 uCi/mL. 
cUncertainties are in parentheses (see Appendix B). 
dcontrolled Area DOE Concentration Guide= 6 x 10- 12 ~Ci/mL. 
Uncontrolled Area Derived Concentration Guide= 2 x 10- 14 ~Ci/mL. 

Mean 
as 

X Guided 

<0.1 

m r 
~0 _(/) 

:Il )> 
<0.1 os;: 
<0.1 z 3:: 

3::0 
<0.1 ~(/) 

--1 z 
<0.1 )> )> 

r --1 
~5 

<0.1 :Il z < )> 
mr ;=s;: 
S:w 
zO 
0~ 
m--1 
~o 

<0.1 :g :Il 
""' -< 

<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
--

<0.1 



Table G-10. Airborne Uranium Concentrations for 1987 

. I 3 ConcentratJons--pg m 
Total Number Number 
Air of of Mean 

Volume Quarterly S8fl1'les as 
Station Location a (m3) S~les <MOlb Maxc Mine Mean c % Guided 

Regional Stations (28-44 km>--Uncontrolled Areas 

1. Espanola 91 077 4 0 118.9 (11.9) 28.1 (2.8) 78.9 (40.5) <0.1 mr 
2. Pojoaque 84 739 4 0 124.8 (12.5) 88.0 (8.8) 103.0 (15.6) <0.1 zo 

~C/) 

3. Santa Fe 96 114 ..i Q 48.5 (4.9) 31.6 (3.2) 40.4 (7.0) <0.1 :Il)>o 0> z s::: 
s:::o 

Regional Group Summary 271 930 12 0 124.8 (12.5) 28.1 (2.8) 74.1 (35.4) <0.1 ~C/) 
-i z 
> > 

..... r -i 

0\ go w :D z Perimeter Stations (0-4 km>--Uncontrolled Areas < > mr 
r=s;: 

4. Barranca School 96 881 4 0 49.0 (4.9) 29.7 (3.0) 36.2 (8.9) <0.1 >co zO 
5. Arkansas Avenue 97 921 4 0 27.1 (2. 7) 14.9 (1.5) 21.4 (5.0) <0.1 0~ m -i 
6. East Gate 73 328 4 0 47.9 (4.8) 28.0 (2.8) 36.9 (8.4) <0.1 ~ 0 

(() :D 

7. 48th Street 77 435 4 0 34.0 (3.4) 24.4 (2.4) 28.5 (4.5) <0.1 ~ -< 

8. LA Airport 93 632 4 0 69.8 (7.0) 35.4 (3.5) 50.1 (16.6) <0.1 
9. Bayo STP 88 374 4 0 39.2 (3.9) 18.0 (1.8) 28.0 (10.9) <0.1 

10. Exxon Station 87 022 4 0 66.8 (6. 7) 38.3 (3.8) 52.4 (13.2) <0.1 
11. Royal Crest 86 622 4 0 68.1 (6.8) 24.2 (2.4) 41.6 (18.8) <0.1 
12. \lhite Rock 92 885 4 0 31.5 (3. 1) 24.1 (2.4) 27.6 (3.7) <0.1 
13. Pajarito Acres 105 964 4 0 25.5 (2.5) 11.3 (1.1) 19.8 (6.0) <0.1 
14. Bandelier 88466 ..i Q 33.6 (3.4) 11.6 (1.2) 21.8 (11.3) <0.1 

Perimeter Group Summary 988 530 44 0 69.8 (7.0) 11.3 (1.1) 33.1 (14.5) <0.1 
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Table G-10 (cont) 

Concentrations--pgtm3 

Total Nl..ri>er Nl..ri>er 
Air of of Mean 

Volune Quarterly Samples as 
Station Location a (m3) Samples <MDLb Max c Mine Mean c X Guided --

On-site Stations--Controlled Areas 

15. TA-21 94 118 4 0 42.5 (4.3) 24.9 (2.5) 34.6 (7.9) <0.1 
16. TA-6 87 428 4 0 74.4 (7.4) 18.2 (1.8) 39.8 (24.4) <0. 1 
17. TA-53 (LAMPF) 104 546 4 0 34.5 (3.4) 26.8 (2.7) 30.3 (3.2) <0.1 
18. Well PM-1 110 612 4 0 20.9 (2.1) 15.4 (1.5) 19.0 (2.6) <0.1 
19. TA-52 94 263 4 0 50.9 (5.1) 21.0 (2.1) 39.1 (13.4) <0.1 
20. TA-16 103 821 4 0 27.5 (2.7) 15.6 (1.6) 20.7 (5.4) <0.1 
21. Booster P-2 91 987 4 0 37.0 (3.7) 28.1 (2.8) 30.5 (4.4) <0.1 
22. TA-54 91 599 4 0 88.6 (8.9) 35.0 (3.5) 53.8 (24.0) <0.1 
23. TA-49 77 741 4 0 28.3 (2.8) 13.2 (1.3) 20.2 (6.8) <0.1 
24. TA-33 105 211 4 0 70.2 (7.0) 15.3 (1.5) 32.8 (25.2) <0.1 
25. TA-2 89 097 4 0 56.4 (5.6) 23.1 (2.3) 34.1 (15.3) <0.1 
26. TA-16-450 67 011 ..!!. Q 18.6 ( 1. 9) 12.8 (1.3) 16.5 (2.6) <0.1 

On-site Group Summary 1 117 434 48 0 88.6 (8.9) 12.8 (1.3) 30.9 (16.2) <0.1 
........................................ 

asee Fig. 8 for map of station locations. 
bMinimum detectable limit= 1 pgtm3• 
cuncertainties are in parentheses (see Appendix B). 
dcontrolled Area DOE Concentration Guide= 2 x 108 pg/m3• 

Uncontrolled Area Derived Concentration Guide = 1 x 105 pgtm3 

~: One curie of natural uranium is equivalent to 3000 kg of natural uranium. Hence, uranium masses can be converted to the DOE "uranium special 
curie" by using the factor 3.3 x 10- 13 iJ.Ci/pg. 

mr 
~~ 
::0)> os;:: 
zs:: 
3:0 
~en 
-i z 
)> )> 
r-i 
en-cO 
::0 z < )> mr ;=s;:: 
S:::m 
zO 
0~ m -i 
~a 
<0 ::0 
~ -< 



LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-11. Emissions (tons/yr) and Fuel Consumption (109 Btu/yr) 
from the T A-3 Power Plant and Steam Plants 

LQcation 
Western 

Parameter Year TA-3 TA-16 TA-21 Area 

Particulates 1986 1.8 0.4 0.1 0.00 
1987 1.5 0.5 0.1 0.00 
%Change -14.9 11.6 -1.7 

Oxides of Nitrogen 1986 15.1 19.6 5.5 0.00 
1987 12.8 21.8 5.4 0.07 
%Change -15.3 11.4 -1.2 

Carbon Monoxide 1986 23.6 4.9 1.4 0.00 
1987 20.1 5.5 1.4 0.02 
%Change -15.0 11.6 -1.2 

Hydrocarbons 1986 1.0 0.8 0.2 0.00 
1987 0.9 0.9 0.2 0.00 
%Change -14.6 11.6 -1.2 

Fuel Consumption 1986 1313 310 87 0 
1987 1098 341 85 1 
%Change -16.3 10.0 -2.8 
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Total 

2.3 
2.1 

-9.3 

40.2 
40.1 
-0.2 

29.9 
26.9 

-10.0 

2.0 
2.0 

-2.5 

1710.0 
1525.0 

-10.8 



LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-12. Quality of Effluent from the T A-50 Liquid Radioactive 
Waste Treatment Plan for 1987a 

Radionuclide 

Activity 
Released 

(mCi) 

100 000 
64 

1.0 
8.1 
1.6 
1.4 
3.2 
3.6 

Nonradioactive 
Constituents 

Cdc 
Ca 
Cl 
Total Crc 
Cue 
F 
Hgc 
Mg 
Na 
Pbc 
znc 
CN 
COD 
NO-N 

3 

POS 
TD 
pHc 

Mean 
Concentration 

(IJCi/mL) 

3.8 X 10-3 

2.4 X 10-6 

3.9 X 10-8 

3.0 X 10-7 

6.0 X 10-8 

5.3 X 10-S 
1.2 X 10-7 

1.3 X 10-7 

Mean 
Concentration 

(mg/L) 

l.l X 10-3 

170 
150 

2.4 X 10-2 

0.33 
12 
4.9 X 10-4 

l.l 
920 

5.1 X 10-2 

0.32 
0.3 

100 
476 

1.5 
4150 

6.98 - 7.77 

Total Effluent Volume = 2.66 x 107 L 

aAs reported on DOE forms F-5821.1. 

Mean as 
%DOE's CGb 

3.8 
0.8 
0.4 
0.1 

<0.1 
<0.1 

0.1 
0.1 

bDepartment of Energy's Concentration Guide for Controlled Areas 
(Appendix A). 
cconstituents regulated by National Pollutant Discharge Elimination 
System permit. 
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LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-13. Quality of Effluent from the Los Alamos 
Meson Physics Facilities (T A-53) Lagoons for 1987a 

Activity Mean 
Released Concentration Mean as 

Radionuclide (mCi) {fl.Ci/mL) %DOE's CGb 

3H 10 900 2.7 X 10-3 2.7 
7Be 330 8.0 X 10-5 0.2 
22Na 89 2.2 X 10-5 2.2 
54Mn 23 5.6 X 10-6 0.1 
57 co 81 2.0 X lO-S <0.1 
so co 8.5 2.1 X 10-6 0.2 
t34Cs 79 1.9 X 10-5 6.4 

Total Effluent Volume = 4.109 x 106 L 

aAs reported on DOE forms F-5821.1. 
bDepartment of Energy's Concentration Guide for Controlled Areas 
(Appendix A). 
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LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-14. Location of Surface and Ground Water Sampling Stations 

Latitude Longitude 
or or 

N-S E-W Map 
Station Coordinate Coordinate Designation a 

Regional Surface Water 
Rio Chama at Chamita 30°0S' 106°07' 
Rio Grande at Embudo 36°12' IOS0 S8' 
Rio Grande at Otowi 3S0 S2' 106°08' 
Rio Grande at Cochiti 3S0 37' I 06° 19' 
Rio Grande at Bernalillo 3S0 17' 106°36' 
Jemez River 3S0 40' 106°44' 

Perimeter Stations 
Los Alamos Reservoir NIOS W090 7._/ 

Guaje Canyon N300 E100 8 
Frijoles S280 El80 9 
La Mesita Spring N080 ESSO 10 
Sacred Spring Nl70 ES40 II 
Indian Spring Nl40 ES30 12 

White Rock Canyon 
Group I 
Sandia Spring S030 E470 13 
Spring 3 SilO E4SO 14 
Spring 3A SI20 E44S IS 
Spring 3AA SI40 E440 16 
Spring 4 SI70 El10 17 
Spring 4A SISO E39S 18 
Spring S S220 E390 19 
Sprng SA S240 E360 20 
Ancho Spring S280 E30S 21 

Group II 
Spring SA S230 E390 22 
Spring 6 S300 E330 23 
Spring 6A S310 E310 24 
Spring 7 S330 E29S 2S 
Spring 8 S33S E28S 26 
Spring SA S3IS E280 27 
Spring 9 S270 E270 28 
Spring 9A S325 E265 29 
Doe Spring S320 E250 30 
Spring 10 S370 E230 31 

Group III 
Spring 1 N040 ES20 32 
Spring 2 NOIS ESOS 33 

168 

Typeb 

sw 
sw 
sw 
sw 
sw 
sw 

sw 
sw 
sw 
GWD 
GWD 
GWD 

SWR 
SWR 
SWR 
SWR 
SWR 
SWR 
SWR 
SWR 
SWR 

SWR 
SWR 
SWR 
SWR 
SWR 
SWR 
SWR 
SWR 
SWR 
SWR 

SWR 
SWR 



Station 

White Rock Canyon 
Group IV 
Spring 3B 

Streams 
Pajarito 
Ancho 
Frijoles 

Sanitary Effluent 
Mortandad 

Onsite Stations 
Test Well I 
Test Well 2 
Test Well 3 
Test Well DT -5A 
Test Well 8 
Test Well DT -9 
Test Well DT-10 
Canada del Buey 
Pajarito 
Water Canyon at Beta 

Pajarito Canyon (Onsite) 
PC0-1 
PC0-2 
PC0-3 

Effluent Release Areas 
Acid-Pueblo Canyon 
Acid Weir 
Pueblo 1 
Pueblo 2 
Pueblo 3 
Hamilton Bend Springs 
Test Well IA 
Test Well 2A 
Basalt Spring 

LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-14 (coot) 

Latitude Longitude 
or or 

N-S E-W 
Coordinate Coordinate 

SI50 £465 

Sl80 £410 
S295 £340 
S365 £235 

S070 £480 

N070 £345 
Nl20 £150 
N080 £215 
SilO £090 
N035 £170 
Sl55 £140 
SI20 £125 
NOlO £150 
S060 £215 
S090 £090 

S0 54 £212 
S081 £255 
S098 £293 

Nl25 £070 
Nl30 £080 
NI20 £155 
N085 £315 
NIIO £250 
N070 £335 
Nl20 £140 
N065 £395 
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Map 
Designation a Typeb 

34 SWR 

35 SWR 
36 SWR 
37 SWR 

38 SWR 

39 GWD 
40 GWD 
41 GWD 
42 GWD 
43 GWD 
44 GWD 
45 GWD 
46 sw 
47 sw 
48 \ sw 

102 GWS 
103 GWS 
104 GWS 

49 L- sw 
50 sw 
51 c.-- sw 
52 v sw 
53 s 
54 GWS 
55 GWS 
56 s 



Station 

DP-Los Alamos Canyon 
DPS-1 
DPS-4 
LAO-C 
LAO-I 
LA0-2 
LA0-3 
LA0-4 
LA0-4.5 

Sandia Canyon 
SCS-I 
SCS-2 
SCS-3 

Mortandad Canyon 
GS-1 
MC0-3 
MC0-4 
MC0-5 
MC0-6 
MC0-7 
MC0-7.5 
MC0-8 

Water Supply and Distribution 
Los Alamos Well Field 
Well LA-IB 
Well LA-2 
Well LA-3 
Well LA-4 
Well LA-5 
Well LA-6 

Guaje Well Field 
Well G-1 
Well G-IA 
Well G-2 
Well G-3 
Well G-4 
Well G-5 
Well G-6 

LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-14 (coot) 

Latitude Longitude 
or or 

N-S E-W 
Coordinate Coordinate 

N090 El60 
N080 £200 
N085 £070 
N080 El20 
N080 E210 
N080 £220 
N070 £245 
N065 £270 

N080 £040 
N060 £140 
N0 50 £185 

N040 EIOO 
N040 EIIO 
N035 El50 
N030 EI60 
N030 £175 
N025 £180 
N030 £190 

Nll5 £530 
Nl25 £505 
Nl30 £490 
N070 £405 
N076 £435 
Nl05 £465 

Nl90 £385 
Nl97 £380 
N205 £365 
N215 £350 
N213 £315 
N228 £295 
N215 £270 
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Map 
Designation a Typeb 

57 sw 
58 sw 
59 GWS 
60 GWS 
61 GWS 
62 GWS 
63 GWS 
64 GWS 

65 sw 
66 sw 
67 sw 

68 sw 
69 GWS 
70 GWS 
71 GWS 
72 GWS 
73 GWS 
74 GWS 

76 GWD 
77 GWD 
78 GWD 
79 GWD 
80 GWD 
81 GWD 

82 GWD 
83 GWD 
84 GWD 
85 GWD 
86 GWD 
87 GWD 
88 GWD 



Station 

Pajarito Well Field 
Well PM-I 
Well PM-2 
Well PM-3 
Well PM-4 
Well PM-5 
Water Canyon Gallery 
Fire Station I 
Fire Station 2 
Fire Station 3 
Fire Station 4 
Fire Station 5 

LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-14 (coot) 

Latitude Longitude 
or or 

N-S E-W 
Coordinate Coordinate 

N030 £305 
S0 55 £202 
N040 E255 
S030 £205 
NOI5 El55 
S040 Wl25 
N080 E015 
NIOO EI20 
S085 £375 
Nl85 £070 
SOlO W065 

Bandelier National Monument S270 EI90 
Headquarters 

Fenton Hill (T A-57) 35°53' 106°40' 

Map 
Designation a Typeb 

89 GWD 
90 GWD 
9I GWD 
92 GWD 
93 GWD 
94 GWD 
95 D 
96 D 
97 D 
98 D 
99 D 

100 D 

101 D 

aRegional surface water sampling locations in Fig. 15; Perimeter, White Rock Canyon, 
On-site, and Effluent Release Area sampling locations in Fig. 16. 

bSW = surface water, GWD = deep or main aquifer, GWS = shallow or alluvial aquifer, 
SWR = spring at White Rock Canyon, and D = water supply distribution system. 
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Table G-15. Radiochemical Quality of Surface Water from Regional Stations a 

Gross 
3H 137Cs Total U 238Pu 239,240Pu Garrma 

Station -6 (10 J-LCi/mL) -9 (10 !J.Ci/ml) (f..lg/L> (10- 9 f-I.Ci/ml) (10-9 J-LCi/ml) (Counts/min/L) 

Rio Chama at Chamita -{).7 (0.7) 32 (44) 1.3 (1.0) 0.008 (0.012) 0.017 (0.012) -70 (100) 

Rio Chama at Chamita 0.2 (0.3) 95 (62) 2.0 (1.0) 0.011 (0.012) -{).004 (0.004) 260 (80) 

Rio Grande at Embudo -1.6 (0.7) 80 (57) 2.2 (1.0) 0.000 (0.010) 0.006 (0.010) 30 (100) 

Rio Grande at Embudo -{).2 (0.3) 21 (53) 2.0 (1.0) -{).008 (0.008) -{).008 (0.006) 460 (90) 

mr 

Rio Grande at Otowi -{).9 (0.7) 8 (44) 2.1 (1.0) 0.000 (0.010) -{).004 (0.010) -150 (100) 
zo 
~en 

Rio Grande at Otowi 0.2 (0.3) 1200 (414) 2.0 (1.0) 0.018 (0.018) -{).004 (0.012) 260 (80) 
Jl)> 0> z s:: 
s::o 

Rio Grande at Cochiti -{).7 (0.7) 38 (55) 2.3 (1.0) 0.000 (0.010) 0.000 (0.010) 20 (100) ~en 
-i z 

Rio Grande at Cochiti 0.1 (0.3) -- 2.0 (1.0) -{).005 (0.005) 0.000 (0.010) 360 (90) > > .... r -i 
-J ~6 N 

Rio Grande at Bernalillo -{).4 (0.7) 41 (45) 2.4 (1.0) -{).012 (0.018) -{).025 (0.013) -300 (100) 
J) z 
< > mr 

Rio Grande at Bernalillo 0.2 (0.3) 139 (65) 3.0 (1.0) 0.000 (0.010) -{).008 (0.008) 380 (90) ;= > >OJ zO 
Jemez River at Jemez -1.4 (0.7) 108 (58) 1.6 (1.0) -{).004 (0.009) 0.025 (0.014) -180 (100) 0~ 

m-i 

Jemez River at Jemez -{).1 (0.3) 58 (58) 2.0 (1.0) 0.004 (0.008) -{).004 (0.004) 400 (90) ~ 0 
<D J) 

~ -< 

No. of Analyses 12 11 12 12 12 12 
Average -{).4 165 2.1 0.001 -{).001 122 
s 0.6 345 0.4 0.008 0.013 261 
MiniiTUil -1.6 (0. 7) 8 (44) 1.3 (1.0) -{).012 (0.018) -{).025 (0.013) -300 (100) 

MaxiiTUil 0.2 (0.3) 1200 (414) 3.0 (1.0) 0.011 (0.012) 0.025 (0.014) 460 (90) 

Limits of Detection 0.7 40 1 0.009 0.03 50 

-------·-------
aSamples collected in February and September; counting uncertainty in parentheses. 



Table G-16. Chemical Quality of Surface Water from Regional Stations (mg/L)a 

Total Conduc-
Hard- tivity 

Station Sio2 Ca Mg K Na co3 HC~ p so4 Cl F N TDS ness pH (rnS/m) 
- -- - - --

Rio Chama at Chamita 11 32 8.2 1.8 17 0 89 <0.2 80 3 0.2 <1 174 217 8.2 34 
Rio Grande at Embudo 24 30 6.0 2.3 15 0 92 <0.2 34 5 0.5 <1 103 1n 8.0 26 
Rio Grande at Otowi 26 30 6.1 2.2 15 0 93 <0.2 34 5 0.5 <1 101 175 8.2 26 
Rio Grande at Cochiti 17 38 7.1 1.9 16 0 96 <0.2 56 4 0.3 <1 127 195 8.1 30 
Rio Grande at Bernalillo 18 39 7.3 2.0 18 0 95 <0.2 62 5 0.3 <1 126 203 8.0 32 m r zo 
Jemez River at Jemez 38 37 5.5 5.9 44 2 141 <0.2 17 47 0.8 <1 123 279 8.3 45 ~en 

:Il> 
0):: 
z s: 

Sl.lllllary s:o 
~en 

No. of Analyses 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 -t z 
> > ,.... Average 22 34 6.7 2.6 20 <1 101 -- 47 11 0.4 -- 126 208 8.1 32 r-t 

....:J 
9 4 1.0 1.6 11 

go 
~ s 1 20 -- 23 17 0.2 -- 26 38 0.1 7 :n z 

Minimun 11 30 5.5 1.8 15 17 3 0.2 8.0 26 < > 
0 89 -- -- 101 175 mr 

Maximun 38 39 8.2 5.9 44 2 141 <0.2 80 47 0.8 <1 174 279 8.3 45 r=); 
);w 

--------------- zO 

aSamples collected in February. 
0~ m-t 
~ 0 
<D :n 
~ -< 



Table G-17. Radiochemical Quality of Surface and Ground Waters from Perimeter Stations 

Gross 
3H 137Cs Total U 238Pu 239,240Pu Ganma 

Station -6 (10 flCi/mL) (10- 9 f.!Ci/ml) (j.J.g /L). (10-9 f.!Ci/mL) -9 (10 f.!Ci/mL) (Counts/min/L) 

Los Alamos Reservoir -o.7 (0.3) 8 (54) 1.0 (1.0) 0.021 (0.015) -o.004 (0.011) 

Los Alamos Reservoir 0.0 (0.3) 42 (62) 1.0 (1.0) -o.002 (0.006) -o.004 (0.006) -70 (80) 

Guaje Reservoir -2.7 (0. 7) -24 (55) 0.2 (0.1) 0.036 (0.016) 0.011 (0.010) -400 (100) 

Frijoles Canyon -2.0 (0.7) 88 (51) 0.2 (0.1) 0.016 (0.018) 0.016 (0.014) 160 (100) mr 
Frijoles Canyon 0.4 (0.3) 98 (62) 1.0 (1.0) 0.008 (0.006) 0.008 (0.005) -20 (80) ~0 _CI> 

JJ)> 
os;: 

La Hesita Spring -1.5 (0. 7) 59 (44) 12.5 (1.3) -o.014 (0.014) -o.014 (0.012) -180 (100) ZS:: s::o 
La Hesita Spring 0.0 (0.3) 24 (53) -- 0.002 (0.006) -o.002 (0.005) -80 (80) ~(/) 

-tz ,..,.. 
.... Indian Spring 80 (56) 

r-t 

~ 
-1.1 (0. 7) 9.6 (1.0) -o.007 (0.019) 0.029 (0.023) -30 (100) ~6 

Indian Spring 0.0 (0.3) 59 (68) 6.0 (1.0) -o.oo5 co.ooa> 0.000 (0.005) 80 (80) JJZ < )> mr 
r=s;: 

Sacred Spring -1.7 (0.7) 13 (38) 2.1 (1.0) 0.001 (0.010) 0.037 (0.041) -50 (100) s;:ro 
zO 

Sacred Spring -o.1 (0.3) -2 (60) 4.0 (1.0) 0.010 (0.009) 0.002 (0.005) 160 (80) 0~ m-t 
~o 

~ JJ 
SLI1ln8ry ""' -< 
No. of Analyses 11 11 10 11 11 10 
Average -o.8 40 3.8 0.006 0.007 -43 

s 1.0 40 4.3 0.014 0.015 166 

Hinimun -2.7 (0. 7) -24 (55) 0.2 (0.1) -o.014 (0.012) -o.014 (0.012) -400 (100) 

Haximun 0.4 (0.3) 98 (62) 12.5 (1.3) 0.036 (0.016) 0.037 (0.041) 160 (100) 

Limits of Detection 0.7 40 1 0.009 0.03 50 
................................ 

aSamples collected in March and September; counting uncertainty in parentheses. 



Table G-18. Radiochemical Quality of Surface Waters from White Rock Canyon, October 1987 

Gross 
3H 137Cs Total U 238Pu 239,240Pu Ganma 

Station -6 (10 tJ.Ci/ml) -9 (10 jJ.Ci/ml) (fJ.g/L) -9 (10 f-J.Ci/ml) -9 (10 fJ.Ci/ml) (Counts/min/L) 

Group I 
Sandia Spring -o.8 c0.3> 122 (64) 1.0 (1.0) 0.020 (0.014) -o.004 (0.004) 100 (80) 
Spring 3 -o.8 co.3> -6 (65) 1.0 (1.0) 0.000 (0.010) 0.004 (0.008) 0 (80) 
Spring 3A -1.2 (0.3) 94 (62) 1.0 (1.0) -o.019 (0.010) 0.000 (0.010) 0 (80) 
Spring 3AA -o.9 (0.3) 40 (62) 1.0 (1.0) 0.004 (0.004) 0.000 (0.010) 60 (80) 
Spring 4 0.7 (0.3) 103 (64) 1.0 (1.0) 0.012 (0.013) -o.oo8 co.oo8> -110 (80) 
Spring 4A -o.1 (0.3) 87 (60) 1.0 (1.0) 0.022 (0.011) -o.004 (0.004) 0 (80) mr 
Spring 5 -o.1 (0.3) 99 (63) 1.0 (1.0) 0.009 (0.009) 0.005 (0.008) 10 (80) zo 

S:w 
Spring 5AA -o.2 co.3> 74 (61) 1.0 (1.0) 0.004 (0.008) -o.004 (0.004) 10 (80) :D )> 

0): 
Ancho Spring -o.7 (0.3) 38 (69) 1.0 (1.0) -o.oo8 c0.010> 0.000 (0.010) 190 (80) z s::: 

s:::o 
~U> 
-l z 

Group II )> )> 
..... r-l 

~ Spring 8A -o.9 (0.3) 100 (62) 1.0 (1.0) 0.013 (0.013) 0.000 (0.010) 160 (80) ~6 
:D z Spring 9 -o.6 (0.3) -49 (62) 1.0 (1.0) -o.004 (0.007) 0.000 (0.010) 90 (80) < )> 
mr 

Spring 9A -1.0 (0.3) 13 (61) 1.0 ( 1.0) 0.004 (0.011) 0.008 (0.012) 170 (80) r=): 
Doe Spring -o.8 co.3> 149 (71) 1.0 ( 1.0) 0.008 (0.005) 0.000 (0.010) 130 (80) ):m 

zO 
0~ 
m -l 

Group Ill ~a 
<0 :D 

Spring 1 -1.1 (0.3) 103 (61) 1.0 (1.0) 0.004 (0.010) -o.013 (0.008) 30 (80) ~ -< 

Spring 2 -o.8 co.3> 24 (67) 3.9 (1.0) 0.004 (0.008) 0.009 (0.006) 220 (80) 

Group IV 
Spring 38 -o.2 co.3> 29 (60) 2.2 (2.4) 0.000 (0.010) 0.004 (0.004) 60 (80) 

Streams 
Pajarito 13 (1.0) 64 (68) 1.3 (1.0) 0.027 (0.015) -o.004 (0.004) 10 (80) 
Ancho -o.7 (0.3) -2 (60) 1.0 (1.0) -o.oo8 co.oo8> 0.000 (0.010) 160 (80) 
Frijoles -o.8 co.3> -45 (61) 1.0 (1.10) 0.020 (0.018) -o.004 (0.009) 190 (80) 



~ 

Station 

Sanitary Effluent 
Mortandad 

No. of Analyses 
Maxi nun 

Limits of Detection 

3H 

(10-6 fJ-Ci/ml) 

-o.2 (0.3) 

20 
13 (1.0) 

0.7 

_137cs 
-9 

(10 f1Ci/ml) 

-39 (68) 

20 
149 (71) 

40 

Table G-18 (cont) 

Total U 
(jJg/L) 

1.0 (1.0) 

20 
22 (2.4) 

238Pu 
-9 

(10 f1Ci/ml) 

0.000 (0.010) 

20 
0.027 (0.015) 

0.009 

acounting uncertainty in parentheses; Springs SA, 58, 6, 6A, 7, 8, and 10 covered by Cochiti Reservoir. 

239,240Pu 

(10-9 fJCi/ml) 

0.000 (0.010) 

20 
0.009 (0.006) 

0.03 

Gross 
Gallll18 

(Counts/min/L) 

70 (80) 

20 

50 

m r zo 
~(/) 
ll )> 

~),: 
s:: s:: 
mO z(J) 
~z 
r ~ 
(/)
cO 
~ ?; 
m r 
;= ),: 
),: []) 

zO 
~~ 
iDe 
()) ll ..... -< 



Table G-19. Chemical Quality of Surface and Ground ~aters from Perimeter Stations (mg/L)a 

Total Conduc-
Hard- tivity 

Station Sio2 Ca Mg K Na co3 HC03 
p so4 Cl F N TDS ness pH mS/m 

- - -- - - - -- -- -- - -- -- - -- -- -
Los Alamos Reservoir 28 7 0.9 2.5 3 0 27 <0.2 7 2 <0.2 <1 78 24 7.8 7 
Guaje Canyon 49 10 3.1 1.7 6 0 37 <0.2 8 2 0.2 <1 106 37 7.7 . 10 
Frijoles at Nat. 54 9 3.1 2.1 8 0 42 <0.2 6 3 <0.2 <1 111 33 7.8 11 

Mon. 
La Mesita Spring 27 33 0.8 2.4 30 0 118 <0.2 14 8 0.3 2 174 90 8.1 30 mr zo 
Indian Spring 42 27 2.7 2.7 27 0 110 <0.2 7 32 0.5 <1 208 95 7.5 32 $en 

:0 > 
Sacred Spring 32 22 0.4 2.9 23 0 99 <0.2 7 3 0.5 <1 135 56 7.7 20 0): 

z s:::: 
s::::o 

Sl.lllllarY ~en -; z 
No. of Analyses 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 > > 

1-' 
r -; 

-...1 Average 37 18 1.8 2.4 16 72 8 8 <0.3 <1 135 56 7.8 18 go 
-...1 -- --

:0 z 
s 11 11 1.3 0.4 12 -- 41 -- 3 12 0 .1 0.4 48 30 0.2 11 < > mr 
Mini nun 27 7 0.8 1.7 3 -- 27 -- 6 2 <0.2 <1 78 24 7.7 7 r=): 

):m 
Maxi nun 54 33 3.1 2.9 30 0 118 <0.2 14 32 0.5 2 208 90 8.1 32 zO 
................................ 

0~ m -; 

asamples collected in February and March. 
~a 
<D :0 g: -< 



Table G-20. Primary Chemical Quality of Surface and Ground Waters from White Rock Canyon, October 1987 (mg/L) 

Stations Ag As Ba Cd Cr F Hg N Pd Se --
Group I 

Sandia Spring <0.001 0.002 0.132 <0.001 0.003 0.6 0.002 0.2 0.003 <0.002 

Spring 3 <0.001 0.002 0.035 <0.001 0.005 0.5 0.001 0.8 <0.001 <0.002 
Spring 3A <0.001 0.003 0.031 <0.001 0.005 0.5 <0.001 0.5 <0.001 <0.002 

Spring 3AA <0.001 0.003 0.021 <0.001 0.011 0.5 <0.001 0.5 0.001 <0.002 
Spring 4 <0.001 0.002 0.039 <0.001 0.005 0.6 <0.001 1.0 <0.001 <0.002 mr 
Spring 4A <0.001 <0.001 0.043 <0.001 0.005 0.6 <0.001 1. 1 <0.001 <0.002 zo 

~(/) 
Spring 5 <0.001 0.002 0.031 <0.001 0.005 0.5 <0.001 0.4 <0.001 <0.002 ::0 > 

os;;: 
Spring 5AA <0.001 0.002 0.194 <0.001 0.002 0.5 <0.001 <0.2 0.001 <0.002 ZS:: 

Ancho Spring <0.001 0.001 0.028 <0.001 0.004 0.4 <0.001 <0.2 <0.001 <0.002 
3:0 
~(/) 
--iz 
> > 

1-' Group II 
r --i 

-...) ~6 
00 Spring 8A <0.001 0.001 0.024 <0.001 0.001 0.5 <0.001 <0.2 <0.001 <0.002 ::0 z 

<> 
Spring 9 <0.001 0.001 0.016 <0.001 0.003 0.5 0.002 <0.2 <0.001 <0.002 mr 

;= s;;: 
Spring 9A <0.001 0.001 0.013 <0.001 0.007 0.5 0.001 <0.2 <0.001 <0.002 s;;:OJ 

zO 
Doe Spring <0.001 0.001 0.022 <0.001 0.002 0.6 <0.001 <0.2 <0.001 <0.002 0~ m --i 

~ 0 
co ::0 

Group III ~ -< 
Spring 1 <0.001 0.004 0.061 <0.001 0.003 0.7 <0.001 <0.2 0.001 <0.002 
Spring 2 <0.001 0.024 0.081 <0.001 0.001 1.5 <0.001 <0.2 0.001 <0.002 

Group IV 
Spring 3B <0.001 0.011 0.044 <0.001 0.008 0.9 <0.001 2.1 <0.001 <0.002 

~ 
Pajarito <0.001 0.002 0.038 <0.001 0.004 0.5 <0.001 0.7 <0.001 <0.002 
Ancho <0.001 <0.001 0.026 <0.001 0.004 0.4 <0.001 <0.2 <0.001 <0.002 
Frijoles <0.001 <0.001 0.017 <0.001 0.001 0.2 <0.001 <0.2 <0.001 <0.002 



...... 
~ 

Stations 

Sanitary Effluent 
Mortandad 

SLmnary 
No. of Analyses 
Maximum Concentration 

USEPA and NMEID 
Primary Maximum 
Concentrationsa 

Maximum Concentrations 
as % of primary maximum 

Ag As 

<0.001 0.005 

<0.001 0.024 

0.05 0.05 

<2 48 

Table G-20 (cont) 

Ba Cd Cr 

0.053 0.005 0.003 

0.194 0.005 0.011 

1.0 0.01 0.05 

19 50 22 

F Hg N Pd Se 

0.9 <0.001 12 <0.001 <0.002 

1.5 0.002 12 0.003 <0.002 

2.0 0.002 10 0.05 0.01 

75 100 120 6 <20 

aReference (USEPA 1976); comparison of primary and secondary maximum concentration to spring and stream maximum concentrations for 
comparison only, spring and stream not a source of water supply. 

mr zo 
~CI> 
:D > 
~> s:: s:: 
mO zCI> 
--t z 
> > r --t 
C/)
cO 
:D z 
~j!! 
r=> >m 
zO 
fri~ 
~ --t 

~g 
"-J -< 



...... 
~ 

Stations 

Group I 
Sandia Spring 
Spring 3 
Spring 3A 
Spring 3AA 
Spring 4 
Spring 4A 
Spring 5 
Spring 5AA 
Ancho Spring 

Group II 
Spring 8A 
Spring 9 
Spring 9A 
Doe Spring 

Group III 
Spring 1 
Spring 2 

Group IV 

Spring 3B 

~ 
Pajarito 
Ancho 
Frijoles 

Sanitary Effluent 
Mortandad 

Table G-21. Secondary Chemical Quality of Surface and Ground Waters from White Rock Canyon, October 1987 (mg/l) 

Cl 

4 

4 

3 

3 

7 
6 

5 

8 

2 

2 

2 

2 

2 

4 

4 

4 

6 

3 

4 

43 

Cu 

<0.001 
<0.001 
0.002 
0.002 

<0.001 
<0.001 
0.001 
0.001 

<0.001 

<0.001 
<0.001 
<0.001 
<0.001 

<0.001 
0.001 

<0.001 

<0.001 
<0.001 
<0.001 

33 

Fe 

0.137 
0.145 
0.114 
1. 71 
0.070 
0.010 
0.540 
1.99 

0.020 

0.127 
0.101 
0.817 
0.174 

2.90 
1.57 

0.054 

0.049 
0.174 
0.240 

0.627 

Mn 

0.042 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
0.179 
0.002 

0.002 
0.003 
0.003 

<0.001 

0.056 
0.120 

0.010 

0.002 
0.004 
0.005 

0.021 

so4 

5 

5 
5 

4 
10 
7 
6 

10 
3 

2 

2 

2 

2 

8 

7 

17 

6 

3 
5 

32 

Zn 

<0.001 
<0.001 
0.001 
0.006 
0.001 

<0.001 
<0.001 
0.003 
0.001 

<0.001 
<0.001 
<0.001 
<0.001 

0.005 
0.003 

<0.001 

<0.001 
<0.001 
<0.001 

0.027 

TDS 

195 
145 
140 
131 
168 

170 
160 
214 
140 

146 
142 
134 
143 

153 
224 

403 

175 
143 
133 

467 

pH 

8.1 
8.1 
7.9 
7.8 
7.6 
7.8 
7.9 
7.6 
7.4 

7.8 
7.7 
7.7 
7.8 

7.9 
8.1 

8.0 

8.1 
8.6 
7.9 

7.3 

mr 
~g 
:D)lo 

~> 
s::;S::: 
mO zen 
-tz 
)lo )lo 
r -1 
encO 
~~ mr 
r=): 
):OJ 
zO 
()~ 
m-t 
~o 

~ :D ...., -< 



....... 
00 
....... 

Stations 

SUIIII18ry 
No. of Analyses 

Maximum Concentration 

USEPA and NMEID 
Secondary Maximum 

Concentrationa 
Maximum Concentration 
as % of Secondary 
Maximum Concentration 

Cl 

20 

43 

250 

17 

Table 21 (cont) 

Cu Fe Mn 

20 20 20 

33 2.90 0.042 

1.0 0.3 0.5 

3300 967 8 

so4 Zn TDS pH 
- -- -- -

20 20 20 20 

32 0.027 467 8.6 

250 5.0 500 6.5-8.5 

6 <1 93 101 

aReference (USEPA 1976); comparison of primary and secondary maximum concentration to spring and stream maximum concentrations for comparison only, 

spring and stream not a source of water supply. 

mr zo 
~CJ) 
:Il > os: z ~ 
~0 
zCI> 
--t z 
> > r --t 
CJ)
cO 
:Il z 
< > mr r=s: 
S:m 
zO 
0~ 
m --t 
«)0 
co :Il 
--I -< 



Table G-22. Chemical Quality of Surface and Ground Waters from White Rock Canyon, October 1987 (mg/L) 

Total 
Hard· Cond 

Station Sio2 Ca Mg K Na c~ HC~ Mo Ni ness (mS/M) 
---

Group I 
Sandia Spring 42 38 2.7 2.9 17 0 131 <0.001 0.002 108 26 
Sandia 3 49 21 1.6 2.9 17 0 81 <0.001 <0.001 59 17 
Spring 3A 49 21 1.7 2.9 16 0 81 <0.001 <0.001 58 17 
Spring 3AA 41 18 <0.5 2.9 18 0 77 <0.001 <0.001 45 16 
Spring 4 52 23 3.7 2.7 15 0 85 <0.001 <0.001 77 21 m r 
Spring 4A 67 22 4.6 2.2 13 0 81 <0.001 0.002 73 19 ~0 _CF> 
Spring 5 66 18 4.8 2.0 12 0 79 <0.001 <0.001 65 18 ::0 > os;: 
Spring 5AA 59 32 6.0 3.5 14 0 122 <0.001 0.001 112 28 ZS::: 

s:::o 
Ancho Spring 72 12 3.1 2.0 11 0 60 <0.001 0.001 42 13 ~(F) 

-l z 
> > 

Group II 
r -t ..... (F)-

00 cO 
N Spring 8A 76 12 3.2 2.1 12 0 62 <0.001 0.001 39 14 ::0 z 

< > 
Spring 9 72 11 3.1 1.5 11 0 61 <0.001 0.001 39 12 

mr 
r= s:: 

Spring 9A 70 11 3.1 1.4 10 0 58 <0.001 0.001 39 12 S::m 
zO 

Doe Spring 72 12 3.3 1.5 2 0 64 <0.001 0.001 43 13 ()~ 
m-t 
~o 
<D ::0 

Group III ~ -< 
Spring 1 32 19 1.2 2.2 34 0 109 0.002 0.002 57 24 
Spring 2 32 21 1.0 1.4 61 0 172 0.002 <0.001 58 34 

Group IV 
Spring 3B 44 22 1.9 4.8 127 0 316 0.004 <0.001 66 64 

Streams 
Pajario 68 20 4.4 2.5 14 0 86 <0.001 <0.001 70 19 
Ancho 76 12 3.2 1.9 11 4 64 <0.001 <0.001 47 13 
Frijoles 59 9 2.4 2.2 10 0 53 <0.001 <0.001 39 12 



Table G-22 (cont) 

Total 
Hard-

Station Si02 Ca Mg K Na co3 HC03 Ho Ni ness 
--- --- --- --- --- --- --

Sanitar~ Effluent 
Hortandad 93 26 7.7 16 85 0 132 <0.001 0.029 110 

Sumnar~ 

No. of Analyses 20 20 20 20 20 20 20 20 20 20 

Maximum Concentration 93 38 7.7 16 127 20 316 0.004 0.027 108 

-------------·--
NOTE: Springs SA, 58, 6, 6A, 7, 8, and 10 covered by Cochito Reservoir: The 20 locations also analyzed for following constituents: 

1-' P <0.2 mg/L, except Mortandad 12 mg/L; Sb <0.001 mg/L; Th <0.001 mg/L; Tl <0.001 mg/L; 
00 
\.;J 

Cond 
(mS/M) 

64 

20 

64 

CN <0.01 mg/L; 

mr 
~0 _CI> 
:D )>o 

~> s:: s:: 
mO 
zCI> 
-t z 
)>o )>o 
r -t 
Cl> -cO 
:D z < )>o mr r> >en 
zO 
05;! 
m-t 
<00 
()) :D .., -< 



Table G-23. Radiochemical Quality of Surface and Ground ~aters from On-site Stations a 

Gross 
3H 137Cs Total U 238Pu 239,240Pu Ganma 

Station (10-6 f1Ci/ml) -9 (10 fJ.Ci/mL) (fJ-9/L) 
-9 (10 f-1Ci/ml) (10-9 fJ.Ci/mL) (Counts/min/L) 

Test ~ell 1 -2.4 (0.7) 77 (58) 2.9 (1.0) -o.oos <0.008> 0.005 (0. 013) -400 (100) 

Test ~ell 

Test ~ell 2 -2.1 (0.7) 90 (52) 0.3 (0.1) 0.000 (0.010) 0.000 (0.010) -200 (100) 

Test ~ell 2 

Test ~ell 3 -1.4 (0. 7) 8 (61) 0.6 (0.1) 0.022 (0.027) 0.022 (0.016) -200 (100) 
mr 
~0 _U> 

Test ~ell 3 0.3 (0.3) 65 (60) 1.0 (1.0) 0.021 (0.019) 0.011 (0.011) 10 (80) 
:IJ)> 

0> 
z 3: 

Test ~ell DT -SA -2.0 (0.7) -37 (55) 0.3 (0.1) -o.009 (0.009) 0.005 (0.011) -300 (100) 
~0 
zU> 
-1 z 

Test ~ell DT-5A 0.1 (0.3) 58 (52) 1.0 (1.0) 0.002 (0.005) 0.002 (0.006) 130 (80) ~ ~ ,.... 
~ ~6 

Test ~ell 8 -2.1 (0.7) 86 (50) 0.0 (0.1) 0.035 (0.037) 0.000 (0.010) -300 (100) 
:D z 
< > mr 

Test ~ell 8 0.5 (0.3) 38 (67) 1.0 (1.0) -o.010 (0.010) 0.010 (0.010) 190 (80) r=> 
>O:J 
zO 

Test ~ell DT-9 0.0 (0.3) -13 (58) 1.0 (1.0) -o.002 (0.006) 0.008 (0.007) -60 (80) 0~ m -1 
~o 
(0 :D 

Test ~ell DT-10 -1.6 (0. 7) -93 (50) 0.3 (0.1) 0.005 (0.012) 0.000 (0.010) -40 (100) ~ -< 

Test ~ell DT-10 0.2 (0.3) 136 (63) 0.3 (0.1) 0.002 (0.008) 0.002 (0.004) -10 (80) 

Canada del Buey -Q.6 (0.7) 44 (55) 0.4 (0. 1) 0.010 (0.023) 0.005 (0.014) -500 (100) 
Canada del Buey 0.3 (0.3) -25 (60) 1.0 (1.0) -o.002 (0.003) 0.002 (0.003) -70 (80) 

Pajarito Canyon -1.2 (0. 7) 29 (54) 0.3 (0.1) 0.000 (0.010) 0.006 (0.018) 110 (100) 
Pajarito Canyon 0.6 (0.3) 33 (58) 1.0 (1.0) 0.004 (0.007) 0.002 (0.004) -280 (80) 

~ater Canyon at Beta Hole -2.0 (0.7) 21 (55) 0.0 (0.1) -o.004 (0.004) 0.000 (0.010) -400 (100) 
~ater Canyon at Beta Hole 0.1 (0.3) 67 (60) 1.0 (1.0) -o.004 (0.008) 0.000 (0.010) 80 (80) 



""" ~ 

Station 

SUIII18ry 
No. of Analyses 
Average 
s 
Minii!UTI 
Maxii!UTI 

Limits of Detection 

3H 
-6 

(10 !J.Ci/ml) 

17 
-Q.8 

1.1 
-2.4 (0.7) 
0.6 (0.3) 

0.7 

137Cs 

(10- 9 !J.Ci/ml) 

17 
34 
55 

-93 (50) 
-136 (63) 

40 

Table G-23 (cont) 

Total U 
(>J.g/L) 

17 
0.7 
0.7 
0.0 (0.1) 

22.9 (1.0) 

1 

aSamples collected in March and September; counting uncertainty in parentheses. 

238Pu 
-9 (10 f.JCi/ml) 

17 
0.004 
0.012 

-o.010 (0.010) 
0.035 (0.037) 

0.009 

239,240Pu 

(10-9 IJ.Ci/ml) 

17 
0.005 
0.007 
0.000 (0.010) 
0.022 (0.016) 

0.03 

Gross 
Gamma 

(Counts/min/L) 

17 
-132 

208 
-500 (100) 

190 (80) 

50 

m r zo 
<CJ> - > 
~): 
z s:: s::o mCJ> 

~~ 
Cl>(5 
c z 
~ > m r 
r=): 
): !IJ 
zO 
fri~ 
~ 0 

~ ~ 



Table G-24. Radiochemical Quality of Shallow Ground Water in Pajarito Canyon 

Gross 
3H 137Cs Total U 238Pu 239,240Pu Ganma 

Station -6 (10 p.Ci/ml) (10-9 tJ.Ci/mL) (jJ.g/L) (10-9 f.J.Ci/ml) (10- 9 tJ.Ci/mL) (Counts/min/L) 

Well PC0-1 0.4 (0.3) 111 (68) 1.0 (1.0) 0.005 (0.018) 0.015 (0.015) 130 (80) 

Well PC0-2 0.7 (0.3) 89 (69) 1.0 (1.0) 0.035 (0.016) -o.004 (0.004) 210 (80) 

Well PC0-3 0.3 (0.3) -3 (67) 1.0 (1.0) -o.004 (0.010) 0.004 (0.010) 110 (80) mr 
~0 _(/) 
:0 )> os;;: 
z 3: 

Sl.lll118rY 3:0 
~(/) 

No. of Analyses 3 3 3 3 3 3 --1 z 
0.5 66 1.0 0.012 0.005 150 

)> )> 

..... Average r--1 

~ s 0.2 60 0.020 0.010 0.010 53 ~5 
~~ Mini nun 0.3 (0.3) -3 (67) -- -o.004 (0.010) -o.004 (0.004) 110 (80) mr 

Maxi nun 0.7 (0.3) 111 (68) 1.0 ( 1.0) 0.035 (0.016) 0.015 (0.015) 210 (80) ;=s;;: 
s;;:m 
zO 
0~ m--1 
~a 
<D :0 
~ -< 



Table G-25. Chemical Quality of Surface and Ground Waters from On-site Stations (mg/L) 8 

Total Conduc-
Hard- tivity 

Station Sio2 Ca Mg K Na co3 HC03 
p so4 Cl F N TDS ness pH (mS/m) 

- - -- - - - -- -- -- - -- -- - -- -- -
Test Well 1 50 49 9.1 4.1 14 0 102 <0.2 24 32 0.5 7 253 164 8.0 40 

Test Well 2 65 16 4.0 1.1 9 0 66 <0.2 2 2 0.5 <1 136 52 7.9 14 

Test Well 3 72 19 5.7 2.2 12 0 80 <0.2 3 4 0.4 <1 165 67 7.8 18 

Test Well DT-5A 67 9 2.6 1.6 11 0 52 <0.2 2 2 0.3 <1 123 30 7.9 11 

Test Well 8 5 4 1.1 1.3 11 3 38 <0.2 <1 2 0.3 <1 27 12 8.7 8 m r zo 
Test Well DT-10 56 14 3.8 1.2 11 0 63 <0.2 6 2 0.3 <1 107 48 8.4 13 :5Cil 

:0 )> 

Canada del Buey 21 6 1.5 1.4 12 0 27 <0.2 4 8 9.3 <1 77 18 7.1 9 o~_; 
z ~ 

Pajarito Canyon 22 28 7.1 2.9 26 0 87 <0.2 7 36 0.3 <1 188 98 7.7 31 ~0 
Water at Beta Hole 37 13 4.6 3.4 18 0 42 <0.2 11 19 0.3 <1 148 55 7.8 17 

zCil 
-i z 
)> )> 

i-' 
r-i 

00 ~5 
....J Surrrnary :0 z 

No. of Analyses 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 
< )> 
m' 

Average 44 18 4.4 2.1 14 <1 62 -- <7 12 1.4 <2 136 60 7.9 18 
;=~_; 

l_;m 
s 24 14 2.6 1.1 5 <1 25 -- 7 14 3.0 2 65 47 0.4 11 zO 

0~ 
Minimun 5 4 1.1 1. 1 9 0 27 -- <1 2 0.3 <1 27 18 7.1 9 m-i 

~a 

Maximun 72 49 9.1 4.1 26 3 102 <0.2 24 36 9.3 7 253 164 8.0 40 <D :0 
~ -< 

---------------
aSamples collected in February and March. 



...... 

Station 

Well PC0-1 

Well PC0-2 

Well PC0-3 

SLOII1ary 
No. of Analyses 
Average 

~ s 
Mininun 
Maxi nun 

Si02 

49 

49 

48 

3 

49 
1 

48 
49 

Ca 

76 

74 

n 

3 

76 
2 

74 
n 

Mg 

13 

13 

12 

3 

12.7 
0.6 

12 
13 

Table G-26. Chemical Quality of Shallow Ground Water in Pajarito Canyon (mg/L) 

K 

4.9 

4.0 

4.0 

3 

4.3 
0.5 
4.0 
4.9 

Na 

52 

52 

105 

3 

70 
30 
52 

105 

co
3 

0 

0 

0 

3 
0 

0 

0 

HC03 

250 

247 

249 

3 
249 

2 

247 
250 

p 

<0.2 

<0.2 

<0.2 

3 

<0.2 
0 

<0.2 

so4 

8 

8 

8 

3 

8 

0 

8 

Cl 

70 

71 

73 

3 

71 
2 

70 
73 

F 

0.6 

0.6 

0.6 

3 
0.6 
0 

0.6 

N 

0.2 

0.4 

0.3 

3 
0.3 
0.1 
0.2 
0.4 

TDS 

462 

434 

447 

3 

448 
14 

434 
462 

Total 
Hard-
ness pH 

269 7.3 

263 7.5 

262 

3 

265 
4 

262 
269 

7.5 

3 

7.5 
0.2 
7.3 
7.5 

Conduc
tivity 
(mS/m) 

70 

71 

mr 
72 ~ g 

jj)> 
0~ 
ZS:: 
3:0 

3 ~ en 
--1 z 

71 ~ ~ 
1 en 5 

c z 
70 ;g ~ 
72 ~ );: 

);: (J) 

zO 
0~ 
m--1 
~ 0 
<0 JJ g: -< 



Table G-27. Radiochemical Quality of Surface and Ground Yaters from Acid-Pueblo Canyon a 

Gross 
3H 137Cs Total U 238Pu 239,240Pu Gamma 

Station -6 (10 f1Ci/ml) -9 (10 1-1Ci/ml) (f.l.g/L) -9 (10 fJ.Ci/mL> (10- 9 f1Ci/ml) (Counts/min/L) 

Acid Yeir -2.2 (0.7) 2 (43) 0.6 (0.1) 0.010 (0.015) 0.068 (0.018) 300 (100) 
Acid Yeir 0.0 (0.3) -58 (50) 2.0 (1.0) 0.017 (0.015) 2.38 (0.126) 130 (80) 

Pueblo 1 -1.7 (0. 7) -16 (42) 0.6 (0.1) 0.007 (0.015) 0.083 (0.028) 200 (100) 
Pueblo 1 -o.2 (0.4) 44 (60) 1.0 (1.0) -o.009 (0.009) 0.006 (0.010) -10 (80) 

Pueblo 2 -1.5 (0.7) -8 (43) 0.6 (0.1) -0.062 (0.055) 0.062 (0.069) -2500 (300) 
Pueblo 2 0.1 (0.3) 82 (70) 1.0 (1.0) -o.010 (0.012) 0.031 (0.014) 700 (100) 

mr 
zo 

Pueblo 3 -1.8 (0. 7) 41 (43) 0.9(0.1) 0.012 (0.034) 0.092 (0.043) -90 (100) ~(J) 
:lJ )> 

Pueblo 3 -o.3 (0.3) 118 (63) 1.0 (1.0) 0.000 (0.010) 0.031 (0.015) 580 ( 100) 0> z 3: 
3:0 

Hamilton Bend Springs -2.3 (0.7) 46 (21) 0.6(0.1) -o.009 (0.011) -o.004 (0.008) 100 (100) 
~(J) 

,.... -1 z 
00 >> 
'0 Hamilton Bend Springs (Dry) -- -- -- -- -- -- r -1 

~6 
:lJ z 

Test Yell 1A -1.7 (0.7) 24 (48) 0.0 (1.0) 0.010 (0.017) -o.010 (0.012) -300 (100) < )> 
m' 

Test I./ell 1A 0.3 (0.3) 13 (59) 1.0 ( 1.0) 0.005 (0.004) -o.002 (0.005) -270 (80) r=> 
> m zO 
0~ 

Test I./ell 2A 0.5 (0.7) -- 0.0 (1.0) 0.000 (0.010) 0.032 (0.018) -500 (100) m-1 
~a 

Test I./ell 2A 1.4 (0.4) 167 (71) 1.0 (1.0) -0.005 (0.005) 0.005 (0.005) 580 (100) (j) :lJ g: -< 

Basalt Spring -o.9 (0.7) 131 (65) 1.3 (1.0) -0.011 (0.012) 0.000 (0.010) -300 (100) 
Basalt Spring -o.4 (0.3) 40 (62) 1.0 (1.0) 0.002 (0.003) 0.002 (0.002) 420 (90) 

Summary 
No. of Analyses 15 14 15 15 15 15 
Average -o.7 45 0.8 -o.003 0.180 -64 

s 1.1 62 0.5 0.019 0.610 765 
MiniiiUll -2.3 (0.7) -58 (50) 0.0 (1.0) -o.062 (0.055) -o.004 (0.008) -2500 (300) 
Maximum 1.4 (0.4) 167 (71) 2.0 (1.0) 0.010 (0.015) 2.38 (0.012) 700 (100) 

Limits of Detection 0.7 50 1 0.009 0.03 50 

---------------
aSamples collected in March and September; counting uncertainty in parentheses. 



Table G-28. Radiochemical Quality of Surface and Ground Waters from DP-Los Alamos Canyon a 

Gross 
3H 137Cs Total U 238Pu 239,240Pu Ganma 

Station (10-6 11ci;mL) (10- 9 fJCi/mL) (fl9/L) 
-9 (10 f1Ci/ml) -9 (10 f1Ci/ml) (Counts/min/L) -

DPS-1 -1.5 (0. 7) 27 (44) 1.0 (0.1) 0.021 (0.016) 0.114 (0.024) 300 (100) 
DPS-1 0.5 (0.3) 16 (75) 1.0 (1.0) -o.oo5 co.012> 0.014 (0.013) 700 (100) 

DPS-4 -o.6 (0. 7) 33 (44) 0.8 (0.1) 0.008 (0.018) 0.041 (0.027) 200 (100) 
DPS-4 1.2 (0.4) 188 (80) 1.0 (1.0) 0.019 (0.012) 0.034 (0.013) 530 (100) 

LAO-C -o.3 (0.8) 56 (48) 0.1 (0.1) 0.000 (0.010) 0.005 (0.015) -400 (100) 
LAO-C 0.6 (0.3) 89 (69) 1.0 (1.0) 0.015 (0.015) 0.015 (0.016) 580 (100) 

m r zo 
~Ul 

LA0-1 -o.4 (0.7,) -20 (48) 0.2 (0.1) -o.006 (0.010) -o.017 (0.010) 40 (100) ::D )> 

LA0-1 19 (2.0) 68 (67) 1.0 (1.0) -o.017 (0.013) 0.008 (0.008) 700 (100) 0~ z ~ 
~0 
~Ul 

LA0-2 -1.6 (0.7) 7 (42) 0.2 (0.1) 0.000 (0.010) 0.029 (0.023) -60 (100) -I z 
)> )> ..... LA0-2 1.3 (0.4) 116 (71) 1.0 (1.0) 0.009 (0.019) 0.009 (0.015) 350 (90) r--1 

8 go 
::D z < )> 

LA0-3 -Q.8 (0.7) -56 (38) 0.3 (0.1) 0.015 (0.018) 0.015 (0.021) -100 (100) mr 
r= ~ 

LA0-3 1.5 (0.4) 13 (58) 1.0 (1.0) 0.015 (0.011) -o.{)04 (0.010) 240 (80) ~m zO 
O$! 

LA0-4 -o.5 co.n 78 (50) 0.3(0.1) 0.028 (0.015) 0.124 (0.024) 0 (100) m -I 
~o 

LA0-4 1.3 (0.4) 155 (79) 1.0 (1.0) 0.004 (0.013) 0.004 (0.015) 90 (80) 
<0 ::D 
~ -< 

LA0-4.5 0.0 (0.7) -39 (43) 0.3 (0.1) 0.000 (0.010) 0.021 (0.018) -200 (100) 
LA0-4.5 1.7 (0.4) 128 (77) 1.0 (1.0) 0.017 (0.017) 0.000 (0.010) 120 (80) 

SlJTITlary 
No. of Analyses 16 16 16 16 16 16 
Average 1.3 54 0.7 0.008 0.026 193 
s 4.8 79 0.4 0.012 0.039 321 
Minimum -1.6 (0.7) -56 (38) 0.1 (0.1) -o.017 (0.013) -o.017 (0.010) -400 (100) 
Maximum 19 (2.0) 188 (86) 1.0 (1.0) 0.028 (0.015) 0.124 (0.008) 700 (100) 

Limits of Detection 0.7 40 1 0.009 0.03 50 
.......................................... 

aSamples collected in March and November; counting uncertainty in parentheses. 



Table G-29. Radiochemical Quality of Surface and Shallow Ground Waters from Mortandad Canyon a 

Gross 
3H 90Sr 137Cs Total U 238Pu 239,240Pu Galll118 

Station -6 (10 fJ-Ci/ml) (10-9 fJ-Ci/mL) -9 ( 10 fJ-Ci /ml) (f-19/L) -9 (10 fJ-Ci/ml) -9 (10 fJ-Ci/ml) (Counts/min/L) 

GS-1 8400 (800) 6.2 (0.3) -29 (55) 3.3 (0.3) 30.0 (3.00) 90.0 (5.00) 8500 (900) 

GS-1 120 (10) -- 213 (84) 1.0 (1.0) 0.677 (0.033) 4.51 (0. 185) 9700 (1000) 

MC0-3 12 000 (1000) 9.5 (0.7) 66 (51) 3.8 (0.4) 24.2 (1.50) 68.0 (4.00) 10 000 (1000) 

MC0-3 140 (10) -- -2 (68) 1.0 (1.0) 0.921 (0.066) 5.23 (0.219) ,, 000 (1000) 

MC0-4 210 (20) 0.4 (0.4) 18 (56) 2.4 (0.2) 0.165 (0.034) 0.278 (0.044) -300 (100) 
mr 

MC0-4 480 (50) -- -62 (75) 4.0 (1.0) 0.093 (0.023) 0.097 (0.021) 210 (80) zo 
~(/) 
JJ)> 

MC0-5 210 (20) -o.6 (0.5) 73 (56) 1.7 (0.2) 0.053 (0.025) 0.337 (0.052) -500 (100) 
0~ z s: 

MC0-5 490 (50) -- -20 (59) 4.0 (1.0) 0.150 (0.025) 0.382 (0.041) 270 (80) 
s:o 
~(/) 
-! z 

,.... )> )> 

\0 MC0-6 400 (40) 56 (1.0) 95 (56) 2.7 (0.3) 0.941 (0. 142) 3.35 (0.281) 1200 (200) 
r -! 

,.... ~6 
MC0-6 500 (50) -- 22 (68) 4.0 (1.0) 0.138 (0.026) 0.333 (0.039) 270 (80) JJ z < )> 

m r 
;= ~ 

MC0-7 480 (50) -- 68 (60) 5.6 (0.6) 0.037 (0.044) 0.037 (0.040) 60 (100) ~OJ zO 
MC0-7 470 (50) -- 7 (62) 3.0 (1.0) 0.038 (0.018) 0.021 (0.015) 190 (80) 0~ 

m -1 
~ 0 
<D JJ 

MC0-7.5 406 (40) -- 68 (49) 5.7 (0.6) 0.075 (0.026) 0.091 (0.026) -300 (100) ~ -< 
MC0-7.5 490 (50) -- 53 (69) 3.0 (1.0) 0.030 (0.018) 0.066 (0.020) 180 (80) 

SUillllary 

No. of Analyses 14 5 14 14 14 14 14 
Average 1770 14 41 3.2 4.11 12.3 2891 

s 3643 24 67 1.4 9.81 28.6 4578 
Minimun 120 (10) -o.6 (0.5) -62 (75) 1.0 (1.0) 0.036 (0.018) 0.021 (0.015) -500 (100) 

Maximun , 2 000 ( 1000) 56 ( 1.0) 213 (84) 5.7 (0.6) 30.0 (3.00) 90.0 (5.00) ,, 000 (1000) 

Limits of Detection 0.7 0.01 40 , 0.009 0.03 50 

---------------
aSamples collected in March and November; counting uncertainty in parentheses. 



Table G-30. Radiochemical Quality of Surface Waters from Sandia Canyona 

Gross 
3H 137Cs Total U 238Pu 239,240Pu Ganma 

Station (10-6 tJ.Ci/ml) -9 (10 tJ.Ci/ml) <tJ,!l/L) (10-9 fJ.Ci/ml) (10-9 tJ.Ci/ml) ( Counts/mi n/L) 

SCS-1 -o.9 (0.7) -47 (44) 1.8 (0.1) 0.000 (0.010) 0.012 (0.032) 40 (100) 

SCS-1 0.7 (0.3) 29 (61) 1.0 (1.0) 0.002 (0.004) 0.000 (0.005) 30 (80) 

scs-2 -o.1 (0.7) 83 (57) 0.5 (0.1) -o.076 (0.039) -o.019 (0.033) -130 (100) 

SCS-2 0.8 (0.3) 36 (61) 1.0 (1.0) 0.000 (0.005) 0.002 (0.002) 160 (80) mr 
zo 
:5;CJ> 
:D)> 

scs-3 -o.3 (0. 7) 32 (48) 0.5 (0.1) -o.054 (0.033) -o.027 (0.019) -40 (100) 0> 
z ~ 

scs-3 0.0 (0.3) 135 (58) 1.0 (1.0) -o.002 (0.007) 0.000 (0.005) 0 (80) ~0 z (J> 

--iz 
)>)> 

"'""' SL1111l8ry r --i 
\0 go 
N No. of Analyses 6 6 6 6 6 6 :nZ 

45 
< )> 

Average 0.3 0.9 -o.022 -o.oo5 56 m' 

s 0.6 60 0.5 0.034 0.015 155 
;= > > CD 

Mini nun -o.9 (0.7) -47 (44) 0.5 (0.1) -o.076 (0.039) -o.027 (0.019) -130 (100) zO 
0~ 

Maxi nun 0.8 (0.3) 135 (58) 1.8 (0. 1) 0.002 (0.004) 0.012 (0.032) 306 (80) m--i 
~ 0 
(0 :D 
~ -< 

Limits of Detection 0.7 40 1 0.009 0.03 50 

------------·--
aSamples collected in March and September; counting uncertainty in parentheses. 



...... 

Station 

Acid Weir 
Pueblo 1 

Pueblo 2 
Pueblo 3 
Hami l ton Bend 
Spring 

Test Well 1A 
Test Well 2A 
Basalt Spring 

~ Summary 
No. of Analyses 
Average 
s 
Minimum 
Maximum 

Si02 

25 
26 
26 
32 
55 

50 
35 
40 

8 

36 
11 

25 
55 

aSamples collected in March. 

Ca 

18 

18 

18 

19 

15 

30 
34 
24 

8 

22 
7 

15 
34 

Table G-31. Chemical Quality of Surface and Shallow Ground Waters in Acid-Pueblo Canyon (mg/L)a 

Mg 

3.6 
3.7 
3.5 
3.5 
4.3 

8.2 
6.8 

6.7 

8 

5.0 
1.9 

3.5 
8.2 

K 

5.0 
5.3 
4.9 
6.8 
9.2 

8.2 
3.5 
3.8 

8 

5.8 
2.0 
3.5 
9.2 

Na 

70 
69 
68 

76 
74 

69 
22 
17 

8 

58 
24 
17 

76 

co3 

0 

0 

0 

0 

0 

0 

0 

0 

8 

0 

HC03 

56 
56 
56 
75 

110 

119 

79 
80 

8 

79 
24 
56 

119 

p 

1.7 

1.7 

1.7 

3.7 
6.5 

4.3 
<0.2 
<0.2 

8 

<2.5 
2.2 

<0.2 
6.5 

so4 

19 

20 
20 
23 
23 

30 
23 
17 

8 

22 
4 

17 

30 

Cl 

85 
86 

85 
74 
47 

60 
54 

16 

8 
64 

24 
16 

86 

F 

0.5 
0.5 
0.5 
0.8 
0.9 

0.7 
0.4 
0.6 

8 
0.6 
0.2 
0.4 
0.9 

N 

2 
2 
2 

6 

2 

9 

<1 
2 

8 

<3 
3 

<1 
6 

TDS 

265 
277 
274 
302 
287 

343 
211 
173 

8 

266 
53 

173 

343 

Total 
Hard-
ness pH 

59 

60 
58 
60 
51 

114 

109 

89 

8 

75 
25 
51 

114 

7.4 
7.3 
7.5 
7.7 
8.0 

7.9 
7.0 
7.7 

8 

7.6 
0.3 
7.0 
8.0 

Conduc
tivity 
(mS/m) 

45 

44 
45 

48 
44 

55 

36 
26 

8 

43 
9 

26 
55 

m r zo 
~en 
::IJ )> 

~~ 
s:: 3: 
mO 
zen 
-I z 
)> )> 
r -I 
en
cO 
::IJ z < )> mr 
;=~ 
~CD 
zO 
fri~ 
~ -I 
CD 0 
CXl ::IJ .._, -< 



Table G-32. Chemical Quality of Surface and Shallow Ground Waters in DP·Los Alamos Canyon (mg/L)a 

DPS-1 

OPS-4 

LAO·C 

LA0-1 

LA0-2 

t0 LA0-3 ... 
LA0-4 

Station 

LA0-4.5 

SUITIT18ry 

No. of Analyses 
Average 
s 
Minimun 
Maximun 

Sio2 

17 
19 
21 
44 
27 
32 
29 
23 
30 
40 
33 

41 
31 
41 
33 

42 

16 
31 

8 

17 
44 

Ca 

26 
16 
15 
18 

8 

10 
12 
13 
13 
18 

14 
18 

13 
16 
15 
16 

16 
15 
4 

8 

26 

aSamples collected in March and April. 

Mg 

2.2 
1.0 
1.7 
3.4 
2.6 
2.1 
3.5 
1.1 
3.7 
3.9 
4.0 
3.9 
3.7 
2.8 
4.0 
2.8 

16 
2.9 
1.0 
1.0 
4.0 

K 

4.9 
3.5 

10.5 
4.5 
2.2 
2.7 
2.5 

10.5 
2.8 
8.6 
3.1 
8.5 
3.3 

12.4 
3.5 

12.1 

16 
5.9 
3.7 
2.2 

12.4 

Na 

78 
32 
90 
46 

7 

34 
22 
65 
29 
35 
30 
35 
30 
59 
31 
59 

16 
42 
22 
7 

90 

co3 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

16 
0 

0 

0 

0 

HC0
3 

84 

77 

90 
89 
21 
57 
26 

129 
32 
95 
32 
93 
34 

126 
33 

125 

16 
71 
38 
21 

129 

p 

<0.2 
<0.2 
0.4 

<0.2 
<0.2 
<0.2 
<0.2 
0.4 

<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
0.3 

<0.2 
0.3 

16 
0.2 
0.0 

<0.2 
0.4 

so4 

18 

9 

26 
13 
9 

7 

9 

16 
9 

14 
10 
14 
10 
17 
10 
17 

16 
13 

5 

7 

26 

Cl F 

101 0.6 
13 0.7 
94 2.5 
34 0.6 
10 <0.2 
31 0.3 
39 <0.2 
21 2.4 
49 0.3 
21 1.1 
56 0.3 
21 1.1 
52 0.3 
23 2.0 
57 0.3 
24 2.0 

16 16 
40 0.9 
27 0.8 
13 <0.2 

101 2.5 

N 

1.2 
<0.2 
1.2 
1.0 

<0.2 
<0.2 
<1 
0.7 

<1 
0.5 

<1 
0.4 

<1 
0.8 
1.4 
0.7 

16 
<0.8 
<0.4 
<0.2 
1.4 

TDS 

306 
152 
306 
216 
96 

157 
142 
228 
165 
186 

184 

184 

169 
231 
183 
229 

16 
196 

55 
96 

306 

Total 
Hard· 
ness 

75 
44 
44 
57 
28 
32 
42 
39 
52 
58 
54 
57 
49 
47 
58 
44 

16 
49 
11 

28 
75 

pH 

7.8 
7.5 
8.1 

7.0 
7.5 
7.0 
7.6 
7.8 
7.4 
7.0 
7.6 
7.0 
7.4 
7.1 
7.6 
7.1 

16 
7.4 
0.3 
7.0 
8.1 

Conduc· 
tivity 
(mS/m) 

51 
23 
52 
32 
9 m r 

23 ~ ~ 
20 ~ )> z r; 
37 s:: s:: 

mO 
25 ~ (J) 

30 
)> z 
r ~ 

25 (J) 6 

27 ~ ~ 
26 r r; 
38 ~ ~ 
26 ~ ~ 
37 (j) 0 

16 
30 
11 

9 

52 

()) ::0 ...., -< 



Station 

GS-1 

MC0-3 

MC0-4 

MC0-5 

MC0-6 

...... 
i5; MC0-7 

MC0-7.5 

Sumnary 
No. of Analyses 
Average 
s 
Mini nun 

Maxi nun 

Si02 

44 
57 
44 
62 
33 
65 
30 
27 
29 
42 
30 
31 
30 
31 

14 
40 
13 
29 
65 

aSamples collected in March. 

Ca 

109 
38 

130 
39 
37 

9 

20 
39 
18 
21 
17 
12 
17 
13 

14 
37 
37 

9 

130 

Table G-33. Chemical Quality of Surface and Shallow Ground Waters in Mortandad Canyon (mg/L)a 

Mg 

2.7 
3.1 
2.9 
3.3 
2.8 

<0.5 
4.7 
5.7 
4.1 
2.8 
4.2 
2.4 
4.2 
2.5 

14 
3.2 
1.2 

<0.5 
5.7 

K 

54.9 
20.0 
66.8 
21.4 
35.1 
18.9 
7.3 

34.2 
8.2 

26.2 
4.9 
4.0 
4.9 
4.1 

14 
22.2 
19.7 
4.0 

66.8 

Na 

54 
85 

132 
92 
74 

165 
220 
228 
155 
190 
223 
178 
229 
178 

14 
157 
61 
74 

229 

co3 

0 
0 

0 

0 

2 
66 

0 

0 

0 

19 
0 

0 

0 

0 

14 
6 

18 
0 

66 

HC03 

257 
124 
306 
124 
142 
133 
176 
164 
176 
150 
214 
182 
215 
183 

14 
182 
52 

124 
306 

p 

<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 

14 
<0.2 
0.0 

<0.2 
<0.2 

so4 

81 
24 

102 
25 
24 
60 
21 
48 
29 
53 
37 
40 
38 
40 

14 
45 
23 
24 

102 

Cl F 

35 6.0 
4 1.1 

40 7.7 
28 1.2 
30 2.4 
38 3.9 
28 1.9 
37 3.0 
29 2.3 
39 3.3 
30 2.4 
35 3.3 
30 2.5 
35 3.2 

14 14 
31 3.2 
9 1.8 
4 1.1 

39 3.9 

N 

45 
37 
56 
42 
31 
44 
37 

118 
37 
75 
62 
46 
62 
47 

14 
53 
22 
37 

118 

TDS 

780 
492 
963 
426 
492 
601 
551 

1010 
548 
751 
775 
622 
777 

592 

14 
677 

168 

492 
1010 

Total 
Hard-
ness pH 

256 7.9 
110 7.8 
315 7.9 
112 7.8 
97 8.4 
24 9.9 
76 7.7 

107 7.5 
63 7.6 
61 9.0 
61 8.3 
37 7.6 
62 8.3 
43 7.7 

14 14 
102 8.1 
83 0.5 
24 7.5 

315 9.9 

Conduc
tivity 
(mS/m) 

130 
71 

160 
73 

76 m r 

91 ~ g 
85 ~ )> z s;: 

145 ~ ~ 
85 z en 

--4 z 
115 "{!:. ~ 
118 ~ 0 
92 ~ ~ mr 

120 ~ ~ 
92 z 0 

05! m --4 
~a :g )J 

14 "" -< 
104 
28 
72 

160 



SCS-1 
SCS-2 
SCS-3 

Station 

SlJTI11ary 

Si02 

96 
46 
46 

No. of Analyses 3 
Average 63 
s 29 
Mininun 46 

tO Maxi nun 96 
0\ 

aSamples collected in March. 

Ca 

34 
22 
19 

3 

25 
8 

19 
34 

Mg 

4.7 
3.8 
3.7 

3 

4.1 
0.6 
3.8 
4.7 

Table G-34. Chemical Quality of Surface ~ater from Sandia Canyon (mg/L)a 

K 

8.1 
8.5 
8.6 

3 
8.4 
0.3 
8.1 
8.6 

Na 

215 
126 
130 

3 
157 
50 

126 
215 

co3 

0 

0 

2 

0 

0 

HC03 

68 
62 

2 
65 

4 

62 
68 

p 

1.4 
1.5 
1.5 

3 

1.5 
0.1 
1.4 
1.5 

so4 

768 
40 
40 

3 

283 
420 

40 
768 

Cl F 

83 1.0 
157 0.8 
159 0.8 

3 

133 

43 
83 

159 

3 

0.9 
0.1 
0.8 
1.0 

N 

1.3 
1.8 
1.8 

3 
1.6 
0.3 
1.3 
1.8 

TDS 

1129 
465 
468 

3 

687 
382 
465 

1129 

Total 
Hard-
ness 

100 
71 
66 

3 
79 
18 
66 

100 

pH 

7.8 
7.9 

2 
7.8 
0.1 
7.8 
7.9 

Conduc
tivity 
(mS/m) 

300 
80 
81 

3 

153 
127 
80 

300 

m r 
ZQ 
S:CJ> 
JJ )> 

~> 
~ ~ 
mO zw 
~ z 
r~ 
weD 
JJ z < )> mr 
r=> > IJJ zO 
~?;! 
<D 0 
0> JJ .._, -< 



Table G-35. Background Radiochemical Quality of Run-off (Solution and Suspended Sediments) in the Los Alamos Areaa 

In Solution 
Gross 

1987 3H 137Cs Total U Ganma 
Station Date (10-6 fJ.Ci/mL) (10-9 fJ.Ci/mL) (f.J-9/L) (counts/min/L) --

West SR-4 at Water Canyon 4/29 0.4 (0.3) 69 (60) 1.0 (1.0) 20 (80) 
West SR-4 at Canon Valle 4/29 0.5 (0.3) 117 (62) 1.0 (1.0) 120 (80) 
West SR-4 at Pajarito Canyon 4/29 0.7 (0.3) 138 (71) 1.0 (1.0) 130 (80) 
West SR-4 at Los Alamos Canyon 4/29 0.4 (0.3) -91 (50) 1.0 (1.0) 150 (80) 
Guaje Canyon at Well G-5 4/29 0.5 (0.3) 13 (75) 1.0 (1.0) 170 (80) 

-
X (S) 0.5 (0.1) 64 (67) 1.0 (1.0) 118 (58) 

In Solution sus~nded Sediments 

1987 238Pu 239,240Pu 238Pu 239,240Pu 
,..... Date (10-9 fJ.Ci/mL) (10-9 fJ.Ci/mL) (pCi/g) (pCi /g) \0 
-.l ---

West SR-4 at Water Canyon 4/29 0.000 (0.010) 0.009 (0.027) o.on co.o45> 0.033 (0.037) 
West SR-4 at Canon Valle 4/29 0.031 (0.015) 0.010 (0.010) 0.000 (0.019) 0.034 (0.034) 
West SR-4 at Pajarito Canyon 4/29 0.000 (0.010) 0.004 (0.010) 0.034 (0.075) 0.006 (0.045) 
West SR-4 at Los Alamos Canyon 4/29 0.013 (0.017) 0.004 (0.008) 0.064 (0.013) 1.32 (0.071) 
Rendija Canyon at Booster 1 3/12 0.013 (0.012) -o.004 (0.010) -o.010 (0.001) 0.020 (0.012) 
Guaje Canyon at Well G-5 4/29 -o.004 (0.012) 0.014 (0.013) -o.004 (0.004) 0.011 (0.005) 

5/4-7 0.007 (0.012) 0.014 (0.010) -o.016 (0.016) 0.056 (0.027) 
5/11-14 0.015 (0.009) 0.011 (0.008) 0.066 (0.050) 0.089 (0.054) 
5/26-28 -o.009 (0.014) 0.000 (0.010) 0.020 (0.061) -o.020 (0.035) 
6/4 -o.019 (0.014) 0.000 (0.010) 0.176 (0.117) 0.106 (0.093) 
6/8-11 0.010 (0.010) 0.010 (0.010) 0.022 (0.071) 0.000 (0.039) 

Guaje Canyon at SR-4 4/20 0.004 (0.011) -o.004 (0.007) 0.001 (0.001) 0.012 (0.002) 
4/30 0.010 (0.010) 0.029 (0.014) 0. 011 ( 0 . 003) 0.233 (0.014) 
5/18-21 0.009 (0.016) -o.009 (0.013) -o.032 (0.045) 0.032 (0.051) -

x (s) 0.006 (0.012) 0.006 (0.010) 0.029 (0.053) 0.138 (0.346) 

---------- ... --
aLocation of stations shown in Fig. 16; counting uncertainty in parentheses. 

m r zo 
$U> 
:Il ~ 

~~ 
s:: s:: 
mO zU> 
--4 z 
~ ~ 
r --4 
(J)-

c 0 
:Il z < ~ m r 
;=~ 
~(l) 
zO 
~~ 
~ --4 
<D 0 
00 :Il 
-..j -< 



Table G-36. Plutonium in Spring Run-off in Solution and Suspended Sediments 

Solution Sus~nded Sediments 

1987 238Pu 239,240Pu 238Pu 239,240Pu 

Station Date -9 ( 10 f.J.Ci /ml) (10-9 f.J.Ci/ml) (pCi/g) (pCi/g) 

~ater Canyon at SR-4 4!14 -o.017 (0.020) 0.033 (0.026) 0.000 (0.140) 0.000 (0.140) 
4/20 0.000 (0.010) 0.024 (0.016) 0.018 (0.060) -o.062 (0.038) 
4/30 0.010 (0.019) -o.010 (0.013) -o.012 (0.032) 0.024 (0.042) 
5/4-7 0.018 (0.014) 0.004 (0.004) 0.004 (0.006) 0.004 (0.004) 
5/11-14 0.000 (0.010) -o.004 (0.011) 0.342 (0.343) 0.770 (0.356) 

5!18-21 0.004 (0.008) -o.004 (0.004) 0.000 (0.132) 0.058 (0.101) 
mr 
zo 
~(/) 

5/26-28 0.000 (0.001) 0.009 (0.009) 0.066 (0.066) 0.066 (0.081) ::0 )> 

6/4 0.015 (0.015) -o.015 (0.008) 0.028 (0.048) 0.056 (0.040) 
0): 
z s::: 
s:::o 
~(/) 

X (S) 0.004 (0.011) 0.005 (0.017) 0.056 (0.118) 0.115 (0.268) -i z 
)> )> 

I-' r-i 
\0 go 00 

Pajarito Canyon at SR-4 3/5 0.035 (0.019) 0.004 (0.010) -o.134 (0.164) 0.067 (0.178) ::0 z < )> 

3!2-5 -o.010 (0~007) 0.014 (0.008) 0.945 (0.069) 0.942 (0.131) 
mr 
r): 

3/6-19 -o.004 (0.015) -o.004 (0.004) 0.021 (0.044) 0.000 (0.022) ):m 
zO 

3/23-26 -o.018 (0.022) -o.018 (0.018) -o.026 (0.070) 0.079 (0.087) 0~ 
m-i 

3/30-4/2 0.004 (0.012) 0.000 (0.010) 0.150 (0.011) 0.060 (0.110) ~ 0 
U) ::0 

4/6-9 -o.oo5 <0.012> 0.017 (0.017) 0.020 (0.040) 0.066 (0.052) g: -< 

4!20 0.000 (0.010) 0.000 (0.000) 0.030 (0.030) 0.000 (0.030) 
4/30 0.000 (0.010) 0.134 (0.010) 0.116 (0.084) 0.093 (0.080) 
5/4-7 -o.120 (0.009) -o.004 (0.009) -o.034 (0.034) 0.034 (0.059) 
5/11-14 -o.011 (0.012) 0.007 (0.007) 0.161 (0.105) 0.095 (0.056) 
5/18-21 -o.024 (0.016) 0.034 (0.016) 0.172 (0.150) 0.000 (0.079) 
5!26-28 0.016 (0.014) 0.004 (0.011) 0.040 (0.069) 0.120 (0.090) 
6/4 -o.022 (0.011) 0.000 (0.010) 0.000 (0.227) 0.218 (0.218) 
6/8-11 -o.012 (0.013) 0.000 (0.010) -o.014 (0.024) 0.014 (0.014) 

X (S) -o.002 (0.016) 0.013 (0.037) 0.068 (0.138) 0.128 (0.242) 



Table G-36 (cont) 

Solution Suli~nded Sediments 

1987 238Pu 239,240Pu 238Pu 239,240Pu 

Station Date 1( 10 "9 jJCi /ml) -9 (10 flCi/mL) (pCi/g) (pCi/g) 
-

Los Alamos Canyon at SR-4 3/2-5 -o.011 (0.019) 0.011 (0.024) 0.190 (0.061) 2.84 (0.219) 
3/16-19 0.030 (0.016) 0.035 (0.015) 0.105 (0.014) o.no co.048> 
3/23-26 0.012 (0.013) 0.020 (0.012) 0.026 (0.004) 0.426 (0.024) 
3/30-31 ,4!1-2 0.000 (0.010) -o.004 (0.004) 0.033 (0.023) 3.50 (0.400) 
4/6-9 -o.059 (0.066) 0.040 (0.040) -o.040 (0.040) 0.230 (0.110) 

mr 
4/14-17 0.054 (0.020) 0.010 (0.012) 0.018 (0.018) 2.20 (0.160) ~0 _cn 
4/20 0.021 (0.016) 0.036 (0.006) 0.118 (0.024) 1.65 (0. 110) :D)> 

0): 
4/30 0.008 (0.011) 0.008 (0.011) 0.074 (0.019) 2.08 (0.121) z s::: 
5/4-7 0.029 (0.018) 0.000 (0.010) 0.055 (0.021) 1.63 (0.128) s:::o 

~CJ) 
5/11-14 -o.004 (0.009) 0.014 (0.012) 0.023 (0.069) 1.59 (0.209) -i z 

> > ,_. 
5/18-21 0.009 (0.013) 0.014 (0.014) 0.117 (0.060) 2.52 (0.228) 

r -i 

~ ~5 
5/26-27 0.000 (0.010) 0.000 (0.010) 0.212 (0.071) 3.32 (0.304) ~ ~ 
6/4 0.004 (0.004) 0.031 (0.013) 0.314 (0.105) 2.79 (0.328) m' 

F): 
6/8·11 -o.009 (0.011) -o.004 (0.010) 0.051 (0.102) 1.94 (0.241) ):m 

zO 
0~ 
m-i 

X (S) 0.006 (0.026) 0.015 (0.015) 0.093 (0.093) 1.96 ( 1.01) ~a 
CD :D g: -< 

Pueblo Canyon at SR-4 3/5 -o.014 (0.025) 0.014 (0.032) 0.021 (0.010) 4.63 (0.232) 
3/2-5 -o.026 (0.015) 0.000 (0.010) 0.036 (0.008) 0.742 (0.047) 
3/16-19 -o.oo8 co.o1o> 0.023 (0.014) 0.011 (0.005) 1.60 (0.095) 
3/23-26 0.000 (0.010) -o.007 (0.007) 0.015 (0.004) 1.17 (0.050) 
3/30-31,4/1-2 0.021 (0.014) 0.000 (0.010) 0.005 (0.002) 1.35 (0.058) 
4/6-9 0.012 (0.015) 0.012 (0.013) 0.034 (0.014) 7.27 (0.310) 
4/14-17 0.000 (0.010) 0.010 (0.010) -o.009 (0.009) 3.27 (0.210) 

X (S) -o.002 (0.016) 0.007 (0.010) 0.016 (0.016) 2.86 (2.38) 



Table G-36 (cont> 

Solution Suspended Sediments 

1987 238Pu 239,240Pu 238Pu 239,240Pu 

Station Date (10- 9 tJ.Ci/ml) -9 (10 fJ.Ci/mL) (pCi/g) (pCi/g) 

Los Alamos Canyon at Otowi 3!2-5 -o.033 (0.025) 0.011 (0.019) 0.181 (0.012) 0.401 (0.022) 

3/16-19 0.008 (0.012) 0.011 (0.011) 0.059 (0.008) 1.40 (0.069) 

4!20 0.000 (0.010) 0.000 (0.010) 0.036 (0.006) 0.930 (0.047) 

4/30 0.000 (0.010) 0.008 (0.013) 0.004 (0.002) 0.121 (0.010) m r 
~0 

5/4-7 0.004 (0.004) -o.004 (0.004) 0.019 (0.005) 0.264 (0.021) _en 
:D)> 

5!11-14 0.000 (0.010) 0.018 (0.018) 0.009 (0.005) 0.167 (0.97) 0~ 
z ~ 

5/18-21 0.000 (0.010) 0.021 (0.018) 0.029 (0.01 1) 0.228 (0.029) ~0 

5/26-28 0.054 (0.021) 0.009 (0.009) 0.018 (0.009) 0.268 (0.036) 
~en 
--1 z 

6/4 0.027 (0.017) 0.013 (0.012) 0.058 (0.041) 0.878 (0. 164) 
)> )> 

8 
r --1 

6/8-11 -o.oo5 co.013> 0.005 (0.015) 0.064 (0.034) 2.74 (0.202) 
go 
:Dz 

6/14-17 -o.01 1 (0.017) -o.011 (0.011) 1.90 (0.060) 1.70 (0.160) 
< )> 
mr 

r=~ 
~0 

X (S) 0.004 (0.022) 0.007 (0.009) 0.216 (0.561) 0.827 (0.829) ~~ 
m--1 
~ 0 

Rio Grande at Otowi 3/12 -o.016 (0.011) -o.024 (0.014) 0.001 (0.004) 0.001 (0.002) ~ :D ..... -< 



~ 
1-' 

Station 

Sediment Trap 1 
Sediment Trap 2 
Sediment Trap 3 

Station 

Sediment Trap 1 
Sediment Trap 2 
Sediment Trap 3 

Table G-37. Radiochemistry of Storm Run-off in Sediment Traps, Mortandad Canyon 

Uranium and Plutonium Anallses 
Solution Sus~nded Sediments 

Total U 238Pu 239,240Pu 238Pu 

(fJ.g/L) -9 ( 10 fJ.Ci/ml) (10-9 fJ.Ci/ml) (pCi/g) 

2.0 (1.0) 0.225 (0.225) 1.24 (0.331) 39.~ (1.72) 
1.0 (1.0) 0. 767 (0.334) 1.34 (0.363) 31.1 (1.43) 
1.0 (1.0) -o.212 (0. 150) 0.265 (0.206) 21.5 (1.04) 

Tritium. Cesium. and Gross Radioactivity Analyses 
Solution 
Gross Gross 

3H 137Cs Alpha Beta 
-6 -9 (10-9 fJ.Ci/ml) ( 10-9 fJ.Ci/ml) (10 fJ.Ci/ml) (10 f.!Ci/ml) 

9.0 (1.0) -18 (59) 5.0 (1.0) 35 (4.0) 
4.7 (0.6) 26 (40) 1.5 (0.7) 26 (3.0) 
5.9 (0.7) 3 (59) 2.4 (0.9) 17 (2.0) 

239,240Pu 

(pCi /g) 

137 (5.17) 
107 (4.13) 
75.3 (2.97) 

Gross 
Galllll8 

(counts/min/L) 

m r zo 
:S;U> 
:D )> 

~~ s: ~ 
mO zU> 
--i z 
)> )> 
r --i 
(j)
cO 
:D z < )> 
m r 
;= ~ 
~ OJ z 0 
~~ 
iD 0 
()) :D 
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LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-38. Locations of Soil and Sediment Sampling Stations 

Latitude or Longitude or Map 
Station N-S Coord E-W Coord Designation a 

Regional Sediments 
Chamita 36°05' 106°07' 
Embudo 36° 12' 105°58' 
Otowi 35°52' 106°08' 
Sandia S060 £490 
Pajarito Sl85 £410 
Ancho S305 £335 
Frijoles S375 £235 
Cochiti 35°37' 106°19' 
Bernalillo 35° 17' 106°36' 
Jemez River 35°40' 106°44' 

Perimeter Sediments 
Guaje at SR-4 Nl35 £480 12 
Bayo at SR-4 NIOO £455 13 
Sandia at SR-4 N025 £315 14 
Mortandad at SR-4 S030 £350 15 
Canada del Buey at SR-4 S090 £360 16 
Pajarito at SR-4 Sl05 £320 17 
Potrillo at SR-4 Sl45 £295 18 
Water at SR-4 Sl70 £260 19 
Ancho at SR-4 S255 £250 20 
Frijoles at National Monument S280 £185 21 
Headquarters 

Effluent Release Area Sediments 
Acid Pueblo Canyon 
Acid Weir Nl25 £070 22 
Pueblo 1 Nl30 £085 23 
Pueblo 2 NI20 £145 24 
Hamilton Bend Spring Nl05 £255 25 
Pueblo 3 N090 £315 26 
Pueblo at SR-4 N070 £350 27 

DP-Los Alamos Canyon 
DPS-1 N090 £160 28 
DPS-4 N075 £205 29 
Los Alamos at Bridge N095 £020 30 
Los Alamos at LAO-I N080 £120 31 
Los Alamos at GS-1 N075 £200 32 
Los Alamos at LA0-3 N075 £215 33 
Los Alamos at LA0-4.5 N065 £270 34 
Los Alamos at SR-4 N065 £355 35 
Los Alamos at Totavi N065 £405 36 
Los Alamos at LA-2 Nl25 £510 37 
Los Alamos at Otowi NIOO £560 38 

202 



Station 

Mortandad Canyon 
Mortandad near CMR 
Mortandad west of GS-1 
Mortandad at GS-1 
Mortandad at MC0-5 
Mortandad at MC0-7 
Mortandad at MC0-9 
Mortandad at MC0-13 

Regional Soils 
Rio Chama 
Embudo 
Otowi 
Near Santa Cruz 
Cochiti 
Bernalillo 
Jemez 

Perimeter Soils 
Sportsman's Club 
North Mesa 
TA-8 
TA-49 
White Rock (cast) 
Tsankawi 

Onsite Soils 
TA-21 
East of T A-53 
TA-50 
Two Mile Mesa 
East of T A-54 
R-Sitc Road East 
Potrillo Drive 
S-Site 
Ncar Test Wcii DT-9 
Ncar TA-33 

--------------

LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-38 (cont) 

Latitude or Longitude or 
N-S Coord E-W Coord 

N060 E036 
N045 E095 
N040 E105 
N035 E155 
N025 E190 
N030 E215 
N015 E250 

36°05' 106°07' 
36°12' 105°58' 
35°52' 106°08' 
35°59' 105°54' 
35°37' 106°19' 
35° 17' 106°36' 
35°40' 106°44' 

N240 E215 
N134 E168 
N060 W075 
SI65 E085 
S0 55 E385 
N020 E310 

N095 EI40 
N051 E218 
N035 E095 
N025 E030 
S080 E295 
S042 EI03 
S065 EI95 
S035 W025 
SI50 EI40 
S245 E225 

Map 
Designation a 

39 
40 
41 
42 
43 
44 
45 

SI 
S2 
S3 
S4 
S5 
S6 

S7 
S8 
S9 

SIO 
S I I 
SI2 
SI3 
S14 
S I 15 
Sl6 

asoil sampling locations in Figs. 14 and 17; sediment sampling locations in Figs. 14 
and I 8. 
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Soils 
Chamita 
Embudo 
Otowi 

Location 

Near Santa Cruz Lake 
Cochiti 
Bernalillo 
Jemez 

Sl.mllary 
No. of Analyses 
Average 
s 
Mini nun 
Maxi nun 

Sediments 
Rio Chama at Chamita 
Rio Grande at Embudo 
Rio Grande at Otowi 
Rio Grande at Sandia 
Rio Grande at Pajarito 
Rio Grande at Anchob 
Rio Grande at Frijolesb 
Rio Grande at Bernalillo 
Jemez River at Jemez 

3H 

(10-6 f-LCi/mL) 

0.2 (0.5) 
0.1 (0.5) 

-o.8 co.5> 

4.7 (0.7) 
13 (1.0) 
4.3 (0.7) 

6 

3.6 
5.2 

-o.8 <0.5> 
13 ( 1.0) 

0.7 (0.4) 
0.2 (0.4) 

Table G-39. Radiochemical Analyses of Regional Soils and Sedimentsa 

137Cs 

(pCi/g) 

0.24 (0.07) 
0.25 (0.10) 
0.02 (0.06) 
0.41 (0.10) 
0.43 (0.09) 
0.60 (0.13) 
0.23 (0.08) 

7 
0.31 
0.19 
0.02 (0.06) 
0.60 (0.13) 

0.00 (0.06) 
0.14 (0.10) 
0.06 (0.06) 
0.38 (0.11) 
0.12 (0.10) 

0.13 (0.09) 
0.09 (0.08) 

Total U 
(f-Lg/g) 

5.4 (0.5) 
4.8 (0.5) 
5.0 (0.5) 
3.1 (0.3) 
3.0 (0.3) 
1.9 (0.2) 
2.1 (0.2) 

7 

3.6 
1.4 
1.9 (0.2) 
5.4 (0.5) 

1.9 (0.2) 
2.3 (0.2) 
2.0 (0.2) 
8.5 (0.9) 
3.4 (0.4) 

2.8 (0.3) 
1.1 (0.2) 

238Pu 

(pCi/g) 

0.002 (0.001) 
0.000 (0.001) 
0. 000 (0. 001) 
0.000 (0.001) 
0.000 (0.001) 
0.002 (0.001) 
0.001 (0.001) 

7 
0.001 
0.001 
0.000 (0.001) 
0.002 (0.001) 

-o.001 (0.001) 
0.000 (0.001) 
0.001 (0.002) 
0.001 (0.002) 
0.000 (0.001) 

0.000 (0.001) 
0.000 (0.002) 

239,240Pu 

(pCi/g) 

0.008 (0.002) 
0.007 (0.002) 
0.008 (0.002) 
0.007 (0.002) 
0.016 (0.003) 
0.013 (0.003) 
0.010 (0.003) 

7 

0.010 
0.003 
0.007 (0.002) 
0.016 (0.003) 

-o.002 (0.001) 
0.000 (0.001) 
0.000 (0.001) 
0.002 (0.001) 
0.007 (0.002) 

0.004 (0.002) 
0.001 (0.001) 

241Am 

(pCi/g) 

-o. 160 (0.081) 
-o.146 (0.177) 
-o.078 (0.081) 

-3.26 (0.520) 

Gross 
Gamma 

(counts/min/g) 

6.4 (0.8) 
6.0 (0.8) 
6.1 (0.8) 
4.6 (0.7) 
4.1 (0.7) 
3.7 (0.7) 
1.7 (0.6) 

7 

4.7 
1.7 
1.7 (0.6) 
6.4 (0.8) 

-3.5 (0. 7) 
-4.1 (0.7) 
-5.5 (0.8) 
3.8 (0.7) 
1.8 (0.6) 

-1.6 (0.6) 

m r 
~0 _U> 
:Il )> 

2~ 
s::S:: 
mO 
zU> 
-t z 
)> )> 
r-t 
U>cO 
~ ~ 
m r 
;=~ 
~ID 
zO 
()~ 
m-t 
(j)O 
co:Il .._, -< 



location 

SUfTITlary 
No. of Analyses 
Average 
s 
Miniii'Uil 
Maxiii'Uil 

limits of Detection 

3H 

(10- 6 f-LCi/ml) 

2 
0.4 
0.3 
0.2 (0.4) 
0.7 (0.4) 

0.7 

7 

137cs 

(pCi/g) 

0.13 
0.12 
0.00 (0.06) 
0.38 (0.11) 

0.1 

aSamples collected in April; counting uncertainty in parentheses. 
~ bSampling station covered by reservoir. 

Table G-39 (cont) 

7 

Total U 
(j.Lg/g) 

3.1 
2.5 
1.1 (0.2) 
8.5 (0.9) 

0.3 

238Pu 

(pCi/g) 

7 

0.000 
0.001 

-o.001 (0.001) 
0.001 (0.002) 

0.003 

7 

239,240Pu 

(pCi/g) 

0.002 
0.003 

-o.002 (0.001) 
0.007 (0.002) 

0.002 

4 

241Am 

(pCi/g) 

-o.911 
1-57 

-3.26 (0.520) 
-o.078 (0.081) 

0.01 

Gross 
Ganma 

(counts/min/g) 

6 

-1-5 
3.6 

-3.5 (0.7) 
3.8 (0.7) 

0.1 

mr 
~0 _(j) 

:0 > 
~~ 
~ ~ 
mO 
z(J) 

);! z 
r> 
(J)~ 
cO 
:oZ 
< > mr 
;=~ 
~Ill 
zO 
fri$! 
<Od 
CXI :0 ._, -< 



Table G-40. Radiochemical Analyses of Perimeter Soils and Sediments 

Gross 
3H 137Cs Total U 238Pu 239,240Pu 24\m Ganma 

Location -6 (10 pCi/ml) (pCi/g) (pg/g) (pCi/g) (pCi/g) (pCi/g) (counts/min/g) 

Perimeter Soils 
Sportmans Club 1.1 (0.5) 0.29 (0.09) 4.2 (0.4) 0.001 (0.001) 0.018 (0.003) -- 4.4 (0.7) 

North Mesa 0.4 (0.5) 0.25 (0.08) 3.8 (0.4) 0.001 (0.001) 0.008 (0.002) -- 6.3 (0.8) 

TA-8 0.6 (0.5) 1.3 (0.22) 3.1 (0.3) 0.002 (0.001) 0.026 (0.004) -- 7.3 (0.9) 

TA-49 -o.1 (0.5) 0.34 (0.09) 4.8 (0.5) 0.000 (0.001) 0.004 (0.002) -- 7.1 (0.9) 

White Rock 2.8 (0.6) 0.24 (0.08) 4.0 (0.4) 0.001 (0.001) 0.010 (0.002) -- 7.5 (0.9) 

Tsankawi 1.5 (0.5) 0.27 (0.07) 5.3 (0.5) 0.029 (0.004) 0.009 (0.002) -- 9.0 (1.0) m r zo 
~(/) 

SI.JI11118ry 
:II > 
or; 

No. of Analyses 6 6 6 6 6 6 z s::: 
s:::o 

Average 1.0 0.44 4.2 0.006 0.013 -- 6.9 ~(/) 
--iz 

s 1.0 0.42 0.8 0.011 0.008 -- 1.5 > > 

~ 
r--i 

Mini nun -o.1 (0.5) 0.24 (0.08) 3.1 (0.3) 0.000 (0.001) 0.004 (0.002) -- 4.4 (0.7) ~6 
:II z 

Maxi nun 2.8 (0.6) 1.3 (0.22) 5.3 (0.5) 0.029 (0.004) 0.026 (0.004) -- 9.0 (1.0) <> mr 
r= r; 

Perimeter Sediments 
r;ro 
zO 

Guaje at SR-4 -- 0.06 (0.06) 2.8 (0.3) 0.000 (0.001) 0.002 (0.001) -o.016 (0.068) -2.4 (0.6) 0~ m--i 
Bayo at SR-4 -- 0.34 (0.11) 3.2 (0.3) -o.001 (0.002) 0.002 (0.002) 0.028 (0.202) -o.8 <0.6> ~a 

<D :II 

Sandia at SR-4 -- 0.06 (0.06) 1.8 (0.2) 0.001 (0.001) 0.001 (0.001) 0.010 (0.081) -2.1 (0.6) ~ -< 

Mortandad at SR-4 -- 0.00 (0.07) 1. 7 (0.2) -o.ooo co.oo1> 0.002 (0.001) -- -1.2 (0.6) 

Canada del Suey at SR-4 -- 0.13 (0.09) 2.1 (0.2) 0.002 (0.002) 0.001 (0.002) 0.054 (0.179) -23 (2.0) 

Pajarito at SR-4 -- 0.10 (0.06) 2.6 (0.3) -o.001 (0.002) 0.005 (0.003) 0.043 (0.096) 0.2 (0.6) 

Potrillo at SR-4 -- 0.04 (0.09) 2.5 (0.3) 0.001 (0.001) 0.002 (0.001) 0.311 (0.188) -1.6 (0.6) 

Water at SR-4 -- 0.15 (0.08) 1.7(0.2) 0.000 (0.001) 0.002 (0.001) -- -2.6 (0.6) 

Ancho at SR-4 -- 0.12 (0.07) 2.3 (0.3) 0.000 (0.001) 0.006 (0.002) 0.110 (0.097) -1.2 (0.6) 

Frijoles at Bandelier -- 0.24 (0.10) 3.2 (0.3) -o.001 (0.001) 0.001 (0.001) 0.230 (0.185) -o.9 (0.6) 

Sandia at Rio Grande -- 0.39 (0.12) 2.0 (0.2) 0.000 (0.001) 0.001 (0.002) -- -1.5 (0.6) 

Canada del Ancha at -- 0.14 (0.09) 1.3 (0.2) -o.001 (0.001) 0.001 (0.001) -- -o.8 <0.6> 
Rio Grande 



Table G-40 (cont) 

Gross 
3H 137Cs Total U 238Pu 239,240Pu 241Am Ganme 

Location (10-6 jJ.Ci/mL) (pCi/g) 4-Jg/g) (pCi/g) (pCi/g) (pCi/g) (counts/min/g) 

Mortandad At Rio Grande 0.3 (0.4) 0.03 (0.10) 1. 7 (0.2) 0.000 (0.000) 0.002 (0.001) -- -o.7 (0.6) 

Pajarito at Rio Grande 0.5 (0.4) 0.36 (0.11) 2.9 (0.3) 0.000 (0 .001) 0.003 (0.002) -- -o.o co.6> 

Water at Rio Grande -- 0.09 (0.09) 1.8 (0.2) 0.001 (0.001) 0.001 (0.001) -- -2.9 (0.6) 

Ancho at Rio Grande 0.2 (0.4) 0.08 (0.08) 1.2 (0.2) 0.000 (0.001) 0.000 (0.001) -- -4.8 (0.7) 

Frijoles at Rio Grande 0.4 (0.4) 0.13 (0.10) 2.8 (0.3) -o.001 (0.001) 0.002 (0.001) -- 2.5 (0.6) m r zo 
$;(1) 
:0 )> 

SlJTill8ry os;: 
z ~ 

No. of Analyses 4 17 17 17 17 8 17 ~0 

Average 0.3 0.14 2.2 0.000 0.002 0.096 -2.6 ~(/) 
-1 z 

Std. Oev. 0.1 0.12 0.6 0.001 0.002 0.116 5.5 
)> )> 

~ 
r -t 

Mini nun 0.2 (0.4) 0.00 (0.07) 1.2 (0.2) -o.001 (0.002) 0.000 (0.001) -o.016 (0.068) -2.3 (2.0) go 
-....! :0 z 

Maxi nun 0.5 (0.4) 0.39 (0.12) 3.2 (0.3) 0.002 (0.002) 0.006 (0.002) 0.311 (0.188) 2.5 (0.6) < )> 
mr 
r= );: 
);: tD 

Limits of Detection 0.7 0.1 0.3 0.003 0.002 0.002 0.1 zO 
0~ 

--------------------- m -t 

aSamples collected in April; counting uncertainty in parentheses. 
~ 0 
<£) :0 
~ -< 
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Table G-41. Suburanic and Gross Gamma Analyses of On-site Soils and Sediments8 

Location 

On-site Soils 

TA-21 
East of TA-53 
TA-50 
Two-Hi le Mesa 
East of TA-54 
R-Site Road East 
Potrillo Drive 
S-Site 
Near DT-9 
Near TA-33 

SlJ11118ry 
No. of Analyses 
Average 
s 
Mini nun 
Maxi nun 

Sediments: Effluents 
Release Areas 
Pueblo Canyon 
Acid Weir 
Pueblo 1 
Pueblo 2 
Hamilton Bend Spring 
Pueblo 3 
Pueblo at SR-4 

3H 

(10-6 f.1Ci/ml) 

1.9 (0.5) 
1.0 (0.5) 
2.3 (0.5) 
0.7 (0.5) 

-o.5 <0.5> 
0.4 (0.5) 
2.4 (0.6) 
0.7 (0.5) 

-o.2 (0.5) 
10 (1.0) 

10 
1.9 
3.0 

-o.5 <0.5> 
10 (1.0) 

137Cs 

(pCi /g) 

-o.01 (0.08) 
0.17 (0.08) 
0.11 (0.08) 
0.51 (0.11) 
0.14 (0.07) 
0.05 (0.05) 
0.25 (0.09) 
0.12 (0.06) 
0. 79 (0.15) 
0.25 (0.07) 

10 
0.24 
0.24 

-o.01 (0.08) 
0. 79 (0.15) 

0.18 (0.10) 
0.20 (0.10) 

-o.02 (0.06) 
0.27 (0.09) 
0.02 (0.07) 

-o.01 (0.09) 

Gross 
Gamma 

(counts/min/g) 

6.6 (0.9) 
7.5 (0.9) 
6.8 (0.9) 
4.7 (0.7) 
6.0 (0.8) 
6.4 (0.8) 
5.2 (0.8) 
5.8 (0.8) 
5.1 (0.7) 
7.2 (0.9) 

10 
6.1 
0.9 
4.7 (0.7) 
7.5 (0.9) 

0.8 (0.6) 
-2.2 (0.6) 
-o.8 <0.6> 
-o.3 (0.6) 
-1.3 (0 .6) 
-3.4 (0.7) 

m r zo 
~CJ) 
JJ > 
or; 
ZS::: 
s:: 0 
~CJ) 
--1 z 
>> r --1 
CJ)-
cO 
JJ z 
< > m r 
r= r; 
r;w 
zO 
0~ 
m --1 
~a 
<DJJ 
~ -< 



8 

Location 

SLmnBry 
No_ of Analyses 
Average 
s 
Minimun 
Maximun 

Los Alamos Canyon 
DP Canyon at DPS-1 
DP Canyon at DPS-4 
Los Alamos at Bridge 
Los Alamos at LA0-1 
Los Alamos at GS-1 
Los Alamos at LA0-3 
Los Alamos at LA0-4.5 
Los Alamos at SR-4 
Los Alamos at Totavi 
Los Alamos at LA-2 
Los Alamos at Otowi 

SLmnBry 
No. of Analyses 
Average 
s 
Minimun 
Maximun 

Table G-41 (cont) 

3H 
-6 (10 f.J..Ci/ml) 

137Cs 

(pCi/g) 

6 

0.11 
0.12 

-o.02 (0.06) 
0.27 (0.09) 

7.2 (1.1) 
10.7 (1.6) 
0.30 (0.10) 
1.1 (0.19) 
0.20 (0.09) 
0.20 (0.07) 
0.62 (0. 14) 
1.8 (0.28) 
0.85 (0. 16) 
0.31 (0.09) 
0.30 (0. 10) 

11 
2.1 
3.5 
0.20 (0.09) 

10.7 (1.6) 

Gross 
Gamma 

(counts/min/g) 

6 

-1.2 
1.5 

-3.4 (0.7) 
0.8 (0.6) 

5.4 (0.8) 

-3.9 (0. 7) 
1.1 (0.6) 
3.6 (0.7) 

-o.9 (0.6) 
0.9 (0.6) 
3.5 (0.7) 
3.4 (0.7) 
3.6 (0.7) 
0.8 (0.6) 

10 
1.8 
2.7 

-3.9 (0.7) 
5.4 (0.8) 

m r 
~ 0 _(J> 

:0 )> 

~> s:: s:: 
mO z (J> 

-1 z 
)> )> 
r -1 
(J>
cO 
:0 z < )> 
m' r=> >m 
zO 
fri~ 
~ -1 
(0 0 
(XI :0 
'I -< 



N ...... 
0 

Location 

Mortandad Canyon 
Mortandad at CMR 
Mortandad West of GS-1 
Mortandad at GS-1 
Mortandad at MC0-5 
Mortandad at MC0-7 
Mortandad at MC0-9 
Mortandad at MC0-13 

Sunmary 
No. of Analyses 
Average 
s 
Mini nun 
Maxi nun 

Limits of Detection 

Table G-41 (cont) 

3H 

(10- 6 ~Ci/ml) 

0.7 

137Cs 

(pCi/g) 

0.08 (0.06) 
0.11 (0.09) 

-o.06 (0.06) 
38 (5.7) 
16 (2.4) 
0.28 (0.10) 
0.56 (0.13) 

7 
7.85 

14.5 
-o.06 (0.06) 
38 (5.7) 

0.1 

8 Samples collected in April and May; counting uncertainty in parentheses. 

Gross 
Ganma 

(counts/min/g) 

-1.4 (0.6) 
-2.1 (0.6) 

0.2 (0.6) 
54 (5.0) 
17 (2.0) 
4.9 (0.8) 

16 
12 
22 
-2.1 (0.6) 
54 (5.0) 

0.1 

m r zo 
~(f) 
:D > 
~); 
s:: s:: 
mO zen 
-tz 
> > r -t encO 
~~ mr 
P); 
); [J) 

zO 
~$! 
~ -t <Do 
(J) :D 
-.1 -< 



Table G-42. Uranium and Transuranic Radiochemical Analyses 
of On-site Soils and Sedimentsa 

Total U 238Pu 239,240Pu 241Am 

Location (fJ_g/g) (pCi/g) (pCi/g) (pCi/g) 

On-site Soils 
TA-21 3.8 (0.4) 0.005 (0.004) 0.002 (0.002) 
East of TA-53 4.6 (0.5) 0.000 (0.002) 0.012 (0.001) 
TA-50 4.2 (0.5) 0.002 (0.001) 0.038 (0.003) 
Two-Mile Mesa 2.9 (0.3) 0.002 (0.002) 0.020 (0.005) 
East of TA-54 3.4 (0.3) 0.002 (0.002) 0.008 (0.004) -- m r zo 
R-Site Road East 3.9 (0.4) 0.003 (0.001) 0.002 (0.002) -- ~en 

:0 )> 

Potrillo Drive 3.9 (0.4) 0.000 (0.001) 0.000 (0.001) -- os;: 
S-Site 4.1 (0.4) 0.001 (0.002) 0.000 (0.001) 

z 3: -- 3:0 
Near DT-9 3.1 (0.4) 0.000 (0.001) 0.016 (0.003) -- ~en 

-i z 
N Near TA-33 3.6 (0.4) 0.001 (0.001) 0.009 (0.002) -- )> )> 

r -i .... 
~6 .... 
:0 z 

SUII111ary < )> 
mr 

No. of Analyses 10 10 10 -- r= s;: 
s;:ro 

Average 3.7 0.002 0.011 -- z 0 

s 0.5 0.002 0.012 -- 0 ~ 
m -i 

Minimum 2.9 (0.3) 0.000 (0.002) 0.000 (0.001) 
~ 0 -- <D :0 g: -< 

Maximum 4.6 (0.5) 0.005 (0.004) 0.038 (0.003) 

Sediments: Effluent 
Release Area 
Pueblo Canyon 
Acid lleir 3.2 (0.3) 0.001 (0.002) 0.004 (0.002) 1.28 (0.251) 
Pueblo 1 2.4 (0.2) -o.036 (0.018) 0.009 (0.027) -1.83 (0.330) 
Pueblo 2 2.9 (0.3) 0.026 (0.014) 0.612 (0.062) 2.51 (0.401) 
Hamilton Bend Spring 3.4 (0.3) 0.001 (0.008) 0.167 (0.010) 2.29 (0.373) 
Pueblo 3 3.2 (0.3) 0.000 (0.001) 0.004 (0.002) 1 • 31 ( 0. 254) 
Pueblo at SR-4 2.7 (0.3) 0.002 (0.001) 0.399 (0.021) 2.37 (0.382) 



N .... 
N 

Location 

SUIIIllarY 
No. of Analyses 
Average 
s 
Mini nun 

Maxi nun 

Sediments: Effluent 
Release Area 
Los Alamos Canyon 

DP Canyon at DPS-1 
DP Canyon at DPS-4 
Los Alamos at Bridge 
Los Alamos at LA0-1 
Los Alamos at GS-1 
Los Alamos at LA0-3 
Los Alamos at LA0-4.5 
Los Alamos at SR-4 
Los Alamos at Totavi 
Los Alamos at LA-2 
Los Alamos at Otowi 

Slml18ry 
No. of Analyses 
Average 
s 
Minirrun 
Maxi nun 

Total U 
(fJ.Q/g) 

6 

2.9 
0.4 
2.4 (0.2) 
3.4 (0.3) 

2.5 (0.3) 
5.0 (0.5) 
2.8 (0.3) 
3.4 (0.3) 
4.4 (0.4) 
3.0 (0.3) 
3.2 (0.3) 
4.2 (0.4) 
4.4 (0.4) 
4.3 (0.4) 
3.6 (0.4) 

11 
3.7 
0.8 
2.5 (0.3) 
5.0 (0.5) 

Table G-42 (cent) 

238Pu 

(pCi/g) 

6 
-o.001 

0.020 
-o.036 (0.018) 

0.026 (0.014) 

0.067 (0.019) 
0.196 (0.012) 

-o.001 (0.001) 
0.021 (0.004) 
0.002 (0.001) 
0.005 (0.002) 
0.008 (0.002) 
0.029 (0.004) 
0.062 (0.006) 
0.006 (0.002) 
0.006 (0.002) 

11 
0.036 
0.058 

-o.001 (0.001) 
0.196 (0.012) 

239,240Pu 

(pCi/g) 

6 

0.199 
0.254 
0.004 (0.002) 
0.612 (0.062) 

0.139 (0.026) 
0.609 (0.029) 
0.002 (0.011) 
0.239 (0.014) 
0.516 (0.026) 
0.183 (0.011) 
0.267 (0.015) 
0.414 (0.023) 
0.493 (0.025) 
0.615 (0.030) 
0.131 (0.010) 

11 
0.328 
0.211 
0.002 (0.011) 
0.615 (0.030) 

241Am 

(pCi/g) 

6 

1.93 
0.54 
1.28 (0.251) 
2.51 (0.401) 

2.88 (0.457) 

-1.27 (0.223) 
1.65 (0.301) 
1.38 (0.291) 
1.37 (0.260) 

-1.48 (0.278) 
1.24 (0.246) 

-2.71 (0.442) 
2.43 (0.390) 

-2.43 (0.391) 

10 
0.306 
2.06 

-2.43 (0.391) 
2.88 (0.457) 

m r z 0 
~en 
:0 )> 

~> 
~ ~ 
mO 
zen 
--4 z 
)> )> 
r --4 
en -
c 0 
:0 z < )> mr 
r=> > OJ z 0 
~5;! 
(Db 
CD :0 .._, -< 



Table G-42 (cent) 

Total U 238Pu 239,240Pu 241Am 

Location (fJ.9/ g) (pCi/g) (pCi/g) (pCi/g) 

Sediments: Effluent 
Release Area, Mortandad 
Canyon 
Mortandad at CMR 1.8 (0.2) 0.021 (0.003) 0.006 (0.002) 1.16 (0.225) 
Mortandad West of GS-1 1.5 (0.2) 0.008 (0.017) 0.000 (0.001) 1.39 (0.290) 
Mortandad at GS-1 2.3 (0.2) -o.028 (0.013) -o.oo5 <0.012> 3.99 (0.613) 
Mortandad at MC0-5 2.9 (0.3) 7.59 (0.520) 30.7 (1.90) 24.6 (3.71) 

m r zo 
$;en 

Mortandad at MC0-7 1.7 (0.2) 1.52 (0.082) 6.02 (0.246) 4.22 (0.649) :D )> 

Mortandad at MC0-9 4.8 (0.5) -o.035 (0.013) 0.005 (0.011) 1.50 (0.304) 
os;;: 
z s:: 

Mortandad at MC0-13 2.4 (0.2) 0.002 (0.001) 0.023 (0.003) -- s::o 
~en 
-i z 
)> )> 

N Surmary r -i 
....... 

~6 .... 
No. of Analyses 7 7 7 6 :D.~ 
Average 2.5 1.30 5.25 6.14 ~~r 

r=s;;: 
s 1.1 2.83 11.4 9.14 s;;:ID 
Mini nun 1.5 (0.2) -o.035 (0.013) -o.oo5 co.012> 1.16 (0.225) 

zO 
0 ~ 

Maxi nun 4.8 (0.5) 7.59 (0.520) 30.7 (1.90) 24.6 (3.71) m-i 
~ 0 
<D :D g: -< 

Limits of Detection 1 0.003 0.002 0.001 

................................ 

aSamples collected in April and May; counting uncertainty in parentheses. 



Table G-43. Inorganic Chemical Parameters in Solution Extracted from Sediments Downgradient from Areas G and l, TA-54 

Maxii!Ull limits Station Nunbers a 
EP Toxic of 

Parameters b Concentration c Detection 1 2 3 4 5 6 7 8 9 -- -- -- -- -- -- -
Arsenic 5.0 0.05 BlD BlD BlD BlD BlD BlD BlD BlD BlD 
Barillll 100 0.5 BlD BlD BlD BlD BlD BlD BlD BlD BlD 
Ca 1fllillll 1.0 0.01 BlD BlD BlD BlD BlD BlD BlD BlD BlD 
Chromillll 5.0 0.05 BlD BlD BlD BlD BlD BlD BlD BlD BlD 
lead 5.0 0.05 BlD BlD BlD BlD BlD BlD BlD BlD BlD m r 
Mercury 2.0 0.001 BlD BlD BlD BlD BlD BlD BlD BlD BlD ~0 _Cil 

Selenillll 1.0 0.01 
:D )> 

BlD BlD BlD BlD BlD BlD BlD BlD BlD 0~ 
Silver 5.0 0.05 BlD BlD BlD BlD BlD BlD BlD BlD BlD z 3: 

3:0 
Nickel -- 0.01 BlD BlD BlD BlD BlD BlD BlD BlD BlD ~C/) 

d -t z 
Bery ll i ll1l -- 0.005 BlD BlD BlD BlD BlD BlD BlD BlD BlD )> )> 

N r -t 

"""" Sulfate -- 0.2 BlD BlD BlD BlD BlD BlD BlD BlD BlD ~5 ~ 
:D z 

Nitrate -- 0.2 0.3 BlD 0.7 0.2 BlD 0.3 BlD BlD BlD < )> mr 
Cyanide -- 0.01 BlD BlD BlD BlD BlD BlD BlD BlD BlD ;=~ 
pHe -- -- 8.0 7.4 7.5 7.3 7.2 7.0 7.9 7.2 7.0 

~(J) 
zO 
0~ m-t 

..................................... ~o 

aSamples collected in September; station number location in Figure 20. ~ ~ 
bConcentrations in mg/l except as noted; BlD =Below Detection limit. 
cNew Mexico Hazardous Waste Management Regulations (HWMR) 201 B.S.; Extraction procedure. 
d . 

Um ts are pg/g. 
estandard units. 



Table G-44. Radionuclides in Local and Regional Produce 

3H 90Sr 137Cs u 238Pu 239,240Pu 

(pCi/mL) -3 (10 pCi/dry g) -3 (10 pCi/dry g) (ng/dry g) -5 (10 pCi/dry g) -5 (10 pCi/dry g) 

Cochiti/Santo Domingo 

N 7 7 7 7 7 7 
Mean 0.8 4.6 96 4.1 0.7 1.8 
Std. Dev. 0.4 5.4 52 3.5 1.9 3.6 
Minimum 0.0 (0.4) 0.6 (0.6) -99 (130) 0.8 (0.8) -2.8 (5.0) -1.7 (1. 7) 

Maximum 1.2 (0.4) 12.6 (2.4) 180 (130) 8.0 (0.8) 3.2 (5.5) 8.7 (5.5) 

m r 
Espanola zo 

~(f) 
:0 )>o 

0~ 
N 7 7 7 7 7 7 z ~ 

~0 
Mean 1 . 1 6.9 45 6.3 3.5 7.7 ~(f) 

~ z 
Std. Dev. 0.8 6.0 98 7.3 4.1 4.8 )>o )>o 

r~ 
N Minimum -0.3 (0.4) 0.5 (1.5) 36 (65) 0.5 (0.05) 0.0 (6.7) 0.0 (1.9) ~0 ,.... 
VI :0 z 

Maximum 1.5 (0.4) 14.2 (1.8) 180 (120) 21 (2.1) 10.7 (8.0) 15 (8.5) < )>o mr 
;= ~ 

San lldefonso ~m zO 
0~ m ~ 

N 2 2 2 2 2 2 ~ 0 
~ :0 

Mean 1.0 0.6 24 0.5 0.2 0.7 -.J -< 

Std. Dev. 0.5 0.4 52 0.1 1.4 2.2 
Minimum 0.7 (0.4) 0.9 (0.6) -13 (22) 0.5 (0.05) -0.8 (0.8) -0.8 (0.8) 
Maximum 1.4 (0.4) 0.3 (0.5) 61 (32) 0.6 (0.06) 1.2 (1.2) 2.3 (1.2) 

Los Alamos/~hite Rock 

N 8 8 8 8 8 8 
Mean 2.3 13 45 4.4 0.5 13 
Std. Dev. 0.7 12 41 4.6 1.3 29 
Minimum 1.4 (0.4) 1.8 ( 1. 2) ·18 (46) 1.0(0.1) -1.4 (1.4) -15 (15) 
Maximum 3.4 (0.5) 33.2 (1.6) 1 DO (71) 13 (1.3) 2.5 (3.3) 78 ( 13) 



N 
1-' 
0\ 

On-site 

N 

Mean 
Std. Dev. 
Mini nun 
Maxi nun 

Mini nun 
Detectable Limit 

............................... 

3H 

(pCi/ml) 

17 
24 
50 

1.0 (0.4) 
200 (20) 

0.7 

acounting uncertainties within parentheses. 

90Sr 

(10- 3 pCi/dry g) 

17 
20 
16 

2.5 (1.4) 
51.8 (1.2) 

0.5 (1.5) 

Table G-44 (cont) 

137cs 

(10-3 pCi/dry g) 

17 
54 
60 

-30 (81) 
240 (100) 

100 

u 
(ng/dry g) 

17 
19 
26 
1.0 (0.1) 

97 (9.7) 

2 

238Pu 

(10- 5 pCi/dry g) 

17 
20 
42 

-13 (36) 
170 (21) 

20 

239,240Pu 

(10- 5 pCi/dry g) 

17 
15 
32 

-18 (33) 
120 (16) 

10 

mr zo 
:5;Cf> 
lJ )> 

~~ 
~~ 
mO 
zCf> 
~ z 
r~ 
(f)
cO 
lJ z < )> mr 
r=~ 
~ Ill 
zO 
0~ 
m -t 
(i)O 
g: ~ 



Table G-45. Radionuclides in Fish 

90Sr 137Cs u 238Pu 239Pu 
-3 (10 pCi/dry g) -3 (10 pCi/dry g) (ng/dry g) -5 (10 pCi/dry g) -5 (10 pCi/dry g) 

CATFISH 

Abiquiu 

N 10 10 10 5 5 
Mean 42 130 5.2 3 3 m r 
Std. Dev. 36 90 2.0 4 3 zo 

:5Cil 
Minimum 14 (2)a -35 (78) 1.4(0.1) 0 (4) 0 (6) ::0 )> 

0~ 
Maximum 140 (8) 290 (99) 9.3 (0.9) 10 (10) 7 (4) z s: 

s:o 
~(/) 

Cochiti 
--i z 
)> )> 

N r --i 
I-' ~6 -.1 

N 10 10 10 5 5 ::0 z < )> 

Mean 52 100 11.5 5 1 m' 
;=~ 

Std. Dev. 72 120 5.0 8 6 ~ CD zO 
Minimum 12 (2) -140 (100) 6.2 (0.6) -5 (5) -5 (4) ()~ 

m --i 
Maximum 240 (26) 270 (100) 19 (1.9) 14 (1) 8 (6) ~ 0 

CD ::0 g: -< 

CRAPPIE 

Abiquiu 

N 10 10 10 5 5 
Mean 190 60 1.4 -3 6 
Std. Dev. 150 130 0.42 8 1 
Minimum 26 (2) -210 (120) 0.45 (0.1) -14 (11) 5 (8) 

Maximum 500 (25) 240 (170) 1.9 (0.2) 5 (6) 8 (8) 



90sr 
(10-3 pCi/dry g) 

Cochiti 

N 10 
Mean 53 
Std. Oev. 42 
Minirrun 15 (1) 
Maximum 120 (13) 

Minirrun 
Detectable 
Limit 
_____ ... ________ ... 

N 
aCounting uncertainties in parentheses • ..... 

00 

Table G-45 (cont) 

137Cs 

(10- 3 pCi/dry g) 

10 
120 
93 

-70 (120) 
245 ( 130) 

10 

u 
(ng/dry g) 

10 
2.4 
0.58 
1.2 (0.1) 
2.6 (0.3) 

3 

238Pu 

(10-S pCi/dry g) 

5 
5 

10 
-8 (7) 

17 (10) 

30 

239Pu 

(10-S pCi/dry g) 

5 
5 
6 

-3 (3) 
12 (5) 

20 

mr zo 
~U> 
:D )> 

~~ 
s::S:: 
mO 
zU> 
-iz 
)> )> 
r -i 
U>cO 
:D z < )> 
m' 
r=~ 
~ CD 
zO 
~~ 
~ -I 
«>o 
()) :D 
-.j -< 



LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-46. Locations of Beehives 

Stations 
N-S 

Coordinate 

Regional Stations (28-44 km)--U neon trolled A rea 

I. Chimayo 
13. San Pedro 

Perimeter Stations (0-4 km)--Uncontrolled Areas 

2. Northern Los Alamos County Nl80 
3. Pajarito Acres S210 

On-site Stations--Controlled Areas 

4. T A-21 (DP Canyon) N095 
5. T A-50 (Upper Mortandad Canyon) N040 
6. T A-53 (LAMPF) N0 50 
7. Lower Mortandad Canyon N020 
8. T A-8 (Anchor Site W) S020 
9. T A-33 (HP-Site) S260 

10. T A-54 (Area G) N0 50 
11. T A-9 (Anchor Site E) S005 
12. TA-15 (R-Site) S020 
14. Frijoles Mesa Sl60 
15. TA-16 (S-Site) S0 55 
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E-W 
Coordinate 

W020 
E380 

El80 
E095 
E220 
El85 
W065 
E265 
E220 
W040 
E065 
El05 
W080 



Table G-47. Selected Radionuclides in Local and Regional Honey a 

Pajarito Lower 
Chimayo San Pedro Acres Mortandad TA-8 TA-9 TA-15 TA-21 TA-33 TA-35 ..ll:li. 

3H (pCi/l) 300 1400 2300 8400 400 4500 4300 7500 33 000 8400 120 
(400)b (400) (400) (1000) (400) (400) (600) (900) (3000) ( 1000) (10) 

7Be (pCi/L) 1430 -550 -140 41 1830 130 1920 1130 1710 -422 1040 

(1190) (1330) (568) (1000) (1270) (461) (996) (564) (1250) (1210) (1110) 

57co (pCi/L) 69 65 217 101 13 69 107 160 60 16 92 
mr zo 
~en 

(64) (60) (70) (48) (69) (47) (50) (58) (71) (79) (49) :D)> 
os;;: 

137cs (pCi/L) 
z ~ 

488 509 4 88 24 61 5 24 -52 73 62 ~0 
~en 

(94) (102) (40) (51) (52) (45) (36) (43) (52) (56) (48) -tz 
)>)> 

N r -I 

~ 
en-

54Mn (pCi/L) 
c 0 

76 72 99 93 54 73 77 53 118 52 3 :D z 
<> 

(56) (53) (42) (47) (52) (41) (41) (40) (56) (51) (38) m' 
r=s;;: 
s;;:ro 

22Na (pCi/L) 62 -32 43 40 20 609 105 82 481 70 30 
zO 
()~ 

(55) (58) (46) (43) (57) ( 111) (47) (49) (106) (64) (49) m -t 
~a 
co :D 
~ -< 

83Rb (pCi/L) 330 216 48 145 55 36 52 -so 145 62 138 

(215) (197) (139) (146) (187) ( 132) (180) (115) (194) (192) (207) 
.............................. 

aDensity of honey was about 1860 g/L; data from 1986. 
bCounting uncertainty in parentheses. 



Table G-48. Selected Radionuclides in Local and Regional Bees a 

Pajarito Lower 
Chimayo San Pedro Acres Mortandad TA-8 TA-9 ~ TA-33 TA-35 TA-53 

3H (pCi/L) 2400 5000 4600 14 000 noo 12 000 5300 8700 21 000 6100 
(500)b (700) (600) (2000) (900) ( 1000) (700) ( 1000) (2000) (800) 

7Be (pCi/g) 1.7 4.1 0.0 0.9 6.6 5.4 2.6 1.2 1.2 1.6 
( 1.1) (2.3) (2.1) (2.2) (2.4) (2.4) (1.3) ( 1.3) ( 1.3) ( 1.1) 

57co (pCi/g) 
mr 

0.44 0.14 0.30 0.26 0.18 0.26 0.27 0.24 0.31 0.16 ~0 _U> 
(0.13) (0.094) (0.12) (0. 14) (0.15) (0.11) (0.13) ( 0. 11) (0.12) (0. 11) lJ )> or; 

z ~ 
137cs (pCi/g) 0.020 0.009 -0.041 0.022 -0.066 0.14 0.002 0.11 0.079 -0.041 ~0 

~U> 
(0.069) (0.072) (0.060) (0.11) (0.10) (0.063) (0.079) (0.074) (0.071) (0.070) --1 z 

)> )> 
N r-; 
N ~6 ...... 54Mn (pCi/g) 0.20 0.024 0.18 0.25 0.006 0.17 0.14 0.086 0.084 0.21 lJ z < )> 

(0.096) (0.088) (0.11) (0.11) (0.098) (0.099) (0.082) (0.081) (0.092) (0. 11) mr 
r=r; r;ro 

22Na (pCi/g) 
zO 

·0. 11 -0.042 0.082 1.2 0.008 o.on 0.079 -- 0.11 0.22 0~ 
(0.086) (0.083) (0.099) (0.22) (0.087) (0.086) (0.087) (0.088) (0.10) 

m-; 
~ 0 
<D lJ 
~ -< 

83Rb (pCi/g) 0.31 0.13 0.28 -0.25 0.31 0.24 -0.19 0.012 0.083 -0.086 
(0.27) (0.28) (0.32) (0.28) (0.33) (0.29) (0.23) (0.23) (0.17) (0.20) 

. b Uranu .. m (ng/g) 63 200 57 62 57 73 88 160 75 89 
(6.3) ( 19) (5.7) (6.2) (5.7) (7.3) (8.8) ( 16) (7.50) (9.0) 

---------------
8 Data from 1986. 
bcounting uncertainty in parentheses. 



Technical Area 

TA-54 AreaL 

TA-54 Area G 
T A-50-1 

TA-50-37 

TA-3-102 
TA-3-40 
TA-14 
TA-15 
TA-36 
TA-39 
TA-22-24 
TA-53-2 
TA-40-2 
TA-40 SDS 
TA-16 
TA-16 Area P 
TA-46 

--------------

LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-49. Hazardous Waste Management Facilities 
at Los Alamos National Laboratory 

Interim Status 
Facility Type or <90-Day Stora2e 

Tank Treatment Yes 
Container Storage Yes 
Landfill a No 
Landfill a No 
Batch Treatment Yes 
Container Storage Yes 
Controlled Air Incinerator Yes 
Container Storage <90-day 
Container Storage <90-day 
Container Storage <90-day 
Thermal Treatment Yes 
Thermal Treatment Yes 
Thermal Treatment Yes 
Thermal Treatment Yes 
Container Storage Yes 
Container Storage <90-day 
Container Storage Yes 
Thermal Treatment Yes 
Thermal Treatment Yes 
Landfill a No 
Tank Storage <90-day 

Part B Permit 
_Application 

Yes 
Yes 
No 
No 
Yes 
Yes 
Yes 
Yes 
No 
No 
Yes 
Yes 
Yes 
Yes 
Nob 
No 
Nob 
No 
Yes 
No 
No 

alnterim status was terminated in November 1985. These landfills are in the process of 
being closed in accordance with New Mexico Hazardous Waste Regulations. 
bTo be closed under interim status. 
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LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-50. 1987 RCRA Interactions Among the Laboratory, 
Environmental Protection Agency (EPA), and New Mexico's 

Environmental Improvement Division (EID) 

January 30, 1987 

March 5, 1987 

July 14, 1987 

August 17, 1987 

September 9, 1987 

October 16, 1987 

October, 1987 

October 23, 1987 

November 12, 1987 

November 20, 1987 

November 24, 1987 

November 25, 1987 

December 8, 1987 

December 22, 1987 

EID affirms LANL's RCRA permit application is complete 
and that they are proceeding with the technical review. 

Trial burn report for the T A-50 controlled air incinerator 
submitted to the EID. 

EPA/EID hazardous waste inspection. 

Submit revised Part A including mixed wastes. DOE dirrec
tive. 

EID denies LANL request to modify the Part A. Inadequate 
justification and no authority to regulate mixed waste. 

Request from the EID for the post-closure care permit appli
cation for hazardous waste landfills. Due by 9/30/88. 

Respond to EID Part A denial. 

EPA National Survey of Hazardous Waste Treatment, Storage, 
Disposal and Recycling Facilities submitted. 

Received Notice of Violation letter (November 10) as result of 
July 14, 1987 EPA/EID inspection. 

EID informs LANL that no comments were received on the 
closure plans for TA-40-2, TA-3-102, and TA-22-24. 

Letter for EID rescinding the November 10 NOV. 

Submitted revised permit application (Parts A and B) to the 
EID. 

Submitted post-closure care permit application to the EID. See 
10/16/87 above. 

Request to the EID for a ground water monitoring waiver for 
Area P. 
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EPA ID # 

OIA 

02A 

OJA 

04A 

050 
051 

05A 

06A 

128 

ss 

LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-51. Types of Discharges and Parameters Monitored at 
the Laboratory Under its NPDES Permit NM0028355 

Number Monitoring Required 
Type of Discharge Outfalls and Sample Frequency 

Power Plant Total Suspended Solids, Free 
Available Chlorine, pH, Flow 
(monthly) 

Boiler Blowdown pH, Total Suspended Solids, Flow 
Copper, Iron, Phosphorous, 
Sulfite, Total Chromium (weekly) 

Treated Cooling Water 35 Total Suspended Solids, Free 
Available Chlorine, Phosphorous, 
pH, Flow (weekly) 

Noncontact Cooling Water 28 pH, Flow (weekly) 

Radioactive Waste 2 Ammonia, Chemical Oxygen 
Treatment Plants Demand, Total Suspended Solids, 

Cadmium, Chromium, Copper, Iron 
Lead, Mercury, Zinc, pH, Flow 
(weekly) 

High Explosive Discharge 18 Chemical Oxygen Demand, pH, 
Flow, Total Suspended Solids 
(weekly) 

Photo Wastes 12 Cyanide, Silver, pH, Flow 
(weekly) 

Printed Circuit Board pH, Chemical Oxygen Demand, 
Total Suspended Solids, Iron, 
Copper, Silver, Flow (weekly) 

Sanitary Wastes 10 Biochemical Oxygen Demand, Flow, 
pH, Total Suspended Solids, Fecal 
Coliform Bacteria, (variable 
frequency, from 3 per month to 
quarterly) 
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Discharge 
Location 

TA-3 

TA-8 

TA-9 

TA-16 

TA-18 

TA-21 

TA-35 

TA-41 

TA-46 

TA-48 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL SURVEILLANCE 1987 

Table G-52. NPDES Permit Effluent Quality Monitoring of 
Sanitary Sewage Treatment Outfalls 

Permit Number of 
Parameters Deviations Range of Deviation 

BOD a 0 
TSSb 1 51.3 
Fecal Coliformsc 3 3500.0 to 227,200 
pHd 0 

BOD 0 
TSS (90) 0 
pH 0 

BOD 0 
TSS 0 
pH 0 

BOD 0 
TSS I 165.5 
pH 0 

BOD 0 
TSS (90} 0 
pH 2 9.4 to 10.1 

BOD 0 
TSS 0 
pH I 10.6 

BOD 0 
TSS (90) 0 
pH 0 

BOD 0 
TSS 0 
Fecal Coliforms I 4800.0 
pH 0 

BOD 0 
TSS 0 
pH I 5.7 

BOD 0 
TSS 0 
pH 0 
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Discharge 
Location 

TA-53 

LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Permit 
Parameters 

BOD 
TSS (90) 
pH 

Table G-52 (coot) 

Number of 
Deviations 

0 
0 
1 

Range of Deviation 

10.2 

aBiochemical oxygen demand (BOD) permit limits are 30 mg/L (20-day average) 
and 45 mg/L (7-day average). 

bTotal suspended solids (TSS) permit limits are 30 mg/L (20-day average) and 45 
mg/L or 90 mg/L (7-day average). 

cFccal coliform limits arc 1000 organisms/100 mL (20-day average) and 2000 
organisms/ 100 mL (7-day average). 

dRange of permit pH limits is >6.0 and <9.0 standard units. 
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Table G-53. Limits Established by NPDES Permit 
Nl\10028355 for Industrial Outfall Discharges 

Parameter Daily Daily 
Discharge Category Limited A\'erage Maximum 

Power Plant TSS 30.0 100.0 
Free Cl 0.2 0.5 
pH 6-9 6-9 

Boiler Blowdown TSS 30 100 
Fe 10 40 
Cu I 1 
p 20 40 
so3 35 70 
Cr Report Report 
pH 6-9 6-9 

Treated Cooling Water TSS 30.0 100.0 
Free Cl 0.2 0.5 
p 5.0 5.0 

Noncontact Cooling Wa tcr pH 6-9 6-9 

Radioactive Waste Treat- CODa 18.8 37.5 
ment Plants co Db 94.0 156.0 

TSSa 3.8 12.5 
TSSb 18.8 62.6 
Cda 0.01 0.06 
Cdb 0.06 0.3 
era 0.02 0.08 
Crb 0.19 0.38 
Cua 0.13 0.13 
Cub 0.63 0.63 
Fe a 0.13 0.13 
Feb 1.0 2.0 
Pba 0.01 0.03 
Pbb 0.06 0.15 
Hga 0.007 0.02 
Hgb 0.003 0.09 
zna 0.13 0.37 
znb 0.62 1.83 
pH a 6-9 6-9 
pHb 6-9 6-9 

High Explosives COD 150.0 250.0 
TSS 30.0 45.0 
pH 6-9 6-9 
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Units of 
l\fcasu rem en t 

mg/L 
mg/L 
standard units 

mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
standard units 

mg/L 
mg/L 
mg/L 

standard units 

lb/day 
lb/day 
lbjday 
lb/day 
lb/day 
lb/day 
lb/day 
lb/day 
lb/day 
lb/day 
lb/day 
lb/day 
lb/day 
lb/day 
lb/day 
lb/day 
lb/day 
lb/day 
standard units 
standard units 

mg/L 
mg/L 
standard units 



Discharge Category 

Photo Wastes 

Printed Circuit 
Board 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL SURVEILLANCE 1987 

Table G-53 (coot) 

Parameter Daily 
Limited Average 

CN 0.2 
Ag 0.5 
pH 6-9 

COD 1.9, 
TSS 1.25 
Fe 0.05 
Cu 0.05 
Ag Report 
pH 6-9 

aLimitations for outfall 050 located at TA-21-257. 
bLimitations for outfall 051 located at TA-50-l. 
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Daily Units of 
Maximum Measurement 

0.2 mg/L 
1.0 mg/L 
6-9 standard units 

3.8 lb/dy 
2.5 lb/dy 
0.1 lb/dy 
0.1 lb/dy 
Report lb/dy 
6-9 standard units 



Discharge Category 

Power Plant 

Boiler Slowdown 

~ 
Treated Cooling \.later 

Noncontact Cooling Water 

Radioactive Waste Treatment Plant 

High Explosives 

Table G-54. NPDES Permit Effluent Quality Monitoring of Industrial Outfallsa 

NlJTlber of 
Outfalls 

35 

28 

2 

18 

Permit 
Parameter 

TSSb 

Free Cl 
pH 

pH 
TSS 
Cu 
Fe 
p 

503 
Cr 

TSS 
Free Cl 
p 

pH 

pH 

CODe 

TSS 
Cd 
Cr 
Cu 
Fe 
Pb 
Hg 
Zn 
pH 

COD 
TSS 
pH 

NlJTlber of 
Deviations 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

2.0 

Range of 
Deviations 

0.60 to 1.5 

9.2 to 9.3 

180.2 to 787.33 

4.9 

360.0 to 410.0 

NlJTlber of 
Outfalls lolith 

Deviations 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

mr 
~0 _en 
::0 )> 

~r; 
s:: s:: 
mO 
zen 
-1 z 
)> )> 
r -1 
en -cO 
::0 z < )> 
m' r=r; r; CD 
zO 
fri~ 
~ -1 
(0 0 
(X) ::0 
-.J -< 



~ 

Discharge Category 

Photo Wastes 

Printed Circuit Soard 

---------------

Nunber of 
Outfalls 

12 

1 

alimits set by the NPDES permit are presented in Table G-40. 
bTotal suspended solids. 
cChemical oxygen demand. 

Table G-54 (cont) 

Permit 
Parameter 

CN 
Ag 
TSS 
pH 

pH 
coo 
Ag 
Fe 
Cu 
TSS 

Nunber of 
Deviations 

0 
0 
0 
1 

1 

0 

0 
0 
0 

---
---
---

Range of 
Deviations 

9.9 

9.4 
---

---
---
---

Nunber of 
OUtfalls With 

Deviations 

0 
0 
0 
1 

1 

0 

0 
0 
0 

m r zo 
:5;CJ> 
:D)> 

0~ 
z s:: 
s::o 
~C/) 
..... z 
)> )> r_. 
go 
:D z < )> mr 
;=~ 
~m zO 
0~ m __.. 
~a 
<D :D 
~-< 



LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-55. Schedule and Status of Upgrading the 
Laboratory's Waste Water Outfalls 

Outfalls 

OlA 
Final design complete 
Advertisement of construction contract 
A ward of construction con tract 
Construction completion 
In compliance with final limits 

03A 
Final design complete 
Advertisement of construction contract 
Award of construction contract 
Construction completion 
In compliance with final limits 

05A 
Final design complete 
Advertisement of construction contract 
Award of construction contract 
Construction completion 
In compliance with final limits 

OlS 
Final design complete 
Advertisement of construction contract 
Award of construction contract 
Construction completion 
In compliance with final limits 

04S 
Final design complete 
Advertisement of construction contract 
Award of construction contract 
Construction complete 
In compliance with final limits 

05S 
Final design complete 
Advertisement of construction con tract 
Award of construction contract 
Construction completion 
In compliance with final limits 

231 

Date 

August 1986 
September 1986 
October 1986 
December 1986 
January 1987 

August 1986 
September 1986 
October 1986 
December 1986 
January 1987 

September 1986 
October 
November 1986 
May 1987 
June 1987 

Completed 
Completed 
July 1986 
May 1987 
August 1987 

January 1987 
February 1987 
March 1987 
December 1987 
January 1988 

Completed 
Completed 
July 1986 
January 1988 
May 1988 

Status 

Completed 
Completed 
Completed 
Completed 
Completed 

Completed 
Completed 
Completed 
Completed 
Completed 

Completed 
Completed 
Completed 
Completed 
Completed 

Completed 
Completed 
Completed 
Completed 
Completed 

Completed 
Completed 
Completed 
Completed 
Completed 

Completed 
Completed 
Completed 
Completed 



LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-55 (cont) 

Out falls Date 

06S 
Final design complete Completed 
Advertisement of construction contract July 1986 
Award of construction contract August 1986 
Construction completion August 1987 
In compliance with final limits September 1987 

lOS 
Final design complete Completed 
Advertisement of construction contract Completed 
A ward of construction con tract Completed 
Construction completion Completed 
In compliance with final limits September 1986 

llS 
Final design complete Completed 
Advertisement of construction contract Completed 
A ward of construction con tract July 1986 
Construction complete November 1986 
In compliance with final limits January 1987 
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Status 

Completed 
Completed 
Completed 
Completed 
Completed 

Completed 
Completed 
Completed 
Completed 
Completed 

Completed 
Completed 
Completed 
Completed 
Completed 



LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-56. Federal Facility Compliance Agreement 
Interim Compliance Limits and Compliance Schedule 

Effluent Characteristic 

Outfall OlA (Power Plant) 

Flow a 

Total suspended solids 
Free available chlorine 

Outfall 03A (Treated Cooling Water) 

Flow 
Total suspended solids 
Free available chlorine 
Total phosphorous 

Outfall 05A (High Explosive) 

Flow 
Chemical oxygen demand 
Total suspended solids 

Discharee Limitation 
Daily Avg. 

(lb/day) 

Industrial Outfalls 

N/A 
N/A 
N/A 

N/A 
N/A 
N/A 
N/A 

N/A 
N/A 
N/A 

Daily Avg. 
(mg/L) 

N/A 
30 
1.0 

N/A 
30 
1.0 
5 

N/A 
1000 
60 

Sanitary Waste Water Outfalls 

Outfall OlS (Located at TA-3) 

Flow 
Biochemical oxygen demand 
Total suspended solids 
Fecal coliform 

Outfall 04S (Located at TA-18) 

Flow 
Biochemical oxygen demand 
Total suspended solids 

Outfall 05S (Located at T A-21) 

Flow 
Biochemical oxygen demand 
Total suspended solids 

N/A 
225.2 
225.2 
N/A 

N/A 
10 
10 

N/A 
6.8 
7.3 
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N/A 
70 
55 
10,000 

N/A 
60 
70 

N/A 
60 
60 

7-Day Avg. 
(mg/L) 

N/A 
100 
5.0 

N/A 
100 
5.0 
5 

N/A 
2000 
90 

N/A 
105 
105 
200,000 

N/A 
95 
125 

N/A 
95 
100 



Effluent Characteristic 

Outfall 06S (Located at T A-41) 

Flow 
Biochemical oxygen demand 
Total suspended solids 
Fecal coliform bacteria 

Outfall lOS (Located at T A-35) 

Flow 
Biochemical oxygen demand 
Total suspended solids 

Outfall llS (Located at T A-8) 

Flow 
Biochemical oxygen demand 
Total suspended solids 

LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-56 (cont) 

Discharge Limitation 
Daily Avg. 

(lb/day) 

N/A 
11.4 
6.2 
N/A 

N/A 
23.2 
26.1 

N/A 
N/A 
N/A 

Daily Avg. 
(mg/L) 

N/A 
55 
30 
20,000 

N/A 
115 
130 

N/A 
60 
70 

aFlow must be monitored and reported in millions of gallons per day. 
NOTE: The pH shall not be less than 6.0 nor greater than 9.0. 
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7-Day Avg. 
(mg/L) 

N/A 
60 
45 
100,000 

N/A 
185 
170 

N/A 
95 
125 



LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-57. Environmental Documentation Approved by the Laboratory 
Environmental Review Committee in 1987 

Action Description Memorandums 

Labor a tory- Wide 

TA-3 

TA-15 

TA-16 

TA-35 

TA-50 

- Core Hole, Valles Caldera (VC-2B), Sulphur Springs, Doc
ument No. 87-15 

- Dwarf Mistletoe Control with Ethrel, A Growth Regulator, 
Document No. 87-10 

- Live Firing Range Extension, Sandia Canyon, Document 
87-9 

- Seismic Trench, Cabra Canyon, Document No. 87-4 

- Beryllium Facility, TA-3-141, Document No. 87-8 

- Lethality Test System, TA-3-253, -322, 218, Document No. 
87-2 

- Remote Handled Transuranic Waste Close-out, Document 
No. 87-16 

- Dual Axis Radiography Hydrotest Facility, Document No. 
87-14 

- New Tritium Processing Facility, Document No. 87-6 

- Confinement Physics Research Facility, T A-35/52, Docu
ment No. 87-5 

- Confinement Physics Research Facility, Revised T A-35/52, 
Document No. 87-5 rev 

- Plutonium Gas Gun Facility, Document No. 87-7 

- Combustible Chemical and Radioactive Waste Stor
age/Staging Facility, TA 50-37, Document No. 87-11 
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TA-52 

TA-53 

TA-54 

TA-55 

TA-59 

LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-57 (coot) 

- High density Z-Pinch (ZEBRA), Document No. 87-19 

- Neutron Time of Flight Program, Document No. 87-3 

- Neutron Time of Flight Program, Revised, Document No. 
87-3 rev 

- Polychlorinated Biphenyl (PCB) Storage Facility, LJ 8002 
Document No. 87-1 

- Accelerated Residue Recovery Project, Document No. 87-20 

- Special Nuclear Materials (SNM) Research and Develop
ment La bora tory, Document No. 8 7-13 

- Organic Chemistry Standards Preparation Facility, 
TA-59-1, Rm B4, Document No. 87-17 

Environmental Assessments 

Transuranic (TRU) Waste Inventory Work-Off Plan 

Other 

An additional document, a CEARP/CERCLA Remedial Investigation 

Plan, was processed as the functional equivalent to the ADM for 

compliance with the requirements of NEPA: 

- Comprehensive Environmental Assessment and Response 
Program, White Rock Y Interchange Remedial Investiga
tion Plan, Synopsis 
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Table G-58. Radiochemical Analyses of ~ater from Municipal Supply and Distribution System a 

3H 137Cs Total U 238Pu 249,240Pu 

Stations -6 (10 f.LCi/ml) -9 (10 jJ.Ci/mL) (f.l.9/L) 
-9 ,(10 f1Ci/ml) (10-9 jJ.Ci/ml) 

Los Alamos Field 
~ell LA-18 -1.4 (0.7) -31 (49) 6.0 (1.0) 0.011 (0.009) -o.003 (0.009) 

~ell LA-2 -1.4 (0. 7) 42 (48) 6.0 (1.0) -o.007 (0.005) 0.000 (0.010) 

~ell LA-3 -o.6 (0.7) 42 (43) 2.0 (1.0) 0.000 (0.010) 0.024 (0.016) 

~ell LA-4 
I./ell LA-5 -1.1 (0.7) 33 (42) 5.0 (1.0) 0.000 (0.010) 0.000 (0.010) 

mr 
zo 
:S:CJ> 

Guaje Field :rJ )> 

I./ell G-1 -1.0 (0.7) 40 (44) 1.0 (1.0) -o.013 (0.010) 0.044 (0.010) o~_; 
z s: 

I./ell G-1A -o.9 (0. 7) -33 (44) 1.0 (1.0) 0.004 (0.010) -o.004 (0.007) s: 0 !;2(/) 
I./ell G-2 -o.7 (0.7) -16 (36) 1.0 (1.0) -o.039 (0.012) -o.008 (0.010) --i z 

N 
)> )> 

I,;J I./ell G-3 -- -- -- -- -- r --i 
~ go 

I./ell G-4 -o.6 (0.7) 9 (44) 1.0 (1.0) -o.024 (0.011) 0.000 (0.010) :rJ z < )> 

I./ell G-5 -o.9 (0. 7) -7 (36) 1.0 (1.0) 0.000 (0.010) 0.004 (0.010) m' 
r=l_; 

I./ell G-6 -1.4 (0.7) 19 (43) 1.0 (1.0) -o.018 (0.013) -o.004 (0.008) I_; m 
zO 
0~ 

Pajarito Field m--i 
~o 

I./ell PM-1 0.0 (0.7) -6 (37) 2.0 (1.0) -o.004 (0.007) -o.021 (0.011) <D :rJ 
~ -< 

I./ell PM-2 0.0 (0. 7) 3 (44) 0.0 (1.0) -o.011 (0.013) -o.011 (0.008) 

I./ell PM-3 -o.8 <O.n 42 (42) 1.0 (1.0) -o.013 (0.010) -o.004 (0.008) 

I./ell PM-4 0.3 (0. 7) -n <44> 0.0 (1.0) 0.000 (0.010) 0.012 (0.012) 

I./ell PM-5 0.2 (0.7) -22 (38) 0.0 (1.0) -o.012 (0.009) 0.000 (0.010) 



Table G-58 (cont) 

3H 137Cs Total U 238Pu 249,240Pu 

Stations -6 (10 p.Ci/ml) (10-9 flCi/mL) (fl!I/L) 
-9 (10 flCi/mL) -9 (10 fJ.Ci/mL) 

Gallery (Water Canyon) -1.2 (0.7) 10 (50) 1.0 (1.0) -o.oo5 co.oos> -o.014 (0.011) 

Supply Summary 
No. of Analyses 16 16 16 16 16 
Average -G.7 5.7 2 -G.002 0.001 

s 0.6 33.5 2 0.015 0.015 
Minimum -1.4 (0. 7) -n <44> 0.0 (1.0) -G.039 (0.012) -G.021 (0.011) mr zo 
Maximum 0.3 (0. 7) 42 (48) 6.0 (1.0) 0.011 (0.009) 0.044 (0.007) ~(f) 

::0 )> 

0);: 

Distribution 
z s:: 
s::o 

Fire Station 1 0.5 (0.7) -5 (42) 1.0 (1.0) 0.006 (0.016) 0.037 (0.017) ~(f) 
-lz 

N Fire Station 1 -G.3 (0.3) 71 (56) 1.0 (1.0) -o.012 (0.009) -o.006 (0.006) )> )> 
r--1 

~ go 
::0 z 

Fire Station 2 -G.1 (0.7) -32 (43) 2.0 (1.0) 0.000 (0.010) 0.005 (0.009) < )> mr 
Fire Station 2 -G.4 (0.3) 2 (58) 1.0 (1.0) 0.000 (0.010) 0.000 (0.010) r= );: 

);:ro 
z 0 

Fire Station 3 0.9 (0.7) 18 (44) 1.0 ( 1.0) 0.000 (0.010) -o.008 (0.008) 0 ~ m -I 

Fire Station 3 0.5 (0.3) 17 (61) 1.0 (1.0) 0.004 (0.012) 0.019 (0.013) 
~o 
<D ::0 g: -< 

Fire Station 4 2.1 (0.7) 47 (44) 1.0 (1.0) 0.000 (0.010) 0.019 (0.010) 

Fire Station 4 -G.2 (0.3) 62 (59) 1.0 (1.0) 0.009 (0.011) 0.000 (0.010) 

Fire Station 5 -1.9 (0.7) 65 (45) 1.0 (1.0) 0.008 (0.018) 0.000 (0.010) 
Fire Station 5 0.2 (0.3) --48 (64) 1.0 (1.0) 0.012 (0.012) 0.000 (0.010) 

Bandelier Nat. Mon. -2.4 (0.7) -24 (45) 1.0 (1.0) 0.000 (0.010) 0.025 (0.018) 
Bandelier Nat. Mon. 0.2 (0.3) -12 (61) 1.0 (1.0) -o.004 (0.011) 0.004 (0.010) 



Table G-58 (cont) 

3H 137Cs Total U 238Pu 249,240Pu 

Stations (10-6 jJ.Ci/mL) -9 (10 f!Ci/ml) (f.lg/L) (10- 9 jJ.Ci/mL) -9 (10 fJ.Ci/mL) 

Distribution Summar~ 
No_ of Analyses 12 12 12 12 12 
Average -o.1 13 1 0.002 0.008 
s 1.2 40 0 0.006 0.014 
Minimun -2.4 (0.7) -48 (64) 1.0 (1.0) -o.012 (0.009) -o.oo8 co.008> 
Maximun 2.1 (0.7) 71 (56) 2.0 (1.0) 0.012 (0.012) 0.037 (0.017) m r zo 

:5:CJ> 

Fenton Hill (TA-57) -o_9 (0.7) 113 (50) 1.0 (1.0) 0.000 (0.010) 0.004 (0.008) :0 > 
os;: 

Fenton Hill (TA-57) 0.1 (0.3) -42 (60) 1.0 (1.0) 0.000 (0.010) 0.004 (0.004) z ~ s::o 
~C/) 
-i z 

Standby Well (not -1.6 (0.7) 50 (43) 4.0 (1.0) 0.000 (0.010) 0.012 (0.012) > > 
N r-i 
w part of Water Supply) ~0 \0 

:0 z 
Well LA-6 < > mr 

r=s;: 
USEPA Maximum Concen- 20 200 1800c 15 15 s;:ro zO 
tration b 0~ 

m -i 

Limits of Detection 0.7 40 1 
................................... 

0.009 0.03 ~ 0 
(£):0 
~ -< 

aWell samples collected in February; distribution samples collected in February and September; counting uncertainty in parentheses. 
bReference (EPA 1976). 
clevels recommended by International Commission on Radiological Protection. 



Table G-59. Gross Radioactivity in ~ater from Municipal Supply 
and Distribution Systems a 

Gross Alpha Gross Beta Gross Ganma 
Stations (10- 9 fJ.Ci/mL) (10- 9 fJ.Ci/mL) (Counts/min/L) --

Los Alamos Field 

~ell LA-18 -6.0 (4.0) 7.2 (0.8) -40 (100) 
~ell LA-2 -7.0 (2.0) 1.7(0.4) -160 (100) mr zo 
~ell LA-3 6.0 (2.0) 2.5 (0.5) -300 (100) ~(/) 

:D)> 

~ell LA-4 -- -- -- os;: 
z ~ 

~ell LA-5 -5.0 (2.0) 1.7 (0.4) -400 (100) ~0 
~(/) 
-tz 

Guaje Field 
)> )> 

N r -1 

B ~6 
:D z 

~ell G-1 -6.0 (2.0) 2.8 (0.5) -300 (100) < )> mr 
~ell G-1A -5.0 (1.0) 1.8 (0.4) -140 (100) r=t; 

t;ro 
~ell G-2 -8.0 (2.0) 3.1 (0.5) -300 (100) zO 

0~ 
~ell G-3 -- -- -- m-t 

~o 

~ell G-4 -7.0 (2.0) 1.2 (0.4) -220 (100) (/J :D 

~ -< 
~ell G-5 -6.0 (2.0) 3.0 (0.5) -300 (100) 
~ell G-6 -6.0 (2.0) 2.9 (0.5) -120 (100) 

Pajarito Field 

~ell PM-1 -8.0 (2.0) 4.3 (0.6) -170 (100) 
~ell PM-2 -6.0 (2.0) 1.8 (0.4) -140 (100) 
~ell PM-3 -9.0 (2.0) 3.2 (0.5) -110 (100) 
~ell PM-4 -7.0 (2.0) 1.9 (0.4) -140 (100) 
~ell PM-5 -6.0 (2.0) 2.3 (0.4) -190 (100) 



~ ...... 

Stations 

Gallery (~ater Canyon) 

Supply Slllll18ry 
No. of Analyses 
Average 
s 
Minirnun 
Maxirnun 

Distribution 
Fire Station 1 
Fire Station 1 

Fire Station 2 
Fire Station 2 

Fire Station 3 
Fire Station 3 

Fire Station 4 
Fire Station 4 

Fire Station 5 
Fire Station 5 

Bandelier Nat. Mon. 
Bandelier Nat. Mon. 

Gross Alpha 
-9 (10 f1Ci/mL) 

-6.0 (2.0) 

16 
-6.5 

1.1 
-9.0 (2.0) 
-5.0 (2.0) 

-7.0 (2.0) 
2.4 (0.9) 

-7.0 (2.0) 
2.1 (1.0) 

-7.0 (2.0) 
2.0 (0.9) 

-7.0 (2.0) 
1.5 (0.9) 

-6.0 (2.0) 
1.9 (0.9) 

-7.0 (2.0) 
2.0 (1.0) 

Table G-59 (cont) 

Gross Beta 
(10.9 f1Ci/mL) 

2.2 (0.4) 

16 
2.7 
1.4 
1.2 (0.4) 
3.2 (0.5) 

1.7 (0.4) 
3.0 (0.5) 

42 (4.0) 
3.5 (0.5) 

8.3 (1.0) 
4.7 (0.6) 

2.3 (0.4) 
4.1 (0.6) 

2.5 (0.4) 
2.7 (0.5) 

1.7 (0.4) 
5.3 (0.7) 

Gross Gallll18 
(Counts/min/L) 

70 (100) 

16 
-185 

116 
-400 (100) 
-40 (100) 

-120 (100) 
310 (80) 

-40 (100) 
500 (90) 

90 (100) 
330 (90) 

90 (100) 
420 (90) 

-80 (100) 
340 (90) 

60 (100) 
270 (90) 

m r zo 
~(/) 
:n )> 

~s;: 
~ ~ 
mO zCI> 
-i z 
)> )> 
r -i 
(/) -
cO 
:n z < )> mr 
;= s;: 
s;:ro 
z 0 
?ri~ 
~ -i 

~0 
.._, ~ 



N 

te 

Stations 

Distribution Summary 
No. of Analyses 
Average 
s 
Mini nun 
Maxi nun 

Fenton Hill (TA-57) 
Fenton Hill (TA-57) 

Standby Well (not 
part of Water Supply) 
Well LA-6 

USEPA Maxinun Concen
tration Limitsb 

Limits of Detection 

Gross Alpha 
-9 (10 fJ.Ci/mL) 

12 
-2.4 

4.6 
-o.7 (2.0) 

2.4 (0.9) 

-11 (3.0) 
-Q.2 (0.8) 

-6.0 (2.0) 

15 

3 

Table G-59 (cont) 

Gross Beta Gross Galllll8 
(10- 9 fJ.Ci/mL> (Counts/min/L) --

12 12 
6.8 180 
11 207 
1.7 (0.4) -120 (100) 
42 (4.0) 500 (90) 

4.9 (0.6) 20 ( 100) 
6.1 (0.8) 350 (90) 

1.0 (0.4) -150 (100) 

3 50 

aWell samples collected in February; distribution samples collected in February and September; counting 
uncertainty in parentheses. 

bThe Environmental Protection Agency MCL for gross alpha is 15 x 10-9 fJ.Ci/ml; however, if gross alpha in 
the system exceeds 5 x 10-9 fJ.Ci/mL, isotopic analyses of radium content is required. 

m r zo 
~(/) 
:0 )> 

~): 
~ ~ 
mO 
zcn 
-i z 
l>)> 
r -i 
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:0 z < )> mr 
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):ro 
zO 
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- -i 
<0 0 
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Table G-60. Primary Chemical Quality for Water Supply and Distribution Systems (mg/L)a 

Stations Ag As Ba Cd Cr --
~ 
Los Alamos Field 

Well 1B <0.001 0.034 0.032 <0.0005 0.022 
Well 2 <0.001 0.013 0.084 <0.0005 0.021 
Well 3 <0.001 0.006 0.053 <0.0005 0.008 
Well 4 
Well 5 <0.001 0.017 0.075 <0.0005 0.007 

m r zo 
Guaje Field 

:S;CI> 
:0 }> 

Well G-1 <0.001 0.003 0.062 <0.0005 0.007 0~ z ~ 
Well G·1A <0.001 0.012 0.037 <0.0005 0.008 ~0 

~(/) 
Well G-2 <0.001 0.044 0.064 <0.0005 0.013 --t z 

}> }> 

N Well G-3 -- -- -- -- -- r --t 

~ ~6 
Well G-4 <0.001 0.002 0.017 <0.0005 0.005 :0 z < }> 

Well G-5 <0.001 0.002 0.013 <0.0005 0.004 mr 
r=~ 

Well G-6 <0.001 0.003 0.007 <0.0005 0.007 ~OJ zO 
0~ 

Pajarito Field m --t 
~ 0 

Well PM·1 <0.001 0.001 0.075 <0.0005 0.006 CD :0 
~ -< 

Well PM·2 <0.001 0.001 0.028 <0.0005 0.008 
Well PM-3 <0.001 0.002 0.047 <0.0005 0.008 
Well PM-4 <0.001 <0.001 0.026 <0.0005 0.007 
Well PM·5 <0.001 <0.001 0.027 <0.0005 0.007 

Gallery (Water Canyon) <0.001 <0.001 0.018 <0.0005 <0.004 

Sueply S\.JIIT\ary 
No. of Analyses 16 16 16 16 16 
Maximum <0.001 0.044 0.084 <0.0005 0.022 



Table G-60 (cont) 

Stations Ag As Ba Cd Cr --
Distribution 

Fire Station 1 <0.001 0.002 0.025 <0.0005 0.008 
Fire Station 2 <0.001 0.017 0.043 <0.0005 0.010 
Fire Station 3 <0.001 0.001 0.051 <0.0005 0.008 
Fire Station 4 <0.001 0.016 0.030 <0.0005 0.011 
Fire Station 5 <0.001 0.013 0.030 <0.0005 0.007 
Bandelier National <0.001 0.012 0.027 <0.0005 0.001 m r 

Mom.ment zo 
~(f) 
:0 )> 0> 

Distribution Summary z ~ 
~0 

No. of Analyses 6 6 6 6 6 ~(f) 
--t z 

Maxi nun <0.001 0.017 0.051 <0.0005 0.011 )> )> 
N r --t 

t (f)-
cO 

Fenton Hill (TA-57) <0.001 <0.001 0.107 <0.0005 <0.001 :0 z < )> 
m' 
r= > 

Standby Well (not part of <0.001 0.142 0.072 <0.0005 0.024 >m 
zO 

Water Supply) Well LA-6 0 ~ m --t 
~ 0 
CD :0 

EPA and NMEID Primary 0.05 0.05 1.0 0.01 0.05 ~ -< 

Maximum Concentration 
Levels b 



Table G-60 (cont) 

Stations F Hg N Pb Se 
--- --

~ 
Los Alamos Field 

Well 1B 3.2 <0.0002 <1 0.008 <0.002 

Well 2 2.2 <0.0002 <1 0.006 <0.002 

Well 3 0.7 0.0003 <1 0.002 <0.002 

Well 4 
Well 5 0.9 <0.0002 <1 0.041 <0.002 

mr 
Guaje Field zo 

~en 
Well G-1 0.4 <0.0002 <1 0.002 <0.002 JJ )> 

Well G-1A 0.6 <0.0002 <1 0.008 <0.002 
os:;: 
z s:: 

Well G-2 0.9 <0.0002 <1 0.011 <0.002 s::o 
~en 

Well G-3 -- -- -- -- -- -1 z 
)> )> 

~ 
Well G-4 0.3 <0.0002 <1 0.005 <0.002 r -1 

~6 
Well G-5 0.4 0.0003 <1 0.003 <0.002 JJ z < )> 

Well G-6 0.3 <0.0002 <1 0.001 <0.002 mr 
;=s:;: 
s:;: OJ 

Pajarito Field 
zO 
~~ 

Well PM-1 0.3 0.0003 <1 0.004 <0.002 ~ 0 

Well PM-2 0.3 0.0002 <1 0.034 <0.002 
<D JJ 
~ -< 

Well PM-3 0.4 0.0003 <1 0.012 <0.002 

Well PM-4 0.3 0.0003 <1 0.020 <0.002 

Well PM-5 0.3 0.0003 <1 0.092 <0.002 

Gallery (Water Canyon) 0.2 0.0002 <1 <0.001 <0.002 

Supply Sunmary 
No. of Analyses 16 16 16 16 16 

Maximum 3.2 0.0003 <1 0.092 <0.002 



Table G-60 (cont) 

Stations F Hg N Pb Se --
Distribution 

Fire Station 1 0.3 <0.0002 <1 <0.001 <0.002 
Fire Station 2 0.1 <0.0002 <1 0.031 <0.002 
Fire Station 3 0.6 <0.0002 <1 <0.001 <0.002 
Fire Station 4 0.6 <0.0002 <1 <0.001 <0.002 
Fire Station 5 0.8 <0.0002 <1 0.004 <0.002 mr 
Bandelier National 0.8 <0.0002 <1 0.003 <0.002 zo 

~en 
Monument ::0 > os;: z s::: 

Distribution Summary 
s::o 
~en 

No. of Analyses 6 6 6 6 6 -t z 
> > 

N Maxi nun 1.0 <0.0002 <1 0.031 <0.002 
r -t 

~ ~0 
::0 z 
< > 

Fenton Hill (TA-57) <0.2 <0.0002 <1 0.001 <0.002 mr 
r=s;: 
s;: tD zO 

Standby ~ell (not part -- 0.0002 <1 0.007 <0.002 0~ 
of ~ater Supply) ~ell LA-6 

m -t 
~ 0 
~ ::0 
-.J -< 

EPA and NMEID Primary 2.0 0.002 10 0.05 0.01 
Maxinun Concentration 
Levelsb 

.............................. 

asamples collected in February. 
bReference (EPA 1976). 



Table G-61. Secondary Chemical Quality for Water Supply (mg/L)a 

Stations Cl cu Fe Mn ~ Zn TDS pH 

~ 
Los Alamos Field 

Well 1B 17 0.090 0.014 0.009 39 0.030 430 8.6 
Well 2 17 0.024 0.015 <0.001 17 0.015 244 8.4 
Well 3 4 0.005 0.071 0.001 7 0.006 155 8.2 
Well 4 
Well 5 2 0.266 0.065 0.004 5 0.250 155 8.5 

mr 
zo 

Guaje Field :5:U> 
::D )> 

Well G-1 3 0.008 0.061 0.001 5 0.006 193 8.3 0): 
z s:: 

Well G-1A 3 0.014 0.022 <0.001 4 0.009 173 8.4 s::o 
Well G-2 3 0.004 0.021 0.001 4 0.005 203 8.4 ~Ul 

-i z 
Well G-3 -- -- -- -- -- -- )> )> 

N -- -- r-i ... Well G-4 3 0.035 0.017 0.007 4 0.013 167 8.2 ~6 -....1 ::D z 
Well G-5 3 0.008 0.008 <0.001 4 0.011 169 8.0 < )> 

m' 
Well G-6 3 0.008 0.008 <0.001 3 0.008 152 8.2 ;= > 

):m 
zO 

Pajarito Field 
0~ 
m-i 
~a 

Well PM-1 8 0.037 0.019 0.001 6 0.019 201 8.1 <D ::D 
~ -< 

Well PM-2 2 0.018 0.017 0.005 2 0.011 150 8.1 
Well PM-3 8 0.036 0.010 0.002 6 0.011 203 8.4 
Well PM-4 2 0.013 0.024 <0.001 2 0.010 174 8.0 
Well PM-5 2 0.032 0.030 0.008 2 0.043 155 8.0 

Gallery (Water Canyon) 1 0.001 0.095 0.004 4 0.002 111 7.7 

SUP!?ly Sllllnary 
No. of Analyses 16 16 16 16 16 16 16 16 
MaxiiTllMll 17 0.266 0.095 0.009 39 0.250 430 8.6 



~ 

Stations 

Distribution 
Fire Station 1 
Fire Station 2 
Fire Station 3 
Fire Station 4 
Fire Station 5 
Bandelier Nat. Mon. 

Distribution Summary 
No. of Analyses 
Maxi nun 

Fenton Hill (TA-57) 

Standby Well (not 
part of Water Supply) 
Well LA-6 

EPA Secondary Maximum 
Concentration Levelsb 

aStandard units. 
bReference: EPA 1979. 

Cl 

3 

6 

8 
4 

5 

5 

6 

8 

45 

4 

250 

Cu 

0.001 
0.006 
0.024 
0.006 
0.003 
0.014 

6 
0.024 

0.002 

0.024 

1.0 

Table G-61 (cont) 

Fe 

0.010 
0.020 
0.007 
0.022 
0.110 
0.084 

6 
0.110 

0.048 

0.100 

0.3 

Mn 

<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 

6 

<0.001 

<0.001 

0.167 

0.05 

~ 

3 

10 
6 

5 

8 

8 

6 

10 

10 

6 

250 

Zn 

0.030 
0.002 
0.002 
0.002 
0.046 
0.096 

6 

0.096 

0.015 

0.664 

5.0 

TDS 

150 
184 

217 
163 
193 
187 

6 

217 

276 

230 

500 

pH 

8.0 
8.4 
8.1 
8.3 
8.3 
8.3 

6 
8.4 

8.0 

8.8 

6.5-8.5 

m r zo 
~(/) 
:0 )> 

~): 
s:: s:: 
mO z(/) 
:; z 
·~ (/)-
cO 
:0 z < )> 
m' 
;= ): 
):OJ 
zO 
~~ u;o 
()) :0 
-..j -< 



Table G-62. Miscellaneous Chemical Analyses (mg/L)a 

Total Conduc-
Hard- tivity 

Stations Sio2 Ca Mg K Na co3 HC03 
p ness (mS/m) 

-- -- -- - -- -

Los Alamos Field 
\.lell LA-18 38 8 0.4 2.4 166 7 316 <0.2 18 68 

\.lell LA-2 31 7 0.1 1. 1 77 3 141 <0.2 15 36 
\.lell LA-3 34 13 0.3 1.6 35 0 86 <0.2 31 20 
\.lell LA-4 
IJe ll LA- 5 37 9 0.1 1.4 45 3 101 <0.2 23 22 m r 

zo 
~(j) 

Guaje Field ::0 > 
0> 

\.lell G-1 88 13 0.5 3.1 22 0 75 <0.2 32 16 z 3:: 
\.lell G-1A 70 2.7 32 0 84 <0.2 24 18 

3::0 
10 0.4 ~(j) 

\.lell G-2 69 11 0.5 2.7 38 2 100 <0.2 27 22 -1 z 
> > 

N \.lell G-3 
r -1 

""' -- -- -- -- -- -- -- -- -- -- ~6 IQ 
\.lell G-4 52 18 3.6 2.0 13 0 72 <0.2 58 16 ::0 z 

< > 
\Jell G-5 56 18 3.8 2.0 12 0 76 <0.2 58 16 m' 

r=> 
\.lell G-6 51 13 2.1 2.2 19 0 73 <0.2 43 16 >m 

zO 
0~ 

Pajarito Field 
m-1 
~ 0 
<D ::0 

\.lell PM-1 72 27 6.4 3.6 20 0 117 <0.2 91 26 ~ -< 
\.lell PM-2 87 9 3.3 2.0 13 0 57 <0.2 36 12 
\.lell PM-3 82 25 7.7 3.6 19 3 112 <0.2 97 26 
\.lell PM-4 83 11 3.9 2.3 13 0 61 <0.2 43 14 
\.lell PM-5 73 9 3.3 2.8 13 0 60 <0.2 36 12 

Gallery (\.later Canyon) 34 7 3.3 2.0 7 0 39 <0.2 43 9 

Supply SUfTlTlary 
No. of Analyses 16 16 16 16 16 16 16 16 16 16 
Maximum 88 27 7.7 3.6 166 7 316 <0.2 97 68 



Table G-62 (cont) 

Total Conduc-
Hard- tivity 

Stations Si02 Ca Mg K Na co3 HC03 
p ness CmS/m) 

--

Distribution 
Fire Station 1 82 11 3.3 2.1 14 0 65 <0.2 41 14 
Fire Station 2 54 11 1.0 2.1 50 0 112 <0.2 31 26 
Fire Station 3 82 25 7.0 3.6 20 0 118 <0.2 94 26 
Fire Station 4 60 13 1.6 2.8 27 0 87 <0.2 38 18 

m r 
zo 

Fire Station 5 52 11 1. 7 2.2 38 0 91 <0.2 31 22 
~en 
:D )> 

Bandelier Nat. Mon. 48 12 1.8 2.1 38 1.2 101 <0.2 35 24 os;; 
z ~ 
~0 
~en 

Distribution Summary --i z 
)> )> 

~ No. of Analyses 6 6 6 6 6 6 6 6 6 6 r --i 
go 

Maximum 82 25 7.0 3.6 50 1.2 118 <0.2 94 26 :D z < )> m r 

Fenton Hill CTA-57) 67 53 5.0 5.2 17 0 127 <0.2 160 40 
;= s;; 
s;;ro 
zO 
0~ 

Standby Well m--i 
~ 0 

(not part of \.later 30 3 <0.1 0.9 70 8 144 <0.2 8 30 
(D :D g: -< 

Supply) Well LA-6 
......................................... 

aSupply samples collected in February; distribution samples collected in February and September. 



Table G-63. los Alamos, New Mexico, a Climatological Survey (1911-1987) 
Temperature and Precipitation Means b and Extremes 

Temperature( 0 F) c 

Normals Extremes 

High low 
Mean Mean High Low Daily Daily 

Month Max Min Avg Avg Year Avg Year Max Date Min Date - -- -- -- -- ---
Jan 39.7 18.5 29.1 37.6 1986 20.9 1930 64 1/12/81 -18 1/13/63 mr 

Feb 43.0 21.5 32.2 37.4 1934 23.0 1939 69 2/25/86 -14 2/1/51 ~0 _CI> 

Mar 48.7 26.5 37.6 45.8 1972 32.1 1948 71 3/27/86d -3 3/11/48 
:II)> os;: 

Apr 57.6 33.7 45.6 54.3 1954 39.7 1973 79 4/23/38 5 4/9!28 z ~ 
~0 

May 67.0 42.8 54.9 60.5 1956 50.1 1957 89 5/29/35 24 5/1/76d zCI> 
--t z 

Jun 77.8 52.4 65.1 69.4 1980 60.4 1965 95 6/22/81 28 6/3/19 )> )> 

~ 
r--t 

.... Jul 80.4 56.1 68.2 71.4 1980 63.3 1926 95 7 !11/35 37 7/7/24 ~6 
77.4 54.3 65.8 70.3 1936 60.9 1929 92 8/10/37 40 8/16/47 

:II z 
Aug < )> 

mr 
Sept 72.1 48.4 60.2 65.8 1956 56.2 1965 94 9/11/34 23 9/29/36 r=s;: 
Oct 62.0 38.7 50.3 54.7 1963 42.8 1984 84 10/1/80 15 10/19/76 

s;:ro 
zO 

Nov 48.7 27.1 37.9 44.4 1949 30.5 1972 72 11/1/50 -14 1/28/76 O?i! 
m --t 

Dec 41.4 20.3 30.8 38.4 1980 24.6 1931 64 12/27/80 -13 12/9/78 - 0 
(I) :II g: -< 

Annual 59.6 36.7 48.1 52.0 1954 46.2 1932 95 6/22/81d -18 1/13/63 



Table G-63 (cont) 

Precipitation (in.)c Mean Number of Days Per Year 

Precipitatione Snow Max Min 

Daily Daily Precip Tetl1) Tetl1) 
Month Mean Max Year Max Date Mean Max Year Max Date >0.10 in. >90°F <32°F -- -- -- -- -- -- -- -- -- -- --
Jan 0.85 6.75 1916 2.45 1/12/76 10.7 64.8 1987 22.0 1/15/87 2 0 30 
Feb 0.68 2.78 1987 1.05 2/20/15 7.3 48.5 1987 20.0 2/19/87 2 0 26 
Mar 1.01 4.11 1973 2.25 3/30/16 9.7 36.0 1973 18.0 3/30/16 3 0 24 
Apr 0.86 4.64 1915 2.00 4/12/75 5.1 33.6 1958 20.0 4/12/75 2 0 13 mr 

zo 
May 1.13 4.47 1929 1.80 5/21/29 0.8 17.0 1917 12.0 5!2!78 3 0 2 $;(1) 

::D )> 
Jun 1.12 5.67 1986 2.51 6/10/13 0 --- --- --- --- 3 0 0 0~ 
Jul 3.18 7.98 1919 2.47 7/31/68 0 --- --- --- --- 8 1 0 z 3: 

3:0 
Aug 3.93 11.18 1952 2.26 8/1/51 0 --- --- --- --- 9 0 0 ~CJ) 

~ z 
Sept 1.63 5.79 1941 2.21 9/22/29 0.1 6.0 1913 6.0 9/25/13 4 0 0 )> )> r ~ 

~ Oct 1.52 6.n 1957 3.48 10/5/11 1.7 20.0 1984 9.0 10/31/72 3 0 7 ~6 
N ::D z 

Nov 0.96 6.60 1978 Ln 11/25/78 5.0 34.5 1957 14.0 11/22/31 2 0 22 < )> 
m' 

Dec 0.96 3.21 1984 1.60 12/6/78 11.4 41.3 1967 22.0 12/6/78 3 0 30 ;=~ 
~ [ll 
zO 

Annual 17.83 30.34 1941 3.48 10/5/11 50.8 178.4 1987 22.0 1/15/87 43 2 154 ()~ m ~ 
Season 153.2 1986- 12/6/78 ~ 0 

I.D ::D 

1987 ~ -< 

------------·--
alatitude 35° 32' north, longitude 106° 19' west; elevation 2249 m. 
bMeans based on standard 30-year period: 1951-1980. 
cMetric conversions: 1 in. = 2.5 em; °F = 9/5 °C + 32. 
dMost recent occurrence. 
elncludes liquid water equivalent of frozen precipitation. 



Table G-64. Los Alamos Precipitation (inches) for 1987a 

North 
S-Site Coomunity TA-59 Bandelier East Gate Area G l.lhite Rock Y lolhite Rock 

(1) (2) (3) (4) (5) (6) (7) (8) 
-- -- ---

January 2.60 3.43 2.43 1.67 1. 72 0.94 1.39 0.94 
February 3.39 3.44 2.78 2.11 1.71 1.37 1.43 1.26 

March 0. 75 0.90 0.88 0.43 0.34 0.30 0.30 0.38 
April 1.12 1.24 1.09 0.66 0.57 0.43 0.43 0.49 
May 2.25 1.75 2.83 2.29 2.15 1.54 3.13 2.35 m r 

zo 
June 1.88 1.22 2.69 0.68 0.64 0.64 0.95 0.52 :5: Ul 

ll )> 

July 1.02 0. 76 1.37 1.29 1.03 1.38 0.85 1.28 0~ 
z s:: 

August 4.48 4.97 4.29 3.67 2.92 4.76 3.79 4.83 s::o 
~Ul 

September 1.00 2.24 1.72 0.76 1.19 0.62 1.00 0.96 --t z 
)> )> 

N October 0.74 0.58 0.49 0.41 0.45 0.43 0.47 0.49 r --t 
V1 ~6 V.l November 1.66 1. 79 1.47 0.99 1.17 0.94 0.59 0.75 ll z 

December 1.79 2.20 1.58 1. 71 1.34 1.04 1.34 1.19 
< )> 
m r 
;= ~ 
~OJ 

Annual 22.68 24.52 23.62 16.67 15.23 14.39 15.67 15.44 zO 
0~ 
m--t 

asee Figure 29 for site locations. 
~ 0 
<D ll 
~ -< 



Month 

Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sept 
Oct 
Nov 
Dec 

Annual 

LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-65. Los Alamos Climatological Summary for 1987 

Temperature (°F)a 

Means Extremes 

Mean Mean 
Max Min Avg High Date Low 

37.1 17.2 27.2 54 12,27 -3 
41.3 21.6 31.4 54 II 7 
47.9 23.5 35.7 61 6 7 
61.0 33.5 47.3 76 17 21 
65.4 40.5 52.9 76 31 31 
78.6 50.9 64.7 88 24 42 
81.9 55.8 68.8 87 5 dates 51 
75.3 53.3 64.0 87 I 43 
70.5 46.9 58.7 77 I 40 
66.4 40.8 53.6 77 4 28 
48.0 27.2 37.6 63 4 15 
36.7 17.8 27.3 60 4 I 

59.3 35.8 47.5 88 6/24 -3 
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Date 

18 
21,28 

30 
7 
3 
5 

14,17 
27 
15 
20 
28 
27 

1/18 



~ 
VI 

Month 

Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sept 
Oct 
Nov 
Dec 

Annual 

Precipitation (in.)a 

Water Equivalent 

Daily 
Total Max Date 

2.43 0.68 15 
2.78 
0.88 
1.09 
2.83 
2.69 
1.37 
4.29 
1.72 
0.49 
1.47 
1.58 

23.62 

0.97 
0.34 
0.58 
0.59 
2.16 
0.63 
1.00 
0. 73 

0.22 
0.57 
0.47 

2.16 

19 
10 
4 

23 
7 

16 
26 
6 

14 

18,24 

6/7 

Total 

64.8 
48.5 
9.3 

12.5 
0 

0 

0 

0 

0 

0 

7.0 
36.3 

178.4 

aMetric conversions: in. = 2.5 em; °F = 9/5°C + 32 

Table G-65 (cont) 

Snow 

Daily 
Max 

22.0 
20.0 
5.3 
7.5 
0 

0 

0 

0 

0 

0 
4.5 

12.0 

22.0 

Date 

15 
19 
28 
4 

26 
24 

1/15 

Precip 
>0.10 in. 

6 

6 

2 

3 
9 

3 

3 

10 
5 

2 

4 

6 

59 

Number of Days 

Max 

T erT1J 
>90°F 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Min 

T erT1J 
<32°F 

31 
28 
31 
15 
1 

0 

0 

0 

0 

24 
29 

160 

m r zo 
:5;CJ> 
::0 > 
~s: 
s::S:: 
mO z (J) 
--1 z 
('?. > 
(J);:j 
cO 
~ ~ 
m r 
r= s: 
S:m 
zO 
~~ 
(00 
()) ::0 
-..j -< 



January 

February 

March 

LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-66. Weather Highlights of 1987 

Record snowfall: 64.8 in. 
Snowiest January on record (previous: 39.3 in. in 1949). 
Snowiest month on record (previous: 41.3 in. in December 
1967). 
Precip = 2.43 in. (normal = 0.85 in.). 
Storm dropped 48.0 in. during IS-17th with 60-70 in. reported in 
North Community- LANL closed and townsite paralyzed. 
Record snowfall from one storm, 48.0 in. (previous: 34.5 in. 
during 12/12 to 12/15/84). 
Set daily record snowfall for January with 22.0 in. on 15th 
(previous: 15.0 in. on 1/5/13). 
Tied daily record snowfall for any month with 22.0 in. on 15th 
(also 12/6/78). 
Set record for most snow on ground in January with 40 in. on 
16th and 17th (previous: 27 in., 1/30-1/31/79). 
Set record for most snow on ground in any month (previous: 28 
in., 3/4 to 3/5/15). 
Strong winds with gusts = 59 mph on 5th. 
SMDP on the 7th: 0.41 in. 
SMDS on the 15th: 22.0 in. 
SMDS on the 16th: 21.0 in. 
SMDS on the 17th: 5.0 in. 

Record snowfall and precip. 
Record February snowfall: 48.5 in. (previous: 36.4 in., 1982). 
2nd snowiest month (most: 64.8 in., January I 987). 
Record February precip.: 2.78 in. (previous: 2.44 in., I 948). 
Storm drops 26.7 in. of snow I 8th-20th. 
Record snowfall from one storm in February (previous: 21.5 
in., 2/3 to 2/5/82). 
Strong winds with gusts= 56 mph on 14th. 
SMDP on the 16th: 0.27 in. 
SMDS on the 16th: 4.5 in. 
SMDP on the I 8th: 0.30 in. 
SMDP on the I 9th: 0.97 in. 
(Also record for most daily precip. in February - previous: 0.96 
in., 2/ 15/75). 
SMDS on the I 9th: 20.0 in. 
(Also record for most daily snow in February- previous: 19.0 
in., 2/4/82). 
SMDP on the 26th: 0.63 in. 
SMDS on the 26th: 9.0 in. 

Cooler than normal. 
Strong winds with gusts = 50 mph on 20th. 
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April 

May 

June 

July 

August 

September 

October 

November 

LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-66 (cont) 

Mild and above normal snow. 
Average maximum temperature= 61.0°F (Normal= 57.6°F) 
Snowfall = 12.5 in. (Normal = 5.1 in.). 

Wet and cool. 
Precipitation = 2.83 in. (Normal = 1.13 in.). 
SMDP on the 16th: 0.41 in. 
SMDP on the 23rd: 0.59 in. 
Hail accumulation of 3 in. on 23rd. 

Wet. 
Precipitation= 2.69 in. (Normal= 1.12 in.). 
SMDP on the 7th: 2.16 in. 
Thunderstorm on 7th gives ncar 50-year rainfall for 2 hours: 
2.11 in. 
Strong winds with gusts = 58 mph on 18th, some windows 
blown out in townsite. 

Dry. 
Precipitation = 1.37 in. (Normal = 3.18 in.). 
Some one-inch diameter hail, but little accumulation on 13th. 

Funnel clouds reported ncar Santa Fe on 24-25th. 
SMDP on the 26th: 1.00 in. 
SMDL on the 29th: 44°F. 

Hazy 4th-10th from Western U.S. forest fires. 
SMDP on the 6th: 0.73 in. 

Warm and dry. 
Mean temperature = 53.6°F (Normal = 50.3). 
Mean max temperature = 66.4°F (Normal = 62.0°F). 
Precipitation = 0.49 in. (Normal = 1.52 in.). 
TMDH on the 4th: 77°F. 

SMDP on the lst: 0.57 in. 
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December 

Annual 

Key for Abbreviations: 

LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Table G-66 (cont) 

Snowy and cold. 
Snowfall = 36.3 in. (Normal = 11.4 in.). 
3rd snowiest December on record. 
Storm drops 19.0 in. snow with up to 26 in. in North 
Community during 24-25th. 
Mean temperature = 27.3°F (Normal = 30.8°F). 
Mean max temperature = 36.7°F (Normal = 41.4°F). 
TMDH on the 4th: 60°F. 
SMDS on the 12th: 4.5 in. 
SMDL on the 15th: 3°F. 
SMDP on the 18th: 0.47 in. 
SMDS on the 18th: 6.0 in. 
SMDP on the 24th: 0.47 in. 
SMDS on the 24th: 12.0 in. 
SMDS on the 25th: 7.0 in. 
Record snow on ground for Christmas: 16.0 in. 
High temperatures only I 9, I4, and l7°F, respectively, on 25, 26, 
and 27th. 

1987 mean temperature= 47.5°F (Normal= 48.I°F). 
1987 precipitation = 23.62 in. (Normal = I 7.83 in.). 
3rd consecutive year with precipitation >30% above normal. 
1987 snowfall= 178.4 in. or I4.9 ft. (Normal= 50.8 in.). 
Snowiest year on record (previous: I I 2.8 in., I 984). 
I986-I987 winter season snowfall= I53.2 in. 
Snowiest winter season on record (previous: I 23.6 in., I 957-
1958). 

SMDH: Set Maximum Daily High Temperature Record 
TMDH: Tied Maximum Daily High Temperature Record 
SMDL: Set Minimum Daily Low Temperature Record 
TMDL: Tied Minimum Daily Low Temperature Record 
SMDP: Set Maximum Daily Precipitation Record 
SMDS: Set Maximum Daily Snowfall Record 
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Table G-67. Wet Deposition Measurements {t.l.eqjm 2 unless specified)a 

Fourth First Second Third 
Quarter Quarter Quarter Quarter 

Parameter 1986 1987 1987 1987 

Precipitation 0.45 0.27 0.17 0.40 
(in.) (0.0-2.0) (0.0-.83) (0.0-.77) (0.0-1.49) 

Field pH 4.8 4.8 4.7 4.7 
(4.6-5.1) (4.0-5.8) ( 4.6-4.9) ( 4.1-5.5) 

Calcium 68 92 66 180 
(0.5-470) ( 1.5-290) (0.5-200) ( 1.0-580) 

Magnesium 9.4 14 12 29 
(0.0-48) (1.6-29 (0.0-31) (0.0-86) 

Potassium 4.2 3.4 7.8 9.8 
(0.0-25) (0.0-6.6) (0.0-37) (0.0-32) 

Sodium 31 34 15 39 
(0.0-90) (1.7-90) (0.0-43.9) ( 1.3-84) 

Ammonium 110 63 79 110 
(1.1-47) (1.1-270) (0.55-270) ( 4.4-300) 

Nitrate 130 133 120 300 
(0.8-450) (16-310) (0.58-300) (32-60) 

Chloride 19 26 15 41 
(3.4-51) (2.0-64) (0.84-63) ( 1.1-1 00) 

Sulfate 280 150 140 280 
(2.1-1 000) (21-430) ( 1.5-390) (31-590) 

Phosphate 6.9 2.2 

--------------
aMcan; range in par en theses. 
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A-1 
A-1 

A-2 
A-2 

Station No. 

A-3 
A-3 

A-4 
A-4 

A-4A 
A-4A 

A-5 
A-5 

A-6 
A-6 

A-7 
A-7 

A-8 
A-8 

A-9 
A-9 

A-10 
A-10 

Date 

8-6-86 
4-13-87 

8-6-86 
4-13-87 

8-6-86 
4-13-87 

8-6-87 
4-13-87 

8-6-86 
4-13-87 

8-6-86 
4-13-87 

8-6-86 
4-13-87 

8-6-86 
4-13-87 

8-6-86 
4-13-87 

8-6-86 
4-13-87 

8-6-86 
4-13-87 

3H 

(10-6 pCi/g) 

2.4 (0.5) 

5.4 (0.7) 

3.4 (0.5) 

5.7 (0.7) 

3.1 (0.5) 

3.0 (0.5) 

4.7 (0.6) 

4.1 (0.6) 

3.8 (0.6) 

6.4 (0.8) 

8.0 (0.9) 

Table G-68. Radiochemical Analyses of Sediments at TA-49 

137 Cs 

(10- 9 pCi/g) 

0.11 (0. 05) 
0.08 (0.07) 

0.35 (0. 10) 
0.22 (0.08) 

1.2 (0.21) 
0.29 (0.08) 

-o.20 (0.05) 
0.16 (0.09) 

o. 70 (0.15) 
0.23 (0.09) 

-o.08 (0.02) 
0.39 (0.11) 

0.49 (0.10) 
0.14 (0.08) 

0.48 (0.10) 
0.37 (0.11) 

0.20 (0.06) 
0.17 (0.09) 

0.10 (0.06) 
0.09 (0.09) 

0.10 (0.07) 
0.45 (0.11) 

Total U 
(fJ.g/g) 

3.0 (0.3) 
2.3 (0.2) 

4.2 (0.4) 
3. 7 (0.4) 

5.3 (0.5) 
4. 7 (0.5) 

4.2 (0.4) 
3.4 (0.3) 

4.0 (0.4) 
3.4 (0.3) 

3.8 (0.4) 
3.4 (0.3) 

4.2 (0.4) 
3.5 (0.4) 

4.1 (0.4) 
3.9 (0.4) 

2.6 (0.3) 
3.4 (0.3) 

3.9 (0.4) 
2.9 (0.3) 

2.6 (0.3) 
3.7 (0.4) 

238Pu 

(10- 9 pCi/g) 

0.000 (0.001) 
0.004 (0.002) 

0.005 (0.002) 
0.001 (0.001) 

0.216 (0.013) 
0.001 (0.000) 

0.000 (0.001) 
0. 001 (0. 002) 

0.001 (0.001) 
0.001 (0.001) 

0.001 (0.002) 
0.000 (0.001) 

0.002 (0.001) 
0.000 (0.001) 

0.003 (0.002) 
0.002 (0.001) 

0.001 (0.001) 
-o.001 (0.002) 

0.000 (0.001) 
0.000 (0.001) 

0.000 (0.001) 
0.005 (0.001) 

239,240Pu 

(10-9 pCi/g) 

0.004 (0.002) 
0.003 (0.002) 

0.022 (0.004) 
0.004 (0.005) 

10.7 (0.425) 
0.083 (0.010) 

0.004 (0.002) 
0.006 (0.002) 

0.000 (0.001) 
0.008 (0.002) 

0.042 (0.006) 
0.016 (0.004) 

0.012 (0.002) 
0.001 (0.001) 

0.016 (0.003) 
0.016 (0.003) 

0.001 (0.002) 
0.004 (0.002) 

0.003 (0.002) 
0.002 (0.002) 

0.004 (0.002) 
0.014 (0.003) 

Gross 
GaiTillll 

(Counts/min/g) 

4.0 (0.7) 
7.3 (0.9) 

5.2 (0.7) 
9.0 (1.0) 

6.5 (0. 7) 
10 (1.0) 

5.5 (0.8) 
9.0 (1.0) 

6.5 (0.8) 
9.0 (1.0) 

5.8 (0.8) 
9.0 (1.0) 

6.3 (0.8) 
9.0 (1.0) 

6.3 (0.8) 
8.0 (1.0) 

4.4 (0.7) 
7.8 (0.9) 

6.1 (0.8) 
6.3 (0.8) 

4.8 (0.7) 
9.0 (1.0) 

mr 
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~ ,.... 

Station No. 

A-11 
A-11 

A Background 
B Background 

Limits of Detection 

Maximum Concentration 
Regional Background 

Maximum as % of 
Regional Background 

Date 

8-6-86 
4-13-87 

4-13-87 
4-13-87 

3H 

(10" 6 pCi/g) 

2.9 (0.5) 

--

--
--

0.3 

8.0 
7.2 

1 1 1 

137Cs 

(10- 9 ·pei/g) 

0.03 (0.06) 
0.57 (0.13) 

0.20 (0.09) 
0.05 (0.08) 

0.1 

1.2 (0.21) 
0.44 
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Table G-68 (cont) 

Total U 
(j.l.g/g) 

3.2 (0.3) 
2.6 (0.3) 

3.4 (0.3) 
2.9 (0.3) 

0.1 

5.3 (0.5) 
4.4 

120 

Note: Station number shown in Fig. 33; counting uncertainty in parentheses. 

238Pu 

(10-9 pCi/g) 

0.000 (0.001) 
0.002 (0.002) 

0.000 (0.001) 
0.004 (0.003) 

0.002 

0.216 (0.013) 
0.006 

3600 

239,240Pu 

(10-9 pCi/g) 

0.003 (0.002) 
0.010 (0.002) 

0.005 (0.002) 
0.001 (0.003) 

0.002 

10.7 (0.425) 
0.023 

4652 

Gross 
Ganma 

(Counts/min/g) 

5.9 (0.8) 
7.0 (0.9) 

5.7 (0.8) 
3.1 (0.6) 

0.1 

10 (1.0) 
7.9 
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Table G-69. Chemical Concentrations in Solution Extracted from 
Sediments Downgradient from Experimental Areas at TA-49 

MaxillUll Limit 
EP Toxic of Stations Nl.fTlbers a Background8 

Chemicalb Concentration c Detection A-1 A-2 A-3 A-4 A·4A A-5 A-6 A-7 A-8 A-9 A-10 A-11 A B 
- - - - -- - - - - - -- -- - -

Arsenic 5.0 0.05 BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD 
BarilJTI 100 0.5 0.6 BLD 0.6 BLD 0.8 0.5 0.7 BLD 0.6 BLD BLD BLD 0.5 1.3 
Cac:inilJTI 1.0 0.01 BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD m r 

zo 
ChromilJTI 5.0 0.05 BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD :5;en 

:0 > 
Lead 5.0 0.05 BLD 0.06 BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD O~j: 

2.0 0.005 BLD 
z 3: 

Mercury BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD 3:0 
SelenilJTI 1.0 0.01 BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD ~en 

-;z 
Silver --- 0.05 BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD > > 

~ 
r-; 
en-

Nickel --- 0.01 BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD cO N :0 z 
Beryll i lJlld --- 0.001 BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD <> mr 
Sulfate --- 0.2 BLD BLD BLD 0.4 BLD BLD 0.3 BLD 1.1 BLD BLD BLD BLD 0.5 r'; 

lj:ro 
Nitrate --- 0.2 BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD zO 
UranilJlld --- 1.0 BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD BLD 7.9 0~ m -; 

~o :g :0 
"'-I -< 

8 Station number shown in Figure 31; background stations are Bandelier National Monument, entrance (A) and small canyon north of supply well PM-1 (B). 

bConcentrations in mg/L except as noted; BLD =Below Limit of Detection. 

cNew Mexico Hazardous Waste Management Regulations (HWMR) 201 B.S.; Extraction procedure. 

dUnits are ~g/g. 



Table G-70. Storm Run-off from TA-49 

suspended 
Solution Sediments 

Date 137Cs 238Pu 239,240Pu 238Pu 239,240Pu 

Station 1987 -9 (10 )J..Ci/ml) (10- 9 f.J.Ci/ml) -9 
(10 f-Xi/ml) (pCi/g) (pCi/g) 

A-1 8·24 152 (65) 0.007 (0.011) 0.010. (0.008) 0.000 (0.001) 0.027 (0.006) 

A-1 8-24 15 (60) -o.oo8. co.011> 0.000 (0.010) -o.004 (0.008) 0.048 (0.013) 
m r 
zo 

A-2 8-24 38 (60) -o.057 (0.033) 0.000 (0.010) 0.001 (0.001) 0.002 (0.001) $en 
JJ )> 

01);: 

A-5 8-24 -13 (60) -o.009 (0.015) 0.033 (0.018) 0.000 (0.001) 0.007 (0.033) 
z s:: 
~0 

A·S 8-28 67 (61) 0.008 (0.008) 0.025 (0.010) 0.000 (0.001) 0.006 (0.002) z en 
-t z 

A-5 9-10 82 (61) 0.011 (0.014) -o.004 (0.004) 0.004 (0.002 0.024 (0.004) )> )> 
r -t 
en-

~ 
c 0 
JJ z 

(.;.) A-8 8-24 45 (53) 0.000 (0.010) 0.000 (0.010) 0.001 (0.001) 0.001 (0.001) < )> 
m r 

A-8 8-28 -27 (60) 0.021 (0.017) 0.005 (0.014) 0.000 (0.001) 0.028 (0.004) r= 1);: 
l);:rn 
zO 
0~ 
m -t 
~a 
<D JJ 
~ -< 
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Table G-71. Chemical Quality of Storm Run-off from TA-49 

Date 
Station 1987 As Cr 

---
A-1 8-24 0.002 0.02 
A-1 8-24 0.002 0.03 

A-2 8-24 0.003 0.02 

A-5 8-24 0.003 0.03 
A-5 8-28 0.002 0.04 
A-5 9-10 0.003 0.03 

A-8 8-24 0.003 0.04 
A-8 8-28 0.008 0.04 

Standarda 0.05 0.05 

Concentration 
Constituentb (mg/L) 

Ag <0.05 
Ba <0.1 
Be <0.01 
CN <0.01 
Cd <0.01 
Hg <0.002 
N i <0.01 
Pb <0.01 
Se <0.02 

aPrimary or secondary drinking water standards (EPA 1976, 1979). 
bAnalyzed from stations for each run-off event. 

L 

N 

1.2 
0.3 

0.2 

0.2 
1.0 
0.2 

0.7 
0.7 

10 

Standards a 
(mg/L) 

0.05 
1.0 

0.01 
0.002 

0.05 
0.01 

so4 pH 

2 6.0 
3 7.8 

2 7.7 

2 7.6 
2 7.1 mr 
2 7.0 zo 
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alpha particle 

activation products 

background radiation 

beta particle 

Concentration Guide (CG) 

Controlled Area 

LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

GLOSSARY 

A charged particle (identical to the helium nucleus) 
composed of two protons and two neutrons that is emitted 
during decay of certain radioactive atoms. Alpha particles 

are stopped by several centimeters of air or a sheet of 
paper. 

In nuclear reactors and some high energy research facilities, 
neutrons and other subatomic particles that are being 
generated can produce radioactive species through 
interaction with materials such as air, construction 
materials, or impurities in cooling water. These "activation 

products" arc usually distinguished, for reporting purposes, 
from "fission products." 

Ionizing radiation from sources other than the laboratory. 

It may include cosmic radiation; external radiation from 
naturally occurring radioactivity in the earth (terrestrial 
radiation), air, and water; internal radiation from naturally 
occurring radioactive elements in the human body; and 
radiation from medical diagostic procedures. 

A charged particle (identical to the electron) that is emitted 
during decay of certain radioactivity atoms. Most beta 

particles arc stopped by 0.6 em of aluminum or less. 

The concentration of a radionuclidc in air or water that 

results in a whole body or organ dose in the 50th year of 

exposure equal to the Department of Energy's Radiation 

Protection Standard for external and internal exposures. 
This dose is calculated assuming the air is continuously 
inhaled or the water is the sole source of liquid nourishment 

for 50 years. 

Any Laboratory area to which access is controlled to protect 

individuals from exposure to radiation and radioactive 

materials. 
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cosmic radiation 

curie (Ci) 

dose 

dose, absorbed 

dose, effective 

dose, equivalent 

dose, maximum boundary 

dose, maximum individual 

dose, population 

LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

High-energy particulate and electromagnetic radiations that 
originate outside the earth's atmosphere. Cosmic radiation 

is part of natural background radiation. 

A special unit of radioactivity. One curie equals 3.70 x 10
10 

nuclear transformations per second. 

A term denoting the quantity of radiation energy absorbed. 

The energy imparted to matter by ionizing radiation per 
unit mass of irradiated material. (The unit of absorbed dose 

is the rad.) 

The hypothetical whole body dose that would give the same 
risk of cancer mortality and/or serious genetic disorder as a 
given exposure, that may be limited to just a few organs. 
The effective dose equivalent is equal to the sum of 
individual organ doses each weighted by degree of risk that 
the organ dose carries. For example, a 100 mrem dose to 

the lung, which has a weighting factor of 0.112, gives an 
effective dose equivalent to (100 x 0.12 =) 12 mrem. 

A term used in radiation protection that expresses all types 

of radiation (alpha, beta, and so on) on a common scale for 
calculating the effective absorbed dose. It is the product of 
the absorbed dose in rads and certain modifying factors. 

(The unit of dose equivalent is the rem.) 

The greatest dose commitment, considering all potential 

routes of exposure from a facility's operation, to a 
hypothetical individual who is in an Uncontrolled Area 

where the highest dose rate occurs. It assumes that the 
hypothetical individual is present for 100% of the time (full 

occupancy) and does not take into account shielding (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. It takes into account shielding and 
occupancy factors that would apply to a real individual. 

The sum of the radiation doses to individuals of a 

population. It is expressed in units of person-rem (for 
example, if 1000 people each received a radiation dose of 1 

rem, their population dose would be 1000 person-rem. 
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dose, whole body 

exposure 

external radiation 

fission products 

gallery 

gamma radiation 

gross alpha 

gross beta 

groundwater 

half-life, radioactive 

internal radiation 

Laboratory 

LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

A radiation dose commitment that involves exposure of the 

entire body (as opposed to an organ dose that involves 

exposure to a single organ or set of organs). 

A measure of the ionization produced in air by x or gamma 

radiation. (The unit of exposure is the reontgen). 

Radiation originating from a source outside the body. 

Those atoms created through the splitting of larger atoms 
into smaller ones, 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 (high energy), gamma radiation can cause 

ionization. Other electromagnetic radiation (microwaves, 

visible light, radiowaves, etc.) have longer wavelengths 
(lower energy) and cannot cause ionization. 

The total amount of measured alpha activity without 

identification 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. 

After two half-lives, one-fourth of the original activity 

remains (1/2 x 1/2), after three half-lives, one-eighth (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 tissues by processes, 

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. 
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Maximum Contaminant Level (MCL) 

mrcm 

perched water 

person-rem 

rad 

radiation 

Radiation Protection Standard 

rem 

roentgen (R) 

terrestrial radiation 

LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

Maximum permissible level of a contaminant in water that 

is delivered to the free-flowing outlet of the ultimate user of 
a public water system (sec Appendix A and Table A-III). 

The MCLs are specified by the Environmental Protection 

Agency. 

Millirem (10-3 rem). Sec rem definition. 

A groundwater body above an impermeable layer that is 

separated from an underlying main body of groundwater by 

an unsaturated zone. 

The unit of population dose, it expresses the sum of 

radiation exposures received by a population. For example, 

two persons each with a 0.5 rem exposure have received 1 

person-rem. Also, 500 people each with an exposure of 

0.002 rem have received 1 person-rem. 

A special unit of absorbed dose from ionizing radiation. A 

dose of 1 rad equals the absorption of 100 years of radiation 

energy per gram of absorbing material. 

The emission of particles or energy as a result of an atomic 

or nuclear process. 

A standard for external and internal exposure to 

radioactivity as defined in Department of Energy Order 

5480.1A, Chapter XI (sec Appendix A and Table A-Il m 

this report). 

The unit of radiation dose equivalent that takes into account 

different kinds of ionizing radiation and permits them to be 

expressed on a common basis. The dose equivalent in rcms 

is numerically equal to the absorbed dose in rads multiplied 

by the necessary modifying factors. 

A unit of radiation exposure that expresses exposure m 
terms of the amount of ionization produced by x rays in a 

volume of air. One roentgen (R) is 2.58 x 104 coulombs 

per kilogram of air. 

Radiation emitted by naturally occurring radionuclides, such 

as 40K, the natural decay chains 235U, 238U, or 232Th, or 

from cosmic-ray induced radionuclides in the soil. 
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thermoluminescent dosimeter (TLD) 

tritium 

tuff 

Uncontrolled Area 

uranium, depleted 

uranium, total 

Working Level Month (WLM) 

LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL SURVEILLANCE 1987 

A material (the Laboratory users lithium fluoride) that, 

after being exposed to radiation, luminesces upon being 

heated. The amount of light the material emits is 

proportional to the amount of radiation (dose) to which it 

was exposed. 

A radionuclide of hydrogen with a half-life of 12.3 years. 

The very low energy of its radioactivity decay makes it one 
of the least hazardous radionuclides. 

Rock of compacted volcanic ash and dust. 

An area beyond the boundaries of a Controlled Area (see 

definition of "Controlled Area" in this Glossary). 

Uranium consisting primarily of 238U and having less than 
0.72 wt% 235U. Except in rare cases occurring in nature, 

depleted uranium is manmade. 

The amount of uranium in a sample assuming the uranium 

has the isotopic content of uranium in nature (99.27 wt% 
238u o.n wt% 235u, o.oos7 wt% 234U). 

A unit of exposure to 222Rn and its decay products. 

Working Level (WL) is any combination of the short-lived 
222Rn decay products in 1 liter of air that will result in the 

emission of 1.3 x lOS MeV potential alpha energy. At 

equilibrium, 100 pCi/L of 222Rn corresponds to one WL. 
Cumulative exposure is measured in Working Level 

Months, which is 170 WL-hours. 
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R. Kump 
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Other External 
University of California 

Environmental, Health, and Safety Office 
Environmental Protection Agency 

S. Meyers, ORP, Washington, DC 
C. Costa, EMSL, Las Vegas, NV 
R. Layton, Region 6, Dallas, TX 
A. Davis, Region 6, Dallas, TX 
J. Highland, Region 6, Dallas, TX 

New Mexico Governor 
G. Garruthers 

New Mexico Health and Environment 
Dept., Environmental Improvement 
Division 

M. Burkhart, Director 
S. Hill 
C. Clayton 
M. Brown 
K.Jones 
R. Mitzelfelt 
J. Thompson 

New Mexico Oil Conservation Division 
W. J. LeMay 

New Mexico Energy and Minerals 
Department 

A. Lockhart 
New Mexico Natural Resources Department 

M. Barr 
New Mexico State Engineer 

S. Reynolds 
US Forest Service 
Bandelier National Monument 
Pan Am World Services 

T. Holm-Hansen 
J. Lopez 

Individuals 
J. White, Army Corps of Engineers 
J. Daniel, US Geological Survey, 
Albuquerque, NM 

R. Faus, TP Pump and Pipe Co. 
Media 

The Monitor, Los Alamos, NM 
The New Mexican, Santa Fe, NM 
The Reporter, Santa Fe, NM 
The Rio Grande Sun, Espanola, NM 
Albuquerque Journal, Albuquerque, NM 
Albuquerque Tribune, Albuquerque, NM 
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ENVIRONMENTAL SURVEILLANCE 1987 

New Mexico Independent, Albuquerque, 
NM 

KRSN Radio, Los Alamos, NM 
New Mexico Congressional Delegation 

Senator P. Domcnici 
Senator J. Bingaman 
Representative M. Lujan, Jr. 
Representative J. Skeen 
Representative W. Richardson 

Elected Officials 
City of Espanola 

R. Lucero, Mayor 
City of Santa Fe 

S. Pick, Mayor 
County of Los Alamos 

N. Bartlitt, Chairman of Los Alamos 
Council 

S. Stoddard, State Senator 
D. Sundberg, State Representative 

New Mexico Office of Indian Affairs 
Bureau of Indian Affairs 

Administrative Manager 
Eight Northern Pueblos 

Governor, Nambc Pueblo 
Governor, Picuris Pueblo 
Governor, Pojoaque Pueblo 
Governor, San Ildefonso Pueblo 
Governor, San Juan Pueblo 
Governor F. Gutierrez, Santa Clara Pueblo 
Governor J. Cordova, Taos Pueblo 
Governor J. Hena, Tesuque Pueblo 

Mesa Public Library, Los Alamos, NM 
Internal Distribution 
Director's Office 

S. Hecker, Director 
A. Ticdman, Associate Director for 

Support 
J. Mitchell, Laboratory Counsel 
J. Breen, Public Affairs Officer (2) 

Health, Safety, and Environment Division 
Office (10) 
J. Puckett 
T. Gunderson 
R. Stafford 
D. Garvey 

Environmental Restoration Program 
Technical Support Office 
K. Rca 
R. Vocke 
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Group HSE-1, Radiation Protection 
A. Valentine 
J. Graf 
F. Guevara 
R. Miller 

Group HSE-3, Safety 
W. Courtright 

Group HSE-5, Industrial Hygiene 
J. Jackson 

Group HSE-7, Waste Management 
R. Koenig 
R. Garde 
K. Balo 
J. Buchholz 
J. Warren 

Group HSE-8, Environmental Surveillance 
M. Martz-Emcrson 
T. Buhl 
A. Drypolcher 
L. Soholt 

Group HSE-9, Health and Environmental 
Chemistry 
R.Goolcy 
E. Gladney 

Group HSE-10, Chemistry Health 
Protection 

Group HSE-11, Accelerator Health 
Protection 
J. Miller 

R. Dvorak 
Group HSE-12, Environmental Sciences 

T. Hakanson 
C. Reynolds 

Group IS-1, Publications 
C. Rodriguez 

Group IS-4, Library Services (15) 
Group IS-10, Technical Information (2) 
Group ENG-11, Long Range Facilities 
Planning 
S. Coonley 

Laboratory Environmental Review 
Committee 
D. Garvey 

T. Gunderson 
L. Bays 
S. Coonlcy 
M. McCorkle 
C. Olinger, ex officio 
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Land ownership in Los Alamos vicinity. 
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