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Preface 

Environmental Surveillance and Compliance at Los Alamos reports are prepared annually by the Los Alamos 
National Laboratory (the Laboratory), Environment, Safety, and Health Division, as required by US Department 
of Energy Order 5400.1, General Environmemal Protection Program, and US Department of Energy Order 231.1, 
Environment, Safety, and Health Reporting. 

These annual reports summarize environmental data that comply with applicable federal, state, and local environ­
mental laws and regulations, executive orders, and departmental policies. Additional data, beyond the minimum 
required, are also gathered and reported as part of the Laboratory's efforts to ensure public safety and to monitor 
environmental quality at and near the Laboratory. 

The environmental data are organized by environmental media (Chapter 4, air; Chapter 5, water; and Chapter 6, 
soils and foodstuffs) in a format to meet the needs of a general and scientific audience. Chapter I provides an 
overview of the Laboratory's major environmental programs. Chapter 2 reports the Laboratory's compliance 
status for 1996. Chapter 3 provides a summary of the maximum radiological dose a member of the public could 
have potentially received from Laboratory operations. A glossary and a list of acronyms and abbreviations are in 
the back of the report. Appendix A explains the standards for environmental contaminants, Appendix B explains 
the units of measurements used in this report, and Appendix C describes the Laboratory's technical areas and their 
associated programs. 

We've also enclosed a booklet, Oven,iew of Environmental Surveillance and Compliance during 1996 that briefly 
explains important concepts, such as radiation, and provides a summary of the environmental programs, monitor­
ing results, and regulatory compliance explained. 

Inquiries or comments regarding these annual reports may be directed to the 

US Department of Energy 
Office of Environment and Projects 
528 35th Street or 

Los Alamos National Laboratory 
Environment Safety and Health Division 
P.O. Box 1663, MS K491 

Los Alamos, NM 87544 Los Alamos, NM 87544 

To obtain copies of the report, contact 

Julie Johnston 
Ecology Group, Los Alamos National Laboratory 

P.O. Box 1663, MS M887 
Los Alamos, NM 87545 

Telephone: (505)665-0231 
e-mail: johnston_julie_a@lanl.gov 

This report is also available on the World Wide Web at 
http ://lib-www.la nl.gov.!pubs/la-13343. htm 
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1. Environmental Programs Overview 

primary authors: 
Linda Anderman, Craig F. Eberhart, Don Krier, Julie A. Johnston, Louisa Lujan-Pacheco 

Karen Lyncoln, Linda K. Malinauskas, David B. Rogers 

Abstract 

This report presents environmental data that characterize environmental 
performance and addresses compliance with environmental standards and 
requirements at Los Alamos National Laboratory (LANL or the Laboratory) during 
1996. The Laboratory routinely monitors for radiation and for radioactive and 
nonradioactive materials at Laboratory sites as well as in the surrounding region_ 
LANL uses the monitoring results to determine compliance with appropriate 
standards and to identify potentially undesirable trends. Data were collected in 
1996 to assess external penetrating radiation; quantities of airborne emissions; 
and concentrations of chemicals and radionuclides in ambient air, surface waters 
and ground waters, the municipal water supply, soils and sediments, and foodstuffs. 
Using comparisons with standards and regulations, this report concludes that 
environmental effects from Laboratory operations are small and do not pose a 
demonstrable threat to the public, Laboratory employees, or the environment. 
Laboratory operations were in compliance with all major environmental 
regulations. 

A. Laboratory Overview 

1. Introduction to Los Alamos National 
Laboratory 

In March 1943, a small group of scientists came to 
Los Alamos for Project Y of the Manhattan Project. 
Their goal was to develop the world's first nuclear 
weapon. Although planners originally expected that 
the task would be completed by a hundred scientists, 
by 1945, when the first nuclear bomb was tested at 
Trinity Site in southern New Mexico, more than 3,000 
civilian and military personnel were working at Los 
Alamos Laboratory. In 1947, Los Alamos Laboratory 
became Los Alamos Scientific Laboratory, which in 

turn became Los Alamos National Laboratory (LANL 
or the Laboratory) in I 981 . 

The Laboratory's original mission to design, 
develop, and test nuclear weapons has broadened and 
evolved as technologies, US priorities, and the world 
community have changed. Los Alamos National 
Laboratory is a multiprogram laboratory with the 
central mission of reducing the nuclear danger. The 
central mission at the Laboratory has evolved beyond 
nuclear weapons testing and development to include 
five major elements to reduce the nuclear danger: 

• stockpile stewardship activities ensure that we 
keep safe, secure, and reliable those weapons 
that the nation needs; 

• stockpile management projects provide capnbili­
ties ranging from the dismantlement to the 
recertification of existing nuclear weapons; 

• nuclear materials management requires that we 
ensure the availability or safe disposition of 
plutonium, highly enriched uranium, and tritium; 

• effective nonproliferation and 
counterproliferation technologies help us keep 
nuclear weapons, nuclear materials, and nuclear 
weapons knowledge out of the wrong hands; and 

• environmental stewardship projects provide for 

the remediation and reduction of wastes from the 
nuclear weapons complex. 

The Laboratory will continue its role in defense, 
particularly in nuclear weapons technology, and will 
increasingly use its multidisciplinary capabilities to 
solve important civilian problems (including initia­
tives in the areas of health, national infrastructure, 
energy, education, and the environment) and industrial 
collaborations (LANL 1996). The Laboratory is 
managed by the Regents of the University of 
California; the contract is administered through the 
Department of Energy (DOE) Los Alamos Area Office 
and the Albuquerque Operations Office. 
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2. Geographic Setting 

The Laboratory and the associated residential areas 
of Los Alamos and White Rock are located in Los 
Alamos County, in north-central New Mexico, approx­
imately 60 miles north-northeast of Albuquerque and 
25 miles northwest of Santa Fe (Figure 1 -1 ). The 43-
square mile Laboratory is situated on the Pajarito 
Plateau, which consists of a series of finger-like mesas 
separated by deep east-to-west oriented canyons cut by 
intermittent streams. Mesa tops range in elevation 
from approximately 7,800 feet on the flanks of the 
Jemez Mountains to about 6,200 feet at their eastern 
termination above the Rio Grande Canyon. 

Most Laboratory and community developments are 
confined to mesa tops. The surrounding land is largely 
undeveloped, and large tracts of land north, west, and 
south of the Laboratory site are held by the Santa Fe 
National Forest, Bureau of Land Management, 
Bandelier National Monument, General Services 
Administration, and Los Alamos County. The Pueblo 
of San Jldefonso borders the Laboratory to the east. 

The Laboratory is divided into technical areas (TAs) 
that are used for building sites, experimental areas, 
waste disposal locations, roads, and utility rights-of­
way (see Appendix C and Figure 1-2). However, these 
uses account for only a small part of the total land area. 
Most land provides buffer areas for security and safety 
and is held in reserve for future use. 

3. Geology and Hydrology 

Most of the finger-like mesas in the Los Alamos 
area (Figure 1-3) are formed from Bandelier Tuff 
which includes ash fall, ash fall pumice, and rhyolite 
tuff. The tuff is more than I ,000 feet thick in the 
western part of the plateau and thins to about 260 feet 
eastward above the Rio Grande. It was deposited as a 
result of major eruptions in the Jemez Mountains' 
volcanic center about 1.2 to 1 .6 million years ago. 

On the western part of the Pajarito Plateau, the 
Bandelier Tuff overlaps onto the Tschicoma Formation, 
which consists of older volcanics that form the Jemez 
Mountains. The tuff is underlain by the conglomerate 
of the Puye Formation in the central plateau and near 
the Rio Grande. Chino Mesa basalts interfinger with 
the conglomerate along the river. These formations 
overlie the sediments of the Santa Fe Group, which 

extend across the Rio Grande Valley and are more than 
3,300 feet thick. 

Surface water in the Los Alamos area occurs pri­
marily as short-lived or intermittent reaches of streams. 
Perennial springs on the flanks of the Jemez Mountains 
supply base flow into upper reaches of some canyons, 
but the volume is insufficient to maintain surface flows 
across the Laboratory site before they are depleted by 
evaporation, transpiration, and infiltration. 

Groundwater in the Los Alamos area occurs in three 

modes: (l) water in shallow alluvium in canyons, (2) 
perched water (a body of groundwater above a less­
permeable layer that is separated from the underlying 
main body of groundwater by an unsaturated zone), 
and (3) the main aquifer of the Los Alamos area. 

The main aquifer of the Los Alamos area is the only 
aquifer in the area capable of serving as a municipal 
water supply. Water in the main aquifer is under arte­
sian conditions under the eastern part of the Pajarito 
Plateau near the Rio Grande (Purtymun and 
Johansen 1974). The source of recharge to the aquifer is 
presently uncertain. Isotopic and chemical composition 
of some waters from wells near the Rio Grande suggest 
that the source of water underlying the eastern part of 
the Pajarito Plateau may be the Sangre de Cristo 
Mountains (Blake et al., 1995). Groundwater flow 
along the Rio Grande rift from the north is another 
possible recharge source. The main aquifer discharges 
into the Rio Grande through springs in White Rock 
Canyon. The I 1 .5-mile reach of the river in White 
Rock Canyon between Otowi Bridge and the mouth of 
Rito de los Frijoles receives an estimated 4,300 to 
5,500 acre feet annually from the aquifer. 

4. Ecology and Cultural Resources 

The Pajarito Plateau is a biologically diverse and 
archaeologically rich area. The plants and animals 
found on or near LANL property include approxi­
mately 500 plant species, 29 mammal species, 200 bird 
species, 19 reptile species, 8 amphibian species, and 
hundreds of insect species. Roughly 20 are designated 
as a threatened species, an endangered species, or a 
species of concern at the federal and/or state level. 

Approximately 68.5% of DOE land in Los Alamos 
County has been surveyed for prehistoric and historic 
cultural resources, and about 1,400 sites have been 
recorded. More than 85% of the ruins date from the 
14th and 15th centuries. Most of the sites are found in 
the pinon-juniper vegetation zone, with 80% lying 

between 5,800 and 7,100 feet in elevation. Almost 
three-quarters of all ruins are found on mesa tops. 
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Figure 1-1. Regional location of Los Alamos National Laboratory. 
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1. Environmental Programs Overview 

B. Major Environmental Programs 

1. Environmental Monitoring, Surveillance, and 
Compliance 

The Environment, Safety, and Health (ESH) 
Division is in charge of performing environmental 
measurements and activities to help ensure that 
Laboratory operations do not adversely affect public 
health or the environment and that the Laboratory 
conforms with applicable environmental regulatory 
requirements as required by DOE Orders 5400.1 (DOE 
1988) and 5400.5 (DOE 1990). 

Although the Laboratory Director has primary 
responsibility for ESH management, ESH Division 
provides line managers with assistance in preparing 
and completing environmental documentation such as 
reports required by the National Environmental Policy 
Act (NEPA) of 1969 and the federal Resource 
Conservation and Recovery Act (RCRA) and its state 
counterpart, the New Mexico Hazardous Waste Act 
(HWA), as documented in Chapter 2 of this report. 
With assistance from the Laboratory Counsel, ESH 
Division helps to define and recommend Laboratory 
policies with regard to applicable federal and state 
environmental regulations and laws and DOE orders 
and directives. The ESH Division is responsible for 
communicating environmental policies to Laboratory 
employees and for ensuring that appropriate 
environmental training programs are available. Four 
groups in ESH Division-Air Quality (ESH-17), Water 
Quality and Hydrology (ESH-18), Hazardous and Solid 
Waste (ESH-19), and Ecology (ESH-20)-initiate and 
promote Laboratory programs for environmental 
assessment and are responsible for environmental 
surveillance and regulatory compliance. 

Environmental measurements taken by these four 
groups are generally organized into two categories: 

• Off-site locations include regional and perimeter 
stations. 

Regional stations are located within the five 
counties surrounding Los Alamos County (Figure 
1-1) at distances up to 70 miles from the Labora-

tory. 

Perimeter stations are located within 2.5 miles of 
the Laboratory boundary, and many are in 
residential and community areas. 

• On-site stations are within the Laboratory 
boundary, and many are in areas accessible only 
to employees during normal working hours. 

More than 450 sampling locations are used for 
routine environmental monitoring. The general 
location of monitoring stations is presented in maps in 
the text of this report. Each year, approximately 
200,000 analyses for chemical and radiochemical 
constituents are performed on more than II ,000 
environmental samples. Samples of air particles and 
gases, water, soils, sediments, and foodstuffs are 
routinely collected at the monitoring stations and then 
analyzed. The results of these analyses help identify 
impacts of LANL operations on the environment. 
Additional samples are collected and analyzed to 
obtain information about particular events, such as 
major surface water runoff events, nonroutine releases, 
or special studies. Methods and procedures for 
acquiring, analyzing, and recording data are presented 
later in this document in Chapters 2, 3, 4, 5, and 6. 
Comprehensive information about environmental 
standards is presented in Appendix A. 

a. Air Quality. ESH-17 personnel assist 
Laboratory organizations in their efforts to comply 
with federal and state air quality regulations. ESH-17 
personnel report on the Laboratory's compliance with 
the air quality standards and regulations discussed in 
Chapter 2, including an overview of the status of 
National Emission Standards for Hazardous Air 
Pollutants (NESHAP) Federal Facility Compliance 
Agreement (FFCA). Various environmental surveil­
lance programs are conducted to evaluate the potential 
impact of Laboratory emissions on the local environ­
ment and public health. These programs include 
measuring direct penetrating radiation, meteorological 
conditions, and stack emissions and sampling for 
ambient air contaminants. Chapter 4 contains a 
detailed exploration of the methodologies and results 
of the ESH-17 air monitoring and surveillance program 
for 1996, including trends from previous years. Per­
sonnel from ESH-17 monitor meteorological condi­
tions to assess the transport of contaminants in airborne 
emissions to the environment and to aid in forecasting 
local weather conditions; Chapter 4 summarizes 
meteorological conditions during 1996 and provides a 

climatological overview of the Pajarito Plateau. 

b. Dose Assessment. ESH-17 personnel are 
responsible for the radiation dose assessment that is 
presented in Chapter 3, including the methodology and 
assessments for specific pathways to the public and the 
environment; an analysis of the potential doses to the 
public and the environment is also included in Chapters 
3, 4, 5, and 6. 
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c. Water Quality and Hydrology. Personnel 
from ESH-18 are responsible for providing environ­
mental monitoring and activities to demonstrate regu­
latory compliance and to help ensure that Laboratory 
operations do not adversely affect public health or the 
environment. 

ESH- I 8 provides technical and regulatory support 
to operating groups to achieve compliance with the 
following major state and federal regulations: Clean 
Water Act National Pollutant Discharge Elimination 
System (NPDES) outfall, storm water, spill control, 
and dredge and fill regulations; Safe Drinking Water 
Act and New Mexico Drinking Water Regulations; 
New Mexico Water Quality Control Commission 
Regulations; Federal Insecticide, Fungicide, and 
Rodenticide Act; and New Mexico Pesticide Control 
Act. Surveillance programs and activities include: 
groundwater, surface water, and sediments monitoring; 
water supply reporting for Los Alamos County; and the 
Groundwater Protection Management Program. 
Chapter 2 contains documentation on the Laboratory's 
compliance status with water quality regulations and 
includes an update of the NPDES FFCA. Chapter 5 
presents the data analyzed by ESH-18 personnel from 
surveillance monitoring. 

d. Hazardous and Solid Waste. ESH-19 
personnel provide services in developing and monitor­
i':lg permits under hazardous and solid waste rules, 
RCRAIHWA, Solid Waste Act (SWA), and letters of 
authorization for landfilling polychlorinated biphenyl 
(PCB) solids contaminated with radionuclides under 
the Toxic Substances Control Act (TSCA); providing 
technical support, regulatory interpretation, and 
Laboratory policy on hazardous, toxic, and solid waste 
issues and underground storage tank regulations to 
Laboratory customers; and documenting conditions at 

past waste sites. The Laboratory's compliance status 
with hazardous and solid waste regulations is presented 
in Chapter 2, including updates on the status of federal 

facility compliance agreements and orders on mixed 
waste and storage of radioactively contaminated PCB 
wastes. 

e. Ecology. Personnel in ESH-20 investigate 
and document biological and cullural resources within 
the Laboratory boundaries; prepare environmental 

reports, including Environmental Assessments required 
under NEPA; and monitor the environmental impact of 
Laboratory operations on soil and foodstuffs. Chapter 
2 documents the 1996 work in the areas of NEPA 

reviews and biological and archaeological reviews of 

1. Environmental Programs Overview 

proposed projects at the Laboratory. Chapter 6 
contains information on the results of the soil, 
foodstuff, and biological monitoring programs at the 
Laboratory. 

2. Overview of Environmental Quality 
Assurance Programs 

Quality is the extent to which an item or activity 
meets or exceeds requirements. Quality assurance 
(QA) includes all the planned and systematic actions 
and activities necessary to provide adequate confidence 
that a facility, structure, system, component, or process 
will perform satisfactorily. The Quality Assurance 
Support Group (ESH-14) provides support for QA 
functions at the Laboratory. ESH-14 personnel per­
form QA and quality control audits and surveillance of 
Laboratory and subcontractor activities in accordance 
with the Quality Assurance Plan (QAP) for the 
Laboratory and for specific activities, as requested. 
The Laboratory's Internal Assessment Group (AA-2) 
manages an independent environmental appraisal and 
auditing program that verifies appropriate implementa­
tion of environmental requirements. The Quality and 
Planning Program Office provides management and 
coordination of the effort to become a customer­
focused, unified Laboratory. 

Each monitoring activity sponsored by the ESH 
Division has its own QAP or operating procedure. 
These plans and procedures are unique to activities but 
are guided by the need to establish policies, require­
ments, and guidelines for the effective implementation 
of regulatory requirements and to meet the require­
ments of DOE Orders 5400. I (DOE 1988), 5400.5 
(DOE 1990), and 5700.6C (DOE I991). Each QAP 
must address the criteria for management, perform­
ance, and assessments. Monitoring activities for each 

environmental program performed by groups in ESH 
Division have been included in the current 
Environmental Monitoring Plan (EARE 1995). 

3. Waste Management Program 

Waste management activities are focused on mini­
mizing the adverse effects of radioactive wastes on the 
environment, maintaining compliance with regulations 
and permits, and ensuring that wastes are managed 

safely. The Chemical Sciences and Technology (CST) 
Division at the Laboratory had responsibility for waste 
management activities until the latter part of 1996, 
when the Environmental Management Solid Waste 

Office took over these responsibilities. 
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Wastes generated at the Laboratory are divided into 
categories based on the radioactive and chemical 
content. No high-level radioactive wastes are 
generated at the Laboratory. Major categories of waste 
managed at the Laboratory are presented below: 

Low-Level Radioactive Waste. Low-level 
radioactive waste (LLW) at the Laboratory consists of 
solid waste or wastewater contaminated with radioac­
tive materials, including plutonium, americium, 
uranium, or tritium from weapons design and test 
work; tracer and medical isotopes from scientific 
studies; mixed fission materials from nuclear energy 
work; and activation products from physics experi­
ments. (Activation products are formed when a sub­
stance is struck by protons or neutrons. The atoms of 
the original substance are converted to another element 
that is unstable and, therefore, radioactive.) 

LLW can include items such as equipment, paper, 
rags, radiation protective clothing, demolition debris 
from decontamination and decommissioning activities, 
and contaminated soils and debris from environmental 
cleanup activities. LLW managed at the Laboratory 
may require special handling and shielding to protect 
workers and the public. Most LLW generated at the 
Laboratory is disposed of on-site in pits and shafts 
designed and engineered for this purpose within 
TA-54, Area G. 

Transuranic Waste. Transuranic (TRU) waste 
consists of rags, equipment, solidified wastewater 
treatment sludge, paper, and protective clothing that 
contain radioactive elements with atomic numbers 
greater than 92 and activities greater than 100 nCi/g. 
Radioactive contaminants at the Laboratory, such as 
plutonium and americium, have long half-lives. 

Mixed Waste. Mixed waste contains LLW or 
TRU constituents mixed with nonradioactive hazardous 
waste regulated by RCRA. Low-level mixed waste 
(LLMW) at the Laboratory includes gases, liquids, and 
solids, such as gas cylinders of hydrogen with a tracer 
radioactive isotope; contaminated solvents and oils; 
spent solutions from electroplating operations; 
contaminated lead shielding; contaminated soils; or 
solid chemicals that react violently with water. Solid 
and liquid LLMW is stored on-site pending the availa­
bility of off-site DOE or commercial treatment or the 
development of technologies to treat those wastes that 
cannot be treated off-site. Currently. LANL plans to 

treat some limited quantities of newly generated 
LLMW at the generator's sites in order to reduce costs. 

No technology development is planned at this time to 
manage these wastes. 

TRU mixed wastes at the Laboratory are solids. 
The major hazardous component is solvent 
contamination or the presence of heavy metals like 
cadmium or lead. 

Hazardous Waste. Hazardous wastes are 
defined by regulations under RCRA and the HWA. 
(The State of New Mexico is authorized by the EPA to 
implement RCRA.) Hazardous wastes at the Labora­
tory include gases, liquids, and solids such as com­
pressed gas cylinders containing combustible gases; 
acids, bases, and solvents; out-of-date laboratory 
chemicals; and lead bricks. At present, no disposal 
facility for hazardous wastes exists at the Laboratory. 
However, treatability studies, research development, 
and decommissioning projects are conducted. Hazard­
ous wastes are shipped off-site for further treatment 
and disposal to facilities in accordance with RCRA/ 
HWA requirements. 

Nonhazardous Special Waste. Nonhazardous 
special waste is waste that does not fall under the tech­
nical definition of hazardous waste but still requires 
special handling. The SWA and other regulations, such 
as NESHAP, apply to some of these wastes, which 
include asbestos, infectious wastes, oils, coolants, and 
other materials that are controlled for reasons of health, 
safety, or security. 

Today, DOE and the Laboratory conduct business in 
an atmosphere of sharply declining budgets and 
increasing public scrutiny, which mandate that opera­
tions become both more cost effective and environmen­
tally sensitive. Incorporation of waste minimization 
methodologies into the daily conduct of operations can 
provide significant returns by avoiding waste manage­
ment costs, both for the waste generating programs and 
the Laboratory Waste Management (WM) Program, as 
well as increases in employee productivity. Pollution 
prevention is an essential element of the LANL WM 
Program. 

The Laboratory's Environmental Stewardship Office 
coordinates the integrated Laboratory pollution preven­
tion program. Specific reductions in the generation 
rates of wastes and the amount of source material 
reduction and recycling are provided in Chapter 
2.B.I.g. Other waste management activities that 
reduced waste generation include the following: 

• continuation of financial incentives for waste 
reduction and innovative pollution prevention 
ideas, 
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• development of databases and automated proce­

dures for purchases that could minimize waste or 
use recycled materials, and 

• provision of pollution prevention expertise to 
Laboratory organizations in construction projects, 
site remediation, and decontamination and 
decommissioning projects. 

The following list includes specific Laboratory 
research and development of new pollution prevention 
technologies in 1996: 

• The Laboratory experimented with water soluble 
polymers that can extract metals from solution, 
and separate metal-laden polymers from the rest 
of the solution by ultrafilration for metal recycle 
and polymer reuse. The Laboratory is exploring 
the use of these polymers in various processes, 
including extracting radioactive metals like 
americium and plutonium from nuclear power 
reactor cooling water, extracting mercury from 
decontamination and decommissioning waste, 
extracting metals from mining and mineral 
processing wastes, extracting silver from photo­
graphic waste, and extracting metals from 
electroplating wastewaters. 

• The Laboratory teamed with an industrial partner 

to develop small, portable, high-temperature 
superconducting systems in magnetic separators 
that can allow for the remediation of actinide­
contaminated soils and liquids generated at 
facilities throughout the DOE complex. This 
technology reduces the amount of secondary 
waste generated by allowing the soils to be 
treated on-site. 

• The Laboratory used a nonthermal plasma to 
successfully break down volatile organic 
compounds. The technology breaks down 
organic compounds into nonhazardous 
substances, such as carbon dioxide, water, and 
acids that can be neutralized. Many commonly 
used conventional waste treatment methods, such 
as incineration or carbon filtration, create 
secondary waste streams that are often as difficult 
to treat as the original contamination. 

• The Laboratory developed a noninvasive chemical 
concentration analyzer to determine the concen­
trations of chemicals contained inside a pipe or 
small tank by using Fourier transform analysis of 
high-frequency acoustic signals from ultrasonic 

1. Environmental Programs Overview 

sensors. This noninvasive analysis technique 
greatly reduces worker risk, eliminates the need 
for sample preparation, and avoids secondary 
waste generation. 

• The Laboratory is participating in a team effort to 
develop plasma source ion implantation. This 
technology has the potential to extend the useful 
life of manufacturing tools, such as draw dies for 
injection molding, metal punches, and stamping 
dies. 

4. Environmental Restoration Project 

The Environmental Restoration (ER) Project within 
the DOE Office of Environmental Management is 
responsible for assessing, cleaning up, decontaminat­
ing, and decommissioning sites at DOE facilities and 
sites formerly used by DOE. The objectives of the ER 
Project at the Laboratory meet the goals of environ­
mental management and augment the Laboratory's 
environmental surveillance program by identifying and 
characterizing potential threats to human health and the 
environment from past Laboratory operations and by 
mitigating those threats through corrective actions that 
comply with applicable environmental regulations. 
The project is also responsible for decontaminating and 
decommissioning surplus facilities at the Laboratory. 
Corrective actions may include source containment to 
prevent contaminant migration, controls on future land 
use, and excavation and/or treatment of the source to 
remove or, at a minimum, reduce chemical and/or 
radiological hazards to acceptable human health and 
environmental levels. 

The ER Project at the Laboratory responds to two 
primary laws: RCRA, which is the statutory basis for 
the ER Project at the Laboratory, and the Comprehen­
sive Environmental Response, Compensation, and 
Liability Act, which offers a reference for remediating 
sites at the Laboratory that contain certain hazardous 
substances not covered by RCRA. The Hazardous and 
Solid Waste Amendments (HSWA) to RCRA mandate 

that certain facilities, including the Laboratory, that 
store, treat, and dispose of hazardous wastes operate 
under a formal permit system. The corrective action 
provisions of the RCRA permit are contained in 
Module VIII of the Laboratory's Hazardous Waste 
Permit. The Environmental Protection Agency and the 
New Mexico Environment Department (NMED) 
regulate the Laboratory's corrective action program 
under RCRA. The DOE has oversight for those sites 
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1. Environmental Programs Overview 

not subject to RCRA and for the decommissioning 
program. 

A summary of ER Project activities completed in 
1996 is presented in Section 2.B.l.i of this report. 

C. Community Involvement 

The Laboratory continues to encourage public 
access to information about environmental conditions 
and the environmental impact of operations at the 
Laboratory. Although the Community Involvement 
Office (CIO) has a responsibility to help coordinate 
activities between the Laboratory and northern New 

Mexico, many organizations at the Laboratory are 
active in working with the public. Frequently, the 
subject of these interactions are related to environ­
mental issues because of concerns regarding the 
Laboratory's potential impact on local safety, health, 
and the environment. 

Some examples of how the Laboratory distributes 
and makes environmental information available to the 
public are listed below: 

Public Meetings 
DOE is required to have public meetings and 

comment periods when it undertakes an activity that 
could have a significant impact on the environment. It 
is the Laboratory's responsibility to assist DOE in 
activities that relate to the LANL site. During 1996, 
the Laboratory assisted DOE in its work on the Site­
Wide Environmental Impact Statement, on meetings on 
Transportation and Hazardous Materials Response, and 
on a meeting for Highly Enriched Uranium 
Vulnerability Assessment. Additionally, the 
Laboratory held other meetings as appropriate to 
address the publics' environmental concerns. 

Outreach Centers 
CJO opened an outreach center in Espanola in April 

1996. The new center complements the two other 
outreach centers located in Los Alamos and Taos. 
These centers are prime repositories for environmental 
information. During 1996, the centers jointly served 
an average of 250 visitors a month, many of whom 
were interested in obtaining information about the 
environmental impact of Laboratory operations. 

Speakers Bureau and Tours 
Laboratory personnel make presentations to a 

variety of audiences on a variety of topics including 
environmental restoration, waste management, and 
human health. During 1996, approximately 1 ,000 
citizens heard presentations on environmental topics. 

which were arranged by the Speakers Bureau. The CIO 
also helps coordinate tours of environmental interest. 

Tribal Interactions 
In 1996, the Laboratory signed a tribal cooperative 

agreement with Santa Clara Pueblo. Similar to the 
three agreements previously signed with Cochiti 
Pueblo, Jemez Pueblo, and the Pueblo of San lldefonso 
the Santa Clara agreement describes the Laboratory's 
intent to work with the Pueblos on environment, safety, 
and health issues, including providing help in 
evaluating potential impacts and providing technical 
expertise to the Pueblos. 

Bradbury Science Museum 

, 

Because many of the Laboratory's facilities are 
closed to the public, the Bradbury Science Museum 
provides a way for the public to learn about the kinds of 
work the Laboratory does, whether it is tracking the 
path taken by an earth-orbiting satellite or investigating 
possible options for disposing of the plutonium taken 
from dismantled nuclear weapons. In 1996, the 
museum hosted more than 114,000 visitors. 

The World Wide Web 
In response to the ever-growing interest in using 

electronic communications media, the Laboratory has 
made information available on the World Wide Web. 
Pages are available to the community through http:// 
www.lanl.gov/Public/Community!Welcome.html or 
through http://www.lanl.gov!community/, a page 
maintained by CIO. Search engines for Laboratory 
environmental information (as well as for other topics) 
are available through http://wwwllanl.gov/searchesl. 

Inquiries 
In 1996, CIO-with the assistance of a wide variety 

of Laboratory organizations-responded to 351 public 
inquiries, many of which had an environmental theme. 
These inquiries came to CIO by letter, phone, fax, 
e-mail, and personal visits. Addresses and phone/fax 
numbers for the various CIO facilities are listed below: 

Community Involvement & Outreach Office 
Los Alamos National Laboratory 
P. 0. Box 1663, Mail StopA117 
Los Alamos, NM 87545 

Phone: (505) 665-4400 or 1-800-508-4400; 
Fax: (505) 665-4411 
cio@Ianl.gov 

Espanola Outreach Center 
1002 N. Onate 
Espanola, NM 87532 
Phone: (SOS) 753-3682; Fax: (505) 753-4679 
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Los Alamos Outreach Center 
1350 Central, Suite 101 
Los Alamos, NM 87544 

Phone: (505) 665-2127 or 1-800-985-7232; 
Fax: (505) 667-3111 

Taos Outreach Center 
630 Paseo del Pueblo Sur 
Taos, NM 87571 

Phone: (505) 751-3405; Fax: (505) 751-7150 

Bradbury Science Museum 
1350 Central Avenue 
Los Alamos, NM 87544 

Phone: (505) 667-4444; Fax: (505) 665-6932 

D. Assessment Programs 

1. Overview of University of California/ 
Department of Energy Performance Assessment 
Program 

During 1996, the Laboratory was evaluated by the 
University of California and DOE based on mutually 
negotiated perfonnance measures. The perfonnance 
measure rating periods are from July to June. The 
environmental components of these perfonnance 
measures include the following categories: 

• radiation protection of workers; 

• radiation protection of the public; 

• release incidents; 

• toxic chemical releases; 

• permit exceedances; 

• environmental violations, fines, and penalties; 

• status of regulatory commitments and milestones; 
and 

• waste minimization and pollution prevention. 

Specific infonnation on the categories and the 
assessment scoring can be obtained on the World Wide 
Web at http://labs.ucop.edu/library.html. 

2. Department of Energy Audits and 
Assessments 

The DOE Headquarters and Albuquerque 
Operations Office conducted three appraisals of the 
ESH Division environmental programs during 1996. 

The DOE Office of Oversight, Environment, Safety, 
and Health, prepared a "Profile of Los Alamos 

1. Environmental Programs Overview 

National Laboratory" following an on-site compre­
hensive inspection appraisal that was conducted 
September 30 to October 11, 1996. The purpose of 
this evaluation was to detennine how effectively DOE 
and Laboratory line management have implemented 
safety management and environment, safety, and health 
programs. Numerous aspects of ESH were evaluated, 
including portions of the environmental programs. The 
environmental programs covered by external 
regulations were detennined to be effective. The 
Laboratory's profile can be accessed through the World 
Wide Web at http://WWW.tis.eh.doe.gov/web/eh2/ 
profiles/prof-lansp. html. . 

The second assessment was the Independent Air 
Quality Compliance appraisal that was conducted 
October 30 to November I, 1996. This assessment was 
specifically required by the NESHAP FFCA. The 
scope of the assessment included the program manage­
ment used by ESH-17 for the Radioactive NESHAP 
FFCA. There were no findings, but the report did 
make eight recommendations, including roles and 
responsibilities of LANL-wide management toward the 
FFCA; complexity, reviews, and training of operating 
procedures; compliance with Laboratory standards; and 
a regulatory and public communications program. 

The DOE Albuquerque Field Office prepares an 
annual update to the Pilot Assessment Matrix, DOE 
Albuquerque's overall evaluation ofLANL ESH 
performance. The DOE Pilot Assessment Report can be 
obtained through the World Wide Web at http:// 
sw2aa.lanl.govlpocs/verbage.htm#2. Additional 

infonnation on DOE audits and assessments of LANL 
ESH programs is found through the DOE Home Page 
on the World Wide Web. 

3. Cooperative and Independent Monitoring 

DOE and the Laboratory have signed agreements 
with the State of New Mexico and four surrounding 
Pueblos that enable independent environmental 
monitoring at and near the Laboratory. The main 
agreements are the following: 

• Agreement-In-Principle between DOE and the 
State of New Mexico. 

• Accords between the individual Pueblos of San 
Ildefonso, Cochiti, Jemez, and Santa Clara and 
DOE. 

• Cooperative Agreements between the individual 
Pueblos of San Ildefonso, Cochiti, Jemez, and 
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Santa Clara and the University of California, as 
operator of the Los Alamos National Laboratory. 

The main purposes of these agreements are to build 

more open and participatory relationships, to improve 
communications, and to cooperate on issues of mutual 
concern. For monitoring, the agreements have allowed 
access to monitoring locations and encouraged 
cooperative sampling activities. Improved data sharing 
and communications on technical subjects are 
occurring. The agreements also provide frameworks 
for grant support that allow development of 
independent monitoring programs such as that of the 
NMED's DOE Oversight Bureau (see Section 2.C.2 for 
more information). NMED regularly holds public 
meetings and publishes reports on their independent 
assessments of environmental quality at LANL. 
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2. Compliance Summary 

primary authors: 
Gian Bacigalupa, Bob Beers, Jeff Carmichael, Jean Dewart, Craig F.· Eberhart, Roger Ferenbaugh, 

Timothy Haarmann, David Jardine, Julie Johnston, Beverly Larson, Karen Lyncoln, Leland R. Maez, 
Linda K. Malinauskas, Suzanne Moore-Mayne, Mary Mullen, David Rogers, 

Michael Sa/aden, Paul Schumann, Pat Shanley, Holly Wheeler-Benson 

Highlights from 1996 

Los Alamos National Laboratory (LANL or the Laboratory) staff had frequent interactions during 1996 with 
regulatory personnel regarding Resource Conservation and Recovery Act and New Mexico Hazardous Waste Act 
requirements and compliance activities. On October 4, 1995, the State of New Mexico issued the Federal Facility 
Compliance Order to both the Department of Energy (DOE) and the University of California requiring compliance 
with the Site Treatment Plan. This terminated the Federal Facility Compliance Agreement for the storage of mixed 
waste generated at the Laboratory that had previously been in effect. 

Laboratory operations were in compliance with all federal and state nonradiological air quality requirements. 
Radioactive emissions generated at the Laboratory during 1996 were in compliance with the Environmental 
Protection Agency's (EPA's) effective dose equivalent ( EDE) limitation of less than 10 mremlyr to members of the 
public from airborne emissions. The EDE is calculated to be 1.93 mrem using EPA-approved methods. During 
1996, the terms of the National Emission Standards/or Hazardous Air Pollutants (NESHAP) Federal Facility 
Compliance Agreement were met, and full compliance with the radionuclide NESHAP was achieved at LANL. In 
April I996, the US District Court for the District of New Mexico issued a partial summary judgment against DOE 
and the Laboratory Director and directed them to attempt to reach an agreement with> the Concerned Citizens for 
Nuclear Safety concerning their lawsuit filed under the Clean Air Act. 

In 1996, the Laboratory was in compliance with its on-site liquid discharge requirements in 98.8% of the 
samples from its sanitary effluent outfalls and in 97.9% of the samples from its industrial effluent outfalls. 
Concentrations of chemical, microbiological, and radioactive constituents in the drinking water distribution system 
r.emained within federal and state drinking water supply standards. 

All applicable Laboratory projects were reviewed for compliance with the National Environmental Policy Act 
(NEPA). Laboratory staff reviewed 272 proposed projects and in 1996 sent 42 DOE Environmental Checklists and 
122 NEPA Review Forms to DOE. In addition, Laboratory archaeologists evaluated 947 proposed actions for 
possible effects on cultural resources, which required 31 intensive field surveys. Laboratory biologists reviewed 
more than 500 proposed actions for potential impacts to threatened and endangered species; over 80 of the actions 
required additional study. 
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2. Compliance Summary 

A. Introduction 

Many activities and operations at Los Alamos 
National Laboratory (LANL or the Laboratory) involve 
or produce liquids, solids, and gases that contain 
radioactive and/or nonradioactive hazardous materials. 
Laboratory policy implements Department of Energy 
(DOE) requirements by directing its employees to 
protect the environment and meet compliance require­
ments of applicable federal and state environmental 
protection regulations. 

Federal and state environmental laws address han­
dling, transport, release, and disposal of contaminants, 
pollutants, and wastes, as well as protection of ecologi­
cal, archaeological, historic, atmospheric, soil, and 
water resources. Regulations provide specific require­
ments and standards to ensure maintenance of environ­
mental qualities. The Environmental Protection 
Agency (EPA) and the New Mexico Environment 
Department (NMED) are the principal administrative 
authorities for these laws. DOE and its contractors are 
also subject to DOE-administered requirements 
regarding control of radionuclides. The environmental 
permits issued by these organizations and the specific 
operations and/or sites affected are presented in 
Table 2-1. 

B. Compliance Status 

1. Resource Conservation and Recovery Act 

a. Introduction. The Laboratory produces a 
wide variety of hazardous wastes, most of which are 
produced in small quantities relative to industrial 
facilities of comparable size. The Resource 
Conservation and Recovery Act (RCRA), as amended 
by the Hazardous and Solid Waste Amendments 
(HSWA) of 1984, creates a comprehensive program to 
regulate hazardous wastes, from generation to ultimate 
disposal. The HSWA emphasize reducing the volume 
and toxicity of hazardous waste. Regulation 40 Code 
of Federal Regulations [CFR] 268 requires treatment of 
hazardous waste before land disposal. 

EPA or an authorized state issues RCRA permits to 
specifically regulate the storage, treatment, or disposal 
of hazardous waste and the hazardous component of 
radioactive mixed waste that is stored, treated, or 
disposed of on-site. A RCRA Part A permit 
application identifies (I) facility location, (2) owner 

and operator, (3) hazardous or mixed wastes to be 
managed, and (4) hazardous waste management 
methods and units. A facility that has submitted a 
RCRA Part A pennit application for an existing unit is 

allowed to manage hazardous or mixed wastes under 
transitional regulations known as the Interim Status 
Requirements pending issuance (or denial) of a RCRA 
Hazardous Waste Facility Permit. (Note: The term 
unit as it is used in this section refers to RCRA hazard­
ous waste management areas). The RCRA Part B 
permit application consists of a detailed narrative 
description of all facilities and procedures related to 
hazardous or mixed waste management. The DOE and 
the University of California (UC) were issued a 
Hazardous Waste Facility Permit on November 8, 
1989, from the State of New Mexico. 

The operations at technical areas (TA) 50, 54, and 
16, which are included in the RCRA Hazardous Waste 
Facility Permit, are due to be renewed. The 10-year 
permit expires in November 1999, and the Laboratory 
must submit the application for renewal six months in 
advance. Work on the renewal application will begin 
during fiscal year (FY) 1998. 

The Hazardous and Solid Waste Group (ESH-19) 
submitted permit applications during 1996 to support 
compliance-related activities, to continue converting 
existing mixed waste management units to RCRA­
permitted status, and to obtain new unit pennits for 
ongoing project expansions. ESH-19 submitted permit 
applications and modifications to NMED using the 
permitting approach proposed in 1995 under which 
NMED intends to issue permits for the individual TAs 
where hazardous or mixed waste management 
activities are conducted. 

LANL proposed that this process could be facil­
itated by the availability of a LANL General Part B 
Information submittal, subject to approval by NMED. 
The General Part B contains facility-wide information 
and procedures such as the contingency plan, training 
plan, and inspection plan. Its purpose is to provide 
common references for Laboratory documents that can 
be incorporated into permit modification packages 
without requiring repetitive NMED reviews. A 
proposed General Part B application was submitted to 
the Hazardous and Radioactive Materials Bureau of 
NMED in August 1996. 

The Laboratory made progress on permit modifica­
tions necessary to meet compliance conditions in 1996. 
ESH-19 submitted an application to NMED for the 
retrieval of mixed transuranic (TRU) waste at TA-54, 
Area G, Pads 1, 2, and 4, and for related storage at 
Domes 229. 230, 231, and 232 pursuant to the 

December 10, 1993, Consent Agreement for Com­
pliance Orders New Mexico Hazardous Waste Act 
(HWA) 93-01, 93-02, 93-03, and 93-04. This applica­
tion was reviewed by NMED with subsequent infor-
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Table 2-1. Environmental Permits or Approvals under which the Laboratory Operated in 1996 (Cont.) 

Category/ Agency Approved Activity 

Open Burning (20 NMACg 2.60) Burning of jet fuel and wood for 
ordance testing, TA-ll 

Open Burning (20 NMAC 2.60) Burning of HE-contaminatedh 
materials, TA-14 

·Open Burning (20 NMAC 2.60) Burning of HE-contaminated 
materials, TA-16 

Open Burning (20 NMAC 2.60) Burning of scrap wood from 
experiments, TA-36 

Open Burning (20 NMAC 2.60) Fuel Fire Burn-Propane 
TA-16, Site 1409 

Open Burning (20 NMAC 2.60) Prescribed Open Burning 
TA-15, TA-16 

Open Burning (20 NMAC 2.60) Burning of HE-contaminated 
Materials, TA-31 

aToxic Substances Control Act. 
bNational Pollutant Discharge Elimination System. 
cPermit administratively extended. 
dNew Mexico Oil Conservation Division. 

- - - - - - - -

Issue Date Expiration Date 

September 22, 1995 September 22, 1996 
October 2, 1996 January 31, 1997 

January 9, 1996 December 20, 1996 

April4, 1996 May 10, 1997 

October 22, 1996 April 3, 1997 
November 1995 April 1996 

October 3, 1996 April 3, 1997 

October 3, 1996 December 31, 1996 

August I 0, 1995 August 10, 1996 

esanitaryWastewater System Consolidation. 
fNational Emission Standards for Hazardous Air Pollutants. 
gNew Mexico Administrative Code. 
hHigh explosive. 

- - - - - -

Administering 

NMED 
NMED 

NMED 

NMED 

NMED 
NMED 

NMED 

NMED 

NMED 
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mation requests. A suggested text revision package 
was sent to NMED in January 1996. LANL had not 
received an approval response by the end of 1996. 
Temporary waste storage areas for waste character­
ization activities in support of this project also went 
through this process in 1996. A new permit application 
was submitted in December 1996 for theTA-50 
Radioactive Materials Research, Operations, and 
Demonstration Facility, a similar temporary storage 
area for a waste characterization project. A permit 
modification to allow mixed waste treatment residuals 
for wastes generated at LANL to be allowed back onto 
the LANL facility, if necessary for treatment, was 
submitted to NMED in November 1996 to support Site 
Treatment Plan (STP) requirements. 

The Laboratory submitted permit modifications to 
NMED for existing hazardous and mixed waste 
management facilities. These included permit applica­
tions for theTA-55, Buildings 4 and 185 container 
storage areas and the TA-55-4 Cementation Unit sub­
mitted in June 1996, and for TA-14, 15, 36, and 39 
Thermal Treatment Units, submitted in September 
1996. A permit application for two mixed waste 
container storage areas in TA-3, Building 29, was also 
prepared in 1996. 

One new RCRA Research, Development, and 
Demonstration permit application was submitted for 
NMED review. The application was for the proposed 
LANL Electrochemical Treatment Unit and was 
submitted September 6, 1996. The research objective 
of the work to be conducted under this permit was to 
experimentally define waste streams amenable for an 

electrochemical treatment process developed at LANL, 
to determine treatment conditions for these waste 
streams, and to assess the feasibility of processing 
batch waste quantities larger than allowed under 
RCRA treatability studies. 

NMED requested a revision for TRU mixed waste 
characterization to the LANL hazardous waste analysis 
plan as a condition for approval of the Transuranic 
Waste Inspectable Storage Project (TWISP). The 
revised TRU mixed waste analysis plan was submitted 
to NMED on March 31, 1995. NMED issued a notice 
of deficiency (NOD) on May 24, 1996, requesting 
more information on specific waste characterization 
and certification procedures, which were provided by 

the Laboratory on July 12, .I 996. 

b. Resource Conservation and Recovery Act 

Closure Activities. Closure plans for three units were 
reviewed by NMED and implemented by LANL in 
1996. A closure plan for an indoor and outdoor 
container storage area at TA-21, Building 61, was 

2. Compliance Summary 

submitted to NMED in March 1996. Requests for 
further information were received from NMED for the 
closure of theTA-55 Oxygen Sparging Unit in May 
1996, and theTA-50 Controlled Air Incinerator 
Closure Plan submitted in 1995 was approved by 
NMED on July I, 1996. 

In cooperation with NMED, an effort was initiated 
in 1996 to formally withdraw or delete waste manage­
ment units that had been identified as such to NMED 
in previous years but had not operated as regulated 
units or actually been built. These submittals included 
withdrawals for several RCRA Research, Develop­
ment, and Demonstration permits, the proposed TA-63 
Hazardous Waste Treatment Facility, Chemical Plating 
Waste Treatment Skid, and theTA-53 south 
impoundment. 

Several solid waste management units (SWMUs) 
are subject to both the HSWA Module VIII corrective 
action requirements and the closure provisions of 
RCRA. The corrective action process occurs concur­
rently with the closure process, thereby satisfying both 
sets of regulations. NMED is the lead regulatory 
agency for these sites. The history of RCRA closures is 
presented in previous environmental surveillance 
reports. The 1996 status of these sites is given below. 

• TA-35 surface impoundments-An amended 
closure plan was approved by NMED on Septem­
ber 19, 1996. The Laboratory completed Phase VI 
verification sampling at TA-35 TSL-85 during 
July 1996. LANL submitted an amended closure 
certification report to NMED on September 30, 

1996. 

• TA-16, landfill at MDA-P-LANL received an 

NOD from NMED on March 28, 1996. LANL 
responded to the NMED on May 9, 1996. NMED 
had not approved the closure plan by the end of 
1996. 

• TA-53 surface impoundments-NMED notified 
LANL on July 18, 1996, that LANL must submit 
a Part B Application for theTA-53 RCRA 
Hazardous Waste Facility Permit or a closure plan 
application for closure under interim status. 
Discussions with NMED indicated that theTA-53 
south surface impoundment may be r•!moved 

from RCRA regulation because there is no 
evidence that the site ever received RCRA­
regulated waste. 

On April 22, 1996, NMED sent an NOD to 
LANL on remaining deficiencies for the north 
surface impoundments. ESH-19 requested an 
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2. Compliance Summary 

extension of the deadline for responding to the 
NOD until the land use/exposure scenario issue 
has'been resolved with NMED, which was 

granted. The land use/exposure issue was still 
open as of the end of 1996. 

c. Other Resource Conservation and 
Recovery Act Activities. TA-54, AreaL, located on 
Mesita del Buey, was used for disposal of hazardous 
waste before the time such disposal became regulated 
under RCRA and HWA. TA-54, AreaL is now used 
for storage of hazardous waste and some mixed waste. 
Area G, TA-54 is currently being used for storage of 
mixed wastes. Information on a groundwater moni­
toring waiver for both Areas L and G was submitted to 
NMED. Following the subsequent denial of this 
waiver, the Hydrogeologic Workplan was submitted to 
NMED to address Laboratory-wide groundwater con­
cerns (see Section 2.B.I O.a for more information on 
the workplan). Vadose zone monitoring is being 
conducted throughout Areas L and G to determine the 
extent of any releases from the disposal units. This 
type of monitoring is used to detect the presence of 
organic vapor in the vadose zone. 

In 1996, EPA adopted new standards, under the 
authority of RCRA, as amended, and commonly called 
"Subpart CC" standards. These standards apply to air 
emissions from certain tanks, containers, less-than-
90-day storage facilities, and surface impoundments 
used to manage hazardous waste capable of releasing 
volatile organic compounds (VOCs) at levels that can 
harm human health and the environment. LANL is 
developing implementation plans to address these new 
standards. 

d. Resource Conservation and Recovery Act 
Compliance Inspection. NMED conducted its annual 
hazardous waste compliance inspection June I 0 to 13, 
1996 (Table 2-2). NMED inspectors visited hazardous 
and mixed waste satellite accumulation areas, Iess­
than-90 day storage areas, and permitted and interim 
status storage and treatment facilities located through­
out the Laboratory. On July II, 1996, NMED sent 
DOE a Letter of Violation, an informal enforcement 
action, citing four violations that needed to be correct-

ed. Those violations were satisfactorily addressed, and 
the inspection was closed out on August 15, 1996. No 
fines or penalties were assessed. In addition, LANL 
received a letter from the NMED Director noting 
LANL's improvement in hazardous waste regulatory 
compliance observed during the 1996 inspection. 

e. Underground Storage Tanks. The Labora­
tory's underground storage tanks (USTs) are regulated 
under the New Mexico Administrative Code, Title 20, 

Chapter 5 (20 NMAC 5). At the end of calendar year 
(CY) 96, the Laboratory had 13 USTs in use. The 
Laboratory will close 12 of those 13 USTs by the end 

ofCY98. 
One UST was removed in CY96. UST TA-18-26 

was discovered during the installation of a new natural 
gas line at TA-18. Best information indicates that the 
UST was used from 1946 to about June 1950, and was 
abandoned in place when the emergency generator that 
this UST supplied diesel fuel to was taken out of 
operation. The UST was removed on July 3, 1996. 
Upon removal, the UST was found to have leaked or 
been overfilled. LANL initiated a corrective action 
investigation and determined the extent of the diesel 
fuel contamination. LANL has determined that there 
has been no significant impact on the environment 
from the diesel fuel release. No highly contaminated 
soils were encountered during the subsurface 
investigation. 

The Laboratory completed its investigation of the 
extent of contamination caused by UST TA-16-196, 
which was removed in 1987 (ESP 1996). This UST 
formerly held 4,000 gal. of leaded gasoline. Upon 
removal, it was observed that the UST was extensively 
corroded and leaking. Remediation actions involved 
the removal of several truckloads of contaminated soil 
from the site, but removal of all the soil containing 
lower levels of contamination was not completed. 
There has been no risk to the public because of this 
contaminated soil. 

NMED did not conduct a UST inspection during 
1996. 

f. Solid Waste Disposal. The Laboratory has a 
commerciaUspecial waste landfill located at TA-54, 
Area J, that is subject to New Mexico Solid Waste Act 
(SWA) regulations. In CY96, LANL/DOE completed 
the required Solid Waste Facility annual report for the 
previous year (CY95). In CY96, theTA-54, Area J 
landfill received and disposed 166 yd3 of solid waste. 
Approximately 626 yd3 of nonradioactive asbestos 
waste were shipped off-site from this facility to 
approved disposal sites. On October I 0, 1 ?96, th~ 
NMED Solid Waste Bureau conducted an •nspect1on at 

the Laboratory's TA-54, Area J, special waste landfill. 
No violations of the New Mexico Solid Waste Manage­
ment Regulations were found during the inspection. 

Radioactive asbestos and asbestos suspected of being 
contaminated with radioactive material continue to be 
disposed in a monofill-constructed disposal cell (a cell 
that receives only one type of waste) at TA-54, Area G. 

LANL also disposes of sanitary solid waste (trash), 
concrete/rubble, and construction and demolition 
debris at the Los Alamos County landfill on East Jemez 
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2. Compliance Summary 

Table 2-2. EnYironmental Inspections and Audits Conducted at the Laboratory in 1996 

Date Purpose Performing Agency 

February 21, 1996 PM-2 Discharge NMED/ AJP• 
February 22, 1996 Otowi-4 Startup NMED/AIP 
March 14, 1996 Sandia Canyon Pipeline Crossing NMED/AIP 
April 26, 1996 Asbestos NMED 
May 17, 1996 DP Canyon NMED/AIP 
May 17, 1996 TA-9, Area M NMED/AIP 
May 22, 1996 Sanitary Survey of Drinking Water System NMED 
June 10-13, 1996 Hazardous Waste Facility Compliance NMED 
June 28, 1996 Waste Stream Characterization Program EPA 
July 2, 1996 TA-9, Area M NMED/AIP 
July 9, 1996 General Open Bum NMED 
July 15, 1996 Liquid Release Notifications NMED/AIP 
July 24, 1996 TA-15 Road Crossing NMED/AIP 
August 19, 1996 DOE Audit DOE/Headquarters 
September 16-17, 1996 Performance Audit Review (NPDES) EPA 
September 19, 1996 Road Crossing NMED 
October I 0, 1996 T A-54, Area J, Special Waste Landfill NMED 
October 22, 1996 Beryllium Machining NMED 
October 30, 1996 Solvent Bum NMED 
November I, 1996 Rad/NESHAP Management Effectiveness NAU-CET-ITEPb 
November 20, 1996 Prescribed Bum NMED 

8New Mexico Environment Department/Agreement in Principle: the DOE Oversight Bureau. 
bNorthem Arizona University College of Engineering & Technology Institute of Tribal Environmental 
Professionals. 

Road, which is DOE property that is operated by Los 
Alamos County under a special use permit. Los 
Alamos County has day-to-day operating responsibility 
for this landfill and is responsible for obtaining all 
related permits for this activity from the state. LANL 

All hazardous waste must be handled in ways that 
minimize the present and future threat to human health 
and the environment. The act promotes process 
substitution; materials recovery, recycling, and reuse; 
and treatment as alternatives to land disposal of 

contributed II% (2,263 tons) of the total volume of 
trash landfilled at this site during CY96, with the 
remainder contributed by Los Alamos County and the 
City of Espanola. LANL also sent 3,502 tons of 
concrete/rubble, 802 tons of construction and demoli­
tion debris, 145 tons of brush for composting, and 49 
tons of metal for recycling. 

g. Waste Minimization. In order to comply 
with the HSWA Module of the RCRA, RCRA Subtitle 
A, Superfund Amendments and Reauthorization Act 
(SARA) Subtitle 313, DOE Order 5400.1 and other 
regulations, the Laboratory must have a waste 
minimization and pollution prevention program. 

Section 1003 of the Waste Disposal Act cites the 
minimization of the generation and land disposal of 
hazardous wastes as a national objective and policy. 

hazardous waste. 
The amounts of routine, nonroutine, and total 

RCRA-hazardous and mixed low-level wastes 
generated by Laboratory operations during CY93, 
CY94, CY95, and CY96 are provided in Table 2-3. 

Routine/normal waste generated at LANL includes 
those activities that occur regularly that generate a 
waste stream of a predictable quantity and characteri­
zation. Routine activities constitute the waste genera­
tion baseline that can be trended over an extended time 
period, provided the mission of the area did not change 
to the extent that it altered the waste-generating 
activities. 

Nonroutine/off-normal waste generation at LANL 

can be identified as those waste-generating activities 
that occur on an unscheduled basis and/or that produce 
a waste stream of unpredictable quantity and/or charac-
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2. Compliance Summary 

terization. Because of the unpredictable schedule and/ 
or characterization of the waste, waste generated from 
nonroutine/off-normal activities cannot be trended over 
an extended time period. 

As evidenced in Table 2-3, LANL's generation of 
routine RCRA-hazardous wastes and mixed low-level 
wastes continue a downward trend. Nonroutine waste 
generation has generally increased for both waste types 
from the baseline year 1993, largely because of the 
increase in environmental restoration/decontamination 
and decommissioning activities occurring at LANL. 
Increased total mixed low-level waste generation in 
1995 can also be explained by the moratorium on 
mixed low-level waste generation from May 8, 1992, to 
March 15, 1994. A full description of the moratorium 
is found in "Environmental Surveillance at Los Alamos 
during 1993" (ESP 1995). 

In CY96, source reduction and recycling activities 
reduced the following amounts of waste: 

Clean Air Act (chlorofluorocarbons) 
TRU waste: 
Mixed TRU waste: 
Low-level waste: 
Mixed low-level waste: 
RCRA-hazardous waste (chemicals, 

lead, lead acid batteries, 
solvents, etc.): 

Sanitary waste (paper, phone books, 
construction materials, 
rubble, electric cable, etc.): 

State-regulated waste (batteries, 
used tires, waste oil, etc. -
not regulated by RCRA): 

Toxic Substances Control Act 
(TSCA) waste: 

265lb 
138.4 m3 

1.0 m3 

3,127.79 m3 

29.04 m3 

12,347,250 lb 

18,459,929 lb 

267,841 lb 

6,990 lb 

h. Resource Conservation and Recovery Act 
Training. The RCRA training program, as described 
in the RCRA Hazardous Waste Facility Permit, is 
complete and only experienced minor modifications 
and revisions in 1996 to reflect regulatory, organiza­
tional, and/or programmatic changes. 

During 1996, 87 workers completed RCRA Person­
nel Training, 249 workers completed RCRA Refresher 
Training, and 539 workers completed Waste Genera­
tion Overview. RCRA Refresher Training for treat­
ment, storage, and disposal workers and for less-than-
90-day-storage workers had previously been incorpor­
ated into Hazardous Waste Operations (HAZWOPER) 
Refresher Training. Of the 249 workers who required 
RCRA Refresher Training during 1996, approximately 
195 met this requirement through completing the 
combined course. 

The following RCRA courses were developed or 
revised by the Environment, Safety, and Health 
Training Group (ESH-13) during 1996: 

Environmental Issues for Managers (self-study) 

Environmental Regulations Overview (self-study) 

Pollution Prevention Overview (self-study) 

RCRA Refresher Training 

HAZWOPER: Refresher for Environmental 
Restoration Workers 

HAZWOPER: Refresher for Treatment, Storage, and 
Disposal Workers 

HMPT: Hazardous Materials Packaging and 
Transportation 

The Radiological Controlled Area Waste 
Requirements course was developed and delivered to 
168 workers, in response to a new Laboratory program 

Table 2-3. Waste Generated by Laboratory Operations CY93-CY96 

Routine 

Nonroutine 

19938 

151,472 

33,111 

RCRA-hazardous (lb) 

1996 

56,595 58,615 100,683 

327,582 2,494,231 I ,965,544 

Mixed low-level (m3) 

19938 19948 19958 1996 

12.32 

11.75 

5.83 7.27 6.82 

65.07 79.58 58.19 

Total 184,583 428,265 2,550,826 2,024,160 24.07 70.9 86.85 65.01 
0More accurate data extraction methods were employed in CY96; therefore, CY93 to CY95 data have changed 

from the generation rates previously reported (ESP 1996). 
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for the management of waste generated in radiological 
controlled areas. 

i. Hazardous and Solid Waste Amendments 
Compliance Activities. In 1996, the Environmental 
Restoration (ER) Project remained in compliance with 
Module VIII of the RCRA permit. One Class 3 permit 
modification proposal was submitted in September 
1996, requesting removal of 42 SWMUs from the 
HSWA module list. The ER Project also recommended 
no-further-action for 84 areas of concern that are not 
on the HSWA module list. NMED has not yet 
approved this request. 

During 1996, an additional 292 sites were proposed 
for no-further-action in 44 field investigation reports 
submitted to NMED. The ER Project also cleaned up 
52 sites, including areas in the Los Alamos townsite. 
Depending on funding, the current projection for the 
completion of the characterization/remediation process 
at the Laboratory is between 2005 and 2006. 

In 1996, the ER Project continued negotiations on a 
Document of Understanding (DOU) among the 
Laboratory, Sandia National Laboratory, DOE, EPA, 
and NMED. This DOU is intended to facilitate timely 
and cost-effective implementation of ER programs at 
the Laboratory and Sandia National Laboratory. It 
provides a basis for standardization in planning and 
execution of both programs. Additional annexes to the 
DOU are being written as applicable topics are 
identified. 

j. Special Project: Ecological Risk 
Assessment. Work continued during 1996 on 
development of an ecological risk assessment 
methodology for use in assessing ecological risk at ER 
sites. This methodology follows guidance found in the 
US EPA "Framework for Ecological Risk Assessment" 
(EPA 1992, EPA 1996). It proposes a risk assessment 
approach based on an ecological exposure unit (EEU) 
concept, wherein EEUs are defined on the basis of 
ecological considerations--in this case primarily on 

the basis of habitat type. Each EEU may contain 
several to many potential release sites, and the risk 
assessment that is performed considers the 
contamination at all of the potential release sites as 
well as the uncontaminated area within the EEU. 

Progress on six tasks was made during 1996. 

Task 1: Develop Preliminary Contaminant of 
Potential Ecological Concern (COPEC) list. 

Several criteria generally are used in developing a 
list of COPECs when performing an ecological risk 
assessment. They include the following: 

2. Compliance Summary 

• Contaminants that are known to have been used 

or known to be present at the site. 

• Contaminants to which receptors are known to be 
sensitive. 

• Contaminants identified as of concern during the 

human health assessment. 

• Other factors, such as toxicity, persistence, 
exposure potential, bioavailabiltity, and potential 
for food chain transfer. 

The preliminary COPEC list includes 17 inorganics, 
5 semivolatile organic compounds (SVOCs), 3 VOCs, 
4 high explosives, 8 radionuclides, and 6 pesticides. 
Additional chemicals can be added or deleted when 
there are reasons for doing so. 

Task 2: Delineate Ecological Exposure Units. 

Ecological Exposure Units are the ecologically 
defined units within which ecological risk assessments 
will be conducted. At LANL, EEUs will be defined on 
the basis of habitat and topography. The boundaries of 
the EEUs are coded into a geographical information 
system for use in preparing EEU maps. 

Task 3: Define Food Webs. 

The definition of food webs provides the primary 
basis for identifying trophic levels, appropriate 
receptors, and pathways of exposure. Species lists that 
are available for LANL (Hinojosa 1996) were broken 
down to sort species by habitat type, functional group, 
and trophic strategy. 

Task 4: Define Pathways of Exposure. 

This task is an assessment of the fate and transport 
of contaminants. It identifies sources, release 
mechanisms, transport pathways, points of exposure, 
and mechanisms of exposure. Generic conceptual 

models for terrestrial and aquatic pathways have been 
developed at the Laboratory. These generic models 
will be modified for specific EEUs, and potential 
transport pathways will be examined to ascertain 
whether significant contaminant transport might occur. 

Task 5: Define Critical Ecosystem Functions. 

Critical ecological attributes are those characteris­
tics of the ecosystem that must be maintained in order 
to ensure biological diversity (ecosystem structure) and 
functional integrity (ecosystem function). 
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Task 6: Select Receptors and Assessment Endpoints. 

The objective of selecting receptors is to select the 
minimum number of receptors that is necessary and 
sufficient to adequately assess the risk to the 
ecosystem. Receptors may represent more than one 
functional/trophic group. A preliminary list of 
receptors for the various habitat/community types at 
LANL has been compiled. For the purposes of 
screening at LANL, the assessment endpoints that are 
used are death, reproduction, and behavioral changes. 

2. Comprehensive Environmental Response, 
Compensation, and Liability Act 

The Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) of 1980 
as amended by the SARA of 1986 mandates actions for 
certain releases of hazardous substances into the envi­
ronment. The Laboratory is not listed on the EPA's 
National Priority List but follows the CEJSCLA guide­
lines for remediating ER Project sites that contain 
certain hazardous substances not covered by RCRA. 

3: Emergency Planning and Community Right­
to-Know Act 

a. Introduction. Title III, Section 313, of the 
Emergency Planning and Community Right-to-Know 
Act (EPCRA), as modified by Executive Order 12856, 
requires all federal facilities to submit an annual Toxic 
Chemical Release Inventory report every July for the 
preceding calendar year. 

Chlorine was the only chemical used in 1995 that 
met the reportable threshold limit of 10,000 lb. The 
1996 Toxic Chemical Release Inventory reported that 
approximately 16,049 lb of chlorine were used in water 
purification operations involving noncontact cooling 
water, sewage treatment, and drinking water, which 
resulted in air emissions of 791 lb of chloroform and 2 
lb of chlorine. An estimated I ,992 lb of chlorine were 
released with the discharged water. 

b. Emergency Planning and Community 
Right-to-Know Act Summary. The Laboratory 
submits four reports each year in compliance with 
DOE guidance for EPCRA (see Table 2-4). 

c. Emergency Planning. In accordance with 
DOE orders in the 5500 series, it is the Laboratory's 
policy to develop and maintain an emergency manage­
ment system that includes emergency planning, 
emergency preparedness, and effective response capa­
bilities for responding to and mitigating the consequen­
ces of an emergency. The Laboratory's Emergency 

Management Plan is a document that describes the 
entire process of planning, responding to, and mitigat­
ing the potential consequences of an emergency. The 
most recent revision of the plan was completed in 
January 1995; the plan will be updated in 1997. 

4. Toxic Substances Control Act 

Because the Laboratory's activities are in the realm 
of research and development and do not involve 
introducing chemicals into commerce, the polychlor­
inated biphenyl (PCB) regulations (40 CFR 761) have 
been the Laboratory's main concern under TSCA. 
Substances that are governed by the PCB regulations 
include but are not limited to dielectric fluids, contam­
inated solvents, oils, waste oils, heat transfer fluids, 
hydraulic fluids, slurries, soils, and materials contami­
nated as a result of spi11s. Most of the provisions of the 
regulations apply to transformers, capacitors, and other 
PCB items with concentrations above 50 ppm. 

In 1996, the Laboratory replaced two FeB­
contaminated (greater than 50 and less than 500 ppm) 
transformers with non-PCB transformers. The 
Laboratory still operates 16 PCB-contaminated trans­
formers that will be replaced as funding becomes . 
available. The Laboratory, through Johnson Controls, 
Inc. (JCI), completed its PCB survey in September 
1996. In total, 2,023 structures were surveyed; 305 
items were sampled for PCBs, and of those 305 items, 
109 were identified by analysis as PCB items. The 
types of items surveyed include transformers, various 
pumps, oil-filled switches, light ballasts, generators, 
small transformers, and capacitors. If items are not in 
use or necessary for operations, they.are recommended 
for disposal. 

In 1996, the Laboratory had 16 off-site shipments of 
PCB waste. The total weight of PCBs in those ship­
ments was 192,901 kg. PCB wastes are sent to EPA­
permitted disposal and treatment facilities. The 
quantities of waste types disposed were 6 drums of 
capacitors, 13 drums of light ballasts, 2 transformers, 
I 0 drums of water, I ,073 kg of PCB oil, and 171,186 
kg of PCB-contaminated soil. All wastes are managed 
in accordance with 40 CFR 761 manifesting, record 
keeping, and disposal requirements. Light ballasts are 
sent off-site for recycling. 

The Laboratory generates radioactively contami­
nated PCBs in both solid and liquid form. Liquid 
wastes are stored at theTA-54, AreaL, TSCA storage 
facility. A total of 119 waste items in 73 drums are 
stored. Many of these items have exceeded TSCA's 
one-year storage limitation and are covered under the 
Federal Facility Compliance Agreement for Stored 

22 Environmental Surveillance and Compliance at Los Alamos during 1996 

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



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 

2. Compliance Summary 

Table 2-4. Compliance with Emergency Planning and Community Right-to-Know Act during 1996 

Statute 

EPCRA 302-303: 

EPCRA 304: 

Planning Notification 

Extremely Hazardous 

Reporting Required 

Yes No Not Required 

X 

Substances Release Notification X 

EPCRA 311-312: Material Data Safety Sheet/ 
Chemical Inventory 

EPCRA 3I3: Toxic Release Inventory Reporting 

X 

X 

Polychlorinated Biphenyls (PCB FFCAgreement) (see 
Section 2.C. I .b for a full discussion of the agreement). 
Nonliquid wastes containing greater than 50 ppm PCBs 
and radioactive constituents are disposed of at the 
Laboratory's EPA-authorized TSCA landfill located at 
TA-54, Area G. No nonliquid radioactive PCB wastes 
were disposed of on-site in 1996. The Laboratory 
received a new disposal approval for its PCB landfill 
on June 25, 1996. 

The primary compliance documents related to 40 
CFR 761. I 80 are the Annual PCB report submitted to 
EPA, Region 6, and an annual report submitted to DOE 
required by the PCB FFCAgreement. EPA did not 
conduct an audit of the Laboratory's PCB management 

program during I 996. 

5. Federal Insecticide, Fungicide, and 

Rodenticide Act 

The Federal Insecticide, Fungicide, and Rodenticide 
Act (FIFRA) regulates the manufacturing of pesticides, 
with requirements for registration, labeling, packaging, 
record keeping, distribution, worker protection, certifi­
cation, experimental use, and tolerances in foods and 
feeds. Sections of this act that are applicable to the 
Laboratory include requirements for certification of 
workers who apply pesticides. The Laboratory is also 
regulated by the New Mexico Pesticide Control Act, 
administered by the New Mexico Department of 
Agriculture (NMDA). NMDA did not conduct an 

annual inspection of the Laboratory's pesticide 
application program during 1996. 

6. Federal Clean Air Act 

a. Federal Regulations. The Laboratory is 
subject to a number of federal air quality regulations. 
These include 

• National Emission Standards for Hazardous Air 
Pollutants (NESHAP). 

• National Ambient Air Quality Standards, 

• New Source Performance Standards, 

• Stratospheric Ozone Protection (SOP), and 

• Operating Permit Program. 

All of these requirements, except the NESHAP for 
radionuclides and provisions relating to SOP, have 
been adopted by the State of New Mexico as part of its 
State Implementation Plan. The requirements adopted 
by the State of New Mexico are discussed in 

Section 2.B.7, New Mexico Air Quality Control Act. 
The 1990 amendments to the Clean Air Act (CAA) 

mandate new programs that may affect the Laboratory. 
The new requirements include control technology for 
hazardous air pollutants, enhanced monitoring, 
prevention of accidental releases, and chlorofluoro­
carbon replacement. The Laboratory will continue to 
track new regulations written to implement the act, 
determine their effects on Laboratory operations, and 
develop programs as needed. 

b. Compliance Activities. 

Radionuclide NESHAP. Under 40 CFR 61, 
Subpart H, EPA limits the effective dose equivalent to 

any member of the public from radioactive airborne 
releases from DOE facilities, including LANL, to 10 
mrem/yr. The I 996 effective dose equivalent (as cal­
culated using EPA-approved methods that do not allow 
the use of shielding factors) was 1.93 mrem/yr, pri­
marily from the Los Alamos Neutron Science Center 
(LANSCE) operations. Any new construction or 
modifications undertaken at LANL that will increase 
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2. Compliance Summary 

airborne radioactive emissions causing a potential 
increase in the dose of 0.1 mrem/yr must be approved 
by EPA. In 1996, approximately 60 projects were 
received by the Air Quality Group (ESH-17) for 
Laboratory review; none required EPA preconstruction 
approval. 

Stratospheric Ozone Protection. Section 608 
of the CAA, National Recycling and Emission Reduc­
tion Program, implemented by 40 CFR 82 Subpart F, 
prohibits individuals from knowingly venting ozone 
depleting substances (ODS) used as refrigerants into 
the atmosphere while maintaining, servicing, repairing, 
or disposing of air conditioning or refrigeration equip­
ment. This regulation also established: (I) standards 
and requirements for recycling and recovery equipment 
used to maintain, service, repair, and dispose of ODS­
containing appliances; (2) required practices that tech­
nicians must follow to maintain, service, repair, and 
dispose of air conditioning and refrigeration equip­
ment; and (3) standards and requirements for training 
and certification of technicians who provide such 
services. Personnel performing refrigeration work at 
LANL are EPA-certified and use certified recovery and 
recycling equipment while maintaining, servicing, 
repairing, and disposing of air conditioning and 
refrigeration equipment at the Laboratory. 

Section 6.09 of the CAA, Servicing of Motor Vehicle 
Air Conditioners, implemented by 40 CFR 82 Subpart 
B, established standards and requirements for recycling 
equipment used to service motor vehicle air condition­
ers and for training and certification of technicians who 
provide such services. In 1996, the Laboratory con­
tracted with local automotive repair shops for most of 
LANL's automotive repair work. This work included 
service on motor vehicle air conditioning systems. 
JCI, which is in full compliance with these regulations, 
still provides limited service on some automotive air 
conditioning systems. 

Section 611 of the CAA, Labeling of Products 
Using ODS, implemented by 40 CFR 82 Subpart E, 
established requirements to attach warning labels to 
products that contain Class I or II ODS and are intro-

duced into interstate commerce. Laboratory groups that 
ship products containing ODS and ODS-containing 
waste off-site work with ESH-17 to ensure that, when 
required, the proper labeling requirements are met. 

7. New Mexico Air Quality Control Act 

a. State Regulations. The New Mexico 
Environmental Improvement Board (NMEIB), as 
provided by the New Mexico Air Quality Control Act, 
regulates air quality through a series of air quality 

control regulations in the NMAC. These regulations 
are administered by NMED. The NMACs relevant to 
Laboratory operations are discussed below. 

b. Compliance Activities. 
20 NMAC 2.07-Excess Emissions during 

Malfunction, Start-up, Shutdown, or Scheduled 
Maintenance. This provision allows for excess emis­
sions from process equipment during malfunction, 
start-up, shutdown, or scheduled maintenance, pro­
vided the operator verbally notifies NMED either 
before or within 24 hours of the occurrence, followed 
by written notification within I 0 days of the occur­
rence. No excess emissions were reported for 1996. 

20 NMAC 2.11-Asphalt Process Equipment. 
Provisions of 20 NMAC 2.11 set emission standards 
according to process rate and require the control of 
emissions from asphalt-processing equipment. The 
asphalt concrete plant operated by JCI is subject to this 
regulation. The plant, which has a 60-ton/h capacity, is 
required to meet an emission limit of 33 lb/h of 
particulate matter. 

20 NMAC 2.33-Gas Burning Equipment-Nitrogen 
Dioxide. Provisions of 20 NMAC 2.33 require gas 
burning equipment built before January 10, 1972, to 
meet an emission standard of 0.3 lb of nitrogen dioxide 
per million Btu when natural gas consumption exceeds 
1 x 1012 Btu/yr/unit. The TA-3 steam/power plants 
have the capacity to operate at this level, although they 
never have. The Operating Permit Application would 
formalize compliance by setting voluntary federal 
enforceable terms to limit the operation of the units to 
less than 1 x 1012 Btu/yr/unit. 

20 NMAC 2.34-0il Burning Equipment-Nitrogen 
Dioxide. This regulation requires oil burning equip­
ment built before January 10, 1972, to meet an emis­
sion standard of 0.3 lb of nitrogen dioxide per million 
Btu when the units operate at a heat input of greater 
than 1 x 1012 Btu/yr. The TA-3 steam/power plants 
have the capacity to operate at this level, although they 
never have. The Operating Permit Application would 
formalize compliance by proposing voluntary federally 
enforceable terms to limit the operation of these units 
to less than 1 x 1012 Btu/yr/unit. 

20 NMAC 2.60-Regulation to Control Open 
Burning. This regulation controls the open burning of 
materials. Open burning of explosive materials is 
allowed when transport of these materials to other 
facilities may be dangerous. Research projects require 
open burning permits. In 1996, the Laboratory 
operated under seven open burning permits as listed in 
Table 2-1. 
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20 NMAC 2.61-Regulations to Control Smoke and 
Visible Emissions. This regulation limits visible emis­
sions from various combustion sources, including the 
Laboratory boilers, to less than 20% opacity. Opacity 
is the degree to which emissions reduce the transmis­
sion of light and obscure the view of a background 
object. Because the Laboratory boilers are fueled by 
clean-burning natural gas, exceeding this standard is 
unlikely. However, oil is used as a backup fuel for the 
boilers. To ensure that the back-up system is working 
properly, the boilers must be periodically switched to 
oil. The Laboratory boilers can exceed the opacity 
standard while switching from gas to oil. An NMED­
certified opacity observer reads the opacity while the 
switches are being made. If the Laboratory exceeds 
the opacity standard during the switch over, notifica­
tion procedures, as required by 20 NMAC 2.07, are 
followed. There were no exceedances of these 
standards during 1996. 

20 NMAC 2. 70-0perating Permits. This regula­
tion requires major sources of air pollution to obtain an 
operating permit from NMED. Because of LANL's 
large potential to emit regulated air pollutants 
(primarily NOx from the steam/power plants), LANL is 
considered a major source. The permit application 

·specifies the operational terms and limitations required 
to meet all federal and state air quality regulations. 
The Laboratory submitted its permit application to 
NMED in December 1995. 

20 NMAC 2.71-0perating Permit Emissions Fees. 
As part of the new operating permit program, the State 
of New Mexico collects fees from emission sources 
that are required to obtain an operating permit. Fees 
depend on the allowable emission rates or the potential 
to emil. Laboratory fees for 1996 totaled $14,165.50. 

20 NMAC 2.72-Construction Permits. Provisions 
of 20 NMAC 2.72 require permits for any new or 
modified source of air pollutants. The Laboratory 
reviews each new and modified source and makes 
conservative estimates of maximum hourly chemical 
usage and emissions. These estimates are compared 
with the applicable 20 NMAC 2.72 limits to determine 
if additional permits are required. During 1996, over 
130 source reviews were conducted. None of these 
sources required permits under 20 NMAC 2.72. 

20 NMAC 2. 74-Prevention of Significant 
Deterioration. This regulation has stringent require­
ments that must be addressed before the construction 
of any new, large stationary emission source can begin. 

Wilderness areas, national parks, and national monu­
ments receive special protection under this regulation. 
This impacts the Laboratory because of the proximity 
of Bandelier National Monument's Wilderness Area. 

2. Compliance Summary 

Each new or modified source at the Laboratory is 
reviewed to determine whether this regulation applies; 
however, none of the new or modified sources in 1996 
have resulted in emission increases considered 
"significant," and they therefore were not subject to 
this regulation. 

20 NMAC 2.78-Emission Standards for Hazardous 
Air Pollutants. In this regulation, NMEIB adopted by 
reference all of the federal NESHAP, except those for 
radionuclides and residential wood heaters. The im­
pact of each applicable NESHAP is discussed below: 

Asbestos. Under the NESHAP for asbestos, the 
Laboratory must ensure that no visible asbestos 
emissions to the atmosphere are produced by asbestos 
removal operations at the Laboratory. During 1996, no 
Laboratory operation produced visible asbestos 
emissions. The Laboratory is also required to notify 
NMED of asbestos removal activities and disposal 
quantities. Such activities involving less than 15m2 
( l 60 ft2) or 80 lin m (260 lin ft) are covered by an 
annual small job notification to NMED. For projects 
involving greater than these amounts of asbestos, 
separate notification to NMED is required in advance 
of each project. NMED is notified of asbestos wastes 
(both small and large jobs) on a quarterly basis, which 
includes any material contaminated, or potentially con­
taminated, with radionuclides. Radioactively contami­
nated material is disposed of on-site in a designated 
radioactive asbestos burial area. Nonradioactive 
asbestos is transported off-site to designated asbestos 
disposal areas. 

During 1996, LANL shipped off-site for disposal 53 
m3 of small job asbestos waste. There was 15m3 of 
asbestos waste buried at TA-54, Area G. Several large 
jobs generated 64 m 3 of waste that was buried at 

Area G and 1,926 m3 that was transported off-site. 
Beryllium. The beryllium NESHAP includes 

requirements for notification, emission limits, and 
stack performance testing for beryllium sources. The 
Laboratory has previously received four beryllium 
permits from NMED (Table 2-1) and has registered 
several additional facilities. The registered facilities do 
not require permits under the regulations because they 
existed before the adoption of the federal NESHAP. 
Exhaust air from each of the beryllium operations 
passes through air pollution control equipment before 
exiting from a stack. All beryllium operations meet the 
permitted emission limits set by NMED and have a 
negligible impact on ambient air quality. 

8. Clean Water Act 

a. National Pollutant Discharge Elimination 
System Program Overview. The primary goal of the 
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Clean Water Act (CWA) (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 
point-source effluent discharges to the nation's waters. 
The NPDES permits establish specific chemical, 
physical, and biological criteria that an effluent must 
meet before it is discharged. Although most of the 
Laboratory's effluent is discharged to nonnally dry 
arroyos, the Laboratory is required to meet effluent 
limitations under the NPDES permit program. 

In 1996, LANL had 15 NPDES permits; I covering 
the effluent discharges at Los Alamos, I covering the 
Hot Dry Rock Geothermal Facility located 30 miles 
west of Los Alamos at Fenton Hill, and 13 covering 
storm water discharges (Tables 2-1 and 2-5). The UC 
and DOE are co-permittees of permits covering 

· Laboratory operations. The permits are issued and 
enforced by EPA Region 6 in Dallas, Texas. However, 
NMED performs some compliance evaluation inspec­
tions and monitoring for EPA through a Section 106 
water qualjty grant. 

In January 1996, the Laboratory's NPDES outfall 
permit for Los Alamos included 2 sanitary wastewater 
treatment facilities and 95 industrial outfalls. By the 
end of 1996, the Laboratory had eliminated nine 
permitted industrial outfalls in the NPDES permit. The 
NPDES permit for the geothermal facility at Fenton 
Hill includes only one industrial outfall. This outfall 
did not discharge during 1996. Under the existing 
NPDES permit for LANL, samples are collected for 
analysis on a weekly basis, and results are reported to 
EPA and NMED at the end of the monitoring period 
for each respective outfall category. During 1996, 
effluent limits were exceeded 2 times in the 165 
samples collected from the sanitary wastewater 
outfalls. Effluent limits were exceeded 32 times in the 
I ,559 samples collected from the industrial outfalls. 
Overall compliance for the sanitary and industrial 
waste discharges during 1996 was 98.8% and 97 .9%, 
respectively. Water quality parameter's effluent limits 
were exceeded twice in 1996. A summary of these 
outfalls and a listing of present monitoring limits are 
presented in Tables A-4 and A-5. 

b. 1996 National Pollutant Discharge 
Elimination System Permit Noncompliances and 

Corrective Actions. The following is a summary of 
the corrective actions taken by the Laboratory during 
1996 to address permit noncompliances as presented in 
Tables 2-6 and 2-7. 

TA-16, Building 260 (NPDES Outfall 
05A056): There were eight oil and grease 
noncompliances at NPDES Outfall 05A056 between 
January 16, 1996, and November 21, 1996. Corrective 
actions for the remediation of the oil and grease 
noncompliances were addressed in the Laboratory's 
High Explosive (HE) Outfall Compliance Task Force, 
which in conjunction with the DOE/Los Alamos Area 
Office (LAAO) Project Management Office, was able 
to secure funding ahead of the compliance schedule 
(Administrative Order [AO] Docket No. VI-94-1242-
see Section 2.C.l.c for additional information on the 
AO) to allow for early procurement of the HE waste­
water treatment plant recirculation equipment. Correc­
tive actions specific to TA-16, Building 260, included 
the installation of a Canatxx Filter System and oil­
absorbing booms in the HE sumps. Upon completion 
of the recirculation system, the sumps were plugged 
and alarms were installed. On November 22, 1996, the 
discharge of HE wastewater to Outfall 05A056 was 
stopped. All effluent from TA-16, Building 260, is 
pumped and trucked to the TA-16 Bum Grounds 
Treatment Plant (NPDES Outfall 05A055) for further 
treatment. 

TA-21, Sewage Treatment Plant (NPDES 
Outfall OSS): On February 6, 1996, excessive flow 
from a plugged toilet discharged into the TA-21 
Sewage Treatment Plant holding tank and sand beds 
and resulted in an unplanned discharge of an estimated 
175 gal. through NPDES Outfall 05S. The TA-21 
Sewage Treatment Plant was not in operation, resulting 
in fecal coliform concentrations in excess of the permit 
limit. Vacuum trucks were used to pump out the 
contents of the holding tank. The outfall was plugged 
at the time of the discharge, but the plug was com­
promised. A high-level alarm and automatic dialer 
have been installed on the holding tank. 

TA-53, Cooling Towers 62 and 64 (NPDES 
Outfalls 03A048 and 03A049): There were six arsenic 
noncompliances at TA-53 Cooling Towers 62 and 64 
between April 16, 1996, and May 21, I 996. The 
Laboratory's short-term corrective actions included 
using untreated redwood in cooling tower repairs, 
operational sampling, and temporary cessations of the 
discharge. The long-term corrective action has been 
identified as replacement of the two wooden cooling 
towers with new units constructed of steel, fiberglass, 

and plastic. Design of these cooling towers has been 
started. The funding for the construction of the new 
cooling towers has not been identified. In addition, a 
stuck makeup valve caused the cooling tower basin to 
discharge through an overflow pipe that bypassed the 
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2. Compliance Summary 

Table 2-5. Los Alamos National Laboratory National Pollutant Discharge Elimination 
System Storm Water General Permits Industrial and Construction Activity 

Permit# Location Submittal Type 

NMROOA384 LANLSite 09129192 Industrial 

NMROOA527 Tar Remnant Remediation 05/26/95 Industrial 

NMROOA577 TA-32, -001, -002(a,b), -003,-004 03/11/96 Industrial 

NMROOA650 DP Storage Area, 01027, -030(a) 04/26/96 Industrial 

NMROOA652 Hot Shots, 1-00l(s), -007(1) 05/23/96 Industrial 

NMRIOA064 TA-53 Sanitary Pipeline Project 10/01/92 Construction 

NMRIOA065 US West Communication Ductbank 10/01192 Construction 

NMRIOA236 Dual Axis Radigraphic Hydrotest 05/20/94 Construction 
Facility Construction 

NMRIOA277 Small Arms Firing Range 08/18/94 Construction 

NMRIOA378 TRU Dome Project 02128/95 Construction 
TWISP Facility Construction 

NMRIOA469 Steam System Upgrade 09/01/95 Construction 
TA-9, -16 

NMRIOA607 Radioactive Liquid Waste 07125/96 Construction 
Cross Country Line 
Erosion Control Project 

NMRIOA622 Wildlands Fire Management Program 09/05/96 Construction 

dechlorination system on December 2, 1996, causing 
two chlorine exceedances at NPDES Outfall 03A049. 
The operator turned off the blow-down and makeup 
valve to prevent further discharge to the outfall. The 
makeup valve was repaired. 

TA-50, Building 1 (NPDES Outfall 051): 
Two chemical oxygen demand (COD) concentrations 
exceeded the permit limit of 125 mg/L on July 1, I 996, 
and September 25, 1996. Oxygen-requiring chemicals 
were improperly disposed of into the radioactive liquid 
waste line by unknown sources. TA-50, Building 1, 
Radioactive Liquid Waste Treatment Facility, opera­
tions have implemented an operational COD sampling 
program. The Radioactive and Industrial Wastewater 
Science Group (CST-13) contained all discharges until 
operational sampling demonstrated that COD 
concentrations were within permit limits. 

TA-40, Building 23 (NPDES Outfall 
06A099): Discharge pH values of 5.3, 4.7, and 5.7 
occurred outside the permit range of 6.0 to 9.0 on July 
12, November 4, and November 28, 1996, respectively. 

The investigation, including storm water sampling and 
leachability studies of roofing material, indicated that 
direct rainfall to Building 23 roof drains was the cause 
of the noncompliances. Results of less than 6.0 were 
also obtained from direct rainfall field measurements at 
TA-43-23. Additionally, pH results of less than 6.0 

have been attained from rainfa11 field measurements 
taken at the National Atmospheric Deposition Program 
Network Station located at Bandelier National Monu­
ment. The photo processing equipment was not in 
operation at the time samples were collected on 
November 4 and November 28, 1996. Based on this 
information, EPA decided these were not permit 
exceedances. Rainfall was also believed to be the 
cause of the initial pH excursion on July 12, 1996; 
however, it could not be verified if the photo proces­
sing equipment was operating at the time of sampling 
so this permit noncompliance remained. Revised 
Discharge Monitoring Reports (DMRs) were submitted 
to EPA. 
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2. Compliance Summary 

Table 2-7. National Pollutant Discharge Elimination System Permit Monitoring of 
Effluent Quality at Industrial Outfalls: Exceedances during 1996 (Cont.) 

Technical 
EPAID Area Date Parameter Results/Limit 

December 

03A049 TA-53-64 12/02/96 Free CJ (daily max) 1.66/0.5 mg/L 
Available 

03A049 TA-53-64 12/02/96 Free CJ (daily avg)e 0.71/0.2 mg/L 
Available 

03A024 TA-03-187 12/03/96 As (daily max) 0.07/0.04 mg/L 

03A024 TA-03-187 12/03/96 As (daily avg) 0.07/0.04 mg/L 

8 0il and grease. 
bChemical oxygen demand. 
c Yearly water quality parameter exceedance. Permit year 08/01/95 through 07/31/96. 
dTotal suspended solids. 
e Average is based on all samples collected during the monitoring period. 

permit regulations and with the schedule requirements 
set forth by EPA AO Docket No. Vl-94-1242. The 
Laboratory met the AO Docket No. Vl-94-1242 
requirement to have 50% of the deficiencies corrected 
by September 30, 1995. On September 16, 1996, a 
new AO (Docket No. VI-96-1236) was issued by EPA 
in response to a request by UC to extend the 
completion date for the correction of the remaining 
deficiencies from September 30, 1996, to March 31 , 
1997. The request was necessary because of a 
Laboratory "Stop Work" directive that was issued on 
January 17, 1996, because of a serious electrical 
accident. The "Stop Work' directive resulted in a 
three-month delay on the Waste Stream Corrections 
Project. The Laboratory must now be in I 00% com­
pliance by March 31, 1997, pursuant to the new AO. 

d. National Pollutant Discharge Elimination 
System Storm Water Program. Laboratory storm 
water discharges associated with "industrial activity" 
are covered under NPDES General Permits. The 
Laboratory has 13 NPDES General Permits for its 
storm water discharges (Table 2-5). One permit is for 
the Laboratory site and includes the following 
industrial activities: hazardous waste treatment, 
storage, and disposal facilities operating under interim 
status or a permit under Subtitle C of RCRA, (this 
category includes SWMUs); landfills, land application 
sites, and open dumps including those that are subject 

to regulation under Subtitle D of RCRA; and steam 
electric power generating facilities. Four permits are 

. for the remediation of ER sites off of DOE property. 
The other eight permits are for construction activities 
that disturb more than five acres. 

The conditions of the General Permit require the 
development and implementation of a Storm Water 
Pollution Prevention (SWPP) Plan. During 1996, the 
Laboratory developed and implemented 75 SWPP 
Plans for activities regulated under the NPDES General 
Permit for storm water discharges. 

Under the General Permit, monitoring activities are 
required at landfills and EPCRA, Section 313, 
facilities. In 1996, monitoring was conducted at TA-
54, Areas G and J, and at TA-55. These analytical data 
were submitted to EPA in the form of a DMR. The 
Laboratory submitted DMRs to EPA on October 28, 
1996, for landfills and on January 27, 1997, for 
EPCRA, Section 313, facilities. 

As part of the NPDES Storm Water Program, the 
Laboratory is operating stream monitoring stations on 
the canyons entering and leaving the Laboratory. In 
1996, there were 19 stations on watercourses at the 
Laboratory. The discharge information for 1996 
gathered by ESH-18 was published in separate reports 
(Shaull et al., 1996a and Shaull et al., 1996b). 

e. National Pollutant Discharge Elimination 
System Compliance Inspection. A performance audit 
inspection was conducted by EPA on September 16-17, 
1996. The Laboratory received a facility evaluation 

rating of 4: very reliable self-monitoring program. The 
EPA inspector documented that the overall NPDES 
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compliance program was superior. However, the 
Laboratory received an NOD for record keeping at the 
Radioactive Liquid Waste Treatment Facility (TA-50, 

Building 1 ). Corrective actions completed by the 
operating group included: pH calibration procedures 
were revised to provide a greater level of accounta­
bility and reliability; and the format of the daily logs 
was modified to ensure that all necessary information 
would be available for future inspections. 

f. Spill Prevention Control and 
Countermeasures Program. The Laboratory's Spill 
Prevention Control and Countermeasures (SPCC) Plan 
is a comprehensive plan developed to meet the regula­
tory requirements of EPA and NMED that regulate 
water pollution from oil and hazardous chemical spills. 
The SPCC Plan, as required by the CWA, was devel­
oped in accordance with 40 CFR 112. The purpose of 
the SPCC Plan is to ensure that adequate prevention 
and response measures are provided to prevent oil 
spills from reaching a watercourse. Prevention mea­
sures include maintenance and inspection of facilities 
to ensure the integrity of the oil and chemical handling 
equipment, and proper operator training. Because of 
the wide variety of operating conditions at the Labora­
tory, the SPCC Plan has also diversified coverage with 
the implementation of a Group SPCC Implementation 
Plan approach. 

In keeping with the site-specific Group SPCC 
Implementation Plan approach, the operating condi-

tions for each location are addressed and, as these 
change, only the individual Group SPCC Implementa­
tion Plan is revised. In addition to requiring secondary 
containment provisions for all aboveground storage 
tanks, the plan also provides for spill control on drum 
and container storage, and transfer and loading/ 
unloading areas. Training is provided for the operating 
group's designated Spill Coordinator on the require­
ments of the SPCC Plan. The Spill Coordinator plays 
the major role in implementation of the SPCC Plan at 
the group level. 

g. Sanitary Sewage Sludge Management 
Program. In December 1992, the EPA promulgated 

40 CFR Pan 503: The Standards for Use or Disposal 
of Sewage Sludge. The purpose of these regulations is 
to establish numerical, management, and operational 
standards for the beneficial use or disposal of sewage 
sludge through land application or surface disposal. 
Under the Part 503 regulations, the Laboratory is 
required to collect representative samples of sewage 
sludge in order to demonstrate that it is not a hazardous 
waste and that it meets the minimum federal standards 
for pollutant concentrations. In addition, sewage 

2. Compliance Summary 

sludge is monitored for radioactivity in order to 
demonstrate that it meets the standards set forth in the 
Laboratory's Administrative Requirement 3-5. During 

1996, approximately 27 dry tons of sewage sludge 
were generated at the TA-46 SWSC plant as part of 
routine wastewater treatment operations. Although 
analytical monitoring of this sludge in 1996 demon­
strated I 00% compliance with the minimum federal 
and Laboratory standards for land application, the 
detection of low concentrations (less than or equal to 
4.38 ppm) of PCBs in the sludge prompted the 
Laboratory to suspend all land application activities in 
May 1996. All sludge generated in 1996 is presently 
being stored on an asphalt pad at the SWSC plant . 
while awaiting disposaL 

9. Safe Drinking Water Act Program 

a. Introduction. This program includes sam­
pling from various points in the Laboratory, Los 
Alamos County, and Bandelier National Monument's 
water distribution systems and from the water supply 
wellheads to ensure compliance with the Safe Drinking 
Water Act (SDWA) (40 CFR 141). The DOE provides 
drinking water to Los Alamos County and Bandelier 
National Monument. The EPA has established 
maximum contaminant levels (MCLs) for microbiolo­
gical organisms, organic and inorganic constituents, 
and radioactivity in drinking water. These standards 
have been adopted by the state and are included in the 

New Mexico Drinking Water Regulations (NMEIB 
1995). The NMED has been given authority by EPA to 
administer and enforce federal drinking water 
regulations and standards in New Mexico. 

The particular locations within the water system 
where SDWA compliance samples are collected is 
specified in the regulations for each contaminant or 
group of contaminants. In 1996, the monitoring 
network for SDWA compliance sampling consisted of 
the following four location groups within the water 
system: · 

(l) wellhead sampling from the water supply wells in 
operation at the time of sampling (Guaje weHs 
G-1, G-IA, G-2, G-4, G-5, G-6; Pajarito wells 

PM-I, PM-2, PM-3, PM-5; and Otowi well 0-4). 

(2) the five entry points into the distribution system 
(Pajarito Booster Station #2, Guaje Booster 
Station #2, PM-1 and PM-3 wellheads, and Los 
Alamos Booster Station #4). 

(3) the six total trihalomethane (TTHM) sampling 
locations within the distribution system; and 

( 4) the 41 microbiological sampling sites located 
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2. Compliance Summary 

Table 2-12. Lead and Copper in Drinking Water at Residential Taps during 1996 

Values 

Values less than or equal to detection limit 

Values detectable but less than action level 

Values greater than action level 

Total 

Sample detection limit 

90th percentile value 

EPA action level 

ensures that all groundwater-related activities comply 
with the applicable federal and state regulations. 

Module VIII of the RCRA Hazardous Waste Facility 
Permit, i.e., HSWA Module, Task III, requires the 
Laboratory to collect information to supplement and 
verify existing information on the environmental 
setting at the facility and collect analytical data on 
groundwater contamination. Historically, the ground­
water monitoring requirements of RCRA (40 CFR 264 
Subpart F) were not applied to the Laboratory's 
regulated units because DOE and LANL had submitted 
groundwater monitoring waiver demonstrations. 
However, as of May 3Q, 1995, the NMED denied the 
DOEILANL groundwater monitoring waiver 
demonstrations, and groundwater monitoring program 
plans were requested for DOEILANL to be in 
compliance with RCRA. In the denial letter, NMED 
recommended the development of a comprehensive 
groundwater monitoring program plan that addresses 
both site-specific and Laboratory-wide groundwater 
monitoring objectives. Under Task III, Section A.l, the 
Laboratory is required to conduct a program to 
evaluate hydrogeologic conditions. Under Task III, 

Section C.l, the Laboratory is required to conduct a 
groundwater investigation to characterize any plumes 
of contamination at the facility. 

New Mexico Water Quality Control Commission 
(NMWQCC) regulations control liquid discharges onto 
or below the ground surface to protect all groundwater 
in the State of New Mexico. Under the provisions, a 
groundwater discharge plan must be submitted by the 
facility and approved by NMED or the Oil 
Conservation Division for energy/mineral extraction 
activities. Subsequent discharges must be consistent 
with the terms and conditions of the plan. 

Lead Copper 

33 samples 19 samples 

1 samples 15 samples 

0 samples 0 samples 

34 samples 34 samples 

5 J..Lg!L 50 J..Lg!L 

<5 J..Lg!L 90 J..Lg!L 

15 J..Lg!L 1,300 J..Lg!L 

The Laboratory has three approved groundwater 
discharge plans to meet NMWQCC regulations (Table 
2-1 ). One for TA-57 (Fenton Hill); one for the TA-46 
SWSC plant; and one for the land application of dried 
sanitary sewage sludge from the TA-46 SWSC plant. 
At the request of NMED, on August 19, 1996, the 
Laboratory submitted a groundwater discharge plan 
application for the Radioactive Liquid Waste Treatment 
Facility at TA-50. As of December 31, 1996, approval 
of the plan by NMED was still pending. 

b. Compliance Activities. The Laboratory's 
revised GWPMPP was approved by DOE in March 
1996. The plan provides general management goals 
and direction to activities pertaining to groundwater 
quality and quantity. 

In December 1996, the DOEILANL submitted to 
NMED a proposed comprehensive hydrogeologic 
characterization and groundwater monitoring plan for 
the Laboratory. The plan was developed in response to 
NMED's denial of the Laboratory's RCRA 
groundwater monitoring waiver demonstrations. The 
plan proposes a major long-term drilling and 
hydrologic analysis program to broadly characterize 
the hydrogeology of the Pajarito Plateau and to assess 
in detail the potential for groundwater contamination to 
occur from individual waste disposal operations. The 
plan contains a prioritized list of activities and studies 
addressing the above. 

The Laboratory continued an ongoing study of the 
hydrogeology and stratigraphy of the region, as 
required by the HSWA Module of the RCRA permit 
and DOE Order 5400.1. Studies by various Laboratory 
programs are integrated by the Groundwater Protection 
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2. Compliance Summary 

Table 2-13. Bacteria in Drinking Water at Distribution System Taps during 1996 

No. of Samples No. of Positive Tests 

Month Collected Coliform Fecal Coliform Noncoliform 

January 45 0 0 0 
February 46 0 0 0 
March 45 0 0 3 
April 46 0 0 1 
May 46 0 0 2 
June 47 0 0 0 
July 44 0 0 2 
August 46 0 0 1 
September 46 0 0 3 
October 46 0 0 3 
November 45 0 0 I 
December 45 0 0 0 

Total1996 547 0 0 16 

Maximum Contaminant Level (MCL) a b c 

nThe MCL for coliforms is positive samples not to exceed 5% of the monthly total. 
bThe MCL for fecal coliforms is no coliform positive repeat samples following a fecal coliform 
positive sample. 

cThere is no MCL for noncolifonns. 

Management Plan administered by ESH-18. Some 
key 1996 activities are listed as follows: 

( 1) The Waste Management Program prepared a 
series of reports in support of the Performance 

Assessment ofTA-54, Area G. Critical geologi­
cal, hydrological, and geochemical studies have 
been performed and formulated into a conceptual 
hydrogeologic model. Computer simulations 
forecast the long-term performance of the 
disposal area over 1 ,000 years. 

(2) The ER Project has entered information from all 
significant drill holes into a computer based 
three-dimensional stratographic model of the 
Pajarito Plateau. This model will be continually 
updated during the ongoing hydrogeologic 
characterization of the Laboratory and will serve 
as a cornerstone for long-term numerical model­
ing efforts. 

(3) The ER Project has prepared preliminary surface 
maps of key geologic units. Trends in the 
geologic surfaces have been analyzed to evaluate 
paleotopographic controls on groundwater flow. 

(4). The ER Project and environmental surveillance 
projects continued evaluation of contaminant 
transport of sediments within critical drainage 
systems. 

11. National Environmental Policy Act 

a. Introduction. The National Environmental 
Policy Act (NEPA) of 1969 (42 U.S.C. 4331 et seq.) 
mandates that federal agencies consider the 
environmental impact of their proposed major actions 
and allow public input before making a final decision 
on what actions to take. The DOE is the sponsoring 
agency for most LANL activities, and it is DOE's 
responsibility to follow the letter and spirit of NEPA. 
DOE must comply with the regulations for 
implementing NEPA published by the Council on 
Environmental Quality at 40 CFR Parts 1500-1508 and 
its own NEPA Implementing Procedures as published 
at 10 CFR Part 1021. Under these regulations and 
DOE Order 451.1, DOE reviews proposed LANL 
activities and determines whether the activity qualifies 
for a categorical exclusion from the need to prepare 
further NEPA documentation based on previous agency 
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experience and analysis or whether to prepare the 
following: 

• an Environmental Assessment (EA), evaluating 
environmental impacts should briefly provide 
sufficient evidence and analysis for determining 
whether to prepare an Environmental Impact 
Statement (EIS) or a Finding of No Significant 
Impact (FONSI) for the proposed action, 

• an EIS, which is a detailed written statement of 
impacts. 

If an EA or an EIS is required, the DOE is respon­
sible for its preparation. In some situations, a LANL 
project may require an EA or EIS but, because the 
project is connected to another larger action requiring 
an EIS (e.g., the LANL Site-Wide EIS or a program­
matic EIS done at the nationwide level), it may be 
included in the EIS analyzing the larger action or may 
later tier off the final programmatic EIS after a Record 
of Decision (ROD) is issued. 

LANL project personnel initiate NEPA reviews by 
completing environment, safety, and health identifica­
tion documents, which form the basis of a DOE NEPA 
Environmental Review Form formerly known as a 
DOE Environmental Checklist written by the LANL 
Ecology Group (ESH-20) using the streamlined format 
specified by the DOEILAAO. In April, 1996, ESH-20. 
began to use the streamlined, shorter NEPA Review 
Form for projects that would receive a NEPA 
determination from the DOEILAAO. 

b. Compliance Activities. In 1996, LANL sent 
42 DOE Environmental Checklists and 122 NEPA 
Review Forms to DOE for review. Also in 1996, DOE 
categorically excluded 155 actions and made a 
determination for 4 other actions. LANL applied 
previously so-called "umbrella" categorical exclusion 
determinations for 108 actions. DOE issued four 
FONSJs in 1996. Two project-specific analyses were 
drafted in 1996 for inclusion in the LANL Site-Wide 
EIS. 

c. Environmental Assessments. The status of 
the Laboratory's EA-level NEPA documentation, and 

project descriptions follow. 
TRU Waste Drum Staging Building. This 

action is designed to increase safety and minimize the 
volume of waste generated at the Laboratory's 
Plutonium Processing Facility at TA-55. This action 
consists of using a prefabricated, concrete-floored, 
metal building for temporary storage of drums of solid 
TRU waste that is pending certification and transport to 

a longer term storage area. Alternatives to the 
proposed action include constructing a new building or 
continuing operations under current conditions. Some 
of the potential environmental, safety, and health issues 
include air emissions, work safety, on-site TRU waste 
management, and TRU waste transportation. This 
action received a FONSI in February 1996. 

Low-Energy Demonstration Accelerator. 
The proposed action is to design, build, and test critical 
components of a full-size prototype accelerator system 
for tritium production using a proton linear accelerator 
at LANL. The Low-Energy Demonstration Accelerator 
(LEDA) project would be divided into five separate 
stages that would develop and test an accelerator 
apparatus section by section over the next six years. 
Personnel at LANL would modify an existing proton 
accelerator facility at TA-53 and conduct component 
and prototype tests in order to verify equipment and 
prototype design and resolve related performance and 
production issues for future full-scale operation. The 
potential environmental, safety, and health issues for 
LEDA include utility demands, air emissions, 
environmental restoration, human health, and waste 
management. This action received a FONSI in April 
1996. 

In conjunction with the LEDA EA FONSI, 
DOE issued a Mitigation Action Plan (MAP) that 
defined a scope of activities that would be 
implemented to mitigate some of the potential impacts 
associated with the LEDA project. The LEDA MAP is 
being coordinated by DOEILAAO, ESH-20, and 
LEDA project management. 

As required by the MAP, an annual report (Rangel 
1997) was written to report the status of the LEDA 
schedule and the action taken on the identified 
mitigation measures. 

1996 was the first year of LEDA project develop­
ment, but LEDA will only proceed to Stage III as 
allowed by the current safety analysis document. 
Because the Stage V development has been removed 
from the LEDA project schedule, large quantities of 
water and power use estimated in the final LEDA EA 
will no longer be required and generated. This affects 
the LEDA MAP because the land disturbance issue for 
utility line installation is removed and the quantity of 

water released into Sandia Canyon will be much less. 
As a result, no erosion is expected at the drainage 
channel ofNPDES Outfall 03A113, and it is unlikely 
that a wetland will be created in Sandia Canyon 
although baseline biological data will continue to be 
collected in Sandia Canyon. 

During FY96, planning was conducted for the 
remediation of a potential release site containing lead 

38 · Environmental Surveillance and Compliance at los Alamos during 1996 

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



I 

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

shot (pellets) near Outfall 03A 113. All of the 
necessary documentation and approvals for the cleanup 
by the LANL ER Project have been conducted; the 
cleanup is expected to take place in the spring of 1997. 

Criticality Experiments. The proposed action 
is to consolidate certain nuclear materials and 
machines at the Los Alamos Critical Experiments 
Facility for the purpose of general purpose criticality 
experimentation and training. The proposed action 
consists of moving materials and machines from 
Hanford Site, Sandia National Laboratory, Oak Ridge 
National Laboratory, and Idaho National Engineering 
Laboratory to the Los Alamos Critical Experiments 
Facility. No new construction, operations, waste 
streams, or emissions were anticipated. Alternatives 
included (l) conducting criticality experiments and 
criticality training at an alternative DOE or LANL site 
and (2) receiving and storing materials at LANL or an 
alternative DOE site, but not conducting the criticality 
experiments or training. No adverse effects on 
environment and potentially only negligible effects on 
human health and transportation were identified. This 
action received a FONSI on May 22, 1996. 

Effluent Reduction. The proposed action is 
to eliminate industrial effluent from approximately 27 
outfalls at LANL through waste stream correction 
measures. These corrective measures are needed to 
comply with directives by EPA to DOE and UC 
requiring proper characterization of waste streams and 
compliance with the discharge limitations specified in 
LANL's NPDES permit. In addition, effluent reduction 
provides proactive measures by the Laboratory to 
reduce pollution into the environment, reduce 
administrative and permitting costs, and minimize the 
number of NPDES exceedances. The proposed 
corrective actions include both simple and extensive 
plumbing modifications, which would result in the 
elimination of industrial effluent being released to the 
environment. The No Action alternative, which would 
maintain the status quo for LANL's outfalls, was also 
analyzed. One of the primary environmental effects of 
the proposed action would be an increase in 
compliance with LANL's NPDES permit limits. Other 
potential environmental, safety, and health issues for 
this project include changes in wetland vegetation, loss 
of wetland acreage, effects on fauna that drink water or 
use the areas near the outfalls, human health, waste 
management, and contaminant transport. This action 
received a FONSI in September I 996. 

Expansion ofTA-54, Area G. Routine 
activities at the Laboratory generate solid low-level 
radioactive wastes (LLWs) that are disposed of or 

stored at TA-54, Area G, which is currently a 63-acre 
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site. For some types of waste, burial in pits or shafts is 
the only feasible disposal method that complies with 
all regulations. A draft project-specific analysis was in 
progress during the last quarter of CY96. The analysis 
for this project considers five alternatives for the 
management of LLWs: (I) using the active disposal 
area at Area G until it is full, (2) developing Zone 4 at 
TA-54, west of the active disposal area, (3) developing 
Zone 6 at TA-54, west of Area L and extending to Area 
J, (4) developing the North Site at TA-54, north of 
Zone 6, and (5) developing another location within the 
Laboratory, with TA-67 used as a representative 
undeveloped mesa site. Potential environmental, 
safety, and health issues include land use, air quality, 
ecological resources, soil, surface water, threatened 
and endangered species, cultural resources, and 
environmental restoration. 

Enhancement of Pit Manufacturing 
Operations. The proposed action is to relocate or 
upgrade certain existing operations and to construct a 
new facility and access road to support plutonium pit 
(the central core of a nuclear weapon typically 
composed of plutonium-239 and/or highly enriched 
uranium) manufacturing operations at LANL. 
Essential operations at TA-55 and the Chemistry and 
Metallurgy Research (CMR) Building would be 
expanded and relocated between TA-55 and the CMR 
Building or upgraded in place. A new support building 
would be constructed at TA-55 as well as a controlled 
access road between TA-55 and the CMR Building. As 
a result of these upgrades and construction activities, 
LANL would be able to manufacture each type of pit 
required to support the enduring nuclear weapons 
stockpile. In addition, the Laboratory would be able to 
produce a maximum of up to 80 pits a year if required. 
Alternatives to the proposed action include an add-on 
configuration for using existing facilities as well as the 
construction of an all-new facility. Potential environ-
mental, safety, and health issues include worker expo­
sure to construction hazards as well as interruption to 
existing traffic patterns and minor increases in traffic 
volumes. The NEPA review for this project was initiat­
ed in 1996 for inclusion in the LANL Site-Wide EIS. 

Radioactive Liquid Waste Treatment 
Facility-New Process Building. The NEPA review 
for this project was in progress during the last quarter 
of CY96. Because of the reduction in scope of this 
project in 1997, it is anticipated that this action will be 
categorically excluded from further NEPA review. 

Chemical and Metallurgy Research Building 
Upgrades. The CMR Building was constructed as a 
major chemical research and analysis laboratory 
facility for radioactive materials in 1952. Despite 
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some repairs and upgrades since that time, the CMR 
Building does not meet current DOE regulations 
governing construction of a new nonreactor nuclear 
facility. LANL proposes to extend the life of the 
building 20 years by upgrading several major systems 
including seismic upgrades, ventilation system 
replacements and confinement zone separations, acid 
vents and drain lines replacements, and electrical 
system upgrades. The alternative action is not to 
upgrade the facility. Potential environmental, safety, 
and health issues include worker safety while the work 
is performed and LLW disposal. The EA for this 
proposed action was being prepared during 1996. 

Transfer of the DP Road Tract to the County 
of Los Alamos. Under the proposed action, DOE 
intends to transfer ownership of a 28-acre tract of land 
located along DP Road, currently part ofTA-21, to the 
County of Los Alamos. The transfer of this tract of 
land would result in a permanent change to the existing 
DOE property boundaries for TA-21. The county 
would develop the tract of vacant land for use as a 
business park or for light industrial use. The county 
specifically proposes to construct a new office building 
to house county employees, a new warehouse, garages, 
and a support building in order to transfer its equip­
ment maintenance, school bus yard, and school 
supplies warehousing activities to the site. The alter­
native action is not to transfer the land and to continue 
to maintain government ownership of the tract. 
Potential environmental, safety, and health issues 
include worker and public exposure to construction 
hazards and nonradioactive air emissions from opera­
tions and from increased vehicular traffic. The 
proposed action could create approximately 450 new 
direct jobs and 585 indirect jobs. The EA for this 
action was under preparation during 1996. 

d. Special Project: Dual Axis Radiographic 
Hydrodynamic Test Facility Mitigation Action Plan. 
In August 1995, DOE published a final EIS on the 
Dual Axis Radiographic Hydrodynamic Test (DARHT) 
facility at LANL (DOE/EJS-0228, August 1995). DOE 
published a ROD on this final EIS in the Federal 
Register (60 FR 53588) on October 16, 1995. The 
DARHT ROD states that DOE has decided to complete 
and operate the DARHT facility while implementing a 
phased-containment program to conduct most tests 
inside steel containment vessels with containment to be 
phased-in over I 0 years. The ROD further states that 
DOE must develop several mitigation measures to 

protect workers, soils, water, and biotic and cultural 
resources in and around the DARHT facility. In 
January 1996, DOE published a DARHT MAP, which 

identified potential impacts associated with the course 
of action selected in the ROD. The MAP also 
documents commitments and action plans that DOE 
considers necessary to mitigate these potential impacts. 
DOE has committed to reporting the status on MAP 
activities and commitments to the public. 

The functions of the DARHT MAP are to (1) 
document potentially adverse environmental impacts of 
the Phased Containment Option delineated in the final 
EIS, (2) identify commitments made in the final EIS 
and ROD to mitigate those potential impacts, and (3) 
establish action plans to carry out each commitment. 

In Section 6.C.8 of this report there is a description 
of DARHT Mitigation Action Plan activities of studies 
with mammals. 

12. Cultural Resources 

a. Introduction. The Cultural Resources Team 
in ESH-20 is responsible for maintaining a database of 
all cultural resources found on DOE land, supporting 
DOE's compliance requirements with appropriate 
cultural resource legislation as listed below, and 
providing appropriate information to the public on 
cultural resource management issues. Cultural 
resources are defined as archaeological sites, prehis­
toric or historic districts, sites, buildings, structures, 
traditional use areas, or objects included in, or eligible 
for inclusion in, the National Register of Historic 
Places. Artifacts, records, and remains related to and 
located within such properties are considered cultural 
resources. 

b. Compliance Overview. Section I 06 of the 
National Historic Preser\lation Act (implemented by 36 
CFR 800, Public Law 89-665) requires agencies to 
evaluate the impact of all proposed actions on cultural 
resources and to consult with the State Historic 
Preservation Officer (SHPO) and/or National Advisory 
Council on Historic Preservation concerning possible 
effects to identified resources. 

During 1996, Laboratory archaeologists evaluated 
947 Laboratory proposed actions; 31 new field surveys 
were conducted to identify cultural resources. The 
results of 12 surveys were sent by DOE to the SHPO 
for concurrence in findings of effects and determina­
tions of eligibility for National Register inclusion of 
any cultural resources located during the survey. 
Copies were also sent to the governors of the Pueblos 
of San Ildefonso, Santa Clara, Cochiti, Jemez, and to 
the President of the Mescalero Apache tribe for com-
ment and identification of any traditional cultural 
properties which may be affected by a proposed action. 
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No adverse effects to prehistoric cultural resources 
were identified in 1996. 

The American Indian Religious Freedom Act of 
1978 (Public Law 95-341) stipulates that federal under­
takings should not impact the practice of traditional 
religions. Notification must be given to tribal groups 
of possible alteration of traditional and sacred places. 
The Native American Grave Protection and 
Repatriation Act of 1990 (Public Law 101-601) states 
that if burials or cultural objects are inadvertently 
disturbed by federal activities, work must stop in that 
location for 30 days and the closest lineal descendent 
must be consulted for disposition of the remains. 

The Archeological Resources Protection Act of 
1979 (implemented by 43 CFR 7, Public Law 96-95, 
16 USC 470) provides protection of cul-tural 
resources and sets penalties for their damage or 
removal from federal land without a permit. One illicit 
pot-hunting incident was discovered on DOE land in 
1996. The site damaged, Laboratory of Anthropology 
6787-A, is a low pueblo mound of approximately 10 
rooms. This site was also illegally plundered in 1995. 
Security personnel from Bandelier National Monument 
were notified, but no suspects have been identified. 

13. Biological Resources 

a. Introduction. The DOE and the Laboratory 
must comply with the Endangered Species Act, the 
Migratory Bird Treaty Act, and the Bald Eagle 
Protection Act. The Laboratory also considers plant 
and animal species listed under the New Mexico 
Conservation Act and the Endangered Species Act. 

b. Compliance Activities. During 1996, ESH-
20 reviewed more than 500 proposed Laboratory 
actions for potential impact on threatened and 
endangered species. The Biology Team of ESH-20 
identified more than 50 projects that required 
reconnaissance surveys. These surveys are designed to 
evaluate the amount of previous development or 
disturbance at the site and to determine the presence of 
any surface water or floodplains in the site area. The 
Biology Team also identified approximately 20 
projects that required habitat evaluator surveys to 
assess if the appropriate habitat types and habitat 
parameters were present to support any threatened or 
endangered species. In addition, the Biology Team 
identified ll projects that required a species-specific 
survey designed to determine the presence or absence 
of a threatened or endangered species at the project 
site. The Laboratory adhered to protocols set by the 
US Fish and Wildlife Service and permit requirements 
of the New Mexico State Game and Fish Department. 

2. Compliance Summary 

c. Biological Assessments. The Biology Team 
identified projects requiring a survey by first reviewing 
a literature database that compiles all habitat require­
ments of federal and state endangered, threatened, and 
candidate species. After the surveys were completed, 
the habitat characteristics of the surveyed sites were 
compared with the habitat requirements of the species 
in question. Biological evaluations are being prepared 
for projects that may influence threatened and endan­
gered species that require consultation with US Fish 
and Wildlife for written concurrence of findings under 
the Endangered Species Act. 

The Biology Team is currently preparing a 
threatened and endangered species habitat management 
plan as part of the DARHT MAP commitments by 
DOE. The plan should be completed in 1998 and will 
be used to further evaluate and manage the threatened 
and endangered species occupying LANL property. 

14. Floodplain and Wetland Protection 

a. Introduction. The Laboratory must comply 
with Executive Order 11988, Floodplain Management, 
and Executive Order 1 1 990, Protection of Wetlands 
(EPA 1989) and Section 404 of the CWA. 

b. Compliance Activities. During 1996, more 
than 500 proposed Laboratory actions were reviewed 
for their impact on floodplains and wetlands. Nine 
proposed projects required a floodplain and wetland 
review. 

C. Current Issues and Actions 

1. Compliance Agreements 

a. Mixed Waste Federal Facility Compliance 
Order. DOE and the Laboratory are required by the 
Federal Facility Compliance Act of 1992 (section 
3021 [b] of RCRA) to prepare an STP describing the 
development of treatment capacities and technologies 
for treating mixed waste generated at LANL that is 
being stored beyond the one-year time frame provided 
for in the land disposal restrictions (Section 3004(j) of 
RCRA and 40 CFR Section 268.50). On October 4, 
1995, the State of New Mexico issued the Federal 
Facility Compliance Order to both DOE and UC 
requiring compliance with the STP and thereby termi­
nating the Federal Facility Compliance Agreement that 
had previously been in effect (ESP 1996). 

b. Federal Facility Compliance Agreement on 
Storage of Polychlorinated Biphenyls. On August 8, 
1996, DOE, the Naval Nuclear Propulsion Program, 
and EPA entered into a PCB FFCAgreement pertaining 
specifically to radioactive PCBs and PCB waste 
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containing RCRA wastes. The FFCAgreement is 
intended to be a compliance bridge from now until 
EPA's December 6, 1994, proposed rule updating the 
PCB regulations is final. The FFCAgreement also 
contains provisions to address the discrepancy created 
in the TSCA PCB regulations when the Department of 
Transportation changed its container specifications. 
The PCB FFCAgreement incorporates the proposed 
rule and provides regulatory relief for facilities now. 
When EPA makes the final decision, it will supersede 
the PCB FFCAgreement. The PCB FFCAgreement 
covers 29 facilities, including LANL, and the condi­
tions of the agreement bind all the facilities together so 
that if one facility is noncompliant, all facilities are 
noncompliant. LANL has a total of 119 items that 
meet the criteria for inclusion in the PCB 
FFCAgreement. 

The PCB FFCAgreement requires an annual report 
to be prepared by DOE and submitted to EPA. Each 
facility was required to compile the required informa­
tion on its radioactive and mixed PCBs and submit it to 
DOE by November 13, 1996. LANL met that 
deadline. 

c. National Pollutant Discharge Elimination 
System Federal Facility Compliance Agreement and 
Administrative Order. AO Docket No. VI-94-1242, 
issued to the Laboratory on June 15, 1994, 
incorporated the revised HE Wastewater Treatment 
Facility schedule and the new schedule for completion 
of the remaining corrective actions for the WSC 
project. The Laboratory met the September 30, 1995, 
deadline to complete 50% of the WSC corrective 
actions, as specified in the AO. A new Federal 
Facilities Compliance Agreement (FFCA) (Docket No. 
VI-96-1237) was issued to DOE by EPA on December 
12, 1996, which corresponds to the Laboratory's AO 
Docket No. VI-96-1236 issued December I 0, 1996. 

The new TA-16 HE Wastewater Treatment Facility 
(NPDES Outfall 05A055) is also covered under AO 

VI-96-1236. The construction is currently ahead of 
schedule and is expected to be in compliance with final 
permit limits by October 1997, as required. All but 
two HE (05A) outfalls will be eliminated upon 
completion of this facility. 

d. National Emission Standards for Hazar­
dous Air Pollutants Federal Facility Compliance 
Agreement. In 1991 and 1992 the Laboratory received 
two Notices of Noncompliance (NONs) from the EPA 
for not meeting all provisions of 40 CFR 61, Subpart 
H. Specific findings of the NON included deficiencies 
in LANL's identification and evaluation of release 
sources, noncompliant stack monitoring equipment on 

all point release sources, incomplete quality assurance 
programs, and incomplete reporting. The 1992 NON 
stated that LANL had used a shielding factor without 
previous EPA approval and exceeded the I 0 mrem/yr 
standard. As a result of the NON, the DOE negotiated 
a NESHAP FFCA with EPA Region 6, which was 
signed in June 1996. The Laboratory is meeting the 
terms of the NESHAP FFCA and had achieved full 
compliance in June 1996 with the radionuclide 
NESHAP, as defined by the FFCA. 

2. Environmental Oversight and Monitoring 
Agreement 

The Environmental Oversight and Monitoring 
Agreement-known as the Agreement in Principle 
(AIP)-between DOE and the State of New Mexico 
provides t!!chnical and financial support by DOE for 
state activities in environmental oversight, 
environmental surveys and sampling, site visits, and 
document review. The period for the current AlP is 
October I, 1995, through September 30, 2000. 

During 1996, the NMED/ AlP staff conducted over­
sight of several of the Laboratory's environmental 
programs. This independent monitoring program 
allows the Laboratory's data to be verified. Highlights 
of these activities are presented below (NMED 1997). 

External penetrating radiation dosimetry: 
The DOE Oversight Bureau maintains a network of 
thermoluminescent dosimeters (TLDs) for measuring 
the levels of gamma radiation present in the environ­
ment to assess the background baseline and any 
Laboratory-related gamma radiation anomalies. The 
data collected from the TLDs were at or below natural 
background radiation levels at all locations. 

Ambient air: The values for plutonium, 
americium, and uranium measured by the DOE 
Oversight Bureau's stations, co-located with five of 
LANL's monitoring stations, are all approximately two 
to three orders of magnitude below DOE concentration 

guidelines. 
Surface water and groundwater: The DOE 

Oversight Bureau expanded its routine oversight 
activities to include field explorations leading to the 
discovery of on- and off-site springs previously 
undocumented by the Laboratory and DOE. An 
analysis of data collected from several years shows that 
contaminants were detected within each of the four 
saturated zones in the Los Alamos area. The largest 
and most diverse concentrations of contaminants in 
groundwater are found within canyon alluvium. 

42 Environmental Surveillance and Compliance at Los Alamos during 1996 

I 
I 
I 
I 

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

I 



I 

I 
I· 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Sediments, soils, vegetation, and foodstuffs: 
A preliminary comparison of historical radiological 
data for foodstuffs indicated that the data collected by 
the DOE Oversight Bureau are consistent with LANL's 
data. 

Environmental Restoration: The DOE 
Oversight Bureau staff actively participated in the 
planning and expedited cleanup of TA-9, Area M, an 
abandoned dump site. Staff observed activities in the 
field throughout the cleanup process and evaluated the 
effectiveness of the cleanup. The bureau was instru­
mental in the formation of a Watershed Management 
Task Force to address the potential migration of con­
taminants into watercourses at the Laboratory from 
potential release areas, areas at the Laboratory that 
may require cleanup activities in the future. The 
bureau continued to work with EPA, DOE, and LANL 
to develop methods of evaluating potential release sites 
for risks to sensitive habitats or threatened or 
endangered species. 

NEPA: The DOE Oversight Bureau reviewed 
and commented on six DOE NEPA documents for 
proposed activities at the Laboratory. 

3. Significant Accomplishments 

On August 30, 1996, the Laboratory received an 
Environmental Excellence Award from EPA for Waste­
water Treatment Operations and Maintenance for the 
high level of success of the SWSC plant at TA-46 in a 
ceremony at the New Mexico State Capitol. 

In addition, on September 8, 1996, the Laboratory 

received a 1995 Operator Award from the Rocky 
Mountain Section of the American Water Works 
Association for "the success of the Sanitary 
Wastewater Systems Consolidation plant consistently 
meeting established NPDES effluent limitations," and 
for "plant performance." The SWSC plant is operated 
and maintained by JCI. 

The Laboratory received two Research & 
Development I 00 Awards for environmentally 
responsive technologies in 1996 

• Plasma Mechanical Cleaner for Silicon Wafer, 
which uses harmless inert gases to clean silicon 
wafers used in integrated circuits, and therefore 
produces no polluting byproducts and reduces the 

amount of water used by semiconductor manufac­
turers; and 

• Transportable Remote Analyzer for Characteriza­
tion and Environmental Remediation, which uses 
laser pulses to vaporize samples in situ to perform 
spectral analysis for various elements in a single 

2. Compliance Summary 

sample. This procedure drastically reduces the 
amount of personal protective equipment re­
quired, eliminates sample preparation, and 
reduces analysis time to less than one minute. 

The Laboratory received a "Best of What's New" 
award from Popular Science magazine for a system 
that replaces harsh dry cleaning chemicals with a liquid 
carbon dioxide cleaning process. The Laboratory 
shared the award with Hughes Environmental Systems, 
Inc., a subsidiary of Hughes Aircraft Company. 

4. Significant Issues 

a. Dome Fire. More than 16,000 acres of US 
Forest Service land southwest of the Laboratory burned 
during April 1996. Referred to as the Dome Fire, the 
blaze threatened archaeological sites, recreational sites, 
flora, and fauna in Bandelier National Monument, and 
research facilities on the southwestern perimeter of the 
Laboratory as it spread quickly because of extremely 
dry conditions. 

The proximity of the fire and its potential to bum 
facilities that use radioactive materials raised public 
concerns about the potential for releases of radiation. 
NMED's DOE Oversight Bureau confirmed LANL's 
Neighborhood Environmental Watch Network 
(NEWNET) monitoring results that there had been no 
increases in radiation levels during or after the Dome 
Fire (NMED 1997). 

After the Dome Fire, LANL formed the Interim Fire 
Management Team. The team is cochaired by the 
Deputy Group Leader of the Emergency Management 

and Response Group and the Group Leader of ESH-20. 
The team also includes members from the DOE, the 
US Forest Service, the Los Alamos Fire Department, 
the NMED DOE Oversight Bureau, the Pueblo of San 
Ildefonso, and Bandelier National Monument, along 
with Laboratory personnel involved with fire protec­
tion, environmental issues, storm water, archaeology, 
and site remediation. 

The team has developed a list of precautionary 
measures to make the Laboratory safer from wildfire. 
Some immediate measures include improving fire 
roads, widening fire breaks, clearing vegetation 
beneath power lines, and conducting prescribed bums. 
The team will develop long-term measures in 
cooperation with Laboratory facility managers, the US 

Forest Service, the DOE, Bandelier National 
Monument, the Pueblo of San Ildefonso, and resource 
protection specialists. 

b. Lawsuit. In 1994 a citizens' group, 
Concerned Citizens for Nuclear Safety (CCNS) sued 
DOE and the Laboratory Director under the CAA. 
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2. Compliance Summary 

CCNS was concerned about the time it was taking to 
achieve compliance with 40 CFR 61 Subpart Hat the 
Laboratory. In April 1996, the US District Court for 
the District of New Mexico issued a partial summary 
judgment against DOE and the Laboratory Director 
and directed the parties to attempt to reach a 
settlement. This agreement was finalized on March 25, 
1997, following a period of public comment. The 
provisions of the agreement include: 

• $150,000 payment to the US Treasury 

• Independent comprehensive technical audits of 
the Laboratory's 40 CFR 61 Subpart H program 
in 1997 and 2000. A third audit in 2003 is 
required if recommended by the independent 
auditor 

• 5-yr operation of 2 additional AIRNET stations to 
be located at TA-33 and in Santa Fe 

• 5-yr operation of additional TLD stations to be 
located at 6 Laboratory technical areas and at 
AIRNET stations 

• 5-yr operation of the northern New Mexico 
portion of NEWNET 

• Quarterly ESH public meetings 

• $450,000 payment to the University of New 
Mexico School of Medicine, Masters in Public 
Health program, for environmental health 
curriculum development 

• 5-day course in radiation education for represen­
tatives of local and tribal governments surround­
ing Los Alamos 

• Radiation monitoring equipment loan program for 
representatives of local and tribal governments 
who have participated in the radiation education 
training program. 
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2. Compliance Summary 
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3. Environmental Radiological Dose Assessment 
primary authors: 

Dennis R. Armstrong, Jean M. Dewart, Keith W. Jacobson, David H. Kraig 

Highlights from 1996 

In the past, the maximum individual exposure from Los Alamos National Laboratory (the Laboratory) sources to 

a member of the public was calCulated to be from an air pathway occurring near East Gate, north of the Las 

Alamos Neutron Science Center. For 1996, this is still the location of the maximum exposure for areas outside of 

Laboratory boundaries. In addition, another analysis was performed for individuals who are not Laboratory 

workers but are in transit within Laboratory boundaries. The maximum individual dose from this analysis is 8 

mrem as calculated to occur near the Technical Area 18 criticality facility. This dose would be from direct 

radiation. The applicable regulatory dose limit for comparison purposes is I 00 mrem, the allowed dose from all 

pathways (DOE 1990). 

To Read About •.• Turn to Page •.• 

Radiological Dose Equivalents .......................................................................................................................... 47 

Risk to an Individual from Laboratory Operations ........................................................................................... 54 

Glossary ............................................................................................................................................................ 291 

Acronyms List .................................................................................................................................................. 30 I 

A. Radiological Dose Equivalents 

1. Overview of Radiological Dose Equivalents 

Radiological dose equivalents are the potential doses 
received by individuals exposed to radioactivity in the 
environment. Dose equivalent refers to the quantity of 
radiation energy absorbed per unit mass (dose), multi­
plied by adjustment factors for the type of radiation 
absorbed. The effective dose equivalent (EDE), also 
referred to here as dose, is the principal measurement 
used in radiation protection. The EDE is a hypothetical 
whole-body dose equivalent that would equal the same 
risk of cancer mortality and serious genetic disorder as 
the sum of the weighted dose equivalents of those 
organs considered to be most seriously affected by the 
radionuclide in question. The EDE includes the 
committed effective dose equivalent (CEDE) from 
internal deposition of radionuclides and the EDE 
resulting from penetrating radiation from sources 
external to the body. 

Federal government standards limit the EDE to the 
public (Department of Energy [DOE] Order 5400.5 
fDOE 1990], 40 Code of Federal Regulations [CFR] 
Part 61). DOE's public dose limit (POL) is 100 mrem/ 
yr EDE received from all pathways (i.e., ways in which 
people can be exposed to radiation, such as inhalation, 
ingestion, and from airborne emissions of radionu­
clides); however, the dose received from airborne 
emissions of radionuclides is further restricted by the 

Environmental Protection Agency's (EPA's) effective 
dose standard of 10 mrern/yr (see Appendix A). These 

values are in addition to exposures from normal 
background, consumer products, and medical sources. 

2. Methods for Dose Calculation 

a. Introduction. Annual radiation doses to the 
public are evaluated for three principal exposure path­
ways: inhalation, external exposure, and ingestion. 

Two evaluations of releases are conducted: one to 
satisfy 40 CFR Part 61 requirements (emissions of 
radionuclides to air) and one for all sources and 
pathways. Results of environmental measurements are 
used as much as possible in assessing doses for all 
pathways. Calculations based on these measurements 
follow procedures recommended by federal agencies 
to determine radiation doses (DOE 1991, NRC 1977). 
Population and some ~ndividual doses attributable to 
Los Alamos National Laboratory (LANL or the 
Laboratory) activities are estimated through computer 
modeling. 

b. Inhalation Dose. Annual average air 
concentrations of tritium; plutonium-238; plutonium-
239,-240; uranium-234; uranium-235; uranium-238; 
and americium-241, determined by the Laboratory's 
air monitoring network (AIRNET), are corrected for 
background by subtracting the average concentrations 
measured at representative background stations. The 
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3. Environmental Radiological Dose Assessment 

net air concentrations are then multiplied by a standard 
breathing rate and the 50-year CEDE for each radio­
nuclide (DOE 1988a). To estimate a representative Los 
Alamos CEDE, AIRNET data from 13 stations in or 
near the townsite were averaged. The White Rock 
calculated dose is based on the data from four AIRNET 
stations in White Rock and Pajarito Acres. 

This procedure for dose calculation assumes that 
exposure to the measured air concentration is 
continuous throughout the entire year (8,760 h). 

c. External Radiation Dose. The Laboratory's 
largest contributor to the penetrating radiation environ­
ment is the Criticality Facility at Technical Area 
(TA) 18. Criticality experiments produce neutrons and 
photons, both of which contribute to the external 
penetrating radiation dose. During experiments that 
have the potential to produce a dose in excess of 
1 mrem per operation, public access is restricted by 
closing Pajarito Road from White Rock to TA-51. 

The other potentially significant contributor to 
penetrating radiation exposures is the Los Alamos 
Neutron Science Center (LANSCE) at TA-53. During 
experimentation at LANSCE. short-lived positron 
emitters are released from the stacks and diffuse from 
the buildings. These emitters release photon radiation 
as they decay, producing a potential external radiation 
dose. Most of the emitters decay very quickly, and 
within a few hundred meters from LANSCE the dose is 
negligible. However, the dose at East Gate (the 
Laboratory boundary north-northeast of LANSCE) is 
elevated by these Laboratory emissions. The 
Laboratory's contribution to the penetrating radiation 
dose at East Gate is derived by modeling and environ­
mental measurements. In one method, data from a 
high-pressure ion chamber (located very near East 
Gate) have been used to develop a direct evaluation of 
the penetrating radiation exposure rate. (In 1996, the 
measured data were not complete and so were not 
used.) In the other method, calculated or measured 
emissions from the stacks and buildings at LANSCE 
are input to CAP-88 to model the potential dose at East 
Gate. The modeling generally results in an overestima­
tion of the Laboratory's contribution to the hypothet­
ically exposed individual. Residential locations are 
also modeled to determine potential doses from 
LANSCE operations. 

Environmental thermoluminescent dosimeters 
(TLDs) are used to estimate external penetrating 
radiation doses. The Laboratory has a network of 
TLDs (TLDNET) in fixed locations around the 
Laboratory and townsite (refer to Figure 4-1 ). The 
large variations in t~e natural background levels of 

penetrating radiation limit the ability ofTLDs to 
discern the low-level Laboratory releases from natural 
background fluctuations. However, if there were a 
release of penetrating radiation significantly above 
background, TLDs could be used as an indicator of the 
magnitude and locations of the exposures. TLDs near 
the TA-18 facility have shown exposure levels above 
background as discussed further in Section 3.A.4.b. 
The Laboratory's TLDNET is not sensitive enough to 
reliably distinguish LANSCE emissions from 
background. 

The TLDNET data are used to quantify the 
exposure from penetrating radiation in and around Los 
Alamos. The dose from self-irradiation, caused by 
natural radioactive emitters such as potassium-40 
within the body, is about 40 mrem annually and is also 
factored into the calculation. 

d. Ingestion Dose. Radioanalytical data from 
samples of foodstuffs are used to estimate the annual 
committed dose equivalent (CDE) to various tissues in 
the body and the total CEDE to the whole body for the 
maximum consumer of food products within the 
general population. The CEDE from food products is 
calculated by multiplying the CDE, representing the 
total dose which an organ or tissue of the body is 
expected to receive over the 50-year period following 
an intake of radioactive material, by the weighting 
factors for that tissue as given in the International 
Commission on Radiological Protection (ICRP) 26 
(ICRP 1977). The CDE (and thus the CEDE) does not 
include contributions from exposures external to the 
body. 

To calculate the CEDE, the radionuclide concen­
tration in a particular foodstuff is multiplied by an 
estimated annual consumption rate to obtain the total 
adjusted intake for a particular radionuclide. The 
estimated annual consumption rates used for these 
calculations are presented in Table 3-1. Multiplication 
of this annual adjusted intake by the appropriate radio­
nuclide dose conversion factor for a particular organ 
gives the estimated CDE to the organ and, similarly, 
the CEDE to the entire body [DOE 1988b ]. To deter­
mine the Laboratory impacts, if any, on a particular 
foodstuff, the maximum CEDE (i.e., average CEDE 
+ 2 sigma) at regional stations or other background 
stations is subtracted from the maximum CEDE at each 
monitoring location. Because one cannot have a 
"negative exposure to radiation," all negative values are 
set to zero leaving only the net positive differences 
between the sampling location of interest and the 
background stations. This net positive difference is 
summed over all the monitored radionuclides to obtain 
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3. Environmental Radiological Dose Assessment 

Table 3-1. Annual Consumption Rates for Calculating the Committed Effec­
tive Dose Equivalent in Foodstuffs 

Average Exposed Maximum 
Food Groups Individuals Exposed Individuals 

Dairy Products 120 kg (0.3 Lld)3 300 kg (0.8 Lld)3 

(Fresh Cow's Milk) 96 kg (0.25 Lld)3 190 kg (0.5 Lld)8 

Beef 
Meat 95 kg (210 Ibs)b II 0 kg (243 lbs)b 
Bone 23.8 kg (53 lbs)d 27.5 kg (61 lbs)d 

Elk 
Meat 9.5 kg (21 lbs)8 23 kg (50 lbs)c 
Bone 2.4 kg (5 lbs)d 5.7 kg (13 lbs)d 

Fish (Fresh) 5.7 kg (13 lbs)8 21 kg (46lbs)b 
Fruits 17 kg (37 lbs)e 46 kg (102lbs)e 
Vegetables 42 kg (91 lbs)e 114 kg (250 lbs)e 
Beverages 

(Tap Water)h 540 kg ( 1.5 Lld)3 730 kg (2.0 Lld)f 
(Tea & Water Based Drinks) 421 kg ( 1.1 L/d)a 557 kg (1.5 Lld)8 

Eggs 12 kg (34 g/d)8 20 kg (55 g/d)8 
Honey 1.4 kg (3 lbs)i 5 kg (11 lbs)i 

UEPA 1984. 
hNRC 1977. 
csased on the consumption of one 233 kg elk (Meadows and Hakonson 1982) per year per 
4.5 persons family. 

dBased on the meat consumption rate and the weight distribution of elk tissue groups 
(Meadows and Hakonson 1982). 

esased on values from the NRC Regulatory Guide 1.109 (NRC 1977) with 22% fruit and 
54% vegetables. The homegrown fraction is estimated at 40% (EPA I 989a). 

r 40 CFR 141. 

8EPA 1991. 
hModified to reflect the percent of water that a particular well contributed to the total 
amount of drinking water pumped in a year. 

i Value used in previous years and/or based on professional judgment. 

the total net positive difference, which is expressed in 
mrem. The total net positive difference is also reported 
as a percentage of the DOE's I 00 mrem/yr PDL (DOE 
1990), and can be used to calculate the risk of cancer 
fatalities from consuming a particular foodstuff. 

3. Estimation of Radiation Dose Equivalents for 
Naturally Occurring Radiation 

Published EDE values from naturally occurring 
background radiation and from medical and dental uses 
provide a comparison with doses resulting from 
Laboratory operations. Global fallout doses resulting 
from atmospheric testing of nuclear weapons are only a 
small fraction of total environmental doses (<0.3% 
[NCRP 1987a]). Naturally occurring radiation dose is 

due primarily to exposure to the lungs from radon 
decay products and exposures from nonradon sources 
that affect the whole body. 

External radiation comes from two sources of 
approximately equal magnitude: the cosmic radiation 
from space, and terrestrial gamma radiation from 
radionuclides in the environment. Estimates of natural 

radiation are based on a comprehensive report by the 
National Council on Radiation Protection and 
Measurements (NCRP 1987b) that uses 20% shielding 
by structures for high-energy cosmic radiation and 
30% self-shielding by the body for terrestrial radiation. 

Whole-body external dose is incurred from 
exposure to cosmic rays, external terrestrial radiation 
from naturally occurring radioactivity in the earth's 

Environmental Surveillance and Compliance at Los Alamos during 1996 49 



r.: I ,, 
'I 

r' I 

I, 
I~ 

3. Environmental Radiological Dose Assessment 

surface, and from global fallout. The EDE from 
internal radiation is due to radionuclides naturally 
present in the body and inhaled and ingested 
radionuclides of natural origin. 

Annual external background radiation exposures for 
sources other than radon vary depending on factors 
such as snow cover and the fluctuations from solar 
radiation (NCRP 1975a). Estimates of background 
radiation in 1996 from nonradon sources are based on 
environmental dosimeter measurements of 160 mrem 
in Los Alamos and 140 mrem in White Rock using 
complete datasets only (i.e., measurements for all four 
quarters). The elevation difference between Los 
Alamos and White Rock accounts mainly for the 
difference between the two numbers. These measured 
doses were adjusted for structural shielding by reduc­
ing the cosmic ray component by 20%. The measured 
doses were also adjusted for self-shielding by the body 
by reducing the terrestrial component by 30%. 

The neutron dose from cosmic radiation and the 
dose from self-irradiation (NCRP 1987b) were then 
included to obtain the whole-body environmental dose 
of 160 mrem at Los Alamos and 140 mrem at White 
Rock from sources other than radon. Uranium decay 
products occur naturally in soil and building construc­
tion materials. Inhalation of radon-222 produced by 
decay of radium-226, a member of the uranium series, 
results in a dose to the lung, which also must be 
considered. The EDE from radon-222 decay products 
is assumed to be equal to the national average, 200 
rnrem/yr. This estimate may be revised if a nationwide 
study of background levels of radon-222 in homes is 
undertaken. Such a national survey has been 
recommended by the NCRP (NCRP 1984, 1987 a). 

In 1996 the EDE to residents was 360 mrem at Los 
Alamos and 340 mrem at White Rock from all natural 
sources. The individual components of the background 
dose for Los Alamos and White Rock, and the average 
EDE of 53 mrem/yr to members of the US population 
from medical and dental uses of radiation (NCRP 
1987a) are listed in Table 3-2. 

4. Total Maximum Individual Dose to a Member 
of the Public or to Individuals Who are not 
Laboratory Workers 

The 1.93 mrem dose reported in Chapter 2 is similar 
to the following reported doses but is derived solely 
from an EPA-approved air transport model. The doses 
in this chapter are based on actual measurements as 
well as transport modeling. Both methods of dose 
calculation are valid and are included here to provide a 
range for consideration. 

Table 3-2. Calculation of Total Effective Dose 
Equivalent (mrem/yr) from Natural or Man-Made 
Sources 

Los Alamos White Rock 

Radon 200 200 
Self-irradiation 40 40 
Total Externala 120 100 
Total Effective 

Background Dose 360 340 
Medical 53 53 

a Includes correction for shielding. 

a. Maximum Individual Dose-Off-Site 
Locations. The maximum effective dose equivalent 
(EDE or dose) was calculated at various locations to 
assess the maximum radiological impact from the 
Laboratory to areas inhabited by the public. The East 
Gate area was found to be the location of the maximum 
off-site dose. This maximum EDE is the total dose 
from all potential routes of radiation exposure and is 
based on data gathered by both the environmental 
surveillance program and radiological effluent 
monitoring program. The maximum dose, or the 
ninety-fifth percentile value, was 5.3 mrem and the 
median value (fiftieth percentile) for this estimate was 
1.4 mrem. 

b. Maximum Individual Dose-On-Site 
Locations. Potential doses that an individual who is 
not a Laboratory worker could have received while 
within the Laboratory boundary were calculated as 8.0 
mrem for the maximum dose, or ninety-fifth percentile 
value, and 2.9 mrem for the median dose, or fiftieth 
percentile value. The location of the maximum poten­
tial exposure is a section of Pajarito Road near TA-18. 
The frequency and amount of time a member of the 
public may spend traveling this section of Pajarito 
Road, as well as the operational cycles of the TA-18 
facility, were factored into the above dose calculations, 
which also used readings of external penetrating radia­
tion measurements taken at TA-18 during the operation 
of criticality experiments. Potential doses to public 
members from TA-18 operations are limited using 
well-established principles of controlling exposure 
level, frequency, and duration. The section of Pajarito 
Road near TA-18 is closed during experiments when 
TA-18-generated doses may exceed one mrem. For 
experiments involving lower dose levels, the road is 
controlled so that public members may pass by but not 
remain nearTA-18. The 8.0 mrem maximum dose is a 

50 Environmental Surveillance and Compliance at Los Alamos during 1996 

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



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

3. Environmental Radiological Dose Assessment 

conservative estimate. An actual dose to an average 
public member who regularly commutes on Pajarito 
Road is estimated to be much lower. 

c. Total Maximum Individual Combined 
Dose. By combining the calculated maximum off-site 
dose with the maximum on-site dose estimate, the 
maximum dose a member of the public could have 
received from the Laboratory during 1996 was 
estimated. The maximum dose, or the ninety-fifth 
percentile value, was equivalent to 13.3 mrem, or 
13.3% of the DOE's annual public dose limit of 100 
mrem EDE from all pathways. The median value 
(fiftieth percentile) for this dose estimate is 4.3 mrem; 
this dose is I% of the total annual dose contribution 
from all sources of radiation (Figure 3-1 ). The 
contribution to the total maximum individual (median) 
dose via each pathway is presented in Figure 3-2. 

5. Summary of Doses to Public Members of 
Nearby Residential Areas 

Inhalation. The net CEDE resulting from the 
exposure, primarily through inhalation, to airborne 
emissions as measured by the AIRNET in 1996 for the 
townsites of Los Alamos and White Rock are 0.05 
mrem and 0.04 mrem, respectively. These potential 
doses to the public are below the EPA standard of 
10 mremlyr for airborne emissions (EPA 1989b). 
Section 4.B.I.c provides further discussions on the 
CEDE by sampling locations as wel1 as the 
radionuclides that contributed to this dose estimate. 

External Exposure. For most environmental 
monitoring locations, no direct penetrating radiation 
dose equivalent to members of the public from Labora­
tory operations could be distinguished by measure­
ments in 1996. The external penetrating radiation doses 

caused by Laboratory emissions of radionuclides to the 
air to residents of Los Alamos and White Rock were 
calculated to be 0.2 mrem and 0.01 mrem, respectively. 
However, higher-than-normal readings caused by 
external penetrating radiation sources at LANL were 
measured at one on-site location to which the public 
has access (Pajarito Road) and on-site locations to 
which individuals who are not Laboratory workers 
have some degree of access. For further discussion on 
additional potential individual exposures from 
Laboratory operations, see Sections 3.A.5.e below and 
3.A.4.a above. 

Ingestion Dose. Using the maximum con­
sumption rate (see Table 3-1), the maximum difference 
between the total positive CEDE at sampling locations 
in the Los Alamos area and the regional background 
locations for each food group is as follows: fruits and 
vegetables, 0.77 mrem; milk, 0.083 mrem; honey, 

0.036 mrem; eggs, 0.12 mrem; fish (bottom feeders), 
0.083 mrem; fish (higher level feeders), 0.03 mrem; elk 
muscle, 0.011 mrem; elk bone, 1.4 mrem.; deer 
muscle, 0.013 mrem, deer bone, 1.1 mrem; and tea, 
0.24 mrem. Assuming one individual consumed the 
total quantity for each food group (except bone tissue), 
the total net positive difference for the CEDE is 
1. 7 mrem. No LANL operation-caused radiation has 
been detected by analyzing the drinking water supply. 
Chapters 5 and 6 provide further discussions on the 
CEDE for other locations and for additional types of 
sample media. 

Additional Public Exposure Scenarios and 
Doses from Laboratory Operations. In addition to the 
maximum individual dose presented in Sections 
3.A.4.a and 3.A.4.b, hypothetical exposure scenarios 
are used to estimate the dose equivalents to individuals 
who walk, hike, or jog on certain parts Laboratory 
property. The scenarios considered in this section 
involve areas of Laboratory property to which the 

public is not technically granted access. However, 
these are areas where access is not designated as 
restricted by any means other than the generic 
Laboratory and/or federal government posting at the 
site boundary. The individuals within these scenarios 
are not authorized to be in these locations and would 
be trespassers. These scenarios are not expected to be 
realistic but were developed for informational 
purposes. 

Exposure to TA-50 Effluent and Radioactive 
Liquid Waste Treatment Facility, Mortandad Canyon 
Stream Below National Pollutant Discharge Elimina­
tion System Outfall 051. Using radionuclide concen­
tration and activity measurements from theTA-50 
effluent and effluent from the stream below the 

Radioactive Liquid Waste Treatment Facility, National 
Pollutant Discharge Elimination System Outfall 051, 
the maximum CEDE using the maximum consumption 
rate of 16.1 Llyr is estimated at 19 mrem ( 19% of the 
DOE PDL) and 0.77 mrem (<0.8% of the DOE POL), 
respectively. Using the average consumption rate of 
5.7 Llyr, this annual CEDE decreases to 6.5 mrem and 
0.27 mrem, respectively. Section 5.B.3.c provides 
further discussions on the assumptions used in this 
calculation. 

Exposure to Sediments in Mortandad 
Canyon. Radioactivity in excess of background and 
fallout levels was measured in the Mortandad Canyon 
stream channel at four monitoring locations in 1996. 
The estimated maximum total effective dose equivalent 
(TEDE) (i.e., the total of the EDEs from all pathways 
plus twice the error term), using the dose modeling 
program RESRAD V5.61, to an individual frequenting 
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LANL 
1% 

Medical/Dental 
13% 

10% 

Figure 3-1. Total contributions to 1996 dose for the Laboratory's maximum exposed individual. 

Ingestion 
1.9% 

Inhalation 
0.4% 

Figure 3-2. The Laboratory's contribution to dose by pathway for the Laboratory's maximum exposed individual. 
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the stream channel is 28 mrem/yr. However, because a the external penetrating measurements collected at 

I hiking path exists approximately 3 m from the stream TA-21 can be found in Section 4.C.5.b. (Low-Level 
channel and the external penetrating radiation compo- Radioactive Waste Management Areas Network 
nent (88% of the TEDE) falls off with increasing (WASTENET). 

I distance from the source, a more realistic estimated 
TEDE is approximately 6 mrem/yr. More detailed 6. Population Distribution 
information on the calculations used to estimate this 

The population distribution is used to calculate the 
dose can be found in Section 5.C.3.a. 

I Exposure to Surface Contamination at 
collective dose resulting from. 1996 Laboratory opera-

Radioactive Waste Management Area T, TA-21. One 
tions. In 1996, the estimated population of Los 

of the monitoring locations at the waste management 
Alamos County was approximately 18,000 (BBER 
I995). The two residential areas of Los Alamos town-

I site, Area T, at TA-21 indicated a reading of 267 ± 10 
site and White Rock and a few commercial areas exist 

mrem in 1996. This value is consistent with values 
in the county (Figure 1-I ). The Los Alamos townsite 

observed at this location in the past and is attributed to 
(the original area of development) now includes resi-

I 
cesium-137 on the ground. Applying the occupancy 

dential areas known as Eastern Area, Western Area, 
factor for industrial settings of O.OI (Robinson and 

North Community, Barranca Mesa, and North Mesa. 
Thomas 1991) to the annual exposure rate, the maxi-

The townsite had an estimated population of 12,000 

I 
mum (i.e., the ninety-fifth percentile value) external 

residents in mid-I996. It is estimated that more than 
penetrating dose to an individual frequenting the access 

246,000 persons lived within an 80-km (50-mi) radius 
road north of TA-21, Area T, for hiking or jogging is 

of the Laboratory in mid-I996 (Table 3-3 ). 
estimated at 2.9 mrem/yr. Additional information on 

I 
I Table 3-3. Projected 1996/1997 Population within 80 km of Los Alamos National Laboratory8 

Distance from TA-53 (km) 

I 
Direction 0-1 1-2 2-4 4-8 8-15 15-20 20-30 30-40 40-60 60-80 

N 7 87 234 131 0 13 90 950 811 587 
NNE 6 64 93 23 2 IO 2,338 395 67I 313 

I 
NE 3 11 0 0 I I, 181 14,743 2,536 2,457 3,591 
ENE 0 0 0 559 I,499 4,546 3,585 I ,416 I,60I 

E 0 0 0 I 3I6 I,332 4,096 386 22 413 

I ESE 0 0 0 0 9 10 669 8,017 727 2,240 
SE 0 2 0 4,468 565 0 984 72,724 7,485 664 
SSE 3 3 0 510 341 0 293 5,656 2,577 110 

I s 2 2 0 0 21 0 16 148 399 3,056 
ssw 3 3 0 0 30 794 I ,3I6 6,974 53,789 
SW 3 10 0 4 1 0 0 2,249 188 

I WSW 1 16 27 0 7 0 32 387 2,474 5 

w 0 3 119 173 0 7 66 291 64 72 

I WNW 2 14 1,007 5,839 0 0 26 30 63 2,622 
NW 5 29 886 1,43I 0 2 24 49 0 577 
NNW 6 59 681 282· 0 6 19 259 161 283 

I Total 42 303 3,047 I2,859 I,855 4,062 28,736 96,729 28,550 70,Ill 

3 Total Population within 80 km of Los Alamos National Laboratory is 246,294. 

I 
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7. Collective Dose 

The collective EDE from Laboratory operations is 
the sum of the estimated dose received by each 
member of the population within an 80-km (50-mi) 
radius of LANL. Over 99% of this Laboratory 
operation dose is expected to have resulted from 
airborne radioactive emissions. As a result, the 
collective dose was estimated by modeling radioactive 
air emissions, their transport off-site, and the potential 
radiation exposures. The population distribution given 
in Table 3-3 was used in the dose calculation. The 
collective dose was calculated with the CAP-88 
collection of computer programs. Airborne radioactive 
emissions from all types of releases were included in 
the analysis. The same exposure pathways that were 
evaluated for the maximum individual dose were also 
evaluated for the collective dose; these pathways 
include inhalation of radioactive materials, external 
radiation from materials present in the atmosphere and 
deposited on the ground, and ingestion of radionuclides 
in meat, produce, and dairy products. The 1996 
collective EDE attributable to Laboratory operations to 
persons living within 80 km (50 mi) of the Laboratory 
was calculated to be 1.2 person-rem. 

B. Risk to an Individual from Laboratory 
Operations 

1. Estimating Risk 

Health effects from radiation exposure (primarily 
cancer) are observed in humans only at doses in excess 
of I 0 rem delivered at high dose rates (HPS 1996). In 
past environmental surveillance reports, our practice 
has been to use the risk estimates, also called risk 
factors, presented in the Committee on the Biological 
Effects of Ionizing Radiation (BEIR) documents (most 
recently, BEIR V 1990) to quantify the cancer risks 
from exposure to Laboratory contributions to local 
radiation levels. Although it is important to address 
the potential risk from these radiation doses, it is also 
important not to mislead the reader into concluding 
that small radiation doses are more hazardous than they 
actually are. 

The risk estimates in BEIR V were developed by the 
National Academy of Sciences and were based 
primarily on the dose-risk effects produced in survivors 
close to the Hiroshima and Nagasaki atomic bomb 
blasts. These calculations, however, overestimate 
actual risk for low linear energy transfer (low-LET, 
primarily gamma) radiation, which is the source of 
more than 95% of the dose to the maximum exposed 
individual from Laboratory operations. Summarizing 

from the NCRP (1975b) risk estimates that are based 
on high doses and high-dose rates cannot provide 
realistic estimates of radiogenic cancers that might 
result from low-level doses received at low-dose rates. 
The fundamental shortcoming of the BEIR V risk 
estimates for determining low-level radiation effects is 
that they are based, primarily, on the effects of doses of 
tens or hundreds of rem received over periods of 
seconds. Extrapolating these data linearly downward 
to the mrem or fractions of mrem annual doses from 
Laboratory operations almost certainly results in a 
great overestimation of risk. 

As early as the 1920s, investigators concluded that 
low levels of radiation could not cause the mutations 
and other effects assigned to such doses (Muller and 
Mott-Smith 1935). More recently, Billen (1990) 
concluded that radiation-induced DNA damage is a 
small contributor to the ongoing, spontaneous DNA 
damage that occurs in mammalian cells. In Billen's 
discussion, he suggests that an annual dose in the range 
of less than or equal to 100 mrem can be considered a 
"negligible dose." In terms of DNA damage, this dose 
is so small as to provide no effect that could be 
discerned from other causes. Other researchers 
conclude that there is no scientific basis for the low­
dose risk estimates recommended by the EPA and 
BEIR V, and instead, propose new risk assessment 
methodologies that involve defining minimum 
significant risk (Seiler and Alvarez 1994 and 1996). 

Radiation hormesis (the concept that small radiation 
doses in the range of a few rem annually may be 
beneficial) should also be considered when evaluating 
radiation-induced risk. The following discussion is 
paraphrased from Gollnick (1994). The descriptor 
beneficial means that a population exposed to small 
amounts of radiation will experience fewer cancer 
deaths than a similar, unexposed population. Among 
the claimed effects of small radiation doses, in addition 
to the potential for reduced cancer risk, are increased 
life span, growth, and fertility. Gollnick describes 
possible biochemical bases for these effects including 
elevated antibody levels in irradiated animals and 
differential sensitivity of different types of lympho­
cytes to radiation that effectively increases the body's 
ability to attack tumors. Some population studies 
support the radiation hormesis concept. Recently, 
Cohen ( 1997) compared cancer incidence to mean 
radon level in homes in the US. After adjusting for 
cigarette smoking, the data clearly indicate that at 
radon levels up to approximately 4 pCi/L (approxi­
mately equivalent to I rem), cancer incidence 
decreases with increasing radon level. This argues 
strongly against the conclusion that any small 
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3. Environmental Radiological Dose Assessment 

increment of radiation implies an increment in cancer 
risk at low overall doses. Rather, the data indicate that 
low levels ( <5 rem) of radiation may decrease cancer 
risk. 

The Health Physics Society published a position 
statement on the risks of radiation exposures (HPS 
1996). They concluded that below an individual dose 
of 5 rem in one year "risk estimates should not be 
used; expressions of risk should only be qualitative 
emphasizing the inability to detect any increased health 
detriment (i.e., zero health effects is the most likely 
outcome)." 

Estimates range from 1 in 50 million excess risk of 
cancer death per mrem dose to a member of the public 
(EPA 1994) to a beneficial, although unquantified, risk 
as described above. We present the range of risk 
estimates in this section to allow readers to draw their 
own conclusions regarding the dangers of Laboratory 
radiation. If one chooses to use the BElR or EPA risk 
estimates (factors) to calculate the potential excess 
cancer rates from a radiation dose, a sizable body of 
research indicates that the calculation will overestimate 
the actual risk. The potential excess cancer deaths may 
be calculated according to the following equation: 

R=DxRF where 

R =incremental (or decremental) risk of cancer death 
expected from a radiation dose to an individual, 

D =effective dose equivalent (mrem), and 

E. References 

RF =risk factor (excess cancer deaths/mrem). 

As noted previously, RFs range from 5 x J0·7fmrem 
to negative, as yet unquantified values. In the following 
section, we do not report the potential risks associated 
with the reported doses, but the reader may calculate 
these according to the above equation, using whichever 
risk factors are believed to be appropriate. 

2. Risk from Laboratory Operations 

The risks calculated from natural background 
radiation and medical and dental radiation can be 
compared with the incremental risk caused by radiation 
from Laboratory operations. The average doses to 
individuals in Los Alamos and White Rock from 1996 
Laboratory activities were 0.2 and 0.1 mrem, 
respectively. The exposure to Los Alamos County 
residents from Laboratory operations is well within 
variations in exposure of these people to natural 
cosmic and terrestrial sources and global fallout. For 
example, variation in the amount of snow cover and in 
the solar sunspot cycle can cause a 1 0-mrem difference 
from year to year (NCRP 1975a). 

For Americans, the average lifetime risk is a 1-in-4 
chance of contracting cancer and a 1-in-5 chance of 
dying of cancer (EPA 1979). Assuming one accepts 
the most conservative risk estimates (BEIR V 1990 and 
EPA 1994), the incremental risk from exposure to 
Laboratory operations is negligible. 
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4. Air Surveillance 

primary authors: 
Stephanie A. Archuleta, Dennis R. Armstrong, Jeffrey A. Baars, Patrick L. Beaulieu, Craig F. Eberhart, 

Ernest S. Gladney, Keith W Jacobson, David H. Kraig, Scott A. Miller 

Highlights from 1996 

Los Alamos National Laboratory (LANL or the Laboratory) discontinued operation of 5 of its 58 air monitoring 
stations during 1996. The remaining 53 stations operated throughout 1996 and collected air samples that were 
analyzed for tritium, americium-241, plutonium-238, plutonium-239 ,-240, uranium-234, uranium-235, and 
uranium-238 to determine air concentrations of these radionuclides in the ambient air near the samplers. Air 
monitoring network (AIRNET) data indicate that at all locations, air concentrations were well below applicable 
guides and limits. 

Air concentration data were analyzed to identify concentrations above those normally seen. These data 
analyses and follow-up assessme/lls revealed an increasing trend in air concentrations of americium-241 and 
plutonium-239, -240 at one station location at TA-54, Area G, the waste disposal area at LANL. The air 
concentrations increased somewhat during the first quarter of 1995, and then again, to a significantly higher level 
during the second quarter of 1996. These increases were seen only at one station and suggested that the source of 
contamination was very small and very close to the station. A ground survey of the vicinity revealed a small area a 
few tens of meters from the station that had soil contaminated at levels about 100 times the average concentrations 
nearby. 

We found that trenching had occurred next to the sampler during 1995 and 1996 and that the nearby road had 
been rerouted during early 1996. Our conclusion is that trenching or road work may have brought some 
contaminated material to the surface of the road and that heavy vehicle traffic associated with the Transuranic 
Waste 1nspectable Storage Project operations provided an efficient mechanism to get the contamination airborne 
in the immediate vicinity. Because these concentrations were found to be localized and within a controlled area, a 
resulting dose would not have been experienced by a member of the public and are orders of magnitude below 
applicable exposure limits for workers. 
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Stack Air Sampling for Radionuclides ............................................................................................................... 64 
Cosmic and Gamma Radiation Monitoring Program ......................................................................................... 65 
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Glossary ............................................................................................................................................................ 291 
Acronyms List ................................................................................................................................................... 301 

A. Ambient Air Sampling 

1. Introduction 

The radiological air sampling network at Los 
Alamos National Laboratory (LANL or the Labora­
tory) is designed to measure environmental levels of 
airborne radionuclides that may be released from 
Laboratory operations. Laboratory emissions include 
microcurie (I!Ci) quantities of plutonium and ameri­
cium, millicurie (mCi) quantities of uranium, and curie 
(Ci) quantities of tritium and activation products. 
Each station collects both a total particulate matter 
sample and a water vapor sample for analysis. 

Natural atmospheric and fallout radioactivity levels 
fluctuate and affect measurements made by the 

Laboratory's air sampling program. Regional airborne 
radioactivity is largely composed of fallout from past 
atmospheric nuclear weapons tests by several coun­
tries, natural radioactive constituents from the decay of 

thorium and uranium attached to dust particles, and 
materials resulting from interactions with cosmic 
radiation (for example, natural tritiated water vapor 
produced by interactions of cosmic radiation and stable 
water). Regional levels of radioactivity in the atmos­
phere, which are useful in interpreting air sampling 
data, are summarized in Table 4-1. Note that the 
measurements taken in Santa Fe by the US Environ­
mental Protection Agency (EPA) are similar to those 
taken by the Laboratory as regional background values 
and are significantly lower than EPA concentration 
limits for the general public. 

Environmental Surveillance and Compliance at Los Alamos during 1996 59 



,''I 

:.! I 
"' 

1,1: 

4. Air Surveillance 

Particulate matter in the atmosphere is primarily 
caused by the resuspension of soil, which is dependent 
on meteorological conditions. Windy, dry days can 
increase the soil resuspension, but precipitation (rain or 
snow) can wash particulate matter out of the air. 
Consequently, there are often large daily and seasonal 
fluctuations in airborne radioactivity concentrations 
caused by changing meteorological conditions. The 
measured airborne concentrations are less than the EPA 
concentration limit for the general public. The EPA 
limit represents a concentration that would result in an 
annual dose of I 0 mrem. 

2. Air Monitoring Network 

During 1996, ambient air sampling for airborne 
radioactivity was conducted at more than 50 locations. 
Stations are categorized as regional, pueblo, perimeter, 
or on-site. Three regional monitoring stations, 28 to 
44 km ( 18 to 28 mi) from the Laboratory, are located in 
Espanola, Pojoaque, and Santa Fe. The data from 
these stations are used as reference points for deter­
mining regional background and fallout levels of 
atmospheric radioactivity. The pueblo monitoring 
stations are located at the Pueblos of San Ildefonso, 
Taos, and Jemez. There are now more than 20 peri­
meter stations located within 4 km (2.5 rni) of the 
Laboratory boundary (Figures 4-1 through 4-3). 

Because maximum concentrations of airborne 
releases of radionuclides would most likely occur on­
site, more than 30 stations are within the Laboratory 
boundary. For quality assurance (QA) purposes, two 
samplers are co-located as duplicate samplers, one at 
station #27 at Technical Area (TA) 54 and one at sta­
tion #26 at TA-49. Also, there is a backup station 
located at East Gate. In addition to the three categories 
mentioned previously, stations can also be classified as 
being inside or outside a controlled area. A controlled 
area is defined as having possibly radioactive materials 

or elevated radiation fields and are clearly posted as 
such (DOE 1988). The active waste site TA-54 Area G 
is an example of a controlled area. 

3. Sampling Procedures, Data Management, and 
Quality Assurance 

a. Sampling Procedures. The Laboratory 
operates a network of more than 50 environmental air 
stations (called AIRNET) to sample radionuclides in 
ambient air (Figures 4-1 through 4-3). Each sampler is 
equipped with a filter to collect a particulate matter 
sample for gros~ alpha/beta and radiochemical deter­
minations and a silica gel cartridge to collect moisture 
for tritium determination. The particulate filter and the 

gel canridge are collected and are typically analyzed 

biweekly. To increase our ability to detect radionu­
clides, the particulate filters are accumulated for three 
months, composited, split, and then sent to commercial 
analytical laboratories for radiochemical analyses. 
Details about the sample collection, sample manage­
ment, chemical analysis, and data management activi­
ties are provided in the project plan (ESH-17 1995) and 
in the numerous procedures through which the plan is 
implemented. 

b. Data Management. The 1996 field data, 
including timer readings, readings for the flow in the 
sampling trains at the start and stop of the sampling 
period, and comments pertaining to these data, were 
recorded electronically in the field on a palm-top 
microcomputer. These data were later transferred to a 
table format within the ESH-17 AIRNET Microsoft 
Access database. 

c. Analytical Chemistry. The 1996 particulate 
filters were analyzed biweekly by the Health Physics 
Measurements Group (ESH-4) Health Physics Analyti­
cal Laboratory (HPAL), using analytical procedures 
that meet the requirements of 40 Code of Federal 
Regulations (CFR) 61, Appendix B, Method 114, for 
gross alpha, gross beta, and tritium. A composite was 
prepared quarterly for each station by combining the 
filters from the six or seven sampling periods during 
the quarter. The composites (one for each station) 
were split, and the first half submitted to a commercial 
laboratory for analyses that conformed to EPA require­
ments. The second half of each composite was tem­
porarily retained for reanalysis, if needed. Every two 
weeks, Air Quality Group (ESH-17) staff distilled the 
moisture from the silica gel cartridges and submitted 
the distillate to the ESH-4 HPAL for tritium determina­
tion by liquid scintillation spectrometry. A summary 
of the target miniumum detectable amount for the 
biweekly and quarterly samples is provided in the QA 

Project Plan for Radiological Air Sampling Network 
(ESH-17 1995). 

d. Laboratory Quality Control Samples. For 
1996, ESH-17 maintained a program of blank, spike, 
duplicate, and replicate analyses, which was designed 
to provide information on the quality of the data 
received from analytical chemistry suppliers. The 
chemistry met QA requirements for the Air Quality 
programs. Comprehensive data for the 1996 analytical 
quality assurance program are being prepared for 
publication in a separate report. 

4. Radiochemical Analytical Results 

a. Gross Alpha and Beta Radioactivity. Gross 
alpha and gross beta analyses are used primarily to 
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evaluate general radiological air quality and to identify 
potential trends. If gross activity in a sample is consis­
tent with past observations and background, immediate 
special analyses for specific radionuclides are not 
necessary. If the gross analytical results appear to be 
elevated, then immediate analyses for specific radionu­
clides may be performed to investigate whether a prob­
lem, such as an unplanned release, has occurred. Gross 
alpha and beta activity in air exhibit considerable 
environmental, especially seasonal, variability as 
shown in Figures 4-4 and 4-5. 

The National Council on Radiation Protection and 
Measurements (NCRP) estimated the average concen­
tration of long-lived gross alpha activity in air to be 
2.0 fCi/m3. The primary alpha activity is due to 
polonium-21 0 (a decay product of radon gas) and other 
naturally occurring radionuclides (NCRP 1987). The 
NCRP also estimated average concentration levels of 
long-lived gross beta activity in air to be 20.0 fCi/m3. 
This activity is primarily due to the presence of 
Iead-21 0 and bismuth-21 0 (decay products of radon) 
and other naturally occurring radionuclides. 

More than I ,000 air samples were collected in 1996 
and analyzed for gross alpha and gross beta activity. 
As shown in Table 4-2, the annual averages for all of 
the stations were within two standard deviations of the 
NCRP's estimated average (2 fCi/m3) for gross alpha 
concentrations. Gross alpha activity is almost entirely 
from the decay of natural radionuclides, primarily 
radon, and is dependent on variations in natural condi­
tions such as atmospheric pressure, temperature, and 
soil moisture. The differences among the groups are 

most likely attributable to these factors (NCRP 1987). 
Table 4-3 shows gross beta concentrations within 

and around the Laboratory. These data show varia­
bility similar to the gross alpha. All group averages are 
below 20 fCi/m3, the NCRP estimated national average 
for gross beta concentrations. 

b. Tritium. Laboratory operations released 680 
curies of tritium during 1996. In addition, tritium is 
present in the environment as the result of nuclear 
weapons tests and is also produced naturally by the 
cosmogenic process (Kathem 1984 ). Sampling results 
are presented in Table 4-4. As a group, the perimeter 
stations seemed to show higher tritium concentrations 

than the regional or pueblo stations. The perimeter 
station average was 1.3 ± 1.2 pCi/m3 compared to 
0.3 ± 0.8 for the regional stations. The maximum off­
site mean annual concentration of 2.2 pCi/m3 was 
recorded at stations #8 and #16. The uncertainty (two 
standard deviations) of each perimeter, regional, and 
pueblo station is greater than the measured air concen­
tration. The calculated gross tritium dose (no back-

4. Air Surveillance 

ground subtraction) based on the mean air concentra­
tion at stations #8 and #16 was 0.15% of the EPA's 
public dose limit (PDL) of 10 mrem per year. 

Elevated concentrations were observed at a number 
of on-site stations, with the highest maximum and 
annual mean concentration at station #35 (Area G). 
Elevated mean air concentrations were also seen at 
other Area G stations and one non-Area G station 
(#25). Station #35 is located at Area G in theTA-54 
waste site (a radiological control area) near shafts 
where tritium-contaminated waste is disposed, and 
station #25 is located near a tritium facility. However, 
the annual mean gross (no background subtraction) 
concentration, which was observed at station #35, is 
approximately 0.002% of the Department of Energy 
(DOE) derived air concentration (DAC) for controlled 
areas (20 x I o6 pCi/m3). All annual mean concentra­
tions were well below the applicable EPA and DOE 
guidelines. 

c. Plutonium. Plutonium is released by the 
Laboratory in microcurie amounts. In addition, 
plutonium is present in the environment because of 
fallout from past nuclear weapons testing and, in some 
isolated cases, from natural sources (Kathem 1984). 

Sampling results for plutonium-238 are presented in 
Table 4-5. The table shows that the highest group 
summary mean was for the category decontamination 
and decommissioning (D&D) stations at TA-21, with 
an annual mean of6.5 ± 13.3 aCi/m3. This corres­
ponds to approximately 0.3% of the EPA public dose 
limit. The highest annual mean for an individual sta­
tion was at station #27 on the north perimeter of 

TA-54, Area G, with an annual mean activity of 19.8 ± 
10.0 aCi/m3. This corresponds to approximately 
0.94% of the EPA's public dose limit, or about 
0.094 mrem. Analysis of data from this station 
indicates an increasing trend for this and other isotopes 
(plutonium-239) and radionuclides (americium-241) as 
discussed further below. 

Sampling results for plutonium-239 are presented in 
Table 4-6. The regional, pueblo, and perimeter station 
group summaries all indicate annual means near zero, 
as we would expect. The highest annual mean at any 
off-site station occurred at Station #9, Los Alamos 
Airport and was 2.9 ± 1.4 aCi/m3 of plutonium-239, 

-240. This annual mean concentration corresponds to 
approximately 0.15% of the EPA's public dose limit, or 
about 0.015 mrem (this is a gross dose with no back­
ground subtraction). The Los Alamos Airport is the 
nearest air monitoring station downwind of the decon­
tamination _and decommissioning operations at TA-21. 
The stations at TA-21 have an annual group mean that 
is higher than the other groups, with the exception of 
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4. Air Surveillance 

the Area G stations discussed below. The somewhat 
elevated concentrations at TA-21 may have resulted 
from increased ground-level emissions associated with 
the demolition and related activities th'at occurred at 
this site during 1996. 

The maximum on-site station mean (706.6 ± 369.9 
aCi/m3) was recorded at Station #27, TA-54, Area G. 
Station #27 was the highest on-site station last year 
also (ESP 1996), and we believe there has been a 
significant increase in the air concentration of 
plutonium-239 (and americium-241) at this location 
beginning during the second quarter of 1995 and 
continuing at least through the final quarter of 1996. 
The mean air concentration of plutonium isotopes at 
Station #30 (near Area G) appears to have been 
elevated because of high second quarter values as 
discussed further in Section 4.A.5.e. 

d. Americium. Because americium often occurs 
along with plutonium, plutonium samples are also 
submitted for americium analysis. Results are present­
ed in Table 4-7. As described for plutonium-238, 
americium is present in very low concentrations in the 
environment, and this is indicated by the low annual 
mean concentrations seen at the regional, pueblo, and 
perimeter station summaries. The elevated mean of 7.3 
± 27 .I aCi/m3 for the on-site station group is due 
primarily to a single high value at station #30 (Pajarito 
Booster). The slightly elevated americium 

concentrations at the D&D sites (TA-21) may be due to 
increased ground-level emissions resulting from D&D 
activities. The elevated annual mean at the Area G 
stations is significant and is discussed in Section 4.A.5. 

e. Uranium. Uranium is released from the 
Laboratory in microcurie amounts and occurs naturally 
in rocks and soil (please refer to a general discussion 
regarding uranium in the environment in a previous 
annual report [ESP 1995]). Tables 4-8, 4-9, and 4-10 
present radioisotopic results for uranium-234, uranium-
235, and uranium-238, respectively. The highest on- or 
off-site annual mean concentration for uranium-234 
was at station #78, in the vicinity of firing sites where 
depleted uranium has been dispersed in explosive 
experiments. The maximum annual mean concen-
tration at the perimeter stations was recorded at station 
#61; Los Alamos Hospital. The gross (not corrected 
for background) activity of 20.2 aCi/m3 corresponds to 
approximately 0.036 mrem according to the EPA's 
PDL. The annual means of both the regional and the 
pueblo stations were higher than the on-site stations. 
This indicates the overwhelming importance of high 
background levels of natural uranium in the soils in 

these areas compared to Laboratory contributions. The 
highest uranium-235 concentration was at station #78. 
The maximum off-site value was 3.1 ± 2.3 aCi/m3 at 
Espanola. All annual mean concentrations of uranium-
238 were well below the applicable EPA and DOE 
guidelines. 

In addition to releases of uranium from some 
Laboratory facilities, depleted uranium (consisting 
primarily of uranium-238) is dispersed by experiments 
that use conventional high explosives. About 176 kg of 
depleted uranium containing about 0.124 Ci of 
radioactivity was used in such experiments in 1996. 
Most of the debris from these experiments was 
deposited on the ground in the vicinity of the firing 
sites. Limited experimental data show that no more 
than about 10% of the uranium becomes airborne in a 
high-explosive test (Dahl and Johnson 1977). 
Dispersion calculations indicate that the resultant 
maximum airborne concentrations would be greater 
than concentrations attributable to the natural 
abundance of uranium that is resuspended in dust 
particles; however, the predicted values were not 
detected at on- or off-site stations. 

5. Investigation of Elevated Air Concentration 

In 1996, a number of air sampling values exceeded 
investigation levels established by ESH-17. A dis­
cussion of how investigation levels are determined can 

be found in the QA Plan for Radiological Air Sampling 
Network (ESH-17 1995). When a measured air 
concentration exceeds an investigation level, ESH-17 
verifies that the calculations were done correctly and 
that the sampled air concentrations are likely to be 
representative, i.e., that no cross contamination has 
taken place. Next, we work with personnel from the 
appropriate operations to assess potential sources for 
the elevated concentrations. The following sections 
identify four incidences of elevated air concentrations 
that warrant further discussion. 

a. Technical Area 54, Area G. Recently, the 
Laboratory initiated a formal ongoing review process 
of air monitoring data to assess whether ambient air 

concentrations of radionuclides are above what we 
have seen in recent history. As a result of that review, 
the Laboratory identified elevated air concentrations at 
station #27, on-site at Area G. By constructing a trend 

· of the plutonium-239 and americium-241 concentra­
tions since the first quarter of 1991, we determined that 
these are not isolated high values but, rather an 
increasing trend (Figure 4-6). Other radionuclides are 
not elevated significantly. None of the other air 
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monitoring stations at Area G showed evidence of this 
increasing trend, and neither did the nearby off-site 
stations, including those in White Rock. 

Plutonium-239 and americium-241 increased 
somewhat during the first quarter of 1995. Before 
1995, the average air concentrations of plutonium-239 
and americium-241 were about II aCi/m3. Beginning 
in the first quarter of 1995, plutonium-239 concentra­
tions increased and remained at a plateau for approxi­
mately five quarters at an average concentration of 120 
aCi/m3 for plutonium-239 and 96 aCi/m3 for 
americium-241. During the second quarter of 1996, a 
much larger increase occurred at both stations for the 
same radionuclides. A higher plateau was reached and 
the concentrations have remained at these elevated 
levels of 900 aCi/m3 for plutonium-239 and 600 
aCi/m3 for americium-241 throughout the remainder of 
1996. 

The Laboratory performed a survey of the adjacent 
road area using a "Violinist" (a scintillation detector 
with a multiple channel analyzer that is capable of 
discriminating the low levels of gamma radiation 
associated with the decay of plutonium-239 and 
americium-241 ). The survey was completed during 
May 1997 and showed one small area (approximately 
10m x 15m) of americium-241 and plutonium-239 
contamination significantly higher than adjacent areas. 

The entire road area in the vicinity of the air 
monitoring station had been moved and reworked over 
the past year. Additionally, trenching for waterlines 
along the northern edge of the road passed within a 
couple of meters of station #27. Although the survey 
results are still under evaluation, a preliminary 
summary and conclusions appear to be warranted. A 
first trenching operation occurred in February 1995 and 
appears to have been synchronous with the initial small 

rise in air concentrations. Another trenching operation 
and a complete reworking of the road surface was be­
gun during the spring of 1996, closely matched in time 
with the much more significant increase in air concen­
trations. The road was actually moved in early 1996 
and that move appears to have taken the road path 
directly over the contaminated area. Our preliminary 
conclusion is that trenching or the road work may have 
brought some contaminated material to the surface of 
the road and that heavy vehicle traffic associated with 
the Transuranic Waste lnspectable Storage Project 
operations has provided an efficient mechanism to get 
the contamination airborne in the immediate vicinity of 
station #27. 

During 1997, the Laboratory should complete a 
remediation of the problem by covering the contamina­
tion with approximately 30 cubic yards of clean dirt. 

4. Air Surveillance 

We are having biweekly AIRNET samples from station 
#27 radiochemically analyzed for americium and 
plutonium isotopes to assess whether airborne concen­
tration levels have dropped as a result of the dirt cover. 
Additionally, surface surveys similar to the original 
survey that identified the contamination are planned to 
evaluate the effectiveness of this remediation. 

b. Technical Area 16. We believe that elevated 
tritium results observed at the TA-16-450 station are 
related to increased tritium activities (stack and non­
stack emissions) by the Weapons Engineering Tritium 
Facility at TA-16, which became fully operational 
during 1995. Stack effluents from TA-16 totaled 99 Ci, 
with 66% as tritium oxide. Using the air sampler data, 
non-stack emissions are estimated at I to 10 Ci per 
year of tritium oxide. The maximum dose resulting to 
a member of the public from the release of these 
effluents is calculated to be 0.003 mrem/yr to 0.004 
mrem/yr. 

c. Technical Area 21. Concentrations of 
transuranic radionuclides exceeding the investigation 
levels have been observed at TA-21 (stations #19, and 
#71 through #75) in the past and are thought to have 
resulted from increased ground-level emissions 
associated with D&D activities during 1996. 

d. Firing Sites. Elevated concentrations of 
isotopes of uranium observed at firing site stations are 
attributed to open air explosive testing at TA-15-
PHERMEX. 

e. Station #30. This station, located at the turn­
off at Pajarito Road to TA-54, recorded elevated 
readings of plutonium-239 and americium-241 for the 
second quarter of 1996. Results from other sample 
periods were examined to see if an undesirable trend 

was occurring; no trend was found. At this time, the 
cause of the elevated readings remains unknown. 

6. Long-Term Trends 

Investigation of long-term trends can provide infor­
ma~ion about long-term impacts of the Laboratory on 
the environment and help us to reduce such impacts. 
Last year (ESP 1996), we explored trends in tritium 
concentrations and concluded that ambient concentra­
tions have decreased significantly compared to those in 
the 1970s and early 1980s. 

In the current report, we have identified an ongoing 
situation at one Area G location where air concentra­
tions of americium-241 and plutonium-239 have been 

increasing since early 1995. This increasing trend is 
discussed above. General review of our monitoring 
data does not indicate any other significant trends at 
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Together, these plans and procedures describe or pre­
scribe all the planned and systematic activities believed 
necessary to provide adequate confidence that ESH -17 
processes perform satisfactorily. The following high­
lights of 1996 accomplishments are presented to 
demonstrate the vitality of the QA Program in the 
ESH-17, Air Quality Group. 

Component: Highlights 
Documentation: At the end of 1996, the ESH-17 QA 

document system included 8 QA Plans and 43 
procedures, which are reviewed periodically to 
see if revision is needed. Of the plans, one was 
a new issue, and five QA Plans were updated. 
Of the 43 procedures, 16 were new procedures, 
and 13 were revised. 

Distribution: At the end of 1996, 40 persons had 
been issued QA binders with multiple plans and 
procedures. An additional 13 persons held I or 
more procedures or plans. Distribution details 
are maintained in a log by the custodian. 

Training: During 1996, ESH-17 implemented a com­
puterized training database, which is maintain­
ed by the group training coordinator. Training 
plans are documented, training is logged as 
completed, and reminders are issued. Statistics 
compiled late in the year indicated that approx­
imately 6 persons were trained to each plan or 
procedure, and the average person has com­
pleted training to 7 plans or procedures. 

Assessments: DOE completed an assessment of the 
Rad-NESHAP program and LANL considers 
itself in compliance with the Clean Air Act as 
of June of 1996. 

A management self-assessment was completed 
as an informal survey in October. The group 
leader used the information to improve the 
group management. 

In October, the Federal Facilities Compliance 
Agreement-required external assessment of 
Rad-NESHAP management systems was com­
pleted by a team from Northern Arizona Uni­
versity College of Engineering and Institute for 
Tribal Environmental Professionals. There 
were no findings. Responses or action plans 
have been written for the 8 recommendations 
made by the audit team and sent to DOE for 
EPA approval. 

An internal assessment of the group was con­
ducted by a contractor employee in late 1996. 
The assessment evaluated the compliance with 

40 CFR 61, Subpart H (Rad-NESHAP) and 
found the group in full compliance with the 
regulation. Several opportunities for 
improvement were identified. 

During 1996, ESH-17 teams (led by an IS0-
9000 Certified Lead Assessor) performed 
assessments of the 3 laboratories that supply 
analytical data. One was a follow-up visit to 
verify that recommended improvements had 
been completed. After the visits, assessment 
reports were written that included quality 
improvement needs. 

Quality Improvement: The ESH-17 quality improve­
ment system includes a computerized database 
used to track findings from internal and exte­
rnal assessments, and any equipment or process 
breakdowns that affect quality. In 1996, 49 
reports of such deficiencies were made and 30 
were closed out and verified. 

2. Analytical Laboratory Assessments 

During 1996, gross alpha, gross beta, and tritium 
analytical chemistry services were supplied by the 
Laboratory's HPAL. Analytical chemistry services for 
alpha-emitting isotopes (uranium, plutonium, and 
americium) on quarterly composite samples were 
provided by the Grand Junction Rust-GeoTech (now 
Wastran-Grand Junction) Project Office (GJPO) of 
Grand Junction, Colorado. Application of the data 
quality objective (DQO) process led to definition of 
analytical chemistry DQOs. These DQOs were sum­
marized as purchase requirements in statements of 

work used for procurement of chemical analyses from 
the commercial laboratories. Before awarding the 
purchases, ESH-17 evaluated the lab procedures, 
quality plans, and national performance evaluation 
program results of these suppliers and found that they 
met purchase requirements. ESH-17 also performed 
formal on-site assessments at the Grand Junction and 
HPAL laboratories during 1996 and a follow-up 
reassessment at Paragon (formerly ATI). Quality 
control aspects of the analytical chemistry will be 
presented in later sections of this document. 

Both Paragon and the Grand Junction analytical 
laboratory participated in national performance evalua­
tion studies during 1996. Two federal agencies, EPA 
and DOE, sponsor intercomparison studies: the EPA 

Environmental Monitoring Systems Laboratory in Las 
Vegas, Nevada, and the DOE Environmental 
Measurements Laboratory in New York, New York. 
The DOE laboratory sends spiked air filters twice a 
year to the participating laboratories. The EPA 
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laboratory sends one type of spiked media from one to 
three times a year that is of interest to ESH-17's QA 
program. 

G. Special Studies 

1. Comparison ofThermoluminescent 
Dosimeters 

A special intercomparison study initiated in 1990 to 
compare results of the Laboratory's TLDs with TLDs 
obtained from a commercial vendor was concluded in 
1996. Because the newly designed dosimeter passed 
the ANSI N545-1975 tests and performed we)] in the 
Eleventh International lntercom-parison for Environ­
mental Dosimeter, the Laboratory did not feel the need 
to continue this intercomparison study. Intercompar­
isons are still being conducted with the New Mexico 
Environment Department (NMED) DOE Oversight 
Bureau that has duplicate dosimeters placed at select 
locations near Laboratory dosimeters (NMED 1997). 

2. Eleventh lnternationallntercomparison of 
Environmental Dosimeters 

LANL participated in the Eleventh International 
lntercomparison of Environmental Dosimeters 
coordinated by the Environmental Measurements 
Laboratory (EML), US Department of Energy, in col­
laboration with the National Institute of Standards & 
Technology and Idaho State University. The purpose of 
the intercomparison program is to assess the perfor­
mance of environmental dosimeters by comparing the 
overall distribution of results with reference measure­
ments of the delivered doses and generally accepted 
performance standards. At the same time, this program 
furthers research in environmental dosimetry by giving 
participants an opportunity to evaluate their own 
performance or to test new dosimeters, and by incor­
porating special conditions designed to investigate 
problems associated with environmental dosimetry. It 
also provides useful data for performance standards 

under development. For the Eleventh International 
lntercomparison, participants submitted dosimeters for 
a three-month field test and for irradiations to 
americium-241 and cesium-137 in the laboratory. 

Three dosimeters (1/4-in. LiF, 118-in. LiF, and 
Al20 3 dosimeters) used at various times for environ­
mental monitoring at the Laboratory were submitted 
for this intercomparison. The results for the dosi­
meters containing the 1/4-in. TLD-100 chips was -25% 
for the field exposure, -28% for the americium-241 
exposure, and -30% for the cesium- 137 exposure. The 
new dosimeters with the 1/8 in. TLD-1 00 chips were 
-6%, -5% and -12% respectively. The Al20 3 

4. Air Surveillance 

dosimeter response was + 7%, +58%, and +6%, 
respectively. The negative values indicate an under 
response, and positive values indicate an over response. 
The intercomparison confirmed much of what was 
suspected: the 1/4-in. TLD response was not as 
accurate as the newly designed 118-in. dosimeter. The 
newly designed dosimeters have a slight negative bias 
in their response when compared to an HPIC, and the 
Al20 3 dosimeter is not acceptable for environmental 
monitoring, especially because of their over response 
to the americium-241 exposure. 

3. Performance Evaluation of Los Alamos 
National Laboratory's Environmental Dosimeter 

The Laboratory's environmental dosimeter was 
tested against specific portions of the ANSI N545-1975 
standard for environmental TLD applications. The 
dosimeters were evaluated for uniformity, reproduc­
ibility, energy response, angular response, light depen­
dence, moisture dependence, an evaluation of the field 
fade, self-irradiation, lower limit of detection, and 
neutron response. In addition, before placing dosime­
ters in the field population, each dosimeter was 
evaluated against a stringent testing and acceptance 
process. Those dosimeters failing this acceptance 
testing were eliminated from the general field popula­
tion. This field population was subjected to the 
performance testing protocols outlined in ANSI N545-
1975. The newly designed environmental dosimeters 
satisfy all of the ANSI N545-1975 performance 
requirements for environmental radiation monitoring 
(Archuleta 1997). 

4. Neighborhood Environmental Watch Network 
Community Monitoring Stations 

NEWNET is a LANL Dynamic Experiment 
Division program focused on establishing a partnership 
with communities, state and tribal governments, and 
the DOE to address concerns about radiological mon-

itoring in local communities. It establishes meteorolo­
gical and external penetrating radiation monitoring sta­
tions in local communities and around radiological 
sources. These stations are the responsibility of a 
station manager from the local community. The sta­
tions have a local readout, and the data can be down­
loaded into a personal computer at the station if this 
process is coordinated with the station manager. 

The data from these stations are transmitted via 
satellite communications to a downlink station at 
LANL. The data are converted to engineering units, 
checked and annotated for transmission errors or sta­
tion problems, and stored in a public access database. 
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4. Air Surveillance 

I 
Table 4-3. Airborne Long-Lived Gross Beta Concentrations for 1996 

I Number of 
Number of Results Maximum Minimum Mean ls 

Station Location Results <MDA (fCi/m3) (fCi/m3) (fCi/m3) (fCi/m3) 

J Regional Stations 
01 Espanola 26 0 19.1 4.0 11.4 6.2 
02 Pojoaque 26 0 15.2 3.5 10.2 6.2 

~I 03 Santa Fe 26 0 15.9 1.7 8.9 7.5 

Group Summary 78 0 19.1 1.7 10.2 2.5a 't ..... 

Pueblo Stations 
~, 

41 San Ildefonso Pueblo 26 0 19.2 4.1 10.5 5.7 
42 Taos Pueblo 26 0 16.1 5.8 10.5 5.4 
48 Jemez Pueblo-Riverside 26 0 15.1 3.5 9.4 6.6 

Group Summary 78 0 19.2 3.5 10.2 1.3a ~I 
Perimeter Stations 

04 Barranca School 26 0 19.3 2.5 10.4 6.3 
05 Urban Park 26 2 17.0 1.4 9.0 6.1 .I 
06 48th Street 26 0 15.8 3.0 9.6 5.6 
07 Gulf/Exxon/Shell Station 26 0 18.1 2.9 11.8 6.8 
08 McDonalds Restaurant 26 2 19.4 1.1 9.8 7.3 :I 09 Los Alamos Airport 26 0 19.3 3.5 10.9 6.3 
10 East Gate 26 0 17.6 2.5 10.7 6.0 
11 Well PM-1 (E. Jemez Road) 26 0 17.5 3.4 9.9 6.0 

:~I 12 Royal Crest Trailer Court 26 0 16.5 2.0 9.5 5.6 
13 Pinon School 26 0 19.1 3.5 10.3 6.5 
14 Pajarito Acres 24 0 16.0 2.1 9.7 5.9 
15 White Rock Fire Station 25 0 17.9 2.3 9.9 6.5 ') 

I 16 White Rock 26 0 17.6 2.6 11.7 6.9 
i I Church of the Nazarene 

17 Bandelier Entrance 26 0 20.2 3.8 12.0 6.4 ,;,, 
(Lookout) (Rim) 

60 LA Canyon 26 0 17.2 4.5 10.4 5.9 

I 
61 LA Hospital 26 0 22.4 4.9 12.4 7.9 

'·I I 62 Trinity Bible Church 25 0 19.9 4.0 10.8 6.6 ~~-
63 Monte Rey South 25 0 20.8 5.1 11.9 7.7 

Group Summary 463 4 22.4 1.1 10.6 2.oa 

On-Site Stations :;t 
19 TA-21 DP Site 2 0 7.3 3.6 5.4 5.3 

I 

I, I 
I 

20 TA-21 Area B 26 0 17.9 3.2 t'0.6 5.9 I 

21 TA-6 2 0 3.5 2.2 2.9 1.9 -~, 
22 TA-53 2 0 7.0 3.7 5.4 4.7 
23 TA-52 Beta Site 26 0 17.5 3.1 9.9 5.9 
25 TA-16-450 26 0 18.9 2.5 10.3 6.7 

1 :. I 26 TA-49 26 0 15.1 2.8 10.7 6.1 
28 TA-33 HP Site 2 0 7.5 2.3 4.9 7.3 
30 Pajarito Booster 2 (P-2) 26 0 18.7 5.9 12.2 6.9 

1 31 TA-3 26 0 22.8 2.3 10.3 9.2 
32 County Landfill 27 0 43.9 2.9 10.8 14.1 

I 49 Pajarito Rd (TA-36) Sludge Pond 26 0 2Ll 4.0 1L9 6.7 
I 

I ] Group Summary 217 0 43.9 2.2 8.8 6.43 
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Table 4-3. Airborne Long-Lived Gross Beta Concentrations for 1996 (Cont.) 

Number of 
Number of Results Maximum 

Station Location Results <MDA (fCilm3) 

Area G Stations 
27 TA-54 Area G (by QA) 26 0 18.2 
34 TA-54 Area G-1 (behind trailer) 26 0 17.5 
35 TA-54 Area G-2 (back fence) 25 0 19.0 
36 TA-54 Area G-3 (by office) 26 0 18.7 
37 TA-54 Area G-4 (water tank) 20 0 18.7 
45 Area G (Southeast Perimeter) 26 0 18.3 
47 Area G (North Perimeter) 22 0 19.8 
50 TA-54Area G 26 0 17.4 
51 TA-54Area G 26 0 19.3 

Group Summary 223 0 19.8 

Decontamination and Decommissioning 
71 TA-21.01 (NW Bldg. 344) 26 0 22.0 
72 TA-21.02 (N Bldg. 344) 23 0 18.2 
73 TA-21.03 (NE Bldg. 344) 25 0 18.8 
74 TA-21.04 (SE Bldg. 344) 25 0 20.8 
75 TA-21.05 (S Bldg. 344) 25 0 19.0 

Group Summary 124 0 22.0 

TA-15 Firing Sites 
76 TA-15-NNW 25 0 17.2 
77 TA-15-NNE 24 0 19.2 
78 TA-15-N 26 0 15.5 

Group Summary 75 0 19.2 

Concentration Guidelines are not available for gross beta concentrations. 

nThis is two times the standard deviation of the mean value for the group. 

Environmental Surveillance and Compliance at Los Alamos during 1996 

4. Air Surveillance 

Minimum Mean 2s 
(fCilm3) (fCilm3) (fCilm3) 

3.4 9.8 6.0 
4.2 10.5 5.1 
2.5 10.0 6.4 
3.6 10.6 5.9 
2.4 10.0 6.6 
3.4 10.0 5.8 
2.5 10.7 6.8 
2.3 9.6 6.7 
3.8 11.1 6.3 

2.3 10.2 I.Oa 

2.1 11.1 7.5 
5.1 9.9 5.9 
5.2 10.6 5.7 
4.2 11.0 6.0 
4.1 11.3 6.2 

2.1 10.8 ua 

3.6 10.2 5.8 
4.6 11.2 6.4 
3.0 10.1 5.9 

3.0 10.5 1.28 
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4. Air Surveillance 

I 
Table 4-4. Airborne Tritium as Tritiated Water Concentrations for 1996 

I Number of 
Number of Results Maximum Minimum Mean 2s 

Station Location Results <MDA (pCiJm3) (pCiJm3) (pCiJm3) (pCiJm3) 

I Regional Stations 
01 Espanola 26 21 11.0 -l.la 0.8 4.7 
02 Pojoaque 26 20 2.0 -1.7 0.3 1.6 
03 Santa Fe 26 23 1.0 -1.3 0.0 l.l I Group Summary 78 64 11.0 -1.7 0.3 0.8b 

Pueblo Stations 

I 41 San Ildefonso Pueblo 26 16 1.9 -0.4 0.5 1.1 
42 Taos Pueblo 24 20 1.5 -0.3 0.3 0.8 
48 Jemez Pueblo-Riverside 26 18 2.7 -0.8 0.4 1.5 

Group Summary 76 54 2.7 -0.8 0.4 O.lb I Perimeter Stations 
04 Barranca School 26 19 3.4 -0.5 0.6 1.7 
05 Urban Park 26 22 1.8 -1.1 0.2 1.3 I 06 48th Street 26 16 1.9 -0.3 0.5 1.1 
07 Gulf/Exxon/Shell Station 26 15 2.7 -0.2 0.8 1.4 
08 McDonalds Restaurant 26 7 7.5 -0.0 2.2 3.4 

I 09 Los Alamos Airport 24 6 3.4 -0.4 1.4 1.7 
10 East Gate 26 2 3.5 0.5 1.8 1.7 
11 Well PM-1 (E. Jemez Road) 26 12 2.6 -0.6 0.9 1.9 
12 Royal Crest Trailer Court 26 9 15.0 -0.6 1.5 5.7 I 13 Pinon School 26 10 5.4 -0.5 1.8 2.8 
14 Pajarito Acres 25 II 6.5 -0.6 0.9 2.6 
15 White Rock Fire Station 25 12 4.6 -0.1 1.2 2.3 

I 16 White Rock 26 5 5.7 0.3 2.2 2.7 
Church of the Nazarene 

17 Bandelier Entrance 26 14 7.3 -0.6 1.1 3.1 
I I (Lookout) (Rim) I 60 LA Canyon 26 6 4.9 -0.2 1.7 2.5 

61 LA Hospital 26 17 5.5 -0.7 1.1 2.7 
62 Trinity Bible Church 26 11 12.4 -0.3 1.6 5.3 I 63 Monte Rey South 26 14 4.1 -0.9 1.0 2.5 

Group Summary 459 208 15.0 -1.1 1.3 1.2b 

On-Site Stations I 19 TA-21 DP Site 2 0 4.4 4.3 4.4 0.1 
20 TA-21 Area B 26 5 4.5 0.4 1.8 2.0 
2I TA-6 2 2 0.4 -0.4 0.0 1.2 

I 22 TA-53 2 1 1.7 -0.2 0.8 2.6 
23 TA-52 Beta Site 26 10 3.0 -1.1 1.1 1.8 
25 TA-16-450 26 0 49.7 I0.6 23.8 20.6 
26 TA-49 26 II 9.1 -0.8 1.7 4.0 I ',: l 
28 TA-33 HP Site 2 I 2.5 0.3 1.4 3.2 

. I 30 Pajarito Booster 2 (P-2) 26 14 13.6 -0.2 1.3 5.2 
31 TA-3 26 7 3.2 0.3 1.3 1.5 I 32 County Landfill 27 12 6.9 0.0 1.3 2.8 
49 Pajarito Rd (TA-36) Sludge Pond 26 13 7.5 -0.2 1.4 3.9 

Group Summary 217 76 49.7 -1.1 3.4 13.0b I 
80 Environmental Surveillance and Compliance at Los Alamos during 1996 I' 
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4. Air Surveillance 

Table 4-4. Airborne Tritium as Tritiated Water Concentrations for 1996 (Cont.) 

Number of 
Number of Results Maximum Minimum Mean 2s 

Station Location Results <MDA (pCi!m3) (pCi!m3) (pCi!m3) (pCi!m3) 

TA-54, Area G 21 1 57.6 1.7 18.4 31.2 
27 TA-54 Area G (by QA) 26 0 52.3 3.2 18.5 26.2 
34 TA-54 Area G-1 (behind trailer) 25 1 20.2 0.6 7.4 10.9 
35 TA-54 Area G-2 (back fence) 25 0 1167.1 93.0 400.3 688.2 
36 TA-54 Area G-3 (by office) 26 3 7.2 0.0 2.4 3.3 
37 TA-54 Area G-4 (water tank) 20 0 12.6 1.1 5.5 5.8 
45 Area G (Southeast Perimeter) 26 20.3 -0.6 7.7 9.1 
47 Area G (North Perimeter) 20 I 28.3 0.7 12.2 18.0 
50 TA-54 Area G 26 3 15.9 0.5 5.6 8.3 
51 TA-54AreaG 26 6 7.5 0.3 2.6 3.3 

Group Summary 220 15 1167 .l -0.6 51.4 26J.9b 

Decontamination and Decommissioning 
71 TA-21.01 (NW Bldg. 344) 25 4 5.1 -0.1 2.1 2.7 
72 TA-21.02 (N Bldg. 344) 24 3 7.2 0.5 2.3 3.2 
73 TA-21.03 (NE Bldg. 344) 26 0 12.5 1.0 4.0 5.5 
74 TA-21.04 (SE Bldg. 344) 26 2 11.3 0.1 3.6 4.6 
75 TA-21.05 (S Bldg. 344) 26 2 8.8 0.8 3.6 3.7 

Group Summary 127 11 12.5 -0.1 3.1 l.8b 

TA-15 Firing Sites 
76 TA-15-NNW 26 14 8.9 -0.8 1.3 4.0 
77 TA-15-NNE 26 17 4.8 -1.4 0.8 2.5 
78 TA-15-N 26 15 6.8 -0.6 0.9 2.8 

Group Summary 78 46 8.9 -1.4 1.0 0.6b 

Concentration Guidelines 
Controlled Area DOE Derived Air Concentration Guide 20,000,000 pCifm3. See Appendix A. 
Uncontrolled Area DOE Derived Air Concentration Guide 100,000 pCifm3. See Appendix A. 
EPA 40 CFR 61 Concentration Guide 1,500 pCiim3• 

8 See Appendix B for an explanation of the presence of negative numbers. 
bThis is two times the standard deviation of the mean value for the group. 
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I 
4. Air Surveillance 

I 
Table 4-5. Airborne Plutonium-238 Concentrations for 1996 

I Number of 
Number of Results Maximum Minimum Mean 2s 

Station Location Results <MDA (aCUm3) (aCUm3) (aCUm3) (aCUm3) 

I Regional Stations 
01 Espanola 4 4 0.3 -0.48 -0.1 0.3 
02 Pojoaque 4 4 0.3 -0.2 0.0 0.2 

I 03 Santa Fe 4 3 0.6 0.0 0.4 0.3 

Group Summary 12 11 0.6 -0.4 0.1 0.5b 

Pueblo Stations 

I 41 San Ildefonso Pueblo 4 4 0.5 0.0 0.2 0.2 
42 Taos Pueblo 4 3 1.2 -0.5 0.1 0.7 
48 Jemez Pueblo-Riverside 4 4 0.7 -0.1 0.3 0.4 

Group Summary 12 11 1.2 -0.5 0.2 O.lb I Perimeter Stations 
04 Barranca School 4 4 0.0 -0.3 -0.1 0.2 
05 Urban Park 4 2 1.7 -0.3 0.7 0.8 I 06 48th Street 4 4 0.3 -0.6 -0.1 0.4 
07 Gulf/Exxon/Shell Station 4 4 1.0 -0.5 0.3 0.7 
08 McDonalds Restaurant 4 4 0.6 -0.3 0.1 0.5 I 09 Los Alamos Airport 4 4 0.2 0.0 0.2 0.1 
10 East Gate 4 4 0.3 -0.1 0.1 0.2 
11 Well PM-1 (E. Jemez Road) 4 4 0.4 -0.2 0.1 0.3 

I 12 Royal Crest Trailer Court 4 3 2.8 0.1 1.0 1.2 
13 Piiion School 4 3 0.7 -0.2 0.1 0.4 
14 Pajarito Acres 4 4 0.1 -0.4 -0.2 0.2 
15 White Rock Fire Station 4 4 0.5 -0.1 0.3 0.2 I 16 White Rock 4 4 0.1 -0.5 -0.2 0.3 

Church of the Nazarene 
17 Bandelier Entrance 4 4 0.2 -fJ.7 -0.1 0.4 

I (Lookout) (Rim) 
60 LA Canyon 4 4 0.9 0.0 0.2 0.4 
61 LA Hospital 4 3 1.5 -0.1 0.4 0.7 
62 Trinity Bible Church 4 4 0.3 0.1 0.2 0.1 I 63 Monte Rey South 4 4 0.1 -0.1 0.0 0.1 

Group Summary 72 67 2.8 -0.7 0.2 0.6b 

On-Site Stations I 20 TA-21 Area B 4 3 1.2 0.1 0.6 0.5 
23 TA-52 Beta Site 4 3 0.5 0.1 0.3 0.2 
25 TA-16-450 4 4 0.4 -0.2 0.1 0.3 I 26 TA-49 4 3 1.2 0.2 0.6 0.4 
30 Pajarito Booster 2 (P-2) 4 2 6.8 0.1 2.1 3.2 
31 TA-3 4 2 5.2 0.1 1.7 2.4 

I 32 County Landfill 4 3 3.0 -0.1 0.9 1.4 

49 Pajarito Rd (TA-36) Sludge Pond 4 4 0.4 -0.1 0.2 0.2 

Group Summary 32 24 6.8 -0.2 0.8 1.5b 

I 
I 
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4. Air Surveillance 

Table 4-5. Airborne Plutonium-238 Concentrations for 1996 (Cont.) 

Number of 
Number of Results Maximum Minimum Mean 2s 

Station Location Results <MDA (aCilm3) (aCi!m3) (aCi!m3) (aCi!m3) 

Area G Stations 
27 TA-54 Area G (by QA) 4 0 26.1 4.9 19.8 10.0 
34 TA-54 Area G-1 (behind trailer) 4 2 3.7 0.2 1.8 1.6 
35 TA-54 Area G-2 (back fence) 4 3 0.7 -0.1 0.2 0.4 
36 TA-54 Area G-3 (by office) 4 4 0.7 0.0 0.3 0.3 
37 TA-54 Area G-4 (water tank) 2 2 0.1 -0.3 -0.1 0.3 
45 Area G (Southeast Perimeter) 4 4 0.4 --0.3 0.1 0.3 
47 Area G (North Perimeter) 4 4 0.9 0.0 0.3 0.4 
50 TA-54Area G 4 3 0.7 0.3 0.5 0.2 
51 TA-54AreaG 4 3 2.2 -0.3 0.8 1.0 

Group Summary 34 25 26.1 -0.3 2.6 12.9b 

Decontamination and Decommissioning 
71 TA-21.01 (NW Bldg. 344) 4 3 1.2 -0.6 0.4 0.8 
72 TA-21.02 (N Bldg. 344) 4 I 33.2 1.0 11.2 14.9 
73 TA-21.03 (NE Bldg. 344) 4 0 52.0 2.1 15.9 24.1 
74 TA-21.04 (SE Bldg. 344) 4 2 6.3 0.7 2.2 2.7 
75 TA-21.05 (S Bldg. 344) 4 2 8.6 0.8 3.0 3.7 

Group Summary 20 8 52.0 -0.6 6.5 13.3b 

TA-15 Firing Sites 
76 TA-15-NNW 4 3 2.2 -0.2 0.5 1.1 
77 TA-15-NNE 4 4 0.2 -0.1 0.0 0.1 
78 TA-15-N 4 4 0.3 --0.6 --0.0 0.4 

Group Summary 12 11 2.2 -0.6 0.2 0.6b 

Concentration Guidelines 
Controlled Area DOE Derived Air Concentration Guide 3,000,000 aCi!m3. See Appendix A. 
Uncontrolled Area DOE Derived Air Concentration Guide 30,000 aCi/m3. See Appendix A. 
EPA 40 CFR 61 Concentration Guide 2,100 aCifm3. 

8 See Appendix B for an explanation of the presence of negative numbers. 
bThis is two times the standard deviation of the mean value for the group. 
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4. Air Surveillance 

I 
Table 4-6. Airborne Plutonium-239 Concentrations for 1996 

I Number of 
Number of Results Maximum Minimum Mean 2s 

Station Location Results <MDA (aCi/m3) (aCi/m3) (aCi/m3) (aCi/m3) 

I Regional Stations 
01 Espanola 4 3 1.1 -0.4a 0.6 0.7 
02 Pojoaque 4 4 0.7 -0.3 0.2 0.4 

I 03 Santa Fe 4 3 2.2 0.4 1.2 0.8 

Group Summary 12 10 2.2 -0.4 0.7 l.Ob 

Pueblo Stations 

I 41 San Ildefonso Pueblo 4 3 1.4 0.2 0.6 0.5 
42 Taos Pueblo 4 4 1.6 -0.2 0.9 0.8 
48 Jemez Pueblo-Riverside 4 3 1.7 0.4 1.0 0.6 

1i I Group Summary 12 10 1.7 . -0.2 0.9 0.4b I ,'11 
I 

Perimeter Stations 
04 Barranca School 4 4 1.1 0.4 0.7 0.3 
05 Urban Park 4 2 2.1 -0.4 1.0 1.1 I 06 48th Street 4 4 0.7 -0.5 -0.1 0.5 

il i 07 Gulf/Exxon/Shell Station 4 3 2.0 -0.6 1.0 1.3 
08 McDonalds Restaurant 4 3 2.9 0.1 1.1 1.2 I 09 Los Alamos Airport 4 1 4.0 0.8 2.9 1.4 
10 East Gate 4 2 1.7 0.5 1.2 0.6 
11 Well PM-I (E. Jemez Road) 4 3 0.9 0.2 0.5 0.3 

I 12 Royal Crest Trailer Court 4 2 2.3 0.2 1.5 0.9 
I 13 Pinon School 4 3 2.0 0.3 1.1 0.7 , I 

14 Pajarito Acres 4 4 0.9 0.4 0.6 ·o.2 
15 White Rock Fire Station 4 4 1.3 0.2 0.8· 0.5 I 16 White Rock 4 3 2.4 0.3 1.2 0.9 

Church of the Nazarene 
17 Bandelier Entrance 4 2 1.7 0.1 0.8 0.7 I. I (Lookout) (Rim) , I 
60 LA Canyon 4 3 1.8 0.6 1.2 0.5 
61 LA Hospital 4 3 1.0 0.1 0.6 0.4 

I 62 Trinity Bible Church 4 3 1.9 0.3 1.0 0.7 
63 Monte Rey South 4 3 0.9 0.3 0.5 0.3 

'I i 
Group Summary 72 52 4.0 -0.6 1.0 1.2b 

I I I On-Site Stations 
20 TA-21 Area B 4 2 1.9 1.3 1.6 0.3 
23 TA-52 Beta Site 4 2 2.0 0.2 0.9 0.8 
25 TA-16-450 4 4 0.8 -0.2 0.3 0.4 I 26 TA-49 4 2 14.6 0.5 4.6 6.7 

i 30 Pajarito Booster 2 (P-2) 4 1 235.3 1.0 60.8 116.4 
1:! I 31 TA-3 4 3 1.9 0.6 1.0 0.6 

I 32 County Landfill 4 0 6.9 3.6 5.0 1.6 
49 Pajarito Rd (TA-36) Sludge Pond 4 3 1.2 0.7 1.0 0.2 

Group Summary 32 17 235.3 -0.2 9.4 41.7b 

I 
I 
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I 
4. Air Surveillance 

I 
Table 4-6. Airborne Plutonium-239 Concentrations for 1996 (Cont.) 

Number of 
Number of Results Maximum Minimum Mean 2s 

I 
Station Location Results <MDA (aCi/m3) (aCi/m3) (aCi/m3) (aCi/m3) 

Area G Stations 
27 TA-54 Area G (by QA) 4 0 932.6 154.6 706.6 369.9 

I 
34 TA-54 Area G-1 (behind trailer) 4 1 8.3 1.4 3.6 3.2 
35 TA-54 Area G-2 (back fence) 4 2 2.1 0.7 1.5 0.6 
36 TA-54 Area G-3 (by office) 4 2 4.1 0.7 2.0 1.6 
37 TA-54 Area G-4 (water tank) 2 1.0 0.9 0.9 0.1 

I 45 Area G (Southeast Perimeter) 4 1 5.9 0.1 3.0 2.5 
47 Area G (North Perimeter) 4 0 30.1 6.9 14.1 10.9 
50 TA-54Area G 4 1 11.0 1.2 4.4 4.4 

I 
51 TA-54AreaG 4 0 10.8 1.7 4.5 4.3 

Group Summary 34 8 932.6 0.1 82.3 468.3b 

Decontamination and Decommissioning 

I 
71 TA-21.01 (NW Bldg. 344) 4 2 5.5 0.2 2.4 2.2 
72 TA-21.02 (N Bldg. 344) 4 0 40.9 7.5 18.2 15.6 
73 TA-21.03 (NE Bldg. 344) 4 0 34.5 7.0 19.4 11.8 

I 
74 TA-21.04 (SE Bldg. 344) 4 0 33.3 7.6 15.0 12.2 
75 TA-21.05 (S Bldg. 344) 4 32.4 3.0 13.5 13.2 

Group Summary 20 3 40.9 0.2 13.7 13.5b 

I 
TA-15 Firing Sites 

76 TA-15-NNW 4 2 3.5 0.3 1.4 1.5 
77 TA-15-NNE 4 2 2.2 0.5 0.9 0.8 
78 TA-15-N 4 3 2.4 0.0 0.9 1.0 

I Group Summary 12 7 3.5 0.0 1.1 0.6b 

Concentration Guidelines 

I Controlled Area DOE Derived Air Concentration Guide 2,000,000 aCilm3. See Appendix A. 
Uncontrolled Area DOE Derived Air Concentration Guide 20,000 aCi/m3 . See Appendix A. 
EPA 40 CFR 61 Concentration Guide 1,900 aCifm3. 

I 8 See Appendix B for an explanation of the presence of negative numbers. 
bThis is two times the standard deviation of the mean value for the group. 

I 
I 
I 
I 
I 
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4. Air Surveillance 
I 

Table 4-7. Airborne Americium-241 Concentrations for 1996 

I Number of 
Number of Results Maximum Minimum Mean 2s 

Station Location Results <MDA (aCi/m3) (aCi/m3) (aCi/m3) (aCi/m3) 

I Regional Stations 
01 Espanola 4 I 4.2 1.2 2.3 1.3 
02 Pojoaque 4 0 2.1 1.2 1.6 0.4 

I ''I 03 Santa Fe 4 1 3.3 1.5 2.5 0.8 
!! I Group Summary 12 2 4.2 1.2 2.1 I.oa 

Pueblo Stations 

I 41 San Ildefonso Pueblo 4 0 2.2 1.4 1.7 0.3 
42 Taos Pueblo 4 0 2.9 1.9 2.4 0.5 
48 Jemez Pueblo-Riverside 4 2 2.2 1.1 1.7 0.5 

I' I Group Summary 12 2 2.9 1.1 2.0 o.sa I ,1 I ,, 

'' Perimeter Stations 
I 04 Barranca School 4 1 2.1 0.4 1.3 0.7 

I 05 Urban Park 4 2 2.1 1.2 1.6 0.4 I I 06 48th Street 4 1 2.3 0.7 1.6 0.7 
07 Gulf/Exxon/Shell Station 4 2 2.5 1.0 1.6 0.7 
08 McDonalds Restaurant 4 0 3.1 1.3 2.4 0.8 I 09 Los Alamos Airport 4 0 3.3 1.5 2.2 0.8 
10 East Gate 4 I 2.2 1.0 1.8 0.6 
11 Well PM-1 (E. Jemez Road) 4 1 3.1 0.6 1.8 1.1 

I 12 Royal Crest Trailer Court 4 I 3.3 1.0 2.1 0.9 
13 Piiion School 4 1 3.3 1.2 2.2 1.1 
14 Pajarito Acres 4 0 2.7 0.7 1.9 0.8 
15 White Rock Fire Station 4 0 2.6 1.9 2.3 0.3 I 16 White Rock 4 1.9 1.1 1.7 0.4 

Church of the Nazarene 
17 Bandelier Entrance 4 0 2.7 1.2 1.8 0.7 

I (Lookout) (Rim) 
60 LA Canyon 4 1 2.2 1.3 1.7 0.5 
61 LA Hospital 4 2 2.6 1.1 1.7 0.7 

I 62 Trinity Bible Church 4 2 2.2 0.5 1.3 0.8 
63 Monte Rey South 4 1 2.6 1.2 1.8 0.6 

Group Summary 72 17 3.3 0.4 1.8 0.6a 

On-Site Stations I 20 TA-21 Area B 4 0 2.8 1.9 2.3 0.4 

'' 23 TA-52 Beta Site 4 0 3.6 1.8 2.5 0.8 
' 25 TA-16-450 4 0 2.8 1.2 1.8 0.7 ·I I 

26 TA-49 4 1 12.1 1.4 4.8 5.0 
30 Pajarito Booster 2 (P-2) 4 I 153.0 1.8 40.7 74.9 
31 TA-3 4 2 2.7 0.7 1.5 0.8 

I 32 County Landfill 4 0 4.7 2.8 3.6 0.8 
49 Pajarito Rd (TA-36) Sludge Pond 4 3 2.9 0.4 1.4 1.1 

Group Summary 32 7 153.0 0.4 7.3 27a 

I 
, I ,, 
ll1 

I ' 

I 
1

1

1 

I 
'' 11: 
I' , I 
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4. Air Surveillance 

Table 4-7. Airborne Americium-241 Concentrations for 1996 (Cont.) 

Number of 
Number of Results Maximum Minimum Mean 2s 

Station Location Results <MDA (aCilm3) (aCilm3) (aCilm3) (aCilm3) 

A rea G Stations 
27 TA-54 Area G (by QA) 4 0 716.9 95.5 478.2 267.4 
34 TA-54 Area G-1 (behind trailer) 4 0 7.2 2.3 4.2 2.1 
35 TA-54 Area G-2 (back fence) 4 0 4.3 1.9 3.1 1.2 
36 TA-54 Area G-3 (by office) 4 0 5.4 1.9 2.8 1.7 
37 TA-54 Area G-4 (water tank) 2 1 2.1 l.O 1.6 0.8 
45 Area G (Southeast Perimeter) 4 0 3.9 2.2 3.1 0.7 
47 Area G (North Perimeter) 4 0 19.2 5.0 10.5 6.1 
50 TA-54 Area G 4 0 3.9 1.9 2.5 0.9 
51 TA-54Area G 4 0 4.7 2.1 3.1 1.2 

Group Summary 34 716.9 1.0 56.6 316.38 

Decontamination and Decommissioning 
71 TA-21.01 (NW Bldg. 344) 4 1 3.4 1.2 2.4 0.9 
72 TA-21.02 (N Bldg. 344) 4 0 6.0 2.5 4.4 1.6 
73 TA-21.03 (NE Bldg. 344) 4 0 14.8 4.0 9.0 4.4 
74 TA-21.04 (SE Bldg. 344) 4 0 4.2 1.4 3.2 1.3 
75 TA-21.05 (S Bldg. 344) 4 0 5.4 2.0 3.7 1.8 

Group Summary 20 1 14.8 1.2 4.5 5.28 

TA-15 Firing Sites 
76 TA-15-NNW 4 2 2.7 1.2 1.6 0.7 
77 TA-15-NNE 4 2 2.5 0.7 1.6 0.7 
78 TA-15-N 4 0 4.0 1.7 2.9 0.9 

Group Summary 12 4 4.0 0.7 2.0 1.5a 

Concentration Guidelines 
Controlled Area DOE Derived Air Concentration Guide 2,000,000 aCi/m3. See Appendix A. 
Uncontrolled Area DOE Derived Air Concentration Guide 20,000 aCilm3. See Appendix A. 
EPA 40 CFR 61 Concentration Guide 1,900 aCi/m3. 

a This is two times the standard deviation of the mean value for the group. 
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4. Air Surveillance 

I 
Table 4-8. Airborne Uranium-234 Concentrations for 1996 

Number of I Number of Results Maximum Minimum Mean 2s 
Station Location Results <MDA (aCi/m3) (aCi/m3) (aCilm3) (aCi/m3) 

Regional Stations I 01 Espanola 4 0 131.2 15.7 49.1 55.4 
02 Pojoaque 4 0 43.4 18.1 28.6 11.8 
03 Santa Fe 4 0 47.6 16.7 29.1 14.8 

I Group Summary 12 0 131.2 15.7 35.6 23.3a 

Pueblo Stations 
41 San Ildefonso Pueblo 4 0 27.1 13.6 17.6 6.3 I 42 Taos Pueblo 4 0 42.8 15.0 25.9 12.0 
48 Jemez Pueblo-Riverside 4 0 58.7 22.2 35.5 16.0 

Group Summary 12 0 58.7 13.6 26.3 17.9a 

I Perimeter Stations 
04 Barranca School 4 0 21.0 5.6 11.8 6.5 
05 Urban Park 4 2 14.1 2.6 7.3 5.4 

I ,, ' 06 48th Street 4 0 25.3 5.7 11.8 9.2 
1;11 

07 Gulf/Exxon/Shell Station 4 1 15.9 2.4 9.5 5.7 
08 McDonalds Restaurant 4 I 14.5 2.9 8.9 4.9 
09 Los Alamos Airport 4 0 12.3 7.4 10.1 2.1 I 10 East Gate 4 14.9 3.8 10.0 5.5 
11 Well PM-1 (E. Jemez Road) 4 1 16.1 3.4 8.8 5.6 

' 12 Royal Crest Trailer Court 4 0 14.4 7.4 9.3 3.4 ''I 

I 13 Pinon School 4 0 14.9 5.6 10.1 3.8 
14 Pajarito Acres 4 1 8.7 3.7 6.3 2.6 
15 White Rock Fire Station 4 0 18.1 5.1 11.8 6.0 

I 16 White Rock 4 13.8 2.5 9.5 4.9 
Church of the Nazarene 

17 Bandelier Entrance 4 12.1 3.8 8.0 3.5 
(Lookout) (Rim) I 60 LA Canyon 4 20.1 4.2 11.1 7.1 

61 LA Hospital 4 0 27.7 14.4 20.2 5.9 
62 Trinity Bible Church 4 1 17.6 4.3 10.7 5.4 

I I' I 63 Monte Rey South 4 0 11.7 4.0 8.0 3.2 

Group Summary 72 11 27.7 2.4 10.2 5.98 

On-Site Stations 

I 20 TA-21 Area B 4 0 10.6 5.7 8.4 2.4 

i 
23 TA-52 Beta Site 4 0 36.5 10.4 26.7 11.3 

',I 25 TA-16-450 4 0 28.7 6.0 12.3 11.0 ' 

I 26 TA-49 3 0 14.9 11.2 12.7 1.9 
30 Pajarito Booster 2 (P-2) 4 0 25.8 6.7 13.3 8.5 
31 TA-3 4 0 16.3 7.2 11.8 3.8 
32 County Landfill 4 0 67.0 28.6 43.6 17.7 I , I 49 Pajarito Rd (TA-36) Sludge Pond 4 0 29.2 4.3 20.0 10.9 

Group Summary 31 0 67.0 4.3 18.6 23.2a 

I 
I' 

I ~ ! I 
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Table 4-8. Airborne Uranium-234 Concentrations for 1996 (Cont.) 

Number of 
Number of Results Maximum 

Station Location Results <MDA (aCi/m3) 

Area G Stations 
27 TA-54 Area G (by QA) 4 0 67.6 
34 TA-54 Area G-1 (behind trailer) 4 0 40.7 
35 TA-54 Area G-2 (back fence) 4 0 56.1 
36 TA-54 Area G-3 (by office) 4 0 34.0 
37 TA-54 Area G-4 (water tank) 2 I 21.9 
45 Area G (Southeast Perimeter) 4 0 35.4 
47 Area G (North Perimeter) 4 I 41.5 
50 TA-54Area G 4 0 112.6 
51 TA-54Area G 4 0 73.6 

Group Summary 34 2 112.6 

Decontamination and Decommissioning 
71 TA-21.01 (NW Bldg. 344) 4 0 14.7 
72 TA-21.02 (N Bldg. 344) 4 0 21.7 
73 TA-21.03 (NE Bldg. 344) 4 0 20.3 
74 TA-21.04 (SE Bldg. 344) 4 0 40.9 
75 TA-21.05 (S Bldg. 344) 4 0 60.7 

Group Summary 20 0 60.7 

TA-15 Firing Sites 
76 TA-15-NNW 4 1 15.6 
77 TA-15-NNE 4 0 24.1 
78 TA-15-N 4 0 235.7 

Group Summary 12 1 235.7 

Concentration Guidelines 
Controlled Area DOE Derived Air Concentration Guide 20,000,000 aCifm3. 
Uncontrolled Area DOE Derived Air Concentration Guide 90,000 aCi/m3• 

EPA 40 CFR 61 Concentration Guide 7,700 aCifm3. 

a This is two times the standard deviation of the mean value for the group. 

Environmental Surveillance and Compliance at Los Alamos during 1996 

4. Air Surveillance 

Minimum Mean 2s 
(aCi/m3) (aCi/m3) (aCilm3) 

29.2 43.9 17.7 
7.3 19.6 15.3 
9.8 23.9 21.9 

21.0 25.4 5.9 
3.3 12.6 13.2 
8.5 16.2 12.8 
2.7 17.5 17.0 

23.5 50.8 41.7 
27.2 41.5 21.9 

2.7 27.9 27.78 

8.5 10.4 2.9 
13.5 17.3 3.4 
8.2 13.5 5.0 
9.5 20.0 14.4 

10.3 28.1 23.2 

8.2 17.9 13.68 

3.8 11.4 5.4 
9.8 13.9 6.9 
4.1 64.5 114.2 

3.8 30.0 59.98 
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,: I i 4. Air Surveillance I 
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I I 
' Table 4-9. Airborne Uranium-235 Concentrations for 1996 

' I Number of 
Number of Results Maximum Minimum Mean 2s 

Station Location Results <MDA (aCi!m3) (aCi!m3) (aCi!m3) (aCi!m3) 

I 'I! Regional Stations 

' 
I 01 Espanola 4 2 6.4 1.3 3.1 2.3 
I 02 Pojoaque 4 3 3.5 -0.1a 2.0 1.6 I 

I 03 Santa Fe 4 3 4.0 0.0 1.6 1.7 I ! Group Summary 12 8 6.4 --0.1 2.2 1.6b 

Pueblo Stations 

I 41 San Ildefonso Pueblo 4 4 1.5 0.4 0.9 0.5 
42 Taos Pueblo 4 2 2.3 1.5 1.8 0.4 
48 Jemez Pueblo-Riverside 4 3 3.4 0.0 1.5 1.4 

Group Summary 12 9 3.4 0.0 1.4 0.9b I Perimeter Stations 
04 Barranca School 4 4 3.0 --0.2 1.6 1.4 
05 Urban Park 4 3 1.7 -1.5 0.4 1.5 I 06 48th Street 4 4 2.1 0.5 1.2 0.7 
07 Gulf/Exxon/Shell Station 4 3 2.1 --0.5 1.0 1.1 
08 McDonalds Restaurant 4 3 2.3 0.0 1.1 1.0 I 09 Los Alamos Airport 4 4 2.0 0.0 1.0 0.8 
10 East Gate 4 4 1.9 0.0 0.9 1.0 
11 Well PM-1 (E. Jemez Road) 4 4 0.9 0.0 0.5 0.4 
12 Royal Crest Trailer Court 4 4 1.9 0.2 1.3 0.7 I 13 Pinon School 4 4 1.4 0.1 0.9 0.6 
14 Pajarito Acres 4 4 2.4 0.1 1.0 1.1 
15 White Rock Fire Station 4 4 1.3 --0.1 0.6 0.7 I 16 White Rock 4 4 0.1 --0.3 --0.0 0.2 

'I 

1: Church of the Nazarene 
',' 

17 Bandelier Entrance 0.4 
I 

4 4 1.5 -1.5 1.3 

I I (Lookout) (Rim) 
I 

60 LA Canyon 4 4 1.8 1.1 1.4 0.3 
,, ' 61 LA Hospital 4 4 2.7 0.0 1.1 1.2 
I I 

I I 62 Trinity Bible Church 4 4 2.8 --0.7 0.7 1.5 
63 Monte Rey South 4 4 1.1 0.0 0.7 0.5 

'I 

0.8b I,' Group Summary 72 69 3.0 -1.5 0.9 !: I 
,II' 

On-Site Stations I :! 
20 TA-21 Area B 4 4 1.6 --0.4 0.5 0.8 
23 TA-52 Beta Site 4 2 3.0 0.0 1.8 1.3 
25 TA-16-450 4 3 4.5 0.0 1.5 2.1 I 26 TA-49 3 3 1.5 0.1 0.6 0.8 
30 Pajarito Booster 2 (P-2) 4 4 1.0 0.0 0.6 0.4 
31 TA-3 4 3 2.7 -1.5 0.3 1.~ 

I 32 County Landfill 4 3 2.7 0.1 1.4 1.0 
49 Pajarito Rd (TA-36) Sludge Pond 4 4 1.6 --0.1 0.9 0.8 

Group Summary 31 26 4.5 -1.5 0.9 l.lb 

I 
I I i I 
I 

I 
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4. Air Surveillance 

Table 4-9. Airborne Uranium-235 Concentrations for 1996 (Cont.) 

Number of 
Number of Results Maximum Minimum Mean 2s 

Station Location Results <MDA (aCilm3) (aCilm3) (aCi/m3) . (aCi/m3) 

Area G Stations 
27 TA-54 Area G (by QA) 4 3 3.4 1.4 2.4 1.1 
34 TA-54 Area G-1 (behind trailer) 4 3 3.1 0.3 1.3 1.4 
35 TA-54 Area G-2 (back fence) 4 4 1.5 0.7 1.0 0.3 
36 TA-54 Area G-3 (by office) 4 4 1.5 1.1 1.3 0.2 
37 TA-54 Area G-4 (water tank) 2 2 0.7 0.7 0.7 0.0 
45 Area G (Southeast Perimeter) 4 3 2.2 0.0 1.1 1.0 
47 Area G (North Perimeter) 4 3 4.2 0.2 1.7 1.8 
50 TA-54 Area G 4 2 6.0 1.3 3.4 2.2 
51 TA-54Area G 4 2 4.1 1.2 2.6 1.5 

Group Summary 34 26 6.0 0.0 1.7 1.8b 

Decontamination and Decommissioning 
71 TA-21.01 (NW Bldg. 344) 4 3 1.2 -0.2 0.6 0.7 
72 TA-21.02 (N Bldg. 344) 4 3 2.6 0.0 1.1 1.1 
73 TA-21.03 (NE Bldg. 344) 4 4 1.4 0.0 1.0 0.7 
74 TA-21.04 (SE Bldg. 344) 4 4 1.2 0.0 0.6 0.6 
75 TA-21.05 (S Bldg. 344) 4 2 2.8 0.0 1.8 1.3 

Group Summary 20 16 2.8 -0.2 1.0 LOb 

TA-15 Firing Sites 
76 TA-15-NNW 4 4 1.8 -0.1 1.1 0.8 
77 TA-15-NNE 4 4 1.4 0.2 0.7 0.5 
78 TA-15-N 4 3 12.6 0.0 3.7 6.0 

Group Summary 12 11 12.6 -0.1 1.8 3.3b 

Concentration Guidelines 
Controlled Area DOE Derived Air Concentration Guide 20,000,000 aCiJm3. See Appendix A. 
Uncontrolled Area DOE Derived Air Concentration Guide 100,000 aCi/m3. See Appendix A. 
EPA 40 CFR 61 Concentration Guide 7, I 00 aCiJm3. 

a see Appendix 8 for an explanation of the presence of negative numbers. 
bThis is two times the standard deviation of the mean value for the group. 
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4. Air Surveillance 

I 
Table 4-10. Airborne Uranium-238 Concentrations for 1996 

Number of I Number of Results Maximum Minimum Mean 2s 
Station Location Results <MDA (aCi!m3) (aCi!m3) (aCi!m3) (aCi!m3) 

Regional Stations I 01 Espanola 4 0 30.9 12.9 18.5 8.4 
02 Pojoaque 4 0 38.4 16.8 28.6 11.0 
03 Santa Fe 4 0 46.4 13.9 27.1 15.6 I Group Summary 12 0 46.4 12.9 24.7 10.93 

Pueblo Stations 
41 San Ildefonso Pueblo 4 0 25.5 10.8 17.2 6.1 I 42 Taos Pueblo 4 0 42.9 16.5 26.4 12.5 
48 Jemez Pueblo-Riverside 4 0 63.4 20.7 38.3 18.7 

Group Summary 12 0 63.4 10.8 27.3 21.la I Perimeter Stations 
4 Barranca School 4 0 19.9 8.2 12.8 5.1 
5 Urban Park 4 0 16.5 3.9 8.5 5.5 I 6 48th Street 4 1 8.6 1.0 5.5 3.2 
7 Gulf/Exxon/Shell Station 4 0 15.8 5.1 11.2 4.: 
8 McDonalds Restaurant 4 0 17.1 4.6 10.7 5.6 

I 9 Los Alamos Airport 4 0 19.6 5.9 12.2 5.6 
10 East Gate 4 0 14.9 9.1 11.5 2.7 
11 Well PM-I (E. Jemez Road) 4 1 16.7 2.0 11.2 6.8 
12 Royal Crest Trailer Court 4 0 16.6 3.3 8.5 5.7 I 13 Pinon School 4 0 14.7 8.7 10.9 2.7 

, I I 14 Pajarito Acres 4 0 8.7 3.6 6.1 2.4 
I ~ ; 
I 15 White Rock Fire Station 4 0 21.3 6.6 11.6 6.6 

I I I 
16 White Rock 4 1 13.8 1.6 7.0 5.3 

Church of the Nazarene 
17 Bandelier Entrance 4 0 19.2 3.7 10.4 6.7 

(Lookout) (Rim) I 60 LA Canyon 4 0 20.1 5.2 11.0 7.2 
61 LA Hospital 4 0 29.1 7.4 19.0 9.1 
62 Trinity Bible Church 4 0 18.1 4.3 12.4 5.9 I 

I, I 
63 Monte Rey South 4 1 11.7 3.1 8.8 3.9 

.. : : Group Summary 72 4 29.1 1.0 10.5 6.03 

'' 
On-Site Stations I 20 TA-21 Area B 4 0 14.1 10.2 11.6 1.7 

23 TA-52 Beta Site 4 0 34.9 11.9 27.5 10.6 
25 TA-16-450 4 0 30.7 7.5 13.6 11.4 

I 26 TA-49 3 0 12.0 9.8 11.0 l.l 
I 30 Pajarito Booster 2 (P-2) 4 0 25.6 13.5 19.3 6.3 

' i 31 TA-3 4 0 13.3 10.0 11.0 1.5 I 
I 32 County Landfill 4 0 68.9 26.8 44.7 17.9 I I 

49 Pajarito Rd (TA-36) Sludge Pond 4 0 30.5 9.8 16.2 9.6 

Group Summary 31 0 68.9 7.5 19.3 23.43 

I 
I 

I I 
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Table 4-10. Airborne Uranium-238 Concentrations for 1996 (Cont.) 

Number of 
Number of Results Maximum 

Station Location Results <MDA (aCilm3) 

Area G Stations 
27 TA-54 Area G (by QA) 4 0 69.2 
34 TA-54 Area G-1 (behind trailer) 4 0 45.6 

35 TA-54 Area G-2 (back fence) 4 0 18.8 
36 TA-54 Area G-3 (by office) 4 0 34.0 
37 TA-54 Area G-4 (water tank) 2 0 19.1 
45 Area G (Southeast Perimeter) 4 0 35.1 
47 Area G (North Perimeter) 4 1 37.1 
50 TA-54 Area G 4 0 104.2 
51 TA-54Area G 4 0 66.8 

Group Summary 34 104.2 

Decontamination and Decommissioning 
71 TA-21.01 (NW Bldg. 344) 4 0 17.5 
72 TA-21.02 (N Bldg. 344) 4 0 15.3 
73 TA-21.03 (NE Bldg. 344) 4 0 13.7 
74 TA-21.04 (SE Bldg. 344) 4 0 14.4 
75 TA-21.05 (S Bldg. 344) 4 0 15.8 

Group Summary 20 0 17.5 

TA-15 Firing Sites 
76 TA-15-NNW 4 0 18.5 
77 TA-15-NNE 4 0 63.9 
78 TA-15-N 4 0 20.8 

Group Summary 12 0 63.9 

Concentration Guidelines 
Controlled Area DOE Derived Air Concentration Guide 20,000,000 aCi!m3. 

Uncontrolled Area DOE Derived Air Concentration Guide 100,000 aCi!m3. 
EPA 40 CFR 61 Concentration Guide 8,300 aCi/m3. 

"This is two times the standard deviation of the mean value for the group. 

Environmental Surveillance and Compliance at Los Alamos during 1996 

4. Air Surveillance 

Minimum Mean 2s 
(aCilm3) (aCilm3) (aCilm3) 

24.0 41.5 19.9 
4.7 19.5 18.8 
6.1 10.8 5.6 

13.5 23.3 9.0 
5.5 12.3 9.6 
9.6 16.8 12.2 
3.3 18.0 14.1 

28.2 50.6 36.1 
24.1 41.5 19.0 

3.3 26.0 29.2a 

5.9 12.3 4.8 
8.8 11.2 2.8 
4.5 10.4 4.1 
7.3 11.0 3.2 

10.3 12.5 2.6 

4.5 11.5 1.8a 

6.3 11.9 5.1 
28.3 45.6 15.2 

4.3 11.6 7.8 

4.3 23.0 39.03 
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4. Air Surveillance 

I 
Table 4-11. Thermoluminescent Dosimeter (TLD) Measurements of External Radiation 1994-1996 

I TLD Station I996Annual 1995Annual 1994Annual 
ID# Location Dose (mrem)8 Dose (mrem) Dose (mrem) 

Regional 01 Espanola 98 ± ne 100 ± 12b 76 ± 13b,e 

I 02 Pojoaque 90 ±9e 114 ± 10 118±13 
03 Santa Fe 105 ± 9e )Q5 ±we 122 ± 13 
04 Fenton Hill (TA-57) 166 ± we 51± 9d 152 ± 13 
52 West Taos Pueblo Discontinued 30 ±we Not Operational I 53 Pueblo of San lldefonso 82 ± 16e 104 ± 12 113±13 
54 Jemez Pueblo 119 ± 11 114 ± 12 1W±13 

Perimeter 05 Barranca School, Los Alamos 104 ± )Qe 139 ± 10 118 ± 13 I 
!I! 

06 Arkansas Avenue, Los Alamos Discontinued 4th Quarter of 1992 
07 Cumbres School, Los Alamos 130 ± 12 131 ± 10 125 ± 10 

I 08 48th Street, Los Alamos 144 ± 11 135±8 132 ± 10 
09 Los Alamos Airport 131 ± 11 114 ± 9 110 ± 10 
w Bayo Canyon, Los Alamos 170 ± 12 149 ± 11 145 ± 13 
II Shell Station, Los Alamos 142 ± II 137 ± 9 140 ± 10 I 12 Royal Crest Trailer Court, Los Alamos 140 ± 11 127 ± 11 133 ± 13 
13 White Rock 134 ± 11 118 ± 9 124 ± 10 
14 Pajarito Acres, White Rock 130 ± 11 127 ± 11 122 ± 14 I 15 Bandelier National Monument 149 ± 12 131±9 143 ± 11 

Lookout Station 
16 Pajarito Ski Area 114 ±we 122 ± 12 118 ± 13 

I 20 Well PM-1 (SR4 and Truck Rt.) 167 ± 12 157 ± 12 148 ± 13 
41 McDonald's Restaurant, Los Alamos 78 ± gd 134 ± 9 128 ± 10 
42 Los Alamos Airport-South 147 ± 11 125 ± 12 123 ± 13 
43 East Gate Business Park, Los Alamos 145 ± 11 126 ± 12 114 ± 13 I 44 Big Rock Loop, Los Alamos 176 ± 12 142 ± 10 165 ± 13 

II! I 
45 Cheyenne Street, Los Alamos 165 ± 12 83 ± 9d 160 ± 13 
46 Los Pueblos Street, Los Alamos 161 ± 12 156 ± 12 139 ± 13 

I 47 Urban Park, Los Alamos 144 ± 12 130 ± 11 135 ± 13 
48 Los Alamos County Landfill 135 ± 11 130 ± 12 122 ± 13 
49 Pifion School, White Rock 103 ± 10e 132 ± 12 124 ± 13 
50 White Rock Church of the Nazarene 95 ± 10 93 ± 12 101 ± 13 I 51 Bayo Canyon Well, Los Alamos 162 ± 12 155 ± 10 103 ± 12 
55 Monte Rey South 128 ± 11 73 ± gd Not Operational 

On-Site 17 TA-21 (DP West) 155 ± 12 142 ± 11 153 ± 10 I 
i: I 

18 TA-6 (Two Mile Mesa) 142 ± 11 128 ± 9 134 ± 10 
'' 19 TA-53 (LANSCE) 159 ± 12 142 ±9 152 ± 12 

I 21 TA-16 (S-Site) 141 ± 11 140 ± 12 99 ± 12e 
22 Booster P-2 179 ± 12 185 ± 12 144 ± 13 
23 TA-3 East Gate of SM 43 125 ± 11 105 ± 12 132 ± 13 
24 State Highway 4 178 ± 13 135 ± 11 98 ± ne I 25 TA-49 (Frijoles Mesa) 135 ± 11 135 ± 9 119 ± 10 
26 TA-2 (Omega Stack) 148 ± 12 168 ± 12 135 ± 13 
27 TA-2 (Omega Canyon) 173 ± 13 157 ± 12 159 ± 13 I 28 TA-18 (Pajarito Site) 241 ± 13 378 ± 13g 127 ± 13 

j 
29 TA-35 (Ten Site A) 92 ± 10 128 ± 12 114 ± 13 

' 'I I 

I 
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4. Air Surveillance 

Table 4-11. Thermoluminescent Dosimeter (TLD) Measurements of External Radiation 1994-1996 (Cont.) 

TLD Station 1996Annual 1995 Annual 1994 Annual 
ID# Location Dose (mrem)8 Dose (mrem) Dose (mrem) 

On-Site 30 TA-35 (Ten Site B) 140 ± 12 98 ± 11c 140 ± 13 
(Cont.) 31 TA-59 (Occupational Health Lab) 144 ± 12 128 ± 12 138 ± 13 

32 TA-3-16 (Van de Graaff) 153 ± 11 137 ± 12 145 ± 13 
33 TA-3-316 (Ion Beam Bldg.) 144 ± 12 118 ± 12 142 ± 13 
34 TA-3-440 (CAS) 113 ± 13 104 ± 11c 129 ± 13 
35 TA-3-420 (CMR Bldg. West Fence) 111±11 123 ± 12 115 ± 13 
36 TA-3-102 (Shop) 115 ± 11 131 ± 12 119 ± 13 
37 TA-72 (Pistol Range) 142 ± 12 151 ± 12 146 ± 13 
38 TA-55 (Plutonium Facility South) 132 ± 14 107 ± 11c 133 ± 13 
39 TA-SS (Plutonium Facility West) 181 ± 12 160 ± 12 140 ± 14 
40 TA-55 (Plutonium Facility North) 154 ± 11 119±11 135 ± 13 
56 East Gate Mid Stationf 119 ± lQC Not Operational 
57 TA-54 West (TLD Lab)f 129 ± 11c Not Operational 
58 TA-54 Lagoonf 89 ± 9d Not Operational 
59 Los Alamos Canyonf 52± ge Not Operational 

3 New environmental TLD system was introduced in second quarter 1996. 
bThe uncertainty of each measurement is the propagated error of the quarterly measurements. 
c Annual dose is the sum of three quarters. 
d Annual dose is the sum of two quarters. 
eoata only available for one quarter. 

r New stations placed into operation in 1996. 
gRestricted-access operational measurements from quarter 2 were included in annual dose and does not reflect potential public 
dose resulting from controlled access. 
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Table 4-12. Waste Disposal Area Measured Dose 

Annual Dose (mrem) 

,., 
:::0 

~-
0 
:::0 

Number of 
Waste Disposal TLD 1996 1996 

Area· Locations Minimum Maximum 

TA-2I,AreaA 5 114 I27 
TA-2I, Area B I4 I25 I45 
TA-50, Area C IO I25 I40 
TA-33, Area E 4 -132 I43 
TA-6, Area F 4 I18 I30 
TA-54, Area G 25 124 222 
TA-21, Area T 7 129 267 
TA-21, Area U 4 127 136 
TA-21, Area V 4 119 133 
TA-35, Area W 3 114 138 
TA-49, AreaAB 10 112 138 

3 Uncertainty is the propagated error of the quarterly measurements. 

1996 1996 
Mean Uncertainty8 

119 9 
I27 9 
I32 IO 
138 9 
124 9 
173 10 
156 10 
132 9 
125 9 
123 9 
126 10 

1995 
Mean 

133 
I 53 
118b 
I47 
nc 
I61 
159 
128 
134 
125 
141 

3 
CD 
:::0 

b Annual Doses for only three quarters, second quarter data not available due to equipment malfunction. 

Di 
en 
c 
C! 
CD 

i» 
:::0 
n 
CD 
I» 
:::0 
Cl. 

n 
0 

3 
"CI 

iii' 
:::0 
n 
CD 

!!!. 
r-
0 
en 
:too 
i» 
3 
0 
en 
Cl. 
!:; 
:;· 
= ..... 
CD 
CD 
en 

conly monitored 3rd & 4th quarter because of construction associated with a geophysical investigation. 
dN/A =not available. 
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4. Air Surveillance 

Table 4-13. Estimated Concentrations of Toxic Elements Released by Dynamic Experiments 

Nearest Public Access 
Total Fraction Maximum Point (1,500 m) Nearest Off-Site 
Usage Released Impact (2,767 m) (J.Lg/m3) Receptor (3,800 m) 

Element11 (kg) (%) (J.Lg/m3) 1 Hour Concentrationsb (J.Lg/m3) 

Beryllium .6 2 1 X 10-6 6 x w-7 9 x w-7 

Aluminum 430 100 4 x w-2 2 x w-2 3 x w-2 

Tantalum 9.6 100 8 X J0-4 5 X 1Q-4 7 X 10-4 
Copper 505 100 4 x w-2 3 x w-2 4 x 10-2 
Molybdenum .2 100 2 X J0-6 1 X 1(}5 2 x w-5 

3 Usage and impact analysis performed on elements regulated under 20 NMAC 2.27 and 40 CFR 61, Subpart C. 
bCurrently, no impact standard exists for any of the elements detonated. 

Table 4-14. Emissions by Source in 1996 (Tons) 

Source PM co NOx; SOx VOC 

TA-3 Power Plant 1.5 11.7 47.5 .17 .40 
TA-16 Power Plant 1.9 5.5 22.6 .08 .19 
TA-21 Power Plant .47 1.2 4.7 .02 .10 
Asphalt Plant .14 .07 .05 .001 .03 

Total 3.01 18.47 74.85 .271 .73 

Table 4-15. 1996 Precip'tation (in.) 
, •I 

North Co~ ,munity TA-16 TA-6 TA-49 TA-53 TA-54 TA-74 

January 1.05 1.35 1.29 0.97 1.09 0.80 0.86 
February 0.59 0.76 0.69 0.55 0.49 0.46 0.46 
March 0.57 0.47 0.39 0.21 0.23 0.15 0.17 
April 0.10 0.18 0.11 0.07 0.08 0.07 0.05 
May 0.03 0.00 0.02 0.00 0.00 0.00 0.07 
June 3.35 4.07 3.83 3.77 2.97 3.32 2.95 
July 2.64 4.91 2.96 3.01 2.52 3.52 2.26 
August 3.63 3.39 2.25 2.33 2.06 1.50 2.34 

September 1.38 3.86 2.20 2.06 1.49 1.36 1.37 
October 3.26 4.17 3.37 4.02 3.26 3.62 3.09 
November 0.71 0.76 0.64 0.55 0.52 0.53 0.43 
December 0.12 0.10 0.09 0.06 0.02 O.ot O.ot 
Total 17.43 24.02 17.84 17.60 14.73 15.34 14.06 
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4. Air Surveillance 

I. Fi2ures 

A AIRNET location 
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Figure 4-1. Off-site perimeter and on-site Laboratory AIRNET locations. 
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Figure 4·2. Technical Area 54, Area G map of AIRNET locations. 
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Figure 4-4. Comparison of gross alpha activity air concentrations at one regional, one perimeter, and one 
on-site station. 
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Figure 4-5. Comparison of gross beta activity air concentrations at one regional, one perimeter, and one 
on-site station. 
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Figure 4-6. Comparison of plutonium-239 and americium-241 air concentrations at a regional station and 
Technical Area 54, Area G, Station #27. 
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Figure 4-7. Plutonium emissions from Laboratory stacks since 1986. 
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Figure 4-8. Uranium emissions from Laboratory stacks since 1986. 
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Figure 4-9. G/MAP emissions from Laboratory stacks since 1986. 
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Figure 4-10. Tritium emissions from Laboratory stacks since 1986. 
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Figure 4-11. Percent of total emissions resulting from plutonium, uranium, tritium, and G/MAP. 
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Figure 4-12. Off-site perimeter and on-site Laboratory TLD locations. 

Environmental Surveillance and Compliance at los Alamos during 1996 105 



5. Surface Water, Groundwater, and Sediments 

to be contained in the canyon bottom and did not 
extend under the mesa (Devaurs 1985). 

6. Canada del Buey 

Canada del Buey contains a shallow alluvial perch­
ed groundwater system of limited extent. The thickness 
of the alluvium ranges from 1.2 to 5 m (4 to 17ft), but 
the underlying weathered tuff ranges in thickness from 
3. 7 to 12 m (12 to 40 ft). In 1992, saturation was 
found within only an 0.8-km (0.5-mi) long segment, 
and only two observation wells have ever contained 
water (ESP 1994 ). The apparent source of the satura­
tion is purge water from nearby municipal water supply 
well PM-4, as the alluvium is dry upstream of the 
purge water entry point. Because treated effluent from 
the Laboratory's SWSC project may at some time be 
discharged into the Canada del Buey drainage system, 
a network of five shallow groundwater monitoring 
wells and two moisture monitoring holes was installed 
during the early summer of 1992 within the upper and 
middle reaches of the drainage (ESP 1994). Construc­
tion of the SWSC project was completed in late 1992. 

B. Surface Water Sampling 

1. Introduction 

Surface waters from regional and Pajarito Plateau 
stations are monitored to evaluate the environmental 
effects of LANL operations. There are no perennial 
surface water flows that extend completely across the 
Laboratory in any of the canyons. Periodic natural 
surface runoff occurs in two modes: (l) spring snow­
melt runoff that occurs over highly variable periods of 
time (days to weeks) at a low discharge rate and 
sediment load, and (2) summer runoff from thunder­
storms that occurs over a short period of time (hours) 
at a high discharge rate and sediment load. None of 
the surface waters within the Laboratory are a source 
of municipal, industrial, or irrigation water. The waters 
are used by wildlife. Concentrations of radionuclides 
in surface water samples may be compared to either the 
DOE-Derived Concentration Guides (DCGs) or the 
New Mexico Water Quality Control Commission 
(NMWQCC) stream standards, which reference the 
New Mexico Health and Environment Department 
Environmental Improvement Division's New Mexico 
Radiation Protection Regulations (part 4, Appendix A). 
However, New Mexico radiation levels are in general 

two orders of magnitude greater than the DOE DCGs 
for public dose, so only the DCGs will be discussed 
here. The concentrations of nonradioactive 
constituents may be compared with the NMWQCC 

General, and Livestock Watering stream standards. 
The NMWQCC groundwater standards can also be 
applied in cases where groundwater discharge may 
affect stream water quality. 

2. Monitoring Network 

Two types of surface water samples are collected 
from regional stations and Pajarito Plateau stations 
surrounding the Laboratory. Surface water grab 
samples are collected annually from locations where 
effluent discharges or spring flows maintain stream 
flow. Runoff samples have historically been collected 
as grab samples during or shortly after precipitation 
events. As of 1996, runoff samples are collected using 
gaging stations with automated samplers (Shaull et al., 
1996). Samples are collected when a significant 
precipitation event causes flow in a drainage crossing 
the Laboratory's eastern or western boundaries. 

Regional surface water samples (Figure 5-l) were 
collected from five stations on the Rio Grande and the 
Jemez River. These waters provide background data 
from areas beyond the Laboratory boundary. Histori­
cally, samples have been collected at stations on the 
Rio Grande at Embudo, Otowi, Frijoles Canyon, 
Cochiti, and Bernalillo. In 1996, the stations on the 
Rio Grande at Embudo and Bernalillo and the station 
on the Rio Chama were not collected. 

Surface water monitoring stations located on the 
Pajarito Plateau are shown in Figure 5-2. The stations 
monitor water quality effects of past or potential 
contaminant sources such as industrial or NPDES 
outfalls and effects of non point sources, including 
possible soil contamination sites. 

3. Radiochemical Analytical Results 

The results of radiochemical analyses for surface 
water samples for 1996 are listed in Tables 5-1 and 5-2. 
All of these analytical results are below the DOE 
DCGs for public dose. The majority of the results are 
near or below the detection limits of the analytical 
methods used and are below the DOE DCGs for drink­
ing water systems except for samples from Mortandad 
at GS-1 (plutonium-239, -240 and americium-241). 
Most of the measurements at or above detection limits 
are from locations with previously known contamina­
tion: Acid/Pueblo Canyon, DP/Los Alamos Canyon, 
and Mortandad Canyon. 

Tables 5-3 and 5-4 contain lists of radionuclides 

detected in water samples and of possible detections, 
according to criteria discussed in Section 5.F.4. 
Because uranium, gross alpha, and gross beta are 
ubiquitous at detectable levels, occurrences of these 
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5. Surface Water, Groundwater, and Sediments 

measurements above significant levels (chosen to be 
below the EPA maximum contaminant levels [MCLs] 
or screening levels) are reported. The specific values 
are 5 JJ.g!L for uranium, 10 pCi/L for gross alpha, and 
40 pCi!L for gross beta. 

A few of the measurements at or above detection 
limits were from locations that do not typically show 
detectable activity. Detections from locations outside 
the known contaminated areas in Pueblo, DP!Los 
Alamos, and Mortandad Canyons are discussed below. 

a. Radiochemical Analytical Results for 
Surface Water. In 1995 and 1996, samples collected 
at the Rio Grande at Otowi and the Rio Grande at 
Frijoles were collected from the bank and as a width 
integrated sample collected from a transect across the 
river. Historically, samples have only been collected 
from the bank. The bank samples have been collected 
from the western bank of the river. The Rio Grande at 
Otowi sample "is taken upstream of Los Alamos 
Canyon and was expected to show no Laboratory­
derived contamination. The analytical result from a 
water sample collected there on May 9, 1995, showed 
americium-241 at levels of 0.054 ± 0.017 pCi/L. A 
sample collected on September 15, 1995, at the same 
location contained americium-241 at 0.05 ± 0.03 
pCi/L, a questionable result because of higher 
uncertainty. The sample collected on October 1 I, 

1996, from the bank at the Rio Grande at Otowi 
contained americium-241 levels of 0.068 ± 0.028 pCi/ 
L and plutonium-238 levels of 0.110 ± 0.027 pCi!L, 
both regarded as possible detections at 2.33 times the 
uncertainty (a). (See Section 5.F.4: for an explanation 
of the 2.33 a and 4.66 a screening level.) Gross beta 
in the 1996 sample further suggests the presence of 
low levels of radionu-clides. With the exception of the 
gross beta value, these measurements are all very close 
to the detection limits, and none exceed any standards. 
None of these mea-surements meet the 4.66 a 
detection criteria (except gross beta) but the repeated 
observation of contamina-tion suggests that there may 
be a low level source. 

Graf (1993) indicates a flood plain deposit from Los 
Alamos Canyon just south of the Otowi Bridge along 
the west bank of the Rio Grande. The flood occurred 
in either 1958 or 1967. The presence of this deposit 
and the absence of radionuclides in the width­
integrated sample are consistent with a LANL source. 
However, plutonium and americium are both present in 
worldwide fallout. The activities measured in these 
samples are so close to the detection limits that it is 
difficult to determine if these samples represent 
Laboratory influence, fallout, or random fluctuations in 
the detection limit. 

Strontium-90 was a possible detection in the Jemez 
River at 3.2 ± 1.0 pCi/L. There is no obvious source of 
strontium-90 above this location except fallout. Past 
sampling at this location has shown no detections of 
strontium-90. 

There were possible detections of americium-241 
(0.056 ± 0.020 pCi!L) and plutonium-239, -240 (0.044 
± 0.016 pCi/L) at SCS-3 in Sandia Canyon and a 
detection of tritium (719 ± 80 pCi/L) at SCS-1. High 
gross gamma readings were also observed at SCS-2. 
Most of the values were very close to detection limits 
and were regarded as possible detections or detections 
because of low uncertainties associated with the 
measurements. There have been occasional detections 
of low levels of plutonium and americium in Sandia 
Canyon in the past. 

Americium-241 was detected (0.055 ± 0.017) in 
surface water at Canada del Buey in 1995. No sample 
was collected at this location in 1996 because there 
was no water at the station. 

There was a detection of americium-241 at Frijoles 
Canyon at the Bandelier National Monument Head­
quarters, slightly above the 4.66 a level, (0. 17 ± 0.035 
pCi!L) from a sample collected on June 2, 1995. Two 
subsequent samples showed no detectable radiation. 

b. Radiochemical Analytical Results for 
Runoff. Automated samplers were used to collect 

runoff samples whenever precipitation events caused 
significant runoff at the Laboratory boundaries. See 
Section S.F. 1 for a description of the runoff samplers 
and sampling protocols. 

The distribution of contaminants between the 
dissolved and suspended phases was measured by 
filtering a sample and analyzing the filtrate and the 
portion retained by the filter. Total activity and the 
percent dissolved are reported at the bottom of Table 
5-2. The total activity is the sum of dissolved activity 
and the suspended concentration. The suspended 
activity is converted to a per volume activity using the 
suspended sediment value. The value reported as the 
percent dissolved represents the fraction of contami-

nantS that passed through a 0.45 micron filter. If more 
than one analysis was performed, the average of the 
values is reported for the total. 

The samples collected at Los Alamos Canyon near 
Los Alamos were inadvertently analyzed unfiltered, 
and only the total activity is reported. The total 
activity includes the radionuclides associated with the 
suspended sediments. Possible detections of cesium-
137; plutonium-238; and detectable levels of 
strontium-90; americium-241; and plutonium-239, 
-240 were observed in runoff in Los Alamos Canyon 
and were consistent with earlier findings. 
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5. Surface Water, Groundwater, and Sediments 

In 1996, there was a possible detection of 
cesium-137 (3.3 ± 1.3 pCi/L) in the runoff sample 
collected at Ancho Canyon near Bandelier (Table 5-4). 
Strontium-90 was below detection limits in this sample 
but was detected (50.9 pCi/L) in runoff collected in 
1995. 

The total concentration of uranium in the runoff 
sample collected at Canada del Buey near White Rock 
(25.3 ± 1.0 )lgiL) exceeded the proposed EPA Primary 
Drinking Water Standard of 20 )lgiL. The total 
concentration of uranium in the sample collected at 
Ancho Canyon near Bandelier (31.5 ± 1.1 )lgiL) 
exceeded the proposed EPA Primary Drinking Water 
Standard (20 )lgiL) and the DOE Drinking Water 
System DCG (30 )lg!L). In these two samples, one and 
five percent, respectively, of the uranium was in the 
dissolved fraction. Both of these standards are 
established to protect potable water supplies and are 
not applicable to surface water runoff. The standards 
are mentioned here only to provide some perspective 
on the numbers. The levels of uranium in the dissolved 
fraction are well below standards. 

Background concentrations of uranium in Bandelier 
Tuff range from 2 to 8 mg/kg (Longmire et al., 1996). 
The average concentrations of uranium in the runoff 
samples collected at Canada del Buey near White Rock 
and Ancho Canyon near Bandelier were 2.8 and 6.5 
mg/kg. This suggests that the uranium found in these 
samples may be naturally occurring in the Bandelier 
Tuff. 

c. Technical Area SO Discharges. The cumula­
tive discharge of radionuclides from theTA-50 radio­
active liquid waste treatment facility into Mortandad 
Canyon between 1963 and 1977, and yearly discharge 
data for 1994 through 1996 are given in Table 5-5. In 
addition to total annual activity released for 1994 
through 1996, Table 5-5 also shows mean annual 
activities in effluent for each radionuclide, and the ratio 
of this activity to the DCG. In 1996 the DCG was 
exceeded for americium-241 and for plutonium-238. 
For 1996 the effluent nitrate concentration exceeded 
the New Mexico groundwater standard of I 0 mg/L 
(nitrate as nitrogen). 

d. Ingestion of Water from the Technical Area 
SO Effluent and the Stream Below the Outfall. 
Table 5-6 presents the summary of the committed 
effective dose equivalent (CEDE) from the ingestion of 
water collected in 1996 from the TA-50 effluent. A 
surface water sample was collected at GS-1 in 
Mortandad Canyon and is used to estimate the CEDE 
for someone consuming water from the stream below 
the outfall. Because no water is derived from Mortan-

dad Canyon for drinking, industrial, or agricultural 
purposes, comparisons with the standards for drinking 
water are inappropriate and were not made. The 
CEDEs provided below are based on a per liter of 
water intake and an exercise scenario where a jogger or 
hiker drinks from theTA-50 effluent or the stream 
directly below the outfall. 

By providing the CEDE on a per liter basis, the 
reader is able to determine his or her own level of 
intake of water from these sources and multiply this 
intake by the CEDE figures provided in the table. The 
total CEDE on a per liter intake basis for these sources 
is 1.2 mrem and 0.048 mrem per liter of water con­
sumed from theTA-50 effluent and the stream directly 
below the outfall, respectively. The radionuclides that 
contributed more than 5% to the CEDE are plutonium-
238, plutonium-239, and americium~241. 

Using an exercise scenario and an hourly intake rate 
of 0.3 ± 0.3 L/h (McNall 1974), the maximum amount 
of water consumed per year from each source is 
16.1 L. The total CEDE for this scenario using this 
consumption rate is 19 mrem and 0.77 mrem for the 
TA-50 effluent and the stream directly below the out­
fall, respectively. The radionuclides that contributed 
more than 5% to these CEDEs are plutonium-238; 
plutonium-239, -240; and americium-241. 

4. Nonradiochemical Analytical Results 

a. Major Chemical Constituents. The results 
of major chemical constituents analyses in surface 
water and runoff samples for 1996 are listed in Tables 
5-7 and 5-8, respectively. The results are generally 
consistent with those observed in previous years, with 
some variability. The measurements in waters from 
areas receiving effluents show the effects of these 
effluents. None of the results exceed standards except 
for some pH measurements above 8.5. 

b. Trace Metals. The results of trace metal 
analyses on surface water and runoff samples for 1996 
are listed in Tables 5-9 and 5-10, respectively. The 
levels are generally consistent with previous 
observations. As with the radiochemical samples, 
samples were collected from the bank and as width­
integrated samples at the Rio Grande at Otowi and the 
Rio Grande at Frijoles. 

In 1995, the EPA action level (15 )lgiL) was 
exceeded for lead at the Rio Grande at Frijoles for the 
width-integrated sample. The sample collected from 
the bank showed a lead concentration a factor of three 
lower than the width-integrated sample. Both the 
width-integrated and the bank samples collected at the 
Rio Grande at Frijoles in 1996 were at or below the 
detection limits for lead. 
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5. Surface Water, Groundwater, and Sediments 

In 1995, a barium concentration of 520 JlgiL was 
measured in the sample collected at Water Canyon at 
Beta, compared to a NMWQCC groundwater limit of 
1 ,000 Jlg!L. This sample also had an elevated level of 
nitrates. The presence of these contaminants and the 
proximity of the sample location to TA-16 suggested 
high explosives contamination. The sample collected 
at Water Canyon at Beta in 1996 also contains levels 
(about 400 mg/L) of barium that are higher than those 
normally observed in surface water on the Pajarito 
Plateau. Analyses confirm the presence of high 
explosives at Water Canyon at Beta (see discussion in 
Section 5.B.4.d). 

In 1996, runoff samples collected at Canada del 
Buey near White Rock and Ancho Canyon near 
Bandelier contained similarly high levels of barium 
(480 and 810 IJ.g/L, respectively). No high explosives 
were detected in either of these samples. 

In 1995, the NMWQCC groundwater limit was 
apparently exceeded for silver at all three stations in 
Sandia Canyon (SCS-I, SCS-2, and SCS-3 ), but high 
uncertainties associated with those measurements cast 
doubt on this conclusion. In 1996, no surface water 
samples exceeded standards for silver with all 
measurements below or near detection limits. 

The analytical detection limit (0.2 Jlg!L) is not 
adequate to determine if mercury is present in excess 
of the New Mexico Wildlife Habitat stream standard of 
0.012 J.tgiL. In 1996, mercury was not observed above 
the detection limit (0.2 J.tg!L) at any location with the 
exception of a measurement of 0.3 JlgiL for one of two 
measurements in DP Canyon at DPS-4. The other 

measurement found the concentration to be below the 
detection limit. 

Aluminum, iron, and manganese concentrations 
exceed EPA secondary drinking water standards at 
most locations. The results reflect the presence of 
suspended solids in the water samples. Because the 
metals analyses are performed on unfiltered water 
samples, the results are due to naturally occurring 
metals (e.g., aluminum, iron, and manganese), which 
comprise the suspended solids. 

Lead values (17 and 45 J.tg/L) above the EPA action 
level ( 15 J.tg/L) were found in the runoff samples 
collected at Los Alamos Canyon near Los Alamos. 
This is the station just upstream of State Road 4 in Los 
Alamos Canyon. Because of a miscommunication with 

the analytical laboratory, both analyses were performed 
on turbid, unfiltered samples. The EPA action limit is 
not applicable to these sorts of samples but is provided 
here for perspective. A more appropriate standard, the 
New Mexico Livestock Watering Limit, is 100 J.tg!L. 

Measurable selenium concentrations were reported 
for surface waters in 1996. Typically, selenium has not 
been detected in surface waters on the Pajarito Plateau. 
These selenium values are not attributed to analytical 
method changes. Selenium values exceeded the New 
Mexico Wildlife Habitat Stream Standard (2 J.tg/L) at 
numerous locations around the Laboratory. The 
highest selenium value (18 f..lgiL) was reported at 
Pueblo 3 below the Bayo Treatment Plant discharge 
(Table 5-9). 

c. Organics. The locations where organics 
samples were collected in 1996 are summarized in 
Table 5-11. Table 5-12 summarizes the organic 
constituents detected in 1996. (See Section 5.F.2.c. for 
analytical methods and analytes.) Most of the organic 
compounds detected in surface waters were tentatively 
identified compounds (TICs). The number of TICs 
reported by the analytical laboratory are recorded on 
Table 5-1 1. The individual results for TICs are not 
reported. Phthalates were also measured at numerous 
locations. Phthalates are common analytical laboratory 
contaminants. 

High explosives were detected at Water Canyon at 
Beta and at Frijoles at Bandelier Monument 
Headquarters. 

5. Long-Term Trends 

Long-term trends of the activity of tritium and total 
plutonium in surface water in Mortandad Canyon are 
depicted in Figure 5-3. These measurements were 
made on samples collected at the station Mortandad at 
GS-1, which is a short distance downstream of the 

TA-50 effluent discharge into Mortandad Canyon. 
Samples collected before 1996 were preserved in the 
field and filtered through a 0.45-micron filter in the 
laboratory. The 1996 measurements represented the 
total (unfiltered) activity. Plutonium values for 1962 to 
1966 are for plutonium-239, -240 only. Plutonium-238 
was not recorded for those years. If more than one 
sample is collected in a year, the average value for the 
year is plotted. In general, there has been a decrease in 
the combined levels of plutonium-238 and plutonium-
239, -240 during the period. All plutonium values 
exceed the detection limit of 0.04 pCi/L; all tritium 
activities exceed the detection limit of 700 pCi/L 
except for a sample collected in April 1988. 

C. Sediment Sampling 

1. Introduction 

Sediment transport associated with surface water 
runoff is a significant mechanism for contaminant 
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5. Surface Water, Groundwater, and Sediments 

movement. Contaminants originating from airborne 
deposition, effluent discharges, or unplanned releases 
can become attached to soils or sediments by adsorp­
tion or ion exchange. Accordingly, sediments are 

~ampl~d in aU canyons that cross the Laboratory, 
mcludmg those with either perennial or ephemeral 
flows. Furthermore, sediments from five regional 
reservoirs are sampled annmilly. Routine laboratory 
analyses for sediment samples include measurements 
for radioactivity, trace metals, organic compounds, and 
high-explosive (HE) residuals. 

There are no federal or state regulatory standards for 
soil or sediment contaminants that can be used for 
direct comparison with analytical surveillance data. 
Instead, contaminant levels in sediments may be 
interpreted in terms of toxicity to humans, assuming 
the contaminated particles are either ingested or 
inhaled. The data can also be compared to levels 
attributable to worldwide fallout or natural background 
levels. Results of radionuclide analyses of sediment 
samples from regional stations collected annually from 
1974 through 1986 were used to establish statistical 
limits for worldwide fallout levels (Purtymun et al., 
1987). In addition, natural background levels have 
been established for total uranium in northern New 
Mexico. Fallout levels of radioactivity in sediments 
have also been established for tritium; strontium-90; 
cesium-137; uranium; plutonium-238; plutonium-239, 
-240; americium-241; and for gross alpha, gross beta, 
and gross gamma activity for the period 1974 to 1996 
(McLin and Lyons 1997). The average activity level for 
each analyte in these samples, plus twice its standard 
deviation, has been adopted as an indicator of the 
approximate upper limit for worldwide fallout or 
natural background activity. 

Screening action levels (SALs) are used by the 
Laboratory's ER Project to identify the presence of 
contaminants at levels of concern. SAL values are 
derived from toxicity values and exposure parameters 
using data from the EPA. Both background activity 
and SAL values for sediments are listed in tables 
summarizing analytical results. 

Sediments in portions of Pueblo, Los Alamos, and 
Mortandad Canyons have been affected to varying 

degrees by contaminant releases from the Laboratory. 
Th~se canyons have activities of radioactivity in 
sediments at levels that are significantly higher than 
levels attributable to worldwide fallout or natural 
background sources. In Mortandad Canyon, the bulk 
of contaminated sediments have not moved off-site 
because three sediment traps have prevented sediments 

from moving towards the eastern Laboratory boundary. 
Some of these radionuclides, however, may have 
migrated off-site onto Pueblo of San Ildefonso lands. 
Some radioactivity associated with sediments from 
Pueblo and Los Alamos Canyons has also moved off­
site into the Rio Grande. 

2. Monitoring Network 

Sediment samples are collected from regional 
stations and Pajarito Plateau stations surrounding the 
Laboratory. Regional sediment sampling stations 
(Figure 5-l) are located within northern New Mexico 
and southern Colorado at distances up to 200 km (124 
mi) from the Laboratory. Samples from regional 
stations provide a basis for determining conditions 
beyond the influence of Laboratory operations, such as 
background radionuclide concentrations resulting from 
fallout. Stations on the Pajarito Plateau (Figures 5-4 
and 5-5) are located within about 4 km (2.5 mi) of the 
Laboratory boundary. They document conditions in 
areas potentially affected by Laboratory operations. 

During 1996, sediment samples were collected from 
24 regional and 68 Pajarito Plateau stations. Of the 24 
regional samples, 9 are from rivers and 15 from the 
upper, middle, and lower portions of 5 regional 
reservoirs. These regional reservoirs include El Vado, 
Heron, and Abiquiu Reservoirs on the Rio Chama· 
Cochiti Reservoir on the Rio Grande; and Rio Gra'nde 
Reservoir on the Rio Grande in southern Colorado. 

Of the 68 Pajarito Plateau samples, 21 are 
specifically related to waste storage sites. Many of the 
sediment sampling stations on the Pajarito Plateau are 
located within canyons to monitor sediment transport 
that is possibly related to past or present effluent 
release sites. Fifteen plateau samples were collected 
from San Ildefonso Pueblo. 

Sediments from drainages around two radioactive 
solid waste management areas are sampled. Nine 
sampling stations were established in 1982 outside the 
perimeter fence at TA 54, Area G (Figure 5-5a) to 
monitor possible transport of radionuclides by sheet 
erosion from the active waste storage and disposal 
area. From 1959 to I 961, hydronuclear experiments 
were conducted in underground shafts beneath the 
surface of the mesa at TA-49, designated Solid Waste 
Management Area AB (Purtymun and Stoker 1987, 
ESP 1988). Eleven stations were established in 1972 
to monitor surface sediments in drainages surrounding 
the experimental area at TA-49 (Figure 5-5b). Another 
station (AB-4A) was added in 1981 as the surface 
drainage changed. 
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5. Surface Water, Groundwater, and Sediments 

3. Radiochemical Analytical Result and Dose 
Equivalents for Sediments 

a. Radiochemical Analytical Results. The 
results of radiochemical analyses of sediment samples 
collected during 1996 are listed in Table 5-13. 
Individual analytes that met detection criteria and are 
above background levels are also summarized in Tables 
5-14 and 5-15. Results from the 1996 sediment 
samples are consistent with previous years' results. 
The majority of the sediment samples collected outside 
known radioactive effluent release areas were within 
background levels that reflect worldwide fallout 
(Purtymun et al., 1987 and McLin and Lyons 1997a). 
Many sediment samples from known radioactive 
effluent release areas, including Acid/Pueblo, DP/Los 
Alamos, and Mortandad Canyons, exceeded worldwide 
fallout levels for numerous constituents, including 
tritium, strontium-90, cesium-137, plutonium, and 
americium-241 radioactivity, and alpha, beta, and 
gamma activities. These observed levels are consistent 
with historical data. Three sediment samples from 
stations GS-1, MC0-5, and MC0-7 in Mortandad 
Canyon showed cesium-137 concentration levels that 
exceeded the SAL value. During 1996, no other 
sediment samples showed any values that exceeded 
respective SAL values, although reported values from 
stations GS-1 and MC0-5 were relatively high for 
tritium; plutonium-238; plutonium-239, -240; and 
americium-241 (that is, more than 100 times greater 
than background levels). These elevated values for 
radionuclides are consistent with historical values and 
reflect TA-50 effluent discharges into Mortandad 
Canyon since 1963. 

At TA-54, Area G, a number of stations exceeded 
background levels for plutonium-238 and plutonium-
239. -240. At TA-49, Area AB, a number of sediment 
stations showed above-background values for cesium-
137; plutonium-238; plutonium-239, -240; and 
americium-241. These areas are known Laboratory 
contamination areas, and all of the reported values are 
consistent with earlier observations from these same 
stations. 

In the samples from the regional stations, the 
sample from the Rio Grande at Otowi showed a 
possible detection strontium-90 value above 
background. This reported value could have originated 
from Laboratory contaminated sediment deposits 
within lower Los Alamos Canyon. These deposits may 
have been redistributed during snowmelt runoff 
resulting from backwater flooding effects from the Rio 
Grande. In future sampling efforts, the sediment 

station on the Rio Grande at Otowi will be relocated 
farther upstream so that possible backwater 

contamination effects are eliminated. The sample from 
the Rio Grande at Frijoles also showed a possible 
elevated strontium-90 value. However, all of these 
variations are consistent with data from previous years. 
None of the other Rio Grande sediment stations located 
between Otowi Bridge and Frijoles Canyon were 
sampled during 1996. 

None of the Pajarito Plateau stations that are outside 
known contamination areas showed values above 
background for tritium, total uranium, plutonium-238 
americium-241 radioactivity or for gross alpha, gross' 
beta, or gross gamma activity. However, the sediment 
stations for Mortandad at MC0-9 and Mortandad at 
MC0-13 (A-5) showed above-background values for 
cesium-137 and plutonium-239, -240. Finally, the 
sedim~~ts from stations located above Ancho Spring 
and FnJoles at the Rio Grande showed possible 
detection of strontium-90 values above background. 
Frijoles at the Rio Grande also showed detections of 
cesium-137 and total uranium values that were above. 
background. This station may have also been 
subjected to backwater flooding effects from the Rio 
Grande during 1996; therefore, in the future, this 
station will be located farther upstream in Frijoles 
Canyon. All of these possible detection values may be 
related to multiple sources, including natural 
variability, atmospheric fallout, surface deposition 
from air stack emissions, or surface transport from 
various Laboratory sources. 

Results of the radiochemical analyses of the large 
1-kg samples collected in 1996 from Heron, El Vado, 
Abiquiu, Cochiti, and Rio Grande Reservoirs are simi­
lar to those from previous years. All of these sample 
results were below their respective background levels 
except for some of the Cochiti Reservoir samples. The 
upper, middle, and lower sediment stations in Cochiti 
Reservoir showed possible detections of strontium-90 
but only the middle station showed elevated levels of ' 
cesium-137; plutonium-238; and plutonium-239, -240 
radioactivity. None of the other reservoir sediment 
samples exceeded background levels for other 
radionuclides, as seen in Table 5-13. 

The results of the reservoir analyses are best 
interpreted in conjunction with information from a 
study by Purtymun et al., (1987) and McLin and Lyons 
(1997), which provide a regional context for analyses 
of reservoir sediments. The conclusions of greatest 
significance for interpreting the current samples from 
the five reservoirs are: (1) the mean plutonium-238 
c?ncentrations from Cochiti Reservoir are significantly 
higher than corresponding values from Abiquiu, El 
Vado, Heron, and Rio Grande Reservoirs; (2) the mean 
plutonium-239, -240 concentrations from Cochiti 
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Reservoir are significantly higher than corresponding 
values from Abiquiu, El Vado, and Heron Reservoirs; 
and (3) Abiquiu and El Vado Reservoirs exhibit signifi­
cantly lower mean concentrations for strontium-90 
than corresponding values from Cochiti Reservoir. 
These results also suggest that radionuclide deposition 
from fallout is not homogeneous but varies with differ­
ences in weather, altitude, erosion, sediment transport 
conditions, grain size distribution, total organic 
content, and cation exchange capacity. 

Summary data from reservoir sediment plutonium 
analyses are shown in a long-term context in Table 
5-16. Abiquiu Reservoir historically has had some of 
the lowest plutonium concentration ranges and isotopic 
ratios observed, but Cochiti Reservoir has some of the 
highest. The other sampled reservoirs tend to fall 
between these two extremes. These data clearly 
suggest that mean plutonium-238 and plutonium-239, 
-240 concentration levels are significantly higher in 
Cochiti Reservoir than in Abiquiu Reservoir. An 
important question is raised here: Are these differ­
ences primarily a result of Laboratory releases or to 
natural variations in atmospheric fallout? To help 
answer this question, additional future sediment sam­
ples and analyses will be performed in all reservoirs. 
These samples will be analyzed for radionuclide and 
metal concentrations, grain size distribution, total 
organic carbon, cation exchange capacity, and sediment 
surface area. Small grain sizes and high values for the 
other parameters enhance the capacity of the sediments 
to adsorb plutonium and may help explain the large 
variability in plutonium concentration levels between 
reservoirs. 

b. Dose Equivalents from Exposure to 
Sediments in Mortandad Canyon. Radioanalytical 
results for sediments collected from Mortandad 
Canyon in 1996 were modeled using the RESRAD 
model, version 5.61 (see Chapter 3). The pathways 
evaluated are the external gamma pathway from 
radioactive material deposited in the sediments, the 
inhalation pathway from materials resuspended by 
winds, and the soil ingestion pathway. Because water 
in the canyon is not used for drinking water or irriga­
tion and there are no cattle grazing in the canyon or 
gardens in the canyon, the drinking water, meat inges­
tion, and fruit/vegetable ingestion pathways were not 
considered. 

The RESRAD model was run for each sampled 

location and for the entire canyon system with 10 to 14 
samples per analyte collected throughout the canyon. 
For modeling purposes, it is assumed that the area of 
interest around each monitored location is 100m2, the 
site is part of an industrial complex where access to the 

monitored location is somewhat limited and thus the 
amount of time a person spends in the canyon is limit­
ed to approximately 87 hours per year (Robinson and 
Thomas 1991 ), and there is no cover material over the 
site of interest that would reduce external exposure to 
radionuclides. The input parameters for the RESRAD 
model are summarized in Table 5-17. RESRAD calcu­
lates the daughter radionuclides based on the initial 
radionuclide concentrations and time since placement 
of material. 

The total effective dose equivalent (TEDE) (i.e., the 
sum of the effective dose equivalents from the external 
gamma, and the inhalation and soil ingestion path­
ways) is presented in Table 5-18. For comparison, the 
1995 TEDE for each monitoring location is also 
shown. The TEDE using the average concentration of 
all monitoring locations in Mortandad Canyon and 
using the RESRAD input parameters in Table 5-17 is 
6.0 mrem. The error term associated with this average 
value is extremely large, indicating a high degree of 
variability in the concentrations throughout the canyon. 
In 1996, the maximum TEDE (average TEDE plus 
twice the error term) (Table 5-19) ranged from 0.19 
rnrem (<0.2% of the DOE 100 mrem public dose limit 
[PDL]) near the Chemical and Metallurgy Research 
(CMR) building to 27 rnrem (27% of the DOE PDL) at 
the GS-1 sampling location. This compares to the 
1995 range of 0.089 rnrem at the A-10 sampling 
location and 43 mrem at the GS-1 sampling location. 
The maximum TEDE for monitoring sites surrounding 
the GS-1 site (i.e., west of GS-1, MC0-5, MC0-7, and 
MC0-9) increased in 1996 over the 1995 values. 
These five monitoring locations represent 96% of the 
1996 maximum TEDE for the entire canyon system. 
The only radionuclide that contributed more than 5% 
to the TEDE at these locations is cesium-137 for each 
of the five sites. For the other monitoring locations 
(i.e., near the CMR building, MC0-13 (A-5), A-6, A-7, 
A-9, and A-11), the naturally occurring radionuclides 
of uranium, and strontium-90 and cesium-137 from 
nuclear atmospheric testing contributed more than 5% 
to the TEDE at these monitoring locations. Averaged 
over the entire canyon system, cesium-137 and 
americium-241 contributed more than 5% to the 
canyon TEDE. The external pathway contributed more 
than 88% (with the cesium-137 contribution being 
more than 86%) to the total TEDE for the entire 
canyon system. Because there is a pathway approxi-

mately 3 m from the stream channel and the external 
component falls off with distance from the source, the 
estimated TEDE is reduced to approximately 6 rnrem 
in a year (i.e., 2.7 rnrem from the external pathway 
and 3.3 rnrem from all other pathways considered). 
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5. Surface Water, Groundwater, and Sediments 

4. Nonradiochemical Analytical Results 

a. Trace Metals. Beginning in 1992, sediments 
were analyzed for trace metals. Trace metal results for 
the sediment samples co11ected in 1996 are presented 
in Table 5-20. None of the results show any significant 
accumulations of metals, and results are comparable to 
previously collected data. Laboratory sample prepara­
tion methods for metals analyses changed in 1993. 
Therefore, the 1992 sediment metals data should not be 
compared to the 1993 to 1996 metals data because of 
these differences in laboratory procedures. 

Reported detection limits for antimony, mercury, 
and molybdenum increased from 1992 to 1996 (that is, 
from about 0.05 to 0.2 mg/kg; O.Ql to 0.1 mg/kg; and 
0.30 to 2.0 mg/kg, respectively). These differences 
were the result of changes in sample preparation 
procedures. In addition, there was a decrease in the 
typical channel sediment sample size from 250 mg in 
1992 to 125 mg in 1996. 

b. Organic Analyses. Beginning in 1993, sedi­
ments were analyzed for volatile organic compounds 
(VOCs), semivolatile organic compounds (SVOCs), 
and polychlorinated biphenyls (PCBs). Starting in 
1995, selected sediment samples were also analyzed 
for HE residuals. This HE analysis effort was expand­
ed in 1996; these new sampling stations tend to be 

located within the Laboratory boundary immediately 
upstream of the intersection of State Route 4 and the 
respective stream channels. Lists of individual organic 
compound analytes were previously given. In 1996, 
sediment samples were analyzed for VOCs, SVOCs, 
PCBs, and HE residuals from about one-sixth of the 
regional and local stations. The analytical results 
showed that there were no VOC, SVOC, PCBs, or HE 
residuals detected above the respective limit of 
quantitation (LOQ) in any of the sediment samples 
co11ected during 1996. The sampled stations are listed 
in Table 5-21. 

5. Long-Term Trends 

The concentrations of radioactivity in sediments 
from Acid, Pueblo, and lower Los Alamos Canyons 
that may be transported off-site are fully documented 
(ESG 1981 ). The data indicate that concentrations of 
radionuclides in sediments from Acid, Pueblo, and 
lower Los Alamos Canyons have been relatively con­
stant at each location since 1980, given some degree of 
yearly fluctuation in the data. The total plutonium 
concentrations (plutonium-238 plus plutonium-239, 
-240) observed since 1980 in sediments at four 
indicator locations are shown in Figure 5-6. 

Figure 5-6 also depicts total plutonium concentra­

tions at four sediment stations in Mortandad Canyon 
from 1980 to 1996. MC0-5 and MC0-7 are located 
downstream of theTA-50 discharge point and upstream 
of the sediment traps. MC0-9 and MC0-13 are 
between the sediment traps and the Pueblo of San 
Ildefonso boundary. Values of plutonium at MC0-5 
and MC0-7 are above background values resulting 
from Laboratory discharges at TA-50, but values from 
stations MC0-9 and MC0-13 are at or near atmos­
pheric fa11out levels. These results suggest that there 
has been little or no transport of plutonium from TA-50 
below the sediment traps in Mortandad Canyon. 
Analyses of sediments co11ected at station Mortandad 
A-6 show plutonium-239, -240 concentration levels 
that are at background levels and are consistent with 
historical data. 

D. Groundwater Sampling 

1. Introduction 

Groundwater resource management and protection 
efforts at the Laboratory are focused on the main (or 
regional) aquifer underlying the region (see Section 
l.A.3), but also consider groundwater found within 
canyon a11uvium and above the regional aquifer at 
intermediate depths. 

The early groundwater management efforts by the 
USGS evolved with the growth of the Laboratory's 
current Groundwater Protection Management Program, 
required by DOE Order 5400.1 (DOE 1988b), which 
addresses environmental monitoring, resource manage­
ment, aquifer protection, and geohydrologic investi­
gations. Formal documentation for the program, the 
"Groundwater Protection Management Program Plan," 
was issued in April 1990 and revised in 1996 (LANL 
1996a). During 1996 the Laboratory developed and 
submitted an extended groundwater characterization 
plan to the New Mexico Environment Department 
(NMED) (LANL 1996b). 

Concentrations of radionuclides in environmental 

water samples from the main aquifer, the alluvial 
perched groundwater in the canyons, and the inter­
mediate-depth perched systems may be evaluated by 
comparison with DCGs for ingested water calculated 
from DOE's PDL (see Appendix A for a discussion of 
standards). The NMWQCC has established standards 
for groundwater quality (NMWQCC 1993). Concen­
trations of radioactivity in samples of water from the 
water supply we11s completed in the Los Alamos main 
aquifer are also compared to New Mexico Environ­
mental Improvement Board (NMEIB) and EPA MCLs 
or to the DOE DCGs applicable to radioactivity in 
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DOE drinking water systems, which are more 
restrictive in a few cases. 

The concentrations of nonradioactive chemical 
quality parameters may be evaluated by comparing 
them to NMWQCC groundwater standards and to the 
NMEIB and EPA drinking water standards, even 
though these latter standards are only directly applic­
able to the public water supply. The supply wells in 
the main aquifer are the source of the Los Alamos pub­
lic water supply. Although it is not a source of munici­
pal or industrial water, shallow alluvial groundwater 
results in return flow to surface water and springs used 
by livestock and wildlife, and may be compared to the 
Standards for Groundwater or the Livestock and 
Wildlife Watering Stream Standards established by the 
NMWQCC (NMWQCC 1993, NMWQCC 1995). 
These standards are for the most part based on dis­
solved concentrations, but many of the results reported 
here include both dissolved and suspended solids 
concentrations, which may be higher. 

2. Monitoring Network 

Groundwater sampling locations are divided into 
three principal groups, related to the three modes of 
groundwater occurrence: the main (or regional) aquifer, 
perched alluvial groundwater in the canyons, and 
localized intermediate-depth perched groundwater 
systems. The sampling locations for the main aquifer 
and the intermediate-depth perched groundwater sys­
tems are shown in Figure 5-7. The sampling locations 
for the canyon alluvial perched groundwater systems 
are shown in Figure 5-8. The springs and wells are 
described by Purtymun ( 1995). 

Sampling locations for the main aquifer include test 
wells, supply wells, and springs. Eight deep test wells, 
completed within the main aquifer, are routinely sam­
pled. The Laboratory located the test wells to detect 
possible infiltration of contaminants from effluent dis­
posal operations. These test wells were drilled by the 

USGS between 1949 and 1960 using the cable tool 
method. The wells penetrate only a few hundred feet 
into the upper part of the main aquifer, and the casings 
are not cemented, which would seal off surface 
infiltration. 

Samples are collected from eleven deep water sup­
ply wells in three well fields that produce water for the 
Laboratory and community. The well fields include 
the Guaje Well Field and the on-site Pajarito and Otowi 
Well Fields. The Guaje Well Field, located northeast 
of the Laboratory, contains seven wells, five of which 
had significant production during 1996. The five wells 
of the Pajarito Well Field are located in Sandia and 

Pajarito Canyons and on mesa tops between those can­
yons. Otowi-1 and Otowi-4, the first wells in a new 
field designated as the Otowi Well Field, were com­
pleted in 1990. Otowi-4 resumed production in 1996 
after pump problems were repaired. Otowi-1 had a 
new pump installed during 1996 and was being prepar­
ed for production at the end of the year. Additional 
main aquifer samples were taken from wells located on 
the Pueblo of San Ildefonso. 

Numerous springs near the Rio Grande are sampled 
because they represent natural discharge from the main 
aquifer (Purtymun et al., 1980). As such, the springs 
serve to detect possible discharge of contaminated 
groundwater from beneath the Laboratory into the Rio 
Grande. Based on their chemistry, the springs in White 
Rock Canyon are divided into groups, three of which 
(1, II, and III) have similar, aquifer-related chemical 
quality. The chemical quality of springs in Group IV 
reflects local conditions in the aquifer, probably related 
to discharge through faults in volcanics. Two addition­
al springs, Indian and Sacred Springs, are west of the 
river in lower Los Alamos Canyon. 

Beginning in 1995, approximately half of the White 
Rock Canyon springs were sampled in each year. 
Larger springs and springs on Pueblo of San Ildefonso 
lands are sampled annually, with the remainder 
scheduled for alternate years. 

The perched alluvial groundwater in five canyons 
(Pueblo, Los Alamos, Mortandad, and Pajarito Can­
yons, and Cafiada del Buey) is sampled by means of 
shallow observation wells to determine the impact of 
NPDES and past industrial discharges on water quality. 
In any given year, some of these alluvial observation 
wells may be dry, and thus no water samples can be 
obtained. Observation wells in Water, Fence, and 
Sandia Canyons have been dry since their installation 
in 1989. Most of the wells in Cafiada del Buey are dry. 

Intermediate-depth perched groundwater of limited 
extent occurs in conglomerates and basalt at depths of 

several hundred feet beneath the alluvium in portions 
of Pueblo, Los Alamos, and Sandia Canyons. Samples 
are obtained from two test wells and one spring. The 
well and spring locations were selected to monitor 
possible infiltration of effluents beneath Pueblo and 
Los Alamos Canyons. 

Some perched water occurs in volcanics on the 
flanks of the Jemez Mountains to the west of the 
Laboratory. This water discharges at several springs 
(Armstead and American) and yields a significant flow 
from a gallery in Water Canyon. During the winter of 
1996-97, a falling tree broke the connecting pipe, and 
the water now flows down the Water Canyon drainage. 
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5. Surface Water, Groundwater, and Sediments 

3. Radiochemical Analytical Results for 
Groundwater 

The results of radiochemical analyses of ground­
water samples for 1996 are listed in Table 5-22. Tables 
5-23 and 5-24 contain lists of radionuclides detected in 
water samples and of possible detections, according to 
criteria discussed in Section S.F. Because uranium, 
gross alpha, and gross beta are ubiquitous at detectable 
levels, occurrences of these measurements above 
significant levels (chosen to be below the EPA MCLs 
or screening levels) are reported. The specific values 
are 5 JlgiL for uranium, 10 pCi/L for gross alpha, and 
40 pCi/L for gross beta. Discussion of the results will 
address the main aquifer, the canyon alluvial 
groundwater, and finally the intermediate perched 
groundwater system. 

a. Radiochemical Constituents in the Main 
Aquifer. For samples from wells or springs in the 
main aquifer, most of the results for tritium· 

' strontium-90; uranium; plutonium-238; plutonium-239, 
-240; americium-241; and gross beta were below the 
DOE DCGs or the EPA or New Mexico standards 
applicable to a drinking water system. The exceptions 
are discussed below. In addition, most of the results 
were near or below the detection limits of the analy­
tical methods used. Dissolved uranium is a common 
constituent of groundwater (Hem 1989), so only occur­
rences close to the proposed EPA MCL of 20 Jlg!L are 
discussed here. 

The 1994 surveillance sampling of three test wells, 
TW-3, TW-4, and TW-8, showed unexpected levels of 
strontium-90 (ESP 1996a). Several of the sampling 
results were suspect because there were no corrobo­
rating measurements such as correspondingly elevated 
gross beta measurements in some of the samples. 
Special time-series sampling was carried out in 1995 to 
evaluate possible aquifer contamination near these 
wells, during which no strontium-90 was detected 
(ESP 1996b ). These wells were sampled four times 
during 1996, with no radionuclides detected, except 
naturally occurring uranium and trace levels of tritium. 
The tritium results are discussed in Section 5.D.3.c. 

Test Well I had a tritium detection of 749 pCi/L. 
Tritiu~ values in this range cannot be accurately 
quantified by the analytical method, but the result does 
indicate a detection of tritium. The results of previous 
low-detection-limit tritium measurements done by the 
University of Miami on samples from this well have 
ranged from 277 to 366 pCi/L (ESP 1995; ESP 1996b). 
Water supply well G-2 showed a possible americium-
241 detection; however, the americium-241 values 

found at small levels this year are suspect because of 
similar levels found in field blank samples (see 
Section 5.F). 

Strontium-90 was detected in Sandia Spring. Spring 
SA showed evidence of plutonium-238. La Mesita 
Spring has a significant uranium concentration of 
10 Jlg/L Samples from springs in this area have 
always contained a relatively high concentration of 
natural uranium (Purtymun et al., 1980). However, the 
uranium concentration for La Mesita Spring is below 
the proposed EPA primary drinking water MCL of 20 
JlgiL. The spring also has a high gross alpha value of 
about 14 pCi/L, near the EPA primary drinking water 
standard of 15 pCi/L. 

In 1995, water supply well G-lA had an apparent 
strontium-90 detection of 3.9 ± 0.7 pCi/L. This value 
is just above the strontium-90 detection limit of 3 
pCi/L. Another 1995 analysis gave a result of 7.4 ± 3.5 
pCi/L, which has a very high uncertainty, making 
interpretation of this result difficult. No previous 
strontium-90 data are available for this welJ for com­
parison. The results of 1996 samples indicate no trace 
of strontium-90 in samples from this well. 

All cesium-137 measurements of samples from the 
main aquifer wells and springs for 1994 are less than 
5% of the DCG applicable to DOE Drinking Water 
Systems and less than the detection limit of 4 pCi!L. 

b. Total Committed Effective Dose Equivalent 
from the Ingestion of Drinking Water from Los 
Alamos and White Rock. Table 5-25 presents the 
summary of the CEDE from the ingestion of drinking 
water collected in 1996. The CEDE for 1995 is 
presented for comparison. Because drinking water 
aquifers are regional, there is no "background" drink­
ing water source available to determine the total net 
positive CEDE between the monitored source and a 
"background" source. The total annual CEDEs (i.e., 
the annual CEDE, without any error term, summed 
over all radionuclides) for all drinking water samples 
collected from Los Alamos water distribution wells are 
below 4 mrem. No samples collected exceeded the 
radioactive MCLs for drinking water systems (EPA 
1989). The maximum annual CEDE (i.e., the total 
C~D~ plus 2 sigma) using the two liters per day 
dnnkmg water consumption rate for samples collected 
in 1996 is 0.12 mrem as modified by the percent 
contribution to the distribution system for each 
monitored well. The radionuclides that contributed to 
more than 5% of the total CEDE in 1996 are strontium-
90, cesium-137, total uranium, plutonium-238, 
plutonium-239, and americium-241. 
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c. Tritium Sampling of Test Wells. The 1994 
surveillance sampling of three test wells, TW-3, TW-4, 
and TW-8, showed unexpected levels of strontium-90 

(ESP 1 996a). Several of the sampling results were 
suspect, because there were no corroborating 
measurements such as corresponding elevated levels of 
gross beta in some of the samples. Special time-series 
sampling was carried out in 1995 to evaluate possible 
aquifer contamination near these wells, during which 
no strontium-90 was detected (ESP 1996b). These 
wells were sampled four times during 1996, with no 
radionuclides detected, except for trace levels of 
tritium and naturally occurring uranium. This section 
discusses the trace-level tritium results, with analyses 
done by the University of Miami Tritium Laboratory. 

The following information provides a perspective on 
tritium levels occurring in New Mexico. Before 
atmospheric testing of nuclear weapons began, tritium 
levels in precipitation were about 20 pCi/L (Adams et 
al., 1995). This is 5 to 10 times the tritium levels 
detected in the Los Alamos public water supply wells, 
for example. By the mid-1960s, tritium in atmospheric 
water in northern New Mexico reached a peak level of 
about 6,500 pCi!L. At present, general atmospheric 
levels in northern New Mexico are about 30 pCi!L, and 
those in the Los Alamos vicinity range from 20 to 450 
pCi/L (Adams et al., 1995). Groundwaters that contain 
between 16 and 65 pCi/L of tritium most likely show 
the effects of recent recharge, that is, within the last 
four decades (Blake et al., 1995). Waters with tritium 
concentrations below about 1.6 pCi/L are likely to be 
old: the ages of these waters are more than 3,000 years, 
but there may be large errors associated with small 
tritium concentrations. With a tritium concentration 
below 0.5 pCi/L, modeled ages are more than 10,000 
years, but this is at the limit of tritium age determina­
tions. Waters with tritium concentrations more than 
I ,000 pCi!L and collected after 1990 cannot have their 
ages modeled and can only be the result of 
contamination (Blake et al., 1995). 

The 1995 time series results suggested that tritium 
is present in trace amounts in the aquifer at TW-3 and 
-8, but not at TW-4. Tritium has previously been 
observed in TW-8. The presence of tritium in TW-3 in 
1995 was a new discovery, because tritium was not 
noted in this well during sampling in 1993. The level 
of tritium in these wells is far below the EPA tritium 
drinking water standard of 20,000 pCi/L and even 
below the detection limit of the EPA-specified analyti­
cal method for tritium, which is 700 pCi!L. Evaluation 
of tritium activities in this trace level range was carried 
out for purposes of evaluating flow paths and hydro­
logical connections within groundwater flow systems. 

The 1996 sampling results continue to show 
naturally occurring trace levels of tritium in TW-4 and 
slightly higher tritium levels in TW-3 and TW-8 that 
suggest some contribution of recent recharge from the 
surface (Table 5-26). The 1995 tritium values in TW-3 
ranged from 53 pCi/L down to 0.2 pCi/L, compared to 
the 1996 range of 15 pCi/L to 0.2 pCi/L. For TW-8, 
the 1995 range was 16 pCi/L down to 5.2 pCi!L, 
compared to a 1996 range of 26 pCi/L to 5.5 pCi/L. 
Thus, the results suggest a continual presence of a 
small recharge contribution from the surface in the 
main aquifer at TW-3 and TW-8. Considering that past 
surface water tritium activities in DP Canyon (near 
TW-3) and Mortandad Canyon (above TW-8) have 
been in the range of up to 106 pCi!L as recently as the 
mid 1980s, the effect of surface water tritium levels on 
the regional aquifer at these locations has been 
minimal. 

Several other test well samples were analyzed for 
tritium by low-detection-limit methods. Table 5-26 
shows these results. Previous analytical results for 
tritium were published in ESP (1995). Test wells DT-9 
and DT-10 both showed higher tritium values in 1995 
than in previous years. The 1993 values for test wells 
DT-9 and DT-1 0 were 0.45 and 1.3 pCi/L, compared to 
1995 values of 1.5 and 3.2 pCi!L. These tritium values 
fall into a possible age range between 40 and 3,000 
years. Test well DT-SA had a 1993 value of 0.23 
pCi/L. The 1996 results for DT-SA, DT-9, and DT-1 0 
are at the low end of the ranges previously observed. 
These 1996 tritium levels suggest that the main aquifer 
is isolated from surface recharge in the area of these 
three wells. 

d. Radiochemical Constituents in Alluvial 
Groundwaters. None of the radionuclide activities in 
alluvial groundwater are above the DOE DCGs for 
Public Dose for Ingestion of Environmental Water. 
Except for strontium-90 values in samples from 
Mortandad Canyon, none of the radionuclide activities 
exceed DOE DCGs applicable to a drinking water 
system. Levels of tritium; cesium-137; uranium; 
plutonium-238; plutonium-239, -240; strontium-90; 

and gross alpha, beta, and gamma are all within the 
range of values observed in recent years. 

The samples of the alluvial groundwater in Los 
Alamos Canyon show residual contamination, as has 
been seen since the original installation of the monitor­
ing wells in the 1960s. In particular, for LA0-2 and 
LA0-3A, the activity of strontium-90 exceeds the EPA 
Primary Drinking Water Standard MCL of 8 pCiiL. 
Plutonium-239, -240 was detected in LA0-0.7; 
cesium-137 was possibly detected at LA0-0.7; and 
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several of the wells showed gross alpha or beta 
activities exceeding drinking water standards. 

The alluvial groundwater samples from Mortandad 
Canyon showed levels of radionuclides within the 
ranges observed previously. Tritium; strontium-90; 
plutonium-238; plutonium-239, -240; americium-241; 
gross alpha; and gross beta are either detected or pos­
sibly detected in many of the wells. Well MC0-4 was 
not in service, so samples from nearby well MC0-4B 
are used in its place. The radionuclide levels are in 
general highest at well MC0-4B, which is nearest to 
theTA-50 outfall, and are lower further down the 
canyon. The levels of tritium, strontium-90, gross 
alpha, and gross beta exceed EPA drinking water 
criteria in many of the wells. In some years the levels 
(except for tritium) exceed the DOE drinking water 
system DCGs; but the levels do not exceed the DOE 
DCGs for public dose for ingestion of environmental 
water. There are no EPA drinking water criteria for 
plutonium-238; plutonium-239, -240; or 
americium-241. The DOE Drinking Water System 
DCGs for these latter radionuclides were not exceeded 
in Mortandad Canyon alluvial groundwater. 

Pueblo Canyon well APC0-1 had a 1996 
plutonium-239, -240 level (.087 ± 0.02 pCiJL) above 
the detection limit, as was observed in 1994 and 1995. 
Only one well in Pajarito Canyon was sampled in 1996 
because wells PC0-2 and PC0-3 were dry. 

e. Radiochemical Constituents in 
Intermediate-Depth Perched Groundwater. Taken 
over time, the radionuclide activity measurements in 
samples from TW-1A, 2A, and Basalt Spring in the 
intermediate-depth perched zones in Pueblo Can.yon 
indicate a connection with surface water and alluvial 
groundwaters in Pueblo Canyon. Intermediate-depth 
perched zone waters have long been known to be 

influenced by contaminated surface water in the 
canyon based on measurements of major inorganic 
ions. TW-2A, furthest upstream and closest to the 
historical discharge area in Acid Canyon, has shown 
the highest levels. The 1996 tritium measurement 
obtained by conventional methods was 2253 pCi/L. In 
previous years this has been confirmed by the low 
detection limit measurements of about 2,300 pCi/L 
(ESP 1996a). Neither TW-1 A nor TW-2A had detect­
able plutonium-239, -240 levels, in contrast to 1995. 
Basalt Spring did show detectable plutonium-239, 
-240. Because the sample at Basalt Spring is collected 
in contact with the canyon soils, the source of the 
plutonium could be surface sediments rather than 

groundwater. 

The sample from the Water Canyon gallery was 
consistent with previous results, showing no evidence 
of radionuclides from Los Alamos operations. 

4. Nonradiochemical Analytical Results 

The results of general chemical analyses of ground­
water samples for 1995 are listed in Table 5-27, and 
results of total recoverable metal analyses are listed in 
Table 5-28. Discussion of the results will address the 
main aquifer, the canyon alluvial groundwaters, and the 
intermediate perched groundwater system. Finally, 
results of organic analyses will be discussed. Because 
of instrument problems on the part of the analytical 
laboratory, some of the trace metals were analyzed at 
detection limits higher than is ordinarily the case 
during 1996, particularly cadmium, lead, thallium, and 
antimony. This problem will be rectified for 1997 
sampling. 

a. Nonradiochemical Constituents in the 
Main Aquifer. Values for all parameters measured in 
the water supply wells were within drinking water 
limits, with the following exceptions. In 1995, a 
nitrate (as nitrogen) value of 9.9 mg/L was found in 
well G-IA; values of this size have never been 
observed previously in this well, and no such values 
were found in the regular Safe Drinking Water Act 
(SDWA) sampling. The 1996 results show a nitrate (as 
nitrogen) concentration of 0.48 mg/L, which is consis­
tent with background levels. The pH values in wells 
G-1, G-lA, and Otowi-1 were above the EPA second­
ary standard limit of 8.5. Well Otowi-1 was being 
tested during this sample collection period and had not 
been connected to the water supply system. In well 
G-1, the silver value was 53 J.lg!L, compared to the 
NMWQCC groundwater limit of 50 !JgiL; the thallium 

level was 6 j.ig/L compared to the EPA primary 
drinking water standard of 2 J.lg!L. For well G-2, the 
arsenic level was about 76% of the standard of 50 J.ig/L 
and was similar to previous measurements. The 
vanadium level in well G-2 of 84 J.lg!L is within the 
EPA health advisory range of 80 to 110 J.lg!L but is 
lower than the 1993 value of 260 J.ig/L. The lead level 
in Otowi-4 was 12 J.ig/L, compared to the EPA action 
level of 15 J.lg!L. 

The test wells in the main aquifer showed levels of 
several constituents that approach or exceed standards 
for drinking water distribution systems. However, the 
test wells are used for monitoring purposes only and 
are not part of the water supply system. TW-1 had a 
nitrate value of 5.5 mg!L, below the EPA primary 

drinking water standard of 10 mg/L (nitrate as nitro­
gen). This test well has shown nitrate levels in the 
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range of about 5 to 20 mg/L (nitrate as nitrogen) since 
the early 1980s. The source of the nitrate might be 
infiltration from sewage treatment effluent discharged 
into Pueblo Canyon, or residual nitrates from the now 
decommissioned TA-45 radioactive liquid waste 
treatment plant that discharged effluents into upper 
Pueblo Canyon until 1964. 

TW-2 had values of sodium, chloride, sulfate, 
arsenic, and boron that were about ten times the usual 
ranges for these values. The total dissolved solids and 
conductance for this sample were in the usual range. 
Thus, the total dissolved solids value contradicts the 
values reported for these other analytes because it is 
much smaller than the sum of the sodium, chloride, 
and sulfate values. The source of these discrepancies 
has not been discovered. 

Levels of trace metals that approach water quality 
standards in some of the test wells are believed to be 
associated with the more than 40-yr-old steel casings 
and pump columns. In the last few years, iron, manga­
nese, cadmium, nickel, antimony, and zinc have been 
high in several of the main aquifer test wells. These 
trace metal values represent total, rather than dissolved 
concentrations, in that they include the composition of 
any suspended sediment contained in the water sam­
ples. Several of the test wells have occasionally had 
elevated lead levels in previous years. In 1995, lead 
levels exceeded the EPA action level in TW-1, 2, 3, and 
4. In 1996, TW-1 (at 62 ~-!giL) and TW-4 (at 57 ~-!giL) 
had lead levels above the 15 llgiL EPA action level. 
However, the higher detection limit used for many of 
the measurements may have been insufficient to define 
the lead levels in these wells. TW-3 had one lead 
measurement at I 1 1-!g/L. The lead levels appear to be 
due to flaking from piping installed in the test wells 
and do not represent lead in solution in the water (ESP 
1996a). There are no known sources of lead near these 
wells, and dissolved lead levels in natural waters of 
near neutral pH (pH -7) are ·commonly extremely low 
(Hem 1989). 

In general, trace metal levels in unfiltered samples 
for test well DT-5A were low. This well had the high­
est lead levels in 1993. One sample from this well had 
a chromium concentration of 63 llg/L, compared to the 
NMWQCC groundwater limit of 50 llg!L. 

Samples collected for metals analysis from the 
White Rock Canyon springs were filtered in 1996. In 
recent years, samples from a few springs in White 
Rock Canyon showed aluminum, iron, and manganese 
levels that exceed NMWQCC Livestock and Wildlife 
Watering Standards or drinking water standards. These 
levels were total rather than dissolved concentrations 

and reflect the composition of suspended sediments. 
Many of the springs have very low flow rates, and sam­
ples are collected in small pools in contact with the 
surrounding soils. The 1996 samples from Sandia 
Spring, La Mesita Spring, and Spring I were unfiltered 
and showed levels of aluminum and iron that would 
exceed standards for drinking water systems. Of the 
filtered spring samples, Spring 3A had a cadmium 
level above the drinking water MCL. 

b. Nonradiochemical Constituents in Alluvial 
Groundwater. Alluvial canyon groundwater in 
Pueblo, Los Alamos, and Mortandad Canyons, which 
receive effluents, showed the effects of those effluents 
because values of some constituents were elevated 
above natural levels. Mortandad Canyon alluvial 
ground-water samples exceeded or approached the 
NMWQCC Groundwater Standards for fluoride and 
nitrate. The nitrate source is nitric acid that is used in 
plutonium processing at TA-55 and enters theTA-50 
waste stream. Improvements to theTA-50 treatment 
process are planned, so that the effluent will not exceed 
water quality standards in the future. Mortandad 
Canyon alluvial groundwater is also high in sodium. 
Only one well in Pajarito Canyon was sampled in 1996 
because wells PC0-2 and PC0-3 were dry. 

Overall, trace metal levels in alluvial groundwater 
samples were much lower than for 1993 and 1994. As 
with past samples from the White Rock Canyon 
Springs, several of the alluvial groundwater samples 
showed levels of aluminum, iron, and manganese that 
would exceed standards for drinking water systems. 
These metal concentrations reflect the presence of 
suspended sediment that had entered the well casings. 

c. Nonradiochemical Constituents in 
Intermediate-Depth Perched Groundwater. In I 996, 
the nitrate values for TW-lA, 2A, and Basalt Spring 
were well below NMWQCC Groundwater and EPA 
Drinking Water Standards. These sample locations 
have occasionally shown higher nitrate values in recent 
years. 

TW-2A had levels of iron, lead, manganese, and 
zinc approaching or exceeding water quality standards. 
Again, the detection of these metals in TW-2A prob­
ably reflects flaking of metals from pump hardware 
and the well casing rather than the existence of dis· 
solved metals in the groundwater. TW-IA had iron, 
and Basalt Spring had aluminum and manganese 
concentrations approaching or exceeding water quality 
standards. Otherwise, the intermediate perched 
groundwater and the Water Canyon gallery did not 
show any concentrations of trace metals that are of 
concern. 
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5. Surface Water, Groundwater, and Sediments 

d. Organic Constituents in Groundwater. 
Analyses for organic constituents were performed on 
selected springs and test wells in 1996. The stations 
sampled are listed in Table 5-29. Samples were ana­
lyzed for VOCs, SVOCs, and PCBs. Test wells and 
most springs were analyzed for HE constituents. The 
laboratory also reports tentatively identified organic 
compounds, reflecting measurements that do not cor­
respond to any of the cataloged organic compounds 
that may not have been analyzed specifically. These 
compounds are not listed here although the number for 
each station is given. The samples where organics 
were detected above the analytical LOQ are listed in 
Table 5-30. 

HE constituents were detected in Ancho Spring 
during 1995 sampling, but not in 1996. This spring is 
below the explosives testing sites in the southern 
portion of the Laboratory. The Water Quality and 
Hydrology Group (ESH-18) will conduct additional 
analyses for HE in this area. Most of the possible 
organic detections reported by the Organic Analysis 
Group (CST-12) were rejected because the compounds 
were either detected in method blanks (introduced 
during laboratory analysis) or detected in trip blanks. 

There were three organic detections that were not 
rejected. Toluene was found at low concentrations in 
Test Well DT-5A. However, this compound was found 
in method blanks for numerous other samples, 
indicating that it had inadvertently been introduced 
during laboratory analysis, as was butanone [2-] which 
was found in Spring I. The Otowi House well had a 
detection of trichloroethane [I , I , 1-]. 

5. Long-Term Trends 

a. Main Aquifer. The long-term trends of the 
water quality in the main aquifer have shown little 
impact resulting from Laboratory operations. Except 
for low levels of tritium contamination found at four 
locations in Los Alamos and Pueblo Canyons and one 
location in Mortandad Canyon, no concentrations of 
radionuclides above detection limits have been 
measured on water samples from the production wells 
or test wells that reach the main aquifer other than an 
occasional analytical outlier not confirmed by analysis 
of subsequent samples. The apparent detection of 
strontium-90 in TW-3 in 1994 (ESP 1996a) presently 
appears to be due to analytical error because the gross 
beta measurement does not support the strontium 
result. The apparent detection of strontium-90 in TW-4 
in 1994 (ESP I996a) has not been substantiated by 
previous or subsequent measurements. 

Measurements of tritium by extremely low detection 
limit analytical methods (ESP 1995; ESP 1996a) show 
the presence of some recent recharge (meaning within 
the last four decades) in water samples from six wells 
into the main aquifer at Los Alamos. The levels 
measured range from less than 2% to less than a 0.01% 
of current drinking water standards and are all less than 
levels that could be detected by the EPA-specified ana­
lytical methods normally used to determine compli­
ance with drinking water regulations. Recent detection 
of lead in the main aquifer test wells appears to have 
resulted from contamination by well casings, pumps, 
and monitoring devices (ESP 1995). Nitrate concen­
trations in TW-1 have been near the EPA MCL since 
1980. 

The long-term trends of water levels in the water 
supply and test we11s in the main aquifer indicate that 
there is no major depletion of the resource as a result 
of pumping for the Los Alamos water supply (McLin et 
al., 1997). 

b. Alluvial Perched Groundwater in 
Mortandad Canyon. Long-term trends of radionu­
clide concentrations in shallow alluvial perched 
groundwater in Mortandad Canyon (downstream from 
the NPDES-permitted outfall for the radioactive waste 
treatment facility at TA-50) are depicted in Figure 5-9. 

The samples are from observation well MC0-6 in the 
middle reach of the canyon. The combined total of 
plutonium-238 and plutonium-239, -240 activities has 
been relatively constant, fluctuating up and down in 
response to variations in the treatment plant effluent 
and storm runoff that causes some dilution in the 
shallow alluvial water. Note that the current plutonium 
detection limit of 0.04 pCi/L applies to the separate 
analyses of plutonium-238 and plutonium-239, -240, 
and might be doubled for the addition of these values 
because results are often at or near the detection Iifl!,it. 
The tritium concentration has fluctuated almost in 
direct response (with a time lag of about one year) to 
the average annual concentration of tritium in the 
TA-50 effluent. 

E. Groundwater and Sediment Sampling at the 
Pueblo of San Ildefonso 

To document the potential impact of Laboratory 
operations on lands belonging to the Pueblo of San 
Ildefonso, DOE entered into a Memorandum of 
Understanding with the Pueblo and the Bureau of 
Indian Affairs in 1987 to conduct environmental 
sampling on pueblo land. This section deals with 
hydrologic and sediment sampling. The groundwater, 
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surface water, and sediment stations sampled on the americium-241 were exceeded in several wells. The 
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possibility that these were detections is in doubt for 'II Pueblo of San Ildefonso are shown in Figures 5-l 0 and I 

5-11. Aside from stations listed in the accompanying two reasons: there were high values for americium-241 I I 
,, i tables, the Memorandum of Understanding also in the trip blank, and values for plutonium-238 and 
I I 

specifies collection and analysis of additional water americium-241 in the New Community well sample 
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and a duplicate sample differed widely. These two :'I I and sediment samples from sites that have long been 
I I included in the routine environmental sampling observations emphasize the questionable precision of 
I I 

program, as well as special sampling of storm runoff in the laboratory analyses at these extremely low levels. 
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For 1996 sampling, the only possible detection of I Los Alamos Canyon. These locations are shown in I 

radionuclides in the Pueblo of San Ildefonso water I' 
I ! Figures 5-l, 5-2, 5-4, and 5-7, and the results of 

supply wells, other than uranium, was for plutonium-I analyses are discussed in previous sections. 

I 
'I I 239, -240 in the Sanchez House well, at a value only 'I: I slightly above the detection limit. 
',I 

1. Groundwater I 
The 1995 Westside Artesian well sample had a I 

Radiochemical analyses of the 1996 groundwater 
strontium-90 value of 8.4 pCi/L. This value exceeded 

I I samples are shown in Table 5-22. Tables 5-23 and 
the EPA MCL of 8 pCi!L. This 1995 analysis should 

I 5-24 contain lists of radionuclides detected in water 
be viewed with caution: first, because of the 

r 
I samples and of possible detections, according to 

possibility of analytical error, in light of the relatively 

I 
criteria discussed in Section 5.F.4. Because uraniull?-, 

high detection limit for strontium-90; and second, 
gross alpha, and gross beta are ubiquitous at detectable 

because strontium-90 has not been previously found in 
levels, occurrences of these measurements above 

any of these wells. The 1996 sample analysis did not ' 
significant levels (chosen to be below the EPA MCLs 

I 
detect strontium-90. 

I or screening levels) are reported. The specific values 
The Westside Artesian and New Community wells 

are 5 J.lg!L for uranium, 10 pCi/L for gross alpha, and 
had uranium concentrations near or exceeding the· 

:: 40 pCi/L for gross beta. 
proposed EPA primary drinking water standard of 

I Most of the groundwater stations (wells and 
20 J..lgiL. Uranium concentrations at the Pajarito Pump 

springs) listed in the Memorandum of Understanding 
I and Sanchez House wells were about half of the pro-

are discussed in Section S.D. The Bureau of Indian 
posed EPA standard. These measurements are consis-

Affairs wellpoints were not sampled in 1996 because 
tent with the levels in previous samples and with I high water turbidity made the samples of questionable 
relatively high levels of naturally occurring uranium in 

value and because the ER Project has installed several 
other wells and springs in the area. 

I I new wells in the vicinity as part of the Resource 
The gross alpha level in samples from the Westside 

I I 
Conservation and Recovery Act Facility Investigation 

Artesian, Pajarito Pump I, Don Juan Playhouse, New 
I Workplan for Los Alamos and Pueblo Canyons. The 

Community, and Sanchez House wells approached or ',I present section focuses on the Pueblo of San Ildefonso 
exceeded the EPA primary drinking water standard of "I 

I 
I water supply wells. 

15 pCi/L. The gross alpha levels are apparently 
,, 

As in previous years, the groundwater data indicate I' 

attributable to the presence of uranium. the widespread presence of naturally occurring The chemical quality of the groundwater, shown in 
uranium at levels approaching or in excess of proposed 

Table 5-27, is consistent with previous observations. I II EPA drinking water limits. Naturally occurring 
The samples from the Westside Artesian and Pajarito li! uranium concentrations approaching or many times 
Pump wells exceeded or were near the drinking water '' 

! above the proposed MCL of 20 J..lg!L are prevalent in :I 
standard for total dissolved solids; these levels are 

I 
I well water throughout the Pojoaque area. The high 

similar to those previously measured. 
gross alpha readings for these wells are related to 

The fluoride values for some wells are near 

:i 

uranium occurrence. 
(Sanchez House) or greatly exceed (Westside Artesian 

In previous years, the Pueblo of San Ildefonso water 
and LA-I B) the NMWQCC Groundwater Standard of I supply well data have suggested the occasional. . 
1.6 mg!L, again similar to previous values. Several of 

detection of trace levels of plutonium and amencmm. 
the wells have alkaline pH values, above the EPA 

In most cases, these values are near the detection limit 
secondary standard range of 6.8 to 8.5; again, these 

I of the analytical method when it is uncertain whether 
values do not represent a change from those previously 

or not a detection has occurred and when precise 
observed in the area. None of the sampled wells had 

quantification of the amount detected is not possible. nitrate values approaching drinking water limits of 

I 
For 1995, detection limits for plutonium-238 and 10 mg!L (nitrate as nitrogen). 

I 'I 
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5. Surface Water, Groundwater, and Sediments 

Trace metal analyses are shown in Table 5-28. Well 
LA-I B and Pajarito Pump 1 had much lower arsenic 
values in 1995 and again in 1996, compared to 
previous values of about 40 Jlg!L, just below the EPA 
drinking water standard of 50 Jlg!L. Boron values in 
two wells, Westside Artesian and Pajarito Pump 1, 
exceeded the NMWQCC groundwater limit of 
750 JJ.giL. These values are similar to those of past 
years. Boron, arsenic, and fluoride are common 
constituents of water in volcanic areas or in thermal 
springs (Hem 1989). The thermal waters discharging 
from the Valles Caldera have been shown to discharge 
through the Jemez River drainage, and other wells and 
springs in the area have far higher boron, arsenic, and 
fluoride Ievels (Goff et al., 1988). The only other trace 
metal occurrence of note was antimony that was 

detected in the New Community well at 5 JJgiL 
compared to the EPA Primary Drinking Water Standard 
of 6 JJ.g!L. 

Samples from Eastside Artesian, Halladay House, 
Pajarito Pump I, Don Juan Playhouse, and the Otowi 
House wells were analyzed for VOCs, SVOCs, and 
PCBs (Table 5-29). The only sample in which there 
was a trace detection was the Otowi House well (Table 
5-30). The compound detected is trichloroethane 
[1,1,1-J at 23 Jlg!L. 

2. Total Committed Effective Dose Equivalent 
from the Ingestion of Drinking Water Collected at 
the Pueblo of San Ildefonso 

Table 5-31 presents the summary of the CEDE from 
the ingestion of drinking water collected in 1996. The 
CEDE for 1995 is presented for comparison. Because 
the Federal Guidance Report #II is "intended for 
general use in assessing average individual committed 
doses in any population ... " (EPA 1988), the dose con­
version factors listed in this report are used in assess­
ing drinking water from non-DOE sources. Because 
drinking water aquifers are regional, there is no 
"background" drinking water source available to 
determine the total net positive CEDE between the 
monitored source and a "background" source. 

The total annual CEDEs (i.e., the annual CEDE, 
without any error term, summed over all radionuclides) 
for all drinking water samples collected from the 

Pueblo of San lldefonso ranged from 0.26 mrem from 
the Halla 

day House to 3.1 mrem from the New Community 
well. For samples collected at the Pueblo, the uranium 
contribution to the total CEDE ranged from 34% from 
the Halladay House sample to 91% from the Westside 

Artesian sample. The maximum annual CEDE ( i.e., 
the total CEDE plus 2 sigma) using the 2 liters/day 
drinking water consumption rate for the samples 
collected in 1996 ranged from 0.66 mrem from the 
Halladay House sample to 4.1 mrem from the New 
Community Well sample. 

3. Sediments 

Sediments from Mortandad Canyon were collected 
in I996 from seven permanent sampling stations, as 
seen in Figure 5-11. The results of these and other 
sediment sample analyses for radiochemicals and trace 
metals are shown in Tables 5-13,5-14,5-15, and 5-20. 
Related information is presented in Section S.C. 
Results are comparable to sediment data collected from 
these same stations in previous years. 

Data discussed in Section 5.C suggest that radio­
nuclide concentrations in sediments on Laboratory land 
just upstream of the Pueblo of San lldefonso boundary 
(near station MC0-13) are the result of worldwide 
fallout rather than of Laboratory operations. None of 
the Pueblo of San Ildefonso sediment stations in 
Mortandad Canyon showed levels of strontium-90, 
total uranium, americium-24I, gross alpha, gross beta, 
or gross gamma that exceeded the background values 
attributed to fallout (or naturally occurring uranium) in 
northern New Mexico (Purtymun et al., 1987). This 
value is consistent with historical observations from 
this station. 

Sediments from sampling stations in Los Alamos 

Canyon located on the Pueblo of San lldefonso lands at 
Los Alamos at State Road 502, Los Alamos at Totavi, 
and Los Alamos at Otowi showed levels of cesium-
137; plutonium-238; plutonium-239, -240; and 
americium-241 above background and are clearly from 
Laboratory sources. All of these levels are consistent 
with previous samples collected from these same 
stations (see Section 5.C). 

Analytical results from the sediment sampling loca­
tions in Guaje, Bayo, and Sandia Canyons are all 
within the range of values expected from worldwide 
fallout. These findings are consistent with current and 
previous measurements of sediments from these can­
yons where they flow across State Road 502. Sediment 
samples collected from the Pueblo of San Ildefonso in 

1996 were also analyzed for trace metals, as reported 
in Table 5-20. These results, which are all within the 
general ranges found in geologic materials from 
Pajarito Plateau, suggest natural origins for all trace 
metals, including total uranium (Longmire et al., 
1996). 
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F. Sampling and Analytical Procedures, Data 
Management, and Quality Assurance 

1. Sampling 

Stoker (1990) is the basic document covering sam­
pling procedures and quality assurance (QA). Detailed 
container and preservation requirements are docu­
mented in a handbook by Williams (1990). More 
focused guidance is provided in formal procedures 
developed to address sampling procedures for each 
sample matrix (Mullen and Naranjo 1996, 1997). All 
sampling is conducted using strict chain-of-custody 
procedures, as described in Gallaher ( 1993). The 
completed chain-of-custody form serves as an analyti­
cal request form and includes the requester or owner, 
sample barcode number, program code, date and time 
of sample collection, total number of bottles, the list of 
analytes to be measured, and the bottle sizes and 
preservatives for each analysis required. The Labora­
tory's samples are submitted to the Chemical Science 
and Technology (CST) analytical laboratory. Detailed 
analytical methods are published in Gautier ( 1995). 
Beginning in 1995, samples were submitted using 
blind sample numbers to prevent possible bias by the 
analyst through knowledge of the sampled location. 

Samples collected at the White Rock Canyon 
springs were filtered in the field. The "Code" column 
on the tables of analytical results shows a "U" for 

unfiltered samples and an "F' for filtered samples. The 
White Rock Canyon Springs samples are collected to 
represent groundwater surfacing at the springs. These 
samples were filtered in the field to minimize the 
effects of surface contamination. 

Runoff was collected using automated samplers 
located at recently installed gaging stations (Shaull et 
al., 1 996). If adequate water was collected by the 
automated sampler, two sets of samples were then 
submitted to the analytical laboratory. One set was 
preserved when the samples were transferred from the 
automated sampler bottles to the sample bottles. The 
other set was submitted unfiltered and unpreserved. 
The analytical laboratory filtered the samples and 

preserved them. If insufficient water for two sample 
sets was collected by the automated sampler, only one 
set of unfiltered samples was submitted to the analy­
tical laboratory. The analytical laboratory filtered the 
samples through a 0.45-micron filter. The filtrate (the 
dissolved portion that passes through the filter) was 
preserved and analyzed to quantify the dissolved con­
stituents. The portion remaining on the filter (sus­
pended solids) was analyzed separately to quantify the 
constituents associated with the suspended solids. 

When the samples were transferred from the 
automated sampler bottles to the sample bottles, the 
contents of all the bottles collected by the automated 
sampler were first transferred to a chum splitter. The 
churn splitter agitates the samples to ensure that they 
are well mixed and that the sediments are suspended. 

2. Analytical Procedures 

a. Metals and Major Chemical Constituents. 
Metals and major chemical constituents are analyzed 
using EPA SW-846 methods. Filtering and digestion 
methods have changed over time. Before 1993, water 
samples were preserved in the field and filtered in the 
lab before digestion. From 1993 forward, water sam­
ples have not been filtered in the field or in the analyti­
cal laboratory, with the exception of the White Rock 
Spring samples as described above, and the results 
reported have been for total concentrations. As 
described in "Environmental Surveillance at Los 
Alamos during 1994" (ESP 1 996a), from September of 
1992 through the spring of 1994, SW-846 digestion 
method 3050 was used for sediments, and 3005 was 
used for waters. After the spring of 1994, digestion 
method 3051 was used for sediments, and 3015 was 
used for waters. The methods are considered equiva­
lent. Methods 3015 and 3051 use microwave diges­
tion, and 3005 and 3050 use a steam bath. 

b. Radionuclides. Radiochemical analysis has 
been performed using the methods as updated in 
Gautier (1995). Sediment samples are screened 
through a Number 12 US Standard Testing sieve before 
digestion. The sieves are brass with seamless frames 
and soldered wire cloths meeting American Society for 
Testing and Materials E-1 1 specifications. This sieve 
screens out materials larger than 1.7 mm (0.066 in.). 
Ten-gram samples are analyzed from stream channels; 
1 ,000-g samples are analyzed from reservoirs. There 
is a 10-fold improvement in detection limits of 
plutonium-238 and plutonium-239, -240 for reservoir 
samples. 

Negative values are reported for some radiological 

measurements. Negative numbers occur because 
measurements of radiochemical samples require that 
analytical or instrumental backgrounds be subtracted to 
obtain net values. Consequently, individual measure­
ment values can result in positive or negative numbers. 
Although negative values do not represent a physical 
reality they are reported as they are received from the 
analytical laboratory. Valid long-term averages can be 
obtained only if the values less than the detection limit 
and the negative values are included in the analytical 
results. 
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5. Surface Water, Groundwater, and Sediments 

Water samples submitted for radiochemical analyses 
are preserved in the field by adding nitric acid to lower 
the pH of the sample to two or less. Before 1996, 
water samples were filtered shortly after the analytical 
laboratory received them. After filtering, the sample 
was digested before analysis. Samples collected in 
1996 were preserved in the field as before but were 
digested without filtering. Except for the White Rock 
Canyon Springs and some surface water runoff, the 
analytical results reported in 1996 are for the total 
sample and include the radionuclides adsorbed to the 
sediments and those dissolved in solution. At the 
analytical laboratory, both water and sediment 
radiochemical samples are completely digested in a 
mixture of nitric and hydrofluoric acids. 

When very accurate trace level tritium analyses are 
required, samples are shipped to the University of 
Miami Tritium Laboratory. These samples are collect­
ed and analyzed according to procedures described 
(Tritium Laboratory 1996). 

c. Organics. Organics are analyzed for using 
SW-846 methods as shown on Table A-9. This table 
shows the number of analytes included in each analy­
tical suite. The specific compounds that are analyzed 
in each suite are listed in Tables A-1 0 through A-13. 
All organic samples are collected in glass bottles, and 
the volatile organics sample is preserved with hydro­
chloric acid. A trip blank always accompanies the 
volatile organic sample. 

3. Data Management and Quality Assurance 

As analytical data are generated by the analysts in 
CST, they are transferred to the Analytical Services 
Group (CST-3), the sample management group. CST-3 

transfers the data to ESH- I 8 as a hard copy. The data 
are also transferred electronically every week to the 
Facility for Information Management, Analysis, and 
Display (FIMAD). The electronic data are screened by 
FIMAD and stored in an Oracle database table. The 
table in FIMAD contains all the analytical data gener­
ated by CST for the current year. Data are extracted 
from the table and downloaded to ESH-18 using com­
mercially available software. The sample location 
name, the sample barcode number, and the field data 
are stored in a separate table on ESH-18 personal 
computers and in FIMAD. This table provides the link 
for associating a blind sample barcode number with a 
location name. 

Each analytical batch (20 samples or less) contains 

at least one blank, matrix spike, and a duplicate as 
dictated by SW-846 protocols. These samples are 
provided by CST-3 and submitted along with environ-

mental surveillance samples. For water samples, ESH-
18 also submits blanks and field-prepared duplicates. 
These samples are submitted blind and are identical to 
all other samples. CST participates in numerous inter­
laboratory quality assurance programs. The programs, 
laboratory results, and expected results are summarized 
quarterly in Gautier (1996). 

Lead, antimony, and thallium are generally analyzed 
by inductively coupled plasma mass spectrometry 
(ICPMS) to provide detection limits below water 
quality standards. For part of the year, the analytical 
laboratories' ICPMS was not functional, and these 
analyses were performed by inductively coupled 
plasma emission spectroscopy (ICPES) with higher 
detection limits. 

In addition to routine quality assurance samples, 
ESH-18 submitted blanks of deionized (DI) water and 
spiked samples as surveillance samples to the analy­
tical laboratory. The analytical results are presented in 
Table 5-32. From the results in Table 5-32, it is appar­
ent that there was a high bias in the americium-241 
results for 1996. A plutonium-242 tracer is used in the 
americium-241 analysis. A small, but measurable, 
portion of the tracer had decayed to americium-241 
resulting in slightly elevated levels of americium-241 
in the analytical results. Tritium analyses also showed 
a high bias. This is probably due to the tritium present 
in the nitric acid used to preserve the sample collected 
for all the radionuclide analyses. 

The DI blanks were submitted as regular samples, 
without any identification that they were blanks. They 
went through the same sample analysis process as the 
regular field samples. The DI blanks were measured 
with the same background contributions from reagents 
and biases as the surveillance samples and gave an esti­

mate of background and systematic analytical errors. 
The DI blanks were used to correct the radiochemical 
sample analyses results by subtracting the average of 
the blanks from the reported sample value. The tables 
of detections of radionuclides present the corrected and 
uncorrected values. The sample value for the other 
radiochemical results may be recovered by adding the 
average blank value to the value reported in the tables. 

Blanks submitted for trace metals and chemical 
quality were generally reported as less than detection 
limits with one exception. The analytical results for 
the blank submitted on September 8 showed strikingly 
high values for metals. The only explanation was that 
the digestion vessel was not adequately cleaned 

between analyses. 
One sample of DI water was spiked and submitted 

as a surveillance sample. The analytical results were 
typically close to the amount spiked. A notable excep-
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tion was the value of 6.8 ± 1.1 pCi/L reported for 
cesium-137. No cesium-137 was spiked in this sam­
ple. This result would be regarded as a detection at the 
4.66 cr level. These examples emphasize that apparent 
detections should be confirmed by follow-up sampling. 

The following compounds were commonly found in 
the organics trip blanks and DI blanks; 
bis(2-ethylhexyl)phthalate, acetone, butanone [2-], 

chloroethane, methylene chloride, toluene. Analytical 
results suggesting that these compounds were present 
in the sample should be viewed skeptically. 

In 1996, increased emphasis was placed on 
reporting TICs. As a result more TICs were identified 
than in past years. TICs present in analytical labora­
tory blanks suggest that some TICs may have been 
introduced in the analytical laboratory. 

4. Determination of Radiochemical Detections 

Analytical uncertainties are reported in the tables 
for radiological data. These uncertainties are reported 
by the CST analyst for each radiological measurement. 
These numbers are predominantly counting uncer­
tainties and represent the uncertainty associated with 
counting photon emissions from a blank and the 
sample. Counting uncertainties do not include the other 
sources of error in an analytical measurement. 

Counting uncertainties vary with time and from one 
instrument to another. One standard deviation (one 
sigma) counting uncertainty is typically reported. 
Through 1995, the uncertainties reported for tritium in 
the tables have been identified as representing one 
standard deviation (one sigma). Recent communica­
tions with CST show that this value has been reported 
incorrectly. For tritium results, the value reported as 
the one sigma uncertainty should have been reported as 
a three sigma uncertainty. 

CST has determined detection limits for each 
analytical method. Radiological detection limits are 
based on Currie's formula (Currie 1968). Detection 
limits are reported at the bottom of the tables summa­
rizing the radiochemical analytical results. The CST 
detection' limits include average uncertainties associa­
ted with the entire analytical method and include aver­
age counting uncertainties, sample preparation effects, 
digestion, dilutions, and spike recoveries. The CST 
detection limits, reported in 1995 and 1996, have been 
changed from those reported in previous years. Some 

detection limits were higher (plutonium and ameri­
cium) and others lower (cesium). These changes 
reflect changes in aliquot sizes, recent evaluations of 
detector backgrounds and efficiencies, and evaluations 
of recoveries. 

In 1995 (ESP 1996b) CST detection limits were 
compared to the counting uncertainties to evaluate the 
validity of the reported detection limits. In general, the 
comparison validated the detection limits reported by 
CST. The CST detection limits for cesium-137 in 
water and for tritium appeared to be too low. The 
evaluation conducted in 1995 suggested tritium detec­
tion limits as high as 2,000 pCi!L may be reasonable. 
The detection limits reported at the bottom of the 
tables summarizing radionuclide analytical results in 
1995 (ESP 1996b) corresponded to the estimated 
detection limits calculated and not to the detection 
limits reported by CST. 

To identify Laboratory impacts as early as possible, 
it is important to determine when contaminants are 
present in areas where contamination has not been 
identified previously. The Surface Water, Ground­
water, and Sediments section of this report each 
contain tables identifying detections of radionuclides in 
two groups. Possible detections are defined as being 
above the detection limit and greater than 2.33 times 
the uncertainty (cr) but less than 4.66 cr. Detections are 
defined as being above the detection limit and greater 
than 4.66 cr. These tables are presented to focus on 
those cases where radionuclides were detected. The 
rationale for choosing these cutoff levels is described 
below. 

There are two approaches to determining when an 
analyte is detected in a sample. For the purpose of this 
discussion a 95% confidence level is assumed. The 
lower level is often called the limit of detection (LOD) 
or critical level (Lc)· This is the lowest level that is 
statistically different from a blank. When the LOD is 
used as a decision point, 5% of the analytical results 
will be falsely identified as containing the analyte of 
interest when it is not present (Keith 1991, Taylor 
1987, Currie 1968). That is, 5% of the values 
exceeding Lc are false positives. 

The reliable detection limit (RDL or L0 ) is the level 
where there is little chance of failing to detect an 
analyte that is present at or above this concentration. 
When the RDL is used as a decision point, an analyte 
that is present at a concentration equal to the RDL will 
not be detected 5% of the time. 

For radiological analyses, a background measure­
ment is subtracted from the instrument reading genera­
ted by the sample. This corrects for background 
radiation, such as cosmic rays. The uncertainty in the 
background measurement must be included in the 
uncertainty for the sample measurement. For back­
ground corrected radiological measurements for one­
tailed, paired observations at the 95% confidence level, 
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5. Surface Water, Groundwater, and Sediments 

the LOD or Lc is 2.33 times the uncertainty (cr) and the 
RDL or L0 is 4.66 cr. 

The LOQ (or L
0

) is the level where the true concen­
tration of an analyte can be established. Using the 
same criteria as above (95% confidence, one-tailed, 
paired observations) the LOQ for radiological meas­
urements is 14.1 cr. The importance of this number is 
demonstrated when analytical results are compared 
against standards; the analytical result should be great­
er than 14.1 cr for the comparison to be meaningful. 

The uncertainties reported with our data are 
predominantly counting uncertainties. The detection 
limits reported by the analytical laboratory are found at 
the bottom of the tables of radiological results. These 
detection limits reflect a typical detection limit and 
allow for sources of error in addition to counting 
uncertainties. The criteria we used to determine if an 
analyte is present in a sample includes both the 
counting uncertainties and the detection limit. If the 
sample value reported by the analytical laboratory is 
greater than the detection limit and greater than 2.33 cr, 
the sample value is reported as detected above the 
LOD or as a possible detection. If the sample value 
reported by the analytical laboratory is greater than the 
detection limit and greater than 4.66 a, the sample 
value is reported as detected. 

G. Unplanned Releases 

All unplanned releases were investigated by 
ESH-18. Upon cleanup, personnel from 
NMED-DOE/OB (Oversight Bureau) inspected the 
unplanned release site to ensure adequate cleanup. 
NMED-DOEIOB administratively closed 12 of the 26 
unplanned releases that occurred in 1996. It is 
anticipated that the rest of the unplanned release 
investigations will be closed when NMED-DOE/OB 
personnel become available for inspections. 

1. Radiochemical Liquid Materials 

There was one unplanned radioactive release in 
1996. 

• Two gal. of mixed waste that consisted of 
chromium and 185 nCi/L of radioactivity at 
TA-35-2 on April 3, 1996. 

2. Nonradiochemical Liquid Materials 

There were 25 unplanned releases of nonradioactive 
liquid in 1996. The following is a summary of these 
discharges. 

• Eight unplanned releases of noncontact cooling 
water and treated cooling water including 3,000 
gal. at TA-16-41 0 on December 24, 1996; 100 
gal. at TA-53-63 on December 20, 1996; 1,000 
gal. at TA-21-150 on July 11, 1996; 9,000 gal. at 
TA-53-622 on June 23, 1996; 12,500 gal. at TA-3-
127 on June 17, 1996; 2,800 gal. at TA-35-213 on 
April 16, 1996; 50 gal. at TA-53-60 on April 16, 
1996; and 240 gal. at TA-21 on February 6, 1996. 

• Seven releases of sanitary sewage (less than 1,000 
gal. each) from the Laboratory's Sanitary Waste­
water Systems Consolidation (SWSC) Plant. 

• Three releases of potable water that originated 
from the line disinfection of wells, water lines, 
and other sources in the Los Alamos water supply 
system. 

• Three releases of cement/mud slurry, fill material, 
and soil that were eroded into a watercourse. 

• Two releases with oil sheen that originated from 
well-flushing activities. 

• One release of diesel resulting from a leak in a 
storage tank. 

• One release of 1-2 dichloroethane from a septic 
tank leach field. 

H. Special Studies 

1. Main Aquifer Hydrologic Properties Study: 
Water Production Records 

Monthly water production records are provided to 
the State Engineer Office under State of New Mexico 
requirements specified in the water rights permit held 
by DOE for the Los Alamos municipal water supply 
system. During 1996, total water production from 14 
wells in the Guaje, Pajarito, and Otowi municipal well 

fields, the Water Canyon Gallery, and Los Alamos and 
Guaje Reservoirs was 5.21 million m3 (1,376 million 
gal., or 4,222 acre-ft). This total production amounts 
to 76.2% of the total water right of 6.8 million m3 
(5,541 acre-ft) that is available to DOE under its 
permit. Except for the Otowi-1 supply well, all other 
production wells were used during 1996 for municipal 
and industrial water supplies. The Otowi- I well did 
not contribute to water supply during 1996. Details of 
the performance of the water supply wells and their 
operation are published in a series of separate reports. 
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The most recent repon is entitled "Water Supply at Los 
Alamos during 1995" (McLin et al., 1997). 

2. Main Aquifer Hydraulic Properties Study: 
Measurement of Main Aquifer Water Levels 

In October 1992, the Laboratory began measuring 
and recording water level fluctuations in test wells 
completed into the main aquifer below Pajarito Plateau 
and in various other monitoring wells completed within 
intermediate and alluvial groundwaters located 
throughout the facility. These data are automatically 
recorded at hourly intervals using calibrated pressure 
transducers. Data are presented in the Laboratory 
repon entitled "Water Supply at Los Alamos during 
1 995" (McLin et al., 1997), which summarizes the 
locations, stan and end dates for data collection, and 
final water levels recorded during 1996. 

3. Surface Water Data at Los Alamos National 
Laboratory: 1996 Water Year 

Surface water discharge data were collected from 17 
stream-gaging stations that cover most of the 

Laboratory. The data, published in the repon "Surface 
Water Data at Los Alamos National Laboratory: 1996 
Water Year" (Shaull et al., 1996), show less runoff than 
do data for the 1995 water year. Water chemistry data 
from larger storm events occurring at some stations are 
also published in that repon. 

The second annual water data repon from LANL 
contains flow data. The data collection focused on the 
Laboratory's downstream boundary, close to State 
Road 4; the upstream boundary is approximated by 
State Road 501. Some of the gaging stations are 
within Laboratory boundaries and were originally 
installed to assist groups other than ESH-18 that also 
conduct site-specific earth science research. 

Group ESH-18 developed and installed the stream­
gaging network; the USGS Water Resources Division 
designed and installed the necessary data collection 
structures. The network is operated by the Storm 
Water Team ofESH-18. 
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= ;3 ~- Table 5-1. Radiochemical Analysis of Surface Waters for 1996 (pCiiL) 
Cl r::r = li" 
3 u Gross Gross Gross rn 
CD Station Name Date CodeA l& 90sr 137Cs (Jlg/L) llSPu 139, 240p0 Z41Am Al2ha Beta Gamma = 
~ Regional Statlous 
en 
5; Rio Grande at Otowi {bank) lOIII u I -239 ± 135b 0.3 ± 0.4 0.8 ± 3.0 3.0 ± 0.3 0.110 ± 0.027 0.002 ± 0.014 0.068 ± 0.028 7.2 ± 3.3 124.7 ± 14.0 193 ±60 
c 2 ~.005 ± 0.004 0.004 ± 0.0 II 
~-
ii) Dl 43 ±50 

= Rio Grande at Otowi (wdth intgn) 10/11 u I -62 ± 136 0.9± 0.7 1.5 ± 4.0 2.7 ± 0.3 O.otS ± 0.014 0.010 ± 0.012 0.014 ± 0.025 1.6 ± 0.9 8.1 ± 1.0 223 ±60 .., 
CD 
Q) 

2 ~.006 ± 0.002 ~.015 ± 0.006 ~.014 ± 0.011 

= Dl -1.8 ± 0.8 =-
(") Rl -140 ± 136 2.7 ± 0.3 ~.003 ± 0.006 0.016 ± 0.013 ~.030 ± 0.009 4.7 ± 2.2 7.3 ± 0.9 
Cl 

Rio Grande at Frijoles (bank) 10/09 F I 562 ± 139 0.4± 0.3 -2.0 ± 0.8 3 2.8 ± 0.3 0.017 ± 0.009 0.020 ± 0.013 ~.009 ± 0.012 4.1 ± 2.1 5.9 ± 0.7 -68 ±SO 
"CI Rl 2.6 ± 1.3 6.1 ± 0.8 a;· 
= Rio Grande at Frijoles (wdth intgn) 10/09 F 92 ± 136 0.4± 0.3 -2.5 ± 0.8 3.0 ± 0.3 ~.001 ± 0.006 ~.002 ± 0.009 ~.012 ± 0.012 2.6 ± 1.3 8.4 ± 1.0 -98 ±SO .., 

Rio Grande at Cochiti 12/24 u 28 ± 137 0.6± 0.3 3.8 ± 0.4 0.005 ± 0.009 0.000 ± 0.009 ~.023 ± 0.015 CD 5.3 ± 2.8 10.5 ± 1.9 -78 ±50 
~ Rl 211 ± 139 ~.007 ± 0.012 ~-002 ± 0.010 ~.021 ± 0.014 
r- Jemez River 11/14 u -427 ± 138 3.2 ± 1.0 -1.8 ± 0.8 1.3 ± 0.1 ~.004 ± 0.005 o.oos ± 0.009 ~.021 ± 0.013 14.9 ± 7.0 15.7 ± 2.0 -18 ±50 Cl 
tl) 

Rl > -18 ±50 
ii) Jemez River at Pueblo Intakes 11/14 u I -246 ± 139 1.7 ± 0.9 2.5 ± 1.3 1.4 ± 0.1 ~.003 ± 0.006 0.013 ± 0.012 0.020 ± 0.023 9.7 ± 4.2 11.7 ± 1.0 -8 ±SO CJ'I 
3 
Cl Pajarlto Plateau en tl) 

=- Guaje Canyon: c: 
c ... Guaje Canyon 12/12 u I 106 ± 143 ~.1 ± 0.4 -1.3 ± 0.8 0.1 ± 0.0 0.001 ± 0.006 ~.016 ± 0.003 ~.003 ± 0.013 0.9 ± 0.2 3.0 ± 0.4 -58± so ... 
:;· -a) = Rl -98 ±SO n ...... 
U!l Pueblo Canyon: m 
U!l 
en Acid Weir 12/10 Insufficient water, sampled volatile organics only :e 

Pueblo I 12/10 Insufficient water, sampled volatile organics only a) -Pueblo 2 12/10 NoAow m 
Pueblo 3 12/10 u I -214 ± 140 -{).3 ± 0.4 3.0 ± 0.9 0.6 ± 0.1 ~-007 ± 0.004 0.056 ± 0.0 16 0.000 ± 0.017 1.2 ± 0.7 21.3 ± 3.8 -68 ±50 ... 

~ 

Dl ].8 ± 0.8 C') 

Rl 5.4 ± 3.4 23.7 ± 4.6 ... 
Q 

DP/Los Alamos Canyon: c: = Los Alamos Canyon Reservoir 12/12 u -448 ± 139 ~.7± 1.1 0.0 ±OJ 0.1 ± 0.0 ~.005 ± 0.006 ~-004 ± 0.008 ~.035 ± 0.010 0.8 ± 0.2 2.9 ± 0.4 -68 ±SO Cl.. 

Rl 0.1 ± 0.0 :E 
DPS-1 07/09 u 369 ± 71 8.5 ± 0.8 2.9 ± 1.0 0.4 ± 0.0 0.016 ± 0.009 0.081 ± 0.019 0.263 ± 0.040 2.3 ± 0.8 30.9 ± 3.7 -108 ±so 

a) -Dl 2.1 ± 0.9 m ... 
Rl 0.007 ± 0.008 0.113 ± 0.023 0.323 ± 0.050 2.0 ± 0.8 32.8 ± 4.0 ~ 

DPS-4 07/09 u 318 ± 71 31.0 ± 2.1 1.4 ± 3.8 0.5 ± 0.1 0.013 ± 0.010 0.078 ± 0.020 0.1 55 ± 0.034 1.3 ± 0.5 95.5 ± 11.5 -98 ±50 a) 

= Dl 0.5 ± 0.1 Cl.. 
Rl -88 ±so en 

Sandia Canyon: 
m 
Cl.. 

SCS-I 06104 u 719 ± 80 ~.4± 0.2 ~-3 ±1.3 0.3 ± 0.0 0.005 ± 0.007 0.008 ± 0.010 0.002 ± 0.013 1.2 ± 0.5 13.2 ± 1.6 -48 ±50 

Dl ~-1 ±0.8 3 
Rl -172 ± 69 -88 ±so m = ...... -w en ..... 



..... en 
C.:l . 
CD 

Table 5-1. Radiochemical AnRiysis of Surface Waters for 1996 (pCVL) (Cont.) en 
u Gmss Gross Gross 

c 
::s. 

Station Name Date Code& lJI !IOsr tl7es (11~) Dlpu 2l9,240pu l41Am Alp!Ja Beta Gamma I» 

Sandia Canyon (Cont.): 
C"':: 
CD 

SCS-2 .06/04 u I -106 ± 70 0.0± 0.3 -1.7 ± 0.8 0.5 ± 0.1 -0.001 ::!: 0.006 0.001 ::!: 0.010 -{1.029 ± 0.006 2.7 ± 1.2 21.0 ± 2.6 463 ± 80 :e Dl 0.0 ± 1.8 7.2 ± 3.0 18.5 ± 2.3 
R1· 0.2±0.3 

I» -SCS-3 06/04 u 1 149 ± 74 0.2±0.3 -1.4 ± 0.8 0.5 ± 0.1 0.021 ± 0.011 0.044 ± 0.016 0.056 ± 0.020 -0.6 ±0.2 17.9 ± 2.2 -18 ±50 CD 

R1 0.010 ± 0.009 O.o25 ± 0.013 -0.004 ± 0.020 
~~ 

R2 0.010 ± 0.009 0.025 ± 0.013 C') 
~ 

Mortandad Canyon: 0 
Mortandad at GS-1 08/05 u I 13,281 ± 206 1 1..5 ± 1.4 30.6 ± 3.4 0.9 ± 0.1 2.673 ± 0.174 1.520 ± 0.115 2.190 ± 0.142 28.9 ± 11.0 123.7 ± 14.0 -78 ±so c 
Mortandad at Rio Grande (A-ll) 10107 F I 52 ± 135 0.6± 0.3 l.l ± 3.5 1.8 ± 0.2 0.003 ± 0.007 -0.005 ± 0.006 -0.013 ± 0.014 . 0.4 ±0.2 6.3 ± 0.8 .23±50 = Q. 

01 -118 ±50 :e 
R1 0.7 ± 0.3 6.1 ± 0.8 I» -Canada del Buey: CD 

Caiiada del Buey No Water (6/4196, 10/1196, 12/17196) ~~ 

Pajarito Canyon: 
I» = m Pajarito Canyon 12111 u 1 -192 ± 140 1.1 ± 0.6 -0.8 ± 0.6 0.2 ± 0.0 0.006 ± 0.011 -0.007 ± O.Oll 0.023 ± 0.020 1.4 ± 0.5 6.4 ± 0.9 -68::!: so Q. = Rl -78::!: so c: en ::;· 

-50.± 135 -1.7 ± 0.8 -0.006 ± 0.004 c::> Pajarito at Rio Grande 10107 F 1 1.1 ± 0.4 1.2 ± 0.1 -0.002 ± 0.006 -0.008 ± 0.014 0.0 ±0.0 3.8 ± 0.5 73 ±50 CD = Q. 
3 Water Canyon: 
CD 

Water Canyon at Beta 11/08 u 1 145 ± 139 1.0±0.9 -0.4 ± 1.2 0.6 ± 0.1 o.oo2 ± o:009 0.007 ± 0.011 -0.028 ± 0.02.5 5.4 ± 2.0 7.6 ± 0.9 73 ±50 3 a 
!!. Rl -285 ± 136 0.006 ± 0.013 0.031 ± 0.021 -0.017 ± 0.011 CD 
en = = Anello Canyon: -:2 Ancho at Rio Grande 10/08 F -122 ± 134 1.0 ± 0.4 -0.1 ± 0.3 0.3 ± 0.0 0.010 ± 0.008 -0.007 ± 0.007 -0.017 ± 0.012 -0.4 ::!: 0.1 2.9 ± 0.4 -148 ±50 

u:l 

~ 
iii' ·Frijoles Canyon: 
::::1 Frijoles at Monument HQ 06/04 u I 459 ± 77 -0.5 ±0.2 -1.4 ± 0.8 0.1 ± 0.0 0.008 ± 0.016 0.007 ::!: 0.010 0.030 ± 0.024 0.6 ± 0.1 1.6 ± 0.2 -68 ±so 
"" CD 2 -0.006 ± 0.001 -0.001 ::!: 0.013 0.046 ± 0.020 ::!: 
I» = Dl 0.1 ± 0.0 
Cl. 
C") Frijoles at Rio Grande 10/09 F I 233 ± 137 0.5± 0.3 -0.6 ± 0.9 0.1 ± 0.0 0.014 ± O.Oll 0.009 ± 0.012 0.007 ± 0.018 0.9 ± 0.3 2.6 ± 0.3 -78 ±50 
c::> 
3 Detection Limits 700 3 2 0.1 0.04 0.04 0.04 3 3 

"CS 

iii' Water Quality Standard!f' 
= DOE 000 for Public Dose 2,000,000 1,000 3,000 800 40 30 30 
"" CD DOE Drinking Water System OCG 80,000 40 120 30 1.6 1.2 1.2 
I» - EPA Primary Drinking Water Standard 20,000 8 20 15 ,... 
c::> EPA Screening Level 50 
CI'J 

:Jio NM Livestock Watering Limit 20,000 15 
iii' NMWQCC Groundwater Limit 5000 
3 
c:o ., 
Cl. •codes: U4!nfiltered, F-filtered, d-lield duplicate, I -primary analysis, 2--secondary analysis, Rl-lab replicate, 01-lab duplicate. 
5; =· bRadioactivity counting uncertainties (I standard deviation) follow the± sign. - c Standards given here for comparison only, seeAppendU A. 
~ 
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Table 5·2. Radiochemical Analysis of Runoft' Water Samples in 1996 

Flow 3H 
Station Name Dale Codes" (cis) (pCIIL) 

!!Osr 
(pCIIL) 

Water 
LA Canyon near LA 

LA Canyon near LA 

Canada del Buey at WR 

Ancho Canyon 
near Bandelier 

08/22 

07/08 

06129 

Limits of Detection in Water Samples 

v I 
Rl 

u I 

F I 
Dl 
Rl 

F I 
D1 
Rl 

Station Name Dale Codesb 

Suspended SoUds 
Canada del Buey at WR 07/08 I 

2 
Dl 
Rl 

Ancho Canyon 06129 I 
near Bandelier Dl 

Rl 

Limits of Detection in Sediment Samples 

2.2 -220± 136b 9.9 ± 1.3 

94 ± 138 8.5± 1.4 

46 -232±70 -0.3 ± 0.2 

107 -41 ±73 1.2 ± 0.4 

700 3 

!!Osr 
(pCi/g) 

0.0± 0.3 

0.3± 0.2 
0.3± 0.2 

0.4± 0.3 

131Cs 
(pCi/L} 

4.1 ± 1.0 

3.7 ± 1.1 

-1.3 ± 0.8 
0.2± 2.1 

1.0± 0.9 
0.5± 0.8 

2 

t31es 

(pCIIg) 

-0.5± 0.8 

0.2± 0.2 

0.6± 0.2 
0.5± 0.1 

0.05 

-
v 

(...,n..) 

0.79 ±0.08 
0.34 ±0.04 
0.05±0.01 

0.21 ±0.02 
0.20±0.02 

1.53 ±0.15 
1.49 ±0.15 

0.1 

v 
(mglkg} 

2.42 ±0.24 

3.09±0.31 

6.44±0.64 
6.61 ±0.66 

0.02 

- - - - -
Gross 

lJilpg Z39,l40pg 141Am Alpha 
(pCiiL) (pCi/L) (pCIIL) (pCiiL) 

0.119 ± 0.032 1.074 ± 0.100 1.082 ± 0.084 24.9 ± 11.0 
0.176± 0.040 1.578 ± 0.140 1.166 ± 0.090 
0.122± 0.039 1.187 ± 0.120 1.316± 0.220 31.9±13.0 

-0.001 ± 0.004 0.010 ± 0.009 -0.012± 0.018 0.3± 0.1 

0.1 0.0 
0.002 ± 0.005 0.039 ± 0.013 -0.014 ± 0.020 1.4 ± 0.3 

1.2 ± 0.3 

0.04 0.04 0.04 3 

Gross 
lJI!Pu 139~ 141Am Alpha 

(pCi/g) (pCIIg) (pCIIg) (pCilg) 

0.003 ± 0.001 0.018 ± 0.002 0.007 ± 0.002 11.5 ± 0.2 
0.002± 0.001 0.024 ± 0.004 0.011 ± 0.008 

12.6± 4.2 
0.004 ± 0.001 0.029 ± 0.003 0.008± 0.010 16.2± 7.5 

13.1 ± 5.5 

0.002 0.002 0.002 1.5 

-
Gross 
Beta 

(pCIJL) 

80.7 ± 10.0 

60.7± 7.0 

5.4± 0.7 

5.3 0.6 
14.7 ± 1.8 

13.3 ± 1.6 

3 

Gross 
Beta 

(pCilg) 

5.6± 0.7 

7.1 ± 0.9 
11.5± 1.4 

12.9± 1.6 

1.5 

-
Gross 

Gamma 
(pCIJL) 

-18 ±50 
-8± 50 

-48± 50 

-{)8 ±50 

-98± 50 
-118± so 

Gross 
Gamma 
(pCI/g) 

3.9± 0.5 

4.2± 0.5 

-

C') -0 
c 
::s 
a. 
=e 
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Table 5·2. Radiochemical Analysis of Runoff Water Samples in 1996 (Cont.) 
Suspended !'Osr mes u 238pg Z39,240pg 241Am Gross Gross Gross 
Sediment Total" Total Total Total Total Total Alpha Beta Gamma 

Station Name Date Codes!' (mg!L) (fCIIL) %J>d (pCi/L) %D (J.LgiL) %D (fCIIL) %D (pCi!L) %D (pCi!L) %D .(fCVg) %D Y!CIIg) %D (fCVg) 

Total In Solution and Percent Dissolved 
LA Canyon near LA 08122 680± 70 9.2 NAe 3.9 NA 0.39 NA 0.139 NA 1.280 NA 1.188 NA 28.4 NA 70.7 NA . -24.7 
Uncertainty in Totalr 1.9 1.5 0.09 0.064 0.210 0.252 17.0 12.2 86.6 

Cailada del Buey at WR 07/08 9100± 900 1.1 ()8 -1.9 25.28 0.022 0 0.201 5 0.070 0 109.9 0 63.1 8 -47.5 
Uncertainty in Total 1.0 2.6 0.98 0.900 0.900 0.900 4.3 1.7 70.7 

Ancho Canyon 06129 4600± 500 2.8 42.7 3.3 22.9 3153 5 0,020 10 0.172 23 0.023 -61 68.7 2 70.1 20 -98.7 
near Bandelier 

Uncertainty in Total 0.7 1.3 1.07 0.500 0.500 0.500 9.3 3.3 50.0 

Water Quality Standanlsb 
DOE DCG for Public Dose 2,000,000 1,000 3,000 800 40 30 30 30 1000 
DOE Drinking Water System DCG 80,000 40 120 30 1.6 1.2 1.2 40 
EPA Primary Drinking Water Standard 20,000 8 20 15 
EPA Screening level 50 
NM Livestock Watering limit 20,000 15 
NMWQCC Groundwater Limit 5000 

acooes: U-unfiltered, F-filtered, d-field duplicate, 1-primary analysis, 2-secondary analysis, Rl-lab replicate, Dl-lab duplicate. 
bRadioactivity counting uncertainties (1 standard deviation) follow the ± sign. · 
<Total is the sum of dissolved and sediments corrected for total suspended solids. At LA Canyon near LA only unfiltered samples were analyzed and the average is reported for the total. 
dPercent dissolved. . . 
eN A-Not applicable; insufficient information to calculate percent dissolved. 
r Propagated uncertainty for Thtal concentration. 
I Value replaced by zero if% dissolved result is negative due to negative values for dissolved fraction. 
hStandards given here for comparison only, see Appendix A. 
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5. Surface Water, Groundwater, and Sediments 

Table 5-3. Detections of Radionuclides in Surface Water for 1996a 

Blank Lab Detection 
Station Name Date Codeb Analyte Corrected Value Uncertainty (a) Units Limit 

Rio Grande at Otowi (bank) lOIII u Beta 124.7 125.0 14.0 pCi/L 3 
DPS-1 07/09 u 241Am 0.263 0.307 0.040 pCi!L 0.04 

Rl 241Am 0.323 0.367 0.050 pCi!L 0.04 
Rl 239,240J>u 0.113 0.125 0.023 pCi!L 0.04 

90sr 8.5 8.6 0.8 pCi/L 3 
DPS-4 07/09 u Beta 95.5 95.8 11.5 pCi!L 3 

9osr 31.0 31.1 2.1 pCi!L 3 
SCS-I 06/04 u 3H 719 921 80 pCi!L 700 
SCS-2 06/04 u Gamma 463 580 80 pCi!L 120 
Mortandad at GS-1 08/05 u 241Am 2.190 2.234 0.142 pCi!L 0.04 

Beta 123.7 124.0 14.0 pCi!L 3 
137cs. 30.6 31.8 3.4 pCi!L 4 
3H 13,281 13,483 206 pCi!L 700 
238Pu 2.673 2.677 0.174 pCi!L 0.04 
239.240pu 1.520 1.532 0.115 pCi!L 0.04 
90sr 11.5 11.6 1.4 pCi!L 3 

LA Canyon near LA 08/22 u I 241Am 1.082 1.126 0.084 pCi!L 0.04 
Rl 241Am 1.166 1.210 0.090 pCi!L 0.04 

Beta 80.7 81.0 10.0 pCi!L 3 
239.240Pu 1.074 1.086 0.100 pCiiL 0.04 

Rl 239,240pu 1.578 1.590 0.140 pCi!L 0.04 
90sr 9.9 10.0 1.3 pCi!L 3 

LA Canyon near LA 08/22 u 241Am 1.316 1.360 0.220 pCifL 0.04 

Beta 60.7 61.0 7.0 pCi/L 3 
239,240J>u 1.187 1.199 0.120 pCi/L 0.04 
90sr 8.5 8.6 1.4 pCi!L 3 

Caiiada del Buey at WR 07/08 T Alpha 109.9 4.3 pCi/L 1.5 
Beta 63.1 1.7 pCi/L 1.5 
u 25.3 1.0 Jlg/L 0.1 

Ancho Canyon near Bandelier 06/29 T Alpha 68.7 9.3 pCi!L 1.5 
Beta 70.1 3.3 pCi!L 1.5 
u 31.5 1.1 )lg/L 0.1 

8 Detection defined as sample value - average blank >4.66 a and >detection limit, except values for Uranium > 5 Jlg/L, for 
Gross Beta >40 pCi/1, and for Gross Alpha> I 0 pCi/L. 

hCodes: U-unfiltered, F-filtered, T-Total as calculated on Table 5-2, d-field duplicate; 1-primary analysis; Rl-lab replicate; Dl-lab duplicate. 
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5. Surface Water, Groundwater, and Sediments 

Table 5-4. Possible Detections of Radionuclides in Surface Water for 19968 

Blank Lab Detection 
Station Name Date Codeb Analyte Correctedc Value Uncertainty (cr) Units Limit 

Rio Grande at Otowi (bank) lOIII u 241 Am 0.068 0.112 0.028 pCi!L 0.04 
Gamma 193 310 60 pCi!L 120 
238pu 0.110 0.115 0.027 pCi!L 0.04 

Rio Grande at Otowi (wdth intgrt) 10/11 u Gamma 223 340 60 pCi!L 120 
Jemez River 11114 u 90sr 3.2 3.3 1.0 pCi!L 3 
Pueblo 3 12110 u 239.240pu 0.056 0.069 0.016 pCi!L 0.04 
DPS-1 07/09 u 239.24~ 0.081 0.093 0.019 pCi!L 0.04 

90sr 8.5 8.6 0.8 pCi!L 3 
DPS-4 07/09 u 241Am 0.155 0.199 0.034 pCi!L 0.04 

239,240pu O.o78 0.090 0.020 pCi!L 0.04 
SCS-3 06/04 u 241Am 0.056 0.100 0.020 pCi!L 0.04 

239,240pu 0.044 0.056 0.016 pCi!L 0.04 
Mortandad at GS-1 08/05 u Alpha 28.9 29.0 11.0 pCi!L 3 
LA Canyon near LA 08122 u tJ7cs 4.1 5.2 1.0 pCi!L 2 

I 238Pu 0.119 0.123 0.032 pCi!L 0.04 
Rl 238Pu 0.176 0.180 0.040 pCi!L 0.04 

'I: 
LA Canyon near LA 08/22 u I Alpha 31.9 32.0 13.0 pCi!L 3 

238pu 0.122 0.127 0.039 pCi!L 0.04 
Ancho Canyon near Bandelier 06/29 T 137cs 3.3 1.3 pCi!L 2 

• Possible detection defined as 2.33 a< (sample value-average blank) < 4.66 a and > detection limit, except values for 
Uranium >5 ~giL, for Gross Beta >40 pCi!L, and for Gross Alpha >10 pCi!L. 

bCodes: U-unfiltered, F-fi1tered, T-Total as calculated on Table 5-2. d-field duplicate; !-primary analysis; Rl-lab r~plicate; Dl-lab 
duplicate. 

c Refer to Section 5.F.3. 
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Table 5-5. Summary ofT A-SO Radionuclide and Nitrate Discharges8 ::;· 
0 = 3 1963-1977 1994 1995 
(I) 

= Total Total Total Total §E 
Activity Annual Mean Ratio of Annual Mean Ratio of Annual Cl:t c: Released Activity Activity Activity Activity Activity Activity Activity C! 

(I) 

Radionuclide (mCi)b (mCi) (pCiJL) toDCG (mCi) (pCiJL) toDCG (mCi) 
iii 

3H = 25,150 2,230 107,000 0.05 731 41,400 0.02 1,020 n 
(I) 241Am 7 3.1 147 4.9 1.4 79.4 2.65 1.99 Dol = 137cs 848 8.5 408 0.14 6.6 375 0.13 2.20 Q. 

n 238p0 51 2.8 135 3.38 3.4 195 4.88 2.25 0 

3 239p0 39 0.4 21.4 0.71 0.6 35.6 1.19 0.39 :!.. 
ii>" 89Sr <1 2.0 9.4 0.005 0.1 6.9 0.0003 0.66 = n 9osr 295 0.3 13.7 0.01 0.6 36.9 0.04 0.60 (I) 

a 234u NA 0.1 5.6 O.Ql 0.2 14.3 0.03 0.19 
r- z3su 2 0.01 0.72 .OOI .009 0.53 0.0009 0.003 Q 
tJ) 

> 
iii Total Total Total 3 
0 Annual Mean Ratio of Annual Mean Ratio of Annual tJ) 

Q. 
Mass Concentration Concentration Mass Concentration Concentration Mass c: ... 

:; Constituent (kg) (mg!L) MCL (kg) (mg/L) toMCL (kg) a:ll ..... 
NOrN 947 45.5 4.5 718 35.6 3.5 1,260 c.o 

c.o en 
Total effluent volume 2.08 1.76 1.65 

(xl07 liters) 

a compiled from Radioactive & Industrial Wastewater Science Group (CST-13) Annual Reports. Data for 1996 are preliminary. 
bDOE, 1979; decay corrected through 12n1. 

-----------------------------------------------------------

-
1996 

Mean 
Activity 
(pCiJL) 

61,700 
120 
133 
136 
23.8 
40.2 
36.1 
11.7 
0.18 

Mean 
Concentration 

(mg/L) 

76.4 

-
Ratio of 
Activity 
toDCG 

O.Q3 
4.00 
0.04 
3.40 
0.79 
0.002 
0.04 
O.Q2 
0.0003 

Ratio of 
Concentration 

toMCL 

7.6 
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... c.n 
~ 
C» Table 5-9. Total Recoverable Trace Metals in Surface Waters for 1996 (~giL) en 

Station Name Date Code8 Ag AI As B Ba Be Cd Co Cr Co Fe Hg = ... -Regional Stations I» 
n 

Rio Grande at Otowi (bank) 10111 u 1 <4b 1,890 4 42 104 <3 <2 <6 <3 <10 1,340 <0.2 CD 

Rl <0.2 == Rio Grande at Otowi (wdth intgrt) 10111 u 1 <4 1,350 4 37 102 <3 <2 <6 3 <10 1,060 <0.2 I» -Rl <0.2 CD ... 
Rio Grande at Frijoles (bank) 10/09 F 1 <4 1,970 5 51 97 <3 <2 <3 <3 <10 1,200 <0.2 

Rl <0.2 
C') ... 

Rio Grande at Frijoles (wdth intgrt) 10/09 F 1 <4 4,030 5 57 140 <3 <2 4 4 <10 2,300 <0.2 Q = Rl <0.2 ::1 

Rio Grande at Cochiti 12/24 u 1 <10 4,558 <3 66.1 106.4 <2 <10 <10 <15 <10 2,692 <0.2 
c::l. :e 

Rl <10 3,670 <2 66.7 99.8 <2 <8 <8 <7 <10 2,190 <0.2 I» -Jemez River 11/14 u 1 <10 505 53 438 58.4 <2 <7 <8 <7 <10 399.7 <0.2 CD ... 
11114 u Rl <0.2 

I» 
Pajarito Plateau ::1 

m c::l. 
= Guaje Canyon: 
~· Guaje Canyon 12/12 u 1 <10 <500 <4 <20 20.8 <2 <7 <8 <7 <10 281 <0.2 

en 
0 CD 
= Rl c::l. 
3 <0.2 
CD 3 = Pueblo Canyon: Qj CD 
en Acid Weir 12/10 Insufficient water, sampled volatile organics only ::1 
c -C! Pueblo 1 12/10 Insufficient water, sampled volatile organics only en 
CD 

Pueblo 2 12/10 No Flow 
i» 
= Pueblo 3 1 <10 1,884 7 299.9 53 <2 <7 <8 <8 42.6 1,150 <0.2 
n 
CD 12/10 u Ill 

Rl <0.2 
= Cl. DP/Los Alamos Canyon: 
("') 
0 Los Alamos Canyon Reservoir 12/12 u 1 <10 <500 <4 <20 21.4 <2 <7 <10 <10 <10 1,902 <0.5 
3 
"CI Rl <0.5 
a;· 

DPS-1 07/09 u 1 <10 1,410 <2 47 55 <1 <2 <30 <10 <13 803 <0.4 = n 
CD Rl <2 1,890 <2 36 55 <1 <2 <3 <10 <13 1,090 <0.4 a DPS-4 07/09 u 1 <2 3,850 3.7 44 53 <1 <2 <3 <10 <13 1,840 <0.2 ,.... 
0 Rl 0.3 .. 
> 
i» Sandia Canyon: 
3 
0 SCS-1 06/04 u 1 <3.9 231 5.3 59.5 26.1 <1 <2 <3 <10 13.9 279 <0.2 .. 
Cl. Rl <3 194 5.3 54.1 26.4 <1 <2 <3 11.6 21.4 264 <0.2 c .. 

SCS-2 06/04 u 1 3.6 682 6.5 75.7 33.3 <1 <2 <3 17.5 <13 700 <0.2 :;-= Rl <0.2 ... 
~ 
~ en 

... __ _ 
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Table 5·9. Total Recoverable Trace Metals in Surface Waters for 1996 (f.l.g/L) (Cont.) ... 
0 = 3 tation Name Date Code0 Ag AI As B Ba Be Cd Co Cr Cu Fe Hg .., 
= 2t Sandia Canyon (Cont.): 
Cl:l SCS-3 06/04 u I 3.7 277 6.4 70.3 31 <1 <2 <3 13.8 <13 440 <0.2 c 
< Rl <0.2 .., 
i» Mortandad Canyon: = ... Mortandad at GS-1 08/05 u I <2 2,650 2 72 35 <1 <2 <3 <10 <13 1,490 <0.2 (D 

I» Rl <0.2 = Cl. 
Mortandad at Rio Grande (A-ll) 10/07 F I <4 700 4 410 93 <3 <2 <3 3 20 450 <0.2 C") 

0 
Rl <0.2 3 .... 

Cii" Canada del Buey: No Flow (6/4/96, 10/1196, 12/17/96) = Pajarito Canyon: ... 
(D 

2!. Pajarito Canyon 12111 u I <4 959 <2 41.8 80.6 <3 <2 <3 <3 <10 704 <0.4 ,... 
Rl <2 <0.4 Cl ... 

> Pajarito at Rio Grande 10/07 F I 6 <280 3 49 50 <3 2 <3 5 <10 120 <0.2 en i» 
3 Rl <0.2 
0 en ... Water Canyon: Cl. c c Water Canyon at Beta 11108 u I <4 12,000 4 49 400 <3 3 <3 <10. <10 5,630 <0.2 ... ... -;;· 

Rl <4 10,900 4 45 370 <3 <3 <3 <3 <10 5,120 <0.2 I» 
CCI 

"' ~ m u:l Ancho Canyon: Cl:l 

:E en 
Ancho at Rio Grande 10/08 F I <4 <280 4 27 32 <3 <2 <3 <3 <10 <100 <0.2 

Rl <0.2 
I» -m 

Frijoles Canyon: ... 
~ 

Frijoles at Monument HQ 06/04 u l <2 <90 <2.7 <6 <1 <I <2 <3 <10 <13 <47 <0.2 C') ... 
Rl <0.2 Cl 

Frijoles at Rio Grande 10/09 F I <4 340 3 17 16 <3 <2 3 <3 <10 270 <0.2 c = Rl <0.2 =-:e 
Water Quality Standardsc I» -EPA Primary Drinking Water Standard 50 2,000 4 5 100 2 m ... 
EPA Secondary Drinking Water Standard 100 50-200 1,000 300 ~ 

EPA Action Level 1,300 I» = NM Wildlife Habitat Stream Standard 0.012 =-
NM Livestock Watering Limit 5,000 200 5,000 50 1,000 1,000 500 10 en 

m 
NMWQCC Groundwater Limit 50 5,000 100 750 1,000 10 50 50 1,000 1,000 2 =-

3 
m = ~ -.... UJ 

Cl:l 
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5. Surface Water, Groundwater, and Sediments 

Table 5-11. Number of Results above the Analytical Limit of Quantitation for Organic Compounds in Surface 
Waters in 1996 

Station Name Date Volatile Semi volatile PCB High Explosives TIC8 

Number of Compounds Analyzed 59 69 4 14 
Acid Weir 12/11 0 
Pueblo 1 12110 0 
Pueblo 3 12110 1 0 0 15 
Los Alamos Canyon Reservoir 12112 0 1 0 5 
DPS-1 07/09 I 3b 5 
SCS-2 12/10 0 I 0 .2 
Pajarito Canyon 12111 0 I 0 4 
Pajarito at Rio Grande 10/07 0 0 0 2 
Water Canyon at Beta 11108 0 0 0 2 2 
Ancho at Rio Grande 10/08 0 0 0 0 
Frijoles at Monument HQ 06/04 0 0 0 2 
Frijoles at Rio Grande 10/09 0 0 
LA Canyon near LA (filtered) 08/22 0 
LA Canyon near LA (unfiltered) 08/22 0 
Canada del Buey at WR (water) 07/08 0 
Canada del Buey at WR (suspended solids) 07/08 0 
Ancho Canyon near Bandelier (water) 06/29 0 
Ancho Canyon near Bandelier (suspended solids) 06/29 0 

0 TIC-Tentatively identified compounds, TICs are run with all volatile and semivolatile analysis, all detected values reported, 
limit of quantitation not defined. 

bsemivolitile sample collected on 12131/96. 

Table 5-12. Organics Found in Surface Waters in 1996 above the Limit of Quantitation 

Sample 
Value Uncertainty Analyte8 

Station Name Date Analyte (J.lg/L) (J.lgiL) Suite 

Pueblo 3 12/10 Hexadecanoic acid 24 voa 
Los Alamos Canyon Reservoir 12/12 Di-n-butyl phthalate 4 1.2 semivoa 
DPS-1 07/09 Acetone 15 4.5 voa 

Benzoic acid II 3.3 semivoa 
Di-n-butyl phthalate 7 2.1 semivoa 
Di-n-octyl phthalate 8 2.4 semivoa 

SCS-2 12110 Di-n-butyl phthalate 2 0.6 semivoa 
Pajarito Canyon 12111 Di-n-butyl phthalate 2 0.6 semivoa 

Water Canyon at Beta 11108 HMX 4.92 1.48 HE 
RDX 0.76 0.228 HE 

Frijoles at Monument HQ 06/04 Dinitrotoluene [2,4-] 3.443 1.329 HE 
Trinitrotoluene [2,4,6-] 1.442 0.433 HE 

0 voa-volatile organics, semivoa-semivolatile organics, HE-high explosives. 
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,., 
= ~- Table 5-13. Radiochemical Analysis for Sediments in 1996 (pCilg)& 
C) = u Gross Gross Gross 3 
CD Station Name" Date Code" 3B Msr mes (mg/kg) 1J8Pu l39.l40J>u 241Am Alpha Beta Gamma 
3. 
!!!. Regioll8J Stations: 
en Rio Chama at Cbamita 05/09 I 0.000 (O.<Xllf 0.70 (0.30) 0.06 (0.02) 1.35 (0.14) 0.001 (0.001) 0.002 (0.00 I) 0.002 (0.001) 1.5 (0.4) 1.4 (0.2) 2.8 (0.3) c:: 
< 05109 Rl 0.001 (0.000) 0.001 (0.001) 0.002 (0.001) 0.002 (0.002) 
CD 

Rio Grande at Embudo 05109 I 0.001 (0.001) 0.30 (0.20) 0,07 (0.02) 2.03 (0.20) 0.001 (0.00 I) 0.003 (0.001) 0.003 (0.005) 3.5 (1.6) 2.4 (0.3) 1.7 (0.2) 
iii 05109 Rl 2.9 (1.3) 2.3 (0.3) = n Rio Grande at Otowi (bank) 05/09 1 0.000 (0.001) -0.10 (0.20) 0.05 (0.02) 1.10 (0.11) 0.001 (0.001) 0.000 (0.000) 0.000 (0.001) 1.5 (0.7) 2.4 (0.3) 1.9 (0.3) C'D 
Ql OS/09 Rl 0.05 (0.02) 1.3 (0.2) = CL lOIII I 0.026 (0.069) 1.80 (0.80) 0.09 (0.03) 4.17 (0.42) 0.00 I (0.000) 0.004 (0.001) 0.003 (0.001) 6.3 (1.9) 5.0 (0.6) 3.0 (0.4) 
C") 

lOIII Dl 0.025 (0.069) 2.50 (0.90) 3.79 (0.38) 0.001 (0.000) 0.004 (0.001) 6.0 (1.8) 5.0 (0.6) C) 

3 Rio Grande at Otowi (wdtb intgrt) 10111 I -0.018 (0.040) 0.40 (0.90) 0,07 (0.02) 1.81 (0.18) 0.000 (0.000) 0.002 (0.001) 0.003 (0.001) 2.8 (0.8) 2: I (0.2) 2.7 (0.3) 
"5!. lOIII Rl 0.09 (0.02) 2.6 (0.3) iii' = Rio Grande at Frijoles (bank) 10109 I 0.008 (0.049) 1.40 (0.50) 0.09 (0.03) 2.89 (0.29) 0.000 (0.000) 0.003 (0.001) 0.003 (0.001) 3.5 (0.9) 2.7 (0.3) 3.0 (0.4) n 
C'D 10/09 Dl 1.60 (0.50) 
!!. Rio Grande at Bernalillo 05/09 I 0.001 (0.001) 0.00 (0.30) 0.02 (0.03) 1.44 (0.14) 0.000 (0.000) 0.003 (0.00 I) 0.003 (0.005) 2.4 (0.7) 1.4 (0.2) 1.3 (0.2) 
r-

05109 Dl 0.20 (0.30) C) 
fA 

::1:> Jemez River 05/09 I 0.001 (0.001) 0.40 (0.20) 0.08 (0.03) 2.61 (0.26) 0.002 (0.001) 0.006 (0.00 I) 0.005 (0.002) 14.5 (6.6) 4.1 (M) 6.6 (0.7) 
C11 i» 05/09 01 2.70 (0.27) 

3 
C) Guaje CIIDyoo: Cl) M 
CL Guaje at SR-502 03111 IMe 0.10 (0.30) 0.06 (0.03) 1.53 (0.15) 0.001 (0.001) 0.004 (0.001) 0.002 (0.001) 1.9 (0.2) 1.6 (0.2) ~2 (0.4) = !:; -:;· Bayo Canyon: -C» u::. Bayo at SR-502 03111 0.004 (0.004) 0.30 (0.30) 0.07 (0.03) 0.93 (0.09) -0.001 (0.001) 0.002 (0.002) 0.003 (0.001) 1.9 (0.3) 0.9 (0.1) 2.8 (0.3) C":l ..... 
c.c Add/Pueblo Canyons: CD 
c.c :e 01 Acid Weir 12/10 0.103 (0.034) 0.40 (0.30) 0.27 (0.03) 1.38 (0.14) 0.031 (0.003) 5.340 (0.!40) 0.531 (0.019) 2.2 (0.6) 0.7 (0.1) 2.7 (0.3) 

12/10 Rl 0.70 (0.20) 0.24 (0.03) 1.30 (0.13) 0.044 (0.005) 8.500 (0,400) 0.420 (0.020) 2.5 (0.3) C» -Pueblo I 12/10 I 0.056 (0.045) 0.20 (0.40) 0.17 (0.02) 1.44 (0.14) 0.001 (0.001) 0.006 (0.001) 0.004 (0.001) 5.5 (1.2) 3.7 (0.5) 3.3 (0.4) CD 
Pueblo2 12/10 I 0.072 (0.014) 0.20 (0.20) 0.15 (0.02) 1.53 (0.15) 0.001 (0.001) 0.003 (0.001) 0.002 (0.001) 3.2 (0.6) 2.0 (0.2) 2.7 (0.3) -12/10 Rl 3.4 (0.7) 2.3 (0.3) C') 
Hamilton Bend Spring 12124 I 0.002 (0.000) 0.00 (0.20) 0.09 (0.01) 1.70 (0.17) 0.003 (0.001) 0.423 (0.0 IS) 0.013 (0.002) 3.6 (0.8) 2.6 (0.3) 3.3 (0.4) -Pueblo3 12/10 I 0.010 (O.ot 1) 0.00 (0.20) 0.11 (0.02) 1.69 (0.17) 0.000 (0.000) 0.005 (0.001) 0.008 (0.003) 4.0 (1.1) 1.7 (0.1) 3.0 (0.4) Q = Pueblo at SR-502 OS/01 I 0.234 (0.144) 0.00 (0.30) 0:07 (0.03) 1.81 (0.18) 0.009 (0.002) 0.769 (0.032) 0.034 (0.010) 4.1 (0.7) 1.2 (0.1) 3.3 (0.4) = 05/07 Rl 0.10 (0.20) 4.2 (0.9) 1.8 (0.2) c. :e 
DP/Los Alamos Canyons: C» 
Los Alamos at Bridge OS/08 1M 0.10 (0.20) 0.11 (0.03) 1.60 (0.16) 0.002 (0.001) 0.003 (0.001) 0.005 (0.005) 2.7 (0.5) 1.6 (0.2) 2..3 (0.3) -CD 
Los Alamos at LAO-I 05/08 I 1M 0.10 (0.20) 0.15 (0.04) 1.65 (0.17) 0.001 (0.001) 0.346 (0.013) 0.010 (0.002) 1.9 (0.3) 1.0 (O.l) 2.4 (0.3) .... 
Los Alamos at GS-1 OS/08 I 1M 0.10 (0.20) 0.05 (0.02) 1.23 (0.12) 0.000 (0.001) 0.060 (0.005) 0.006 (0.001) 1.3 (0.2) 0.5 (0.1) u (0.3) 

C» 
05!08 Rl 0.002 (0.001) 0.054 (0.005) 0.006 (0.013) = DPS-1 OS/08 I 1M 0.20 (0.20) 0.38 (0.06) o.n (0.08) 0.005 (0.001) 0.044 (0.004) 0.053 (0.004) 0.9 (0.1) 1.4 (0.2) 2.2 (0.3) c. 
OS/08 Dl 0.67 (0.07) Cl) 

CD 
c. 
3 
CD = ... -en tn en 



..... U1 
(II Table 5-13. Radiochemical Analysis for Sediments in 1996 (pCUg)B (Cont.) . 
~ 

u Gross Gross Gross c:n 
Station Name'> Date Code" 3o 90gr t37es (mg/kg) l311J>u l39,l40pg 141Am Alpha Beta Gamma 

c: ... -DP/Los Alamos Canyons (Cont.): a) 

DPS-4 05/08 I 1M 0.90 (0.20) 3.17 (0.26) 1.35 (0.14) 0.049 (0.003) 0.221 (0.009) 0.460 (0.030) 3.0 (0.4) 4.8 (0.6) 5.3 (0.6) 
C") 

CD 
Los Alamos at LA0-3 05/08 I IM 0.40 (0.30) 1.19 (0.12) 0.84 (0.08) 0.022 (0.002) 0.124 (0.005) 0.198 (0.009) 1.3 (0.2) 1.6 (0.2) 3.0 (0.4) :e 05/08 Rl 1.63 (0.16) 3.6 (0.4) 
Los Alamos at LA0-4.5 05/08 1M 0.20 (0.20) 0.82 (0.09) 0.91 (0.09) 0.011 (0.001) 0.088 (0.004) 0.092 (0.005) 0.8 (0.1) 0.9 (0.1) 2.6 (0.3) 

a) -05/08 Dl 0.30 (0.30) 0.75 (0.09) 0.99 (0.10) 0.007 (0.001) 0.122 (0.006) 0.111 (0.006) 1.1 (0.1) 1.2 (0.1) 2.6 (0.3) CD ... 
Los Alamos at SR-4 05/02 I 0.000 (0.000) 0.10 (0.20) 0.06 (0.02) 1.09 (0.11) 0.001 (0.000) 0.088 (0.004) 0.014 (0.002) 1.2 (0.2) 0.7 (0.1) 2.5 (0.3) 
Los Alamos at Totavi 08/15 I 0.008 (0.001) 0.10 (0.40) 0.16 (0.02) 2.97 (0.30) 0.000 (0.001) 0.026 (0.003) 0.004 (0.001) 6.1 (2.2) 5.1 (0.6) 3.8 (0.4) C') 

08/15 Rl 2.78 (0.28) 0.011 (0.002) ... 
Q 

Los Alamos at Otowi 05/02 I 0.000 (0.000) 0.30 (0.20) 1.67 (0.16) 2.91 (0.29) 0.029 (0.003) 0.243 (0.009) 0.340 (0.020) 5.5 (1.2) 4.3 (0.5) 5.9 (0.6) c: 
05/02 Dl 0.90 (0.40) 1.75 (0.17) 2.90 (0.29) 0.032 (0.003) 0.230 (0.010) 0.370 (0.020) 6.1 (1.3) 4.5 (0.5) 5.3 (0.6) ::I 
08/15 I -0.001 (0.000) 0.20 (0.40) 0.13 (0.02) 1.34 (0.13) 0.001 (0.001) 0.100 (0.006) 0.004 (0.001) 1.8 (0.3) 0.7 (0.1) 3.1 (0.4) a. :e 

Sandia Canyon: a) 

Sandia at SR-4 03/11 1M 0.10 (0.30) 0.04 (0.02) 1.21 (0.12) 0.000 (0.001) 0.003 (0.001) 0.002 (0.001) 3.2 (0.6) 2.3 (0.3) 1.2 (0.2) -CD 
03/11 Rl 0.06 (0.02) 2.4 (0.3) 

... 
Mortandad Canyon: a) 

Mortandad near CMR Building 04/11 0.076 (0.009) 0.10 (0.20) om (0.03) 1.45 (0.15) 0.030 (0.003) 0.008 (0.001) 0.005 (0.002) 10.9 (4.4) 4.3 (0.5) 2.6 (0.3) ::I 
I'T'I a. 
::::0 04/11 Dl 0.90 (0.20) om (0.03) 1.81 (0.18) 0.027 (0.003) 0.012 (0.002) 0.006 (0.001) 8.1 (1.7) 4.1 (0.5) 
!::. 

Monandad west of GS-1 04/11 I 0.171 (0.026) 0.00 (0.20) 2.30 (0.21) 1.77 (0.18) 0.009 (0.002) 0.205 (0.009) 0.039 (0.002) 17.7 (3.7) 29.4 (3.5) 4.7 (0.5) c:n ... 
0 CD 
::::0 04/11 Rl 2.6 (0.3) a. 3 
n> Mortandad at GS-1 04/11 31.877 (0.392) 0.50 (0.20) 16.10 (1.20) 0.89 (0.09) 6.800 (0.350) 4.850 (0.250) 9.060 (0.280) 54.1 (8.2) 43.4 (5.0) 20.0 (2.0) 

3 a Mortandad at MC0-5 04/11 I 0.000 (0.000) 0.80 (0.20) 14.70 (1.10) 1.36 (0.14) 2.220 (0.110) 5. 790 (0.280) 7.250 (0.250) 43.1 (6.4) 26.5 (3.1) 16.0 (2.0) 
I» CD 
en 04/11 Rl 8.250 (0.330) ::I 
c Mortandad at MC0-7 04/11 0.000 (0.000) 0.40 (0.20) 6.06 (0.48) 0.72 (0.07) 1.000 (0.500) 3.220 (0.160) 2.070 (0.100) 30.5 (5.2) 16.9 (2.0) 7.1 (0.7) -< tn 
n> 04/11 Rl 2.180 (0.110) 

Q;'" Mortandad at MC0-9 04/11 I· 0.000 (0.000) 0.10 (0.40) 0.54 (0.07) 1.03 (0.10) 0.002 (0.002) 0.037 (0.005) 0.016 (0.002) 10.6 (2.1) 8.6 (1.0) 4.4 (0.5) 
::::0 Mortandad at MC0-13 (A-S) 04/11 I 0.000 (0.000) -0.10 (0.50) 0.44 (0.06) 1.24 (0.12) 0.002 (0.001) 0.026 (0.002) 0.007 (0.001) 11.0 (2.9) 7.6 (0.9) 3.8 (0.4). .., 
n> Mortandad A-6 08/15 I 0.002 (0.000) 0.40 (0.40) 0.24 (0.03) 2.12 (0.21) 0.001 (0.000) 0.023 (0.002) 0.004 (0.001) 3.7 (0.9) 5.6 (0.7) 3.5 (0.4) 
I» 

08/15 Rl 0.40 (0.40) 5.8 (1.9) 2.6 (0.3) ::::0 
CL 

Mortandad A-7 08/15 I 0.004 (0.000) 0.40 (0.20) 0.20 (0.02) 2.21 (0.22) 0.000 (0.000) 0.008 (0.001) 0.003 (0.001) 8.5 (3.1) 5.9 (0.7) 3.4 (0.4) n 
0 08/15 Rl 0.001 (0.001) 0.010 (0.002) 
3 

"CI Mortandad at SR-4 (A-9) 08/15 I 0.005 (0.001) 0.30 (0.20) 0.10 (0.01) 1.85 (0.19) 0.000 (0.001) 0.004 (0.001) 0.002 (0.001) 6.1 (2.6) 3.2 (0.4) 3.4 (0.4) 
ji;" 08/15 Rl 0.08 (0.01) 2.8 (0.3) 
::::0 

10/07 1M 0.30 (0.50) 0.06 (0.02) 1.63 (0.16) 0.001 (0.001) 0.002 (0.001) 0.004 (0.002) 2.2 (0.5) 2.6 (0.3) 2.6 (0.3) .., Mortandad at Rio Grande (A-ll) n> 

s. 10/07 Rl 0.02 (0.04) 2.6 (0.3) 

r- Callada del Buey: 0 ... Callada del Buey at SR-4 03/11 1M 0.10 (0.20) 0.12 (0.04) 0.84 (0.08) 0.001 (0.001) 0.003 (0.001) 0.000 (0.000) 1.9 (0.3) 1.4 (0.2) 2.8 (0.3) 
> 
Q;'" 03/11 Dl 0.00 (0.30) 0.61 (0.06) 0.001 (0.001) 0.003 (0.001) 0.003 (0.001) 2.4 (0.4) 1.2 (0.1) 
3 
0 ... 
CL 
c ... :;· 

CCI ..... 
CCI 
CCI 
~ 

- -·- - - - - ·- - ·- _ .. - ~- - -· ... -
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1"1'1 = < Table 5-13. Radiochemical Analysis for Sediments in 1996 (pCilg)l (Cont.) ::;· = = u Gross Gross Gross 3 
<D Statton Name'> Date Code" Ju 90sr mcs (mglk&) Z38Pu 239.%40f>u Z41Am AIJo!ha Beta Gamma = ~ TA-54 Area G: 
en G-1 03122 0.004 (0.003) 0.10 (0.20) 0.09 (0.03) 0.77 (0.08) 0.001 (0.001) 0.003 (0.001) 0.005 (0.001) 2.4 (0.5) 1.1 (0.1) 2.6 (0.3) = .... 03122 Dl 0.30 (0.20) 0.000 (0.001) 0.025 (0.003) 0.003 (0.001) < 
~ G-2 03122 I 0.023 (0.006) 0.30 (0.30) 0.06 (0.02) 1.15 (0.12) 0.000 (0.001) 0.012 (0.003) 0.003 (0.001) 3.9 (0.8) 1.8 (0.2) 2.3 (0.3) 
;;;;- 03122 Rl 0.001 (0.00 I) 0.003 (0.001) 0.004 (0.002) = n G-3 03122 I 0.243 (0,070) 0.10 (0.10) 0.20 (0.04) 1.07 (0.11) 0.004 (0.002) 0.030 (0.004) 0.007 (0.003) 3.5 (0.7) 2.4 (0.3) 2.7 (0.3) tD 
I» 03122 Dl 0.76 (0.08) 0.1)()2 (0.00 l) 0.012 (0.002) 0.012 (0.002) 
::I 
a. 03122 R1 0.007 (0.002) 0.013 (0.002) 0.010 (0.002) 
(") 

03122 R2 0.004 (0.002) 0.021 (0.003) 0.015 (0.002) 0 
3 G-4 03122 I 0.019 (0.006) 0.20 (0.20) 0.26 (0.05) 1.68 (0.17) 0.004 (0.002) 0.018 (0.003) 0.006 (0.001) 5.1 (1.0) 4.0 (0.5) 4.1 (0.5) 
'E. 
iii' 03122 Rl 0.003 (0.00 I) 0.015 (0.003) 0.003 (0.001) 7.6 (1.8) 4.3 (0.5) 

= G-5 03122 I 0.031 (0.009) 0.20 (0.20) 0.16 (0.04) 1.58 (0.16) 0.021 (0.003) 0.040 (0.005) 0.014 (0.002) 5.3 (1.5) 3.1 (0.4) 3.8 (0.4) n 
tD 03122 R1 0.0 I 1 (0.005) 0.043 (0.003) 0.014 (0.004) a 03122 R2 0.017 (0.002) 0.039 (0.007) 
r-= G-6 03122 I 0.038 (0.009) 0.10 (0.20) 0.12 (0.03) 2.55 (0.26} 0.018 (0.003} 0.226 (0.012) 0.035 (0.003) 7.2 (2.1) 2.5 (0.3) 3.2 (0.4) ... 
> 03122 Rl 0.012 (0.002) 0.139 (0.007) 0.049 (0.004) 
;;;;- G-7 03122 I 0.020 (0.005) 0.00 (0.20) 0.15 (0.03) 0.88 (0.09) 0.243 (0.014) 0.174 (0.011) 0.013 (0.002) 4.0 (0.7) 2.0 (0.2) 2.9 (0.3) c.n 
3 03122 R1 0.118 (0.007) 0.105 (0.001) 0.044 (0.006) = ... G-8 03122 1 0.016 (0.005) 0.30 (0.40) 0.38 (0.06) 1.36 (0.14) 0.119 (0;008) 0.150 (0.009) 0.014 (0.002) 4.0 (0.7) 3.2 (0.4) 3.9 (0.4) 

Cl) 
ca. = = 03122 Rl 0.33 (0.05) 0.084 (0.005) 0.063 (0.004) 0.014 (0.004) 3.0 (0.3) .... .... :;· G-9 03122 1 0.017 (0.005) 0.00 (0.30) 0.18 (0.04) 1.77 (0.18) 0.031 (0.004) 0.040 (0.004) 0.021 (0.003) 2.0 (0.2) 3.5 (0.4) -CCI 

4.5 (0.9) I» 
...... 03122 Rl 0.091 (0.005) 0.030 (0.003) 0.013 (0.016) n 
c.o C'D 
c.o Pajarlto Canyon: :e en 

Two-mile at SR-501 03/12 0.003 (0.014) 0.20 (0.20) 0.28 (0.05) 1.09 (0.11) 0.001 (0.001) 0.007 (0.001) 0.003 (0.001) 3.7 (0.7) 2.5 (0.3) 3.4 (0.4) 
I» 

Pajarito at SR-501 03/11 0.036 (0.063) 0.20 (0.20} 0.08 (0.03) 1.10 (0.11) 0.001 (0.001) 0.006 (0.001) 0.002 (0.001) 3.0 (0.8) 2.3 (0.3) 3.1 (0.4) -03/11 Rl 0.035 (0.063) C'D .... 
Pajarito at SR-4 03/11 I 0.067 (0.1 06) 0.00 (0.30) 0.21 (0.05) 1.19 (0.12) 0.001 (0.001) 0.010 (0.001) 0.009 (0.002) 5.0 (1.3) 2.7 (0.3) -0.1 (0.2) 

Potrillo Canyon: 
C') 
...... 

Potrillo at SR-4 03/11 0.006 (0.017) 0.10 (0.30) 0.18 (0.05) 1.22 (0.12) 0.001 (0.001) 0.006 (0.001) 0.002 (0.002) 5.2 (1.1) 3.3 (0.4) 4.8 (0.5) Q = Fence Canyon: = Fence at SR-4 03/11 0.001 (0.014) 0.30 (0.20) 0.40 (0.07) 1.79 (0.18) 0.001 (0.001) 0.011 (0.001) 0.007 (0.001) 4.8 (0.8) 3.5 (0.4) 6.0 (0.6) c. :e 
Canon de Valle: I» 
Calion de Valle at SR-501 03/12 0.000 (0.003) 0.10 (0.20) 0.13 (0.03) 0.93 (0.09) 0.001 (0.001) 0.003 (0.001) 0.004 (0.001) 2.0 (0.4) 1.4 (0.2) 1.5 (0.2) -C'D 
Water Canyon: 

.... 
~ 

Water at SR-501 03/11 1M 0.00 (0.20) 0.09 (0.03) 0.65 (0.07) 0.001 (0.00 I) 0.005 (0.002) 0.003 (0.002) 3.0 (0.5) 2.1 (0.2) 2.8 (0.3) I» 
Water at SR-4 03/11 0.009 (0.014) 0.10 (0.30) 0.28 (0.05) 1.84 (0.18) 0.001 (0.1)(}1) 0.011 (0.002) 0.004 (0.001) 8.7 (3.0) 5.7 (0.7) 5.2 (0.6) = c. 

Cl) 
C'D 
c. 
3 
C'D = ...... -Ul c:n .... 
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Cll 
CD Table S-13. Radiochemical Analysis for Sediments in 1996 (pCi/g)• (CooL) en 

u Gross Gross Gross = 
Station Name" Date CodeC Ju "'sr mes (mg/kg) Z38pg l39,l40pg 241Am AJpba Beta Gamma 

... -C» 
Indlo Canyon: n 
Indio at SR-4 03111 0.005 (0.009) 0.10 (0.40) 0.16 (0.05) 0.67 (0.07) 0.001 (0.001) 0.007 (0.002) 0.006 (0.003) 1.7 (0.3) 1.5 (0.2) 3.6 (0.4) m 

Ancbo Canyon: :E 
Ancho at SR-4 03111 lM 0.10 (0.20) 0.07 (0.03) 1.14 (0.11) 0.000 (0.001) 0.002 (0.001) 0.002 (0.001) 3.9 (0.8) 2.3 (0.3) 3.1 (0.4) C» -Above Ancho Spring 10/08 1 0.003 (0.025) 1.60 (0.50) 0.27 (0.04) 2.94 (0.29) 0.001 (0.000) 0.002 (0.001) 0.003 (0.001) 4.3 (1.9) 4.5 (0.5) 3.5 (0.4) m 

10/08 Rl 0.004 (0.004) 
... 

Ancho at Rio Grande 10/08 1 0.056 (0.034) 0.50 (0.40) 0.15 (0.03) 1.43 (0.14) 0.001 (0.000) 0.002 (0.001) 0.003 (0.003) 1.4 (1.0) 2.5 (0.3) 2.9 (0.3) C') 
10/08 Rl 0.096 (0.034) 0.000 (0.001) 0.003 (0.001) 11.9 (3.5) 3.3 (0.4) ... 

0 
Cbaqoebul Canyon: = 
Chaquehui at Rio Grande 10/09 -0.030 (0.025) -0.10 (0.40) 0.06 (0.02) 1.28 (0.13) 0.000 (0.000) 0.002 (0.00 1) 0.003 (0.001) 6.3 (1.4) 1.4 (0.2) 1.7 (0.2) :::::1 

a. 
TA-49 Area AB: == AB-1 03/25 0.029 (0.037) 0.70 (1.20) 0.51 (0.06) 1.96 (0.20) 0.003 (0.002) 0.023 (0.004) 0.008 (0.002) 7.6 (2.8) 7.4 (0.9) 3.2 (0.4) C» -AB-2 03/25 0.060 (0.047) 0.40 (1.00) 0.31 (0.05) 1.43 (0.14) 0.003 (0.001) 0.076 (0.006) 0.020 (0.003) 7.6 (3.2) 7.2 (0.9) 2.9 (0.3) m 

03/25 Dl 1.40 (0.14) 
... 

AB-3 03/25 1 0.098 (0.009) 0.30 (0.70) 0.23 (0.04) 1.11 (0.11) 0.029 (0.003) 1.668 (0.058) 0.402 (0.015) 5.7 (2.0) 6.9 (0.8) 2.5 (0.3) C» 
03/25 Rl 0.035 (0.004) I. 727 (0.060) 0.420 (0.300) :::::1 

rn AB-4 03/25 1 0.068 (0.024) 0.50 (1.20) 0.35 (0.05) 1.51 (0.16) 0.003 (0.002) 0.014 (0.003) 0.007 (0.002) 6.0 (1.6) 5.4 (0.6) 3.3 (0.4) a. 
::I 
~. AB-4A 03125 -0.007 (0.086) -0.90 (2.00) 0.25 (0.04) 1.62 (0.16) 0.003 (0.002) 0.013 (0.002) 0.004 (0.001) 4.6 (2.0) 4.8 (0.6) 2.5 (0.3) en 
a m 
::I 03/25 Rl 0.22 (0.04) 2.7 (0.3) a. 
3 AB-5 03/25 0.006 (0.011) 0.70 (1.10) 0.61 (0.08) 0.95 (0.10) 0.003 (0.002) 0.033 (0.005) 0.013 (0.002) 6.0 (2.0) 6.5 (0.8) 3.1 (0.4) 
CD 3 ::I AB-6 03/25 0.002 (0.006) 0.10 (1.90) 0.28 (0.05) 1.42 (0.14) 0.001 (0.001) 0.012 (0.002) 0.007 (0.002) 5.1 (1.5) 3.6 (0.4) 2.6 (0.3) 
ii,j 

03/25 Dl 0.60 (0.90) m 
en :::::1 

= AB-7 03/25 0.076 (0.0 13) 0.10 (0.60) 0.13 (0.03) 0.72 (0.07) -0.002 (0.001) 0.007 (0.003) -{).002 (0.00 1) 3.6 (0.7) 2.3 (0.3) 2.1 (0.3) -< AB-8 03/25 1 0.001 (0.003) 0.30 (0.70) 0.09 (0.03) 0.84 (0.08) 0.001 (0.001) 0.002 (0.00 1) 0.003 (0.001) 2.5 (0.5) 1.9 (0.2) 2.5 (0.3) 
U) 

CD 
03/25 Rl 2.9 (0.6) 1.8 (0.2) 

ii.) 
AB-9 03/25 0.001 (0.004) 0.90 (1.00) 0.15 (0.04) 1.00 (0.10) 0.000 (0.001) 0.002 (0.001) 0.004 (0.001) 2.6 (0.5) 1.5 (0.2) 2.6 (0.3) ::I ., 
AB-10 03/25 0.000 (0.005) 0.50 (0.60) 0.14 (0.03) 0.45 (0.05) 0.000 (0.001) 0.003 (0.001) 0.001 (0.001) 3.2 (0.5) 2.0 (0.2) 1.6 (0.2) CD 

I» AB-11 03/25 0.002 (0.004) 0.60 (0.60) 0.25 (0.05) 0.48 (0.05) 0.000 (0.001) 0.007 (0.002) 0.003 (0.001) 2.2 (0.4) 1.1 (0.1) 2.0 (0.3) 
::I 
a. 
(") Frijoles Canyon: 
0 Frijoles at Monument HQ 08/20 0.420 (0.062) 0.10 (0.40) 0.12 (0.04) 2.38 (0.24) 0.000 (0.004) 0.004 (0.004) 0.007 (0.002) 0.4 (0.2) 1.3 (0.2) 3.0 (0.4) 
3 
::!.. 08/20 Dl 0.176 (0.060) 0.20 (0.40) 0.11 (0.03) 2.40 (0.24) 0.001 (0.001) 0.004 (0.001) 0.006 (0.002) 0.4 (0.2) 1.4 (0.2) 3.5 (0.4) 
ii,;' Frijoles at Rio Grande 10/09 1 0.487 (0.251) 1.30 (0.50) 0.50 (0.06) 4.55 (0.46) 0.002 (0.001) 0.020 (0.002) 0.009 (0.002) 3.0 (0.7) 7.8 (0.9) 4.7 (0.5) 
::I ., 10/09 Rl 4.41 (0.44) 
CD 

!!. Reservoirs on Rio Chama (New Mexico): ,.... 
Heron Upper 06ll1 NIY 0.30 (0.20) 0.47 (0.06) 2.57 (0.26) 0.0003 (0.000)11 0.0093 (0.001)8 0.008 (0.002) 1.5 (3.4) 5.1 (0.7) . 3.0 (0.4) 0 

"' 06ll1 Rl 2.3 (0.3) 
> 
ii,;" Heron Middle 06ll1 ND 0.20 (0.30) 0.18 (0.27) 3.06 (0.31) 0.0001 (0.000) 0.0038 (0.000) 0.004 (0.003) 14.0 (6.0) 8.8 (1.1) 3.0 (0.3) 
3 
0 

"' a. 
!:; 
:;· 

CCI ..... 
u::J 
u::J 
en 

- - - - - - - - - - - - - - - - - -
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Table 5-13. Radiochemical Analysis for Sediments in 1996 (pCilg)'l (Cont.) ::;· 
C) 
::1 
3 u Gross Gross Gross ... Station Name'> Date Code" 3JI 90sr u'es (mglkg) 23llpg l3'.>,240pg 241Am Alfha Beta Gamma ::1 

2! Reservoirs on Rio Chama (New Mexleo)(CooL): 
Cl.l Heron Lower 06127 I ND 0.30 (0.20) 0.45 (0.06) 2.26 (0.23) 0.0004 (0.000) 0.0120 (0.000) 0.000 (0.003) 1.8 (0.4) 1.3 (0.2) 2.4 (0.3) c 
< 06127 Dl 0.20 (0.30) 0.53 (0.06) 2.73 (0.27) 0.0005 (0.000) 0.0127 (0.000) 0.009 (0.002) 9.7 (2.7) 6.4 (0.8) 2.4 (0.3) 
~- El Vado Upper 06126 I ND 0.20 (0.30) 0.16 (0.03) 2.27 (0.23) 0.0002 (0.000) 0.0053 (0.000) 0.005 (0.001) 9.9 (4.2) 5.8 (0.7) 2.4 (0.3) i» 
::1 06126 Rl 0.0002 (0.000) 0.0052 (0.000) ... 

El Vado Middle 06126 I ND 0.20 (0.30) O.ll (0.16) 2.51 (0.25) 0.000 1 (0.000) 0.0020 (0.000) 0.003 (0.001) 5.8 (2.6) 4.5 (0.6) 2.1 (0.3) ... 
1:0.1 El Vado Lower 06126 ND 0.40 (0.20) 0.23 (0.04) 2.32 (0.23) 0.0002 (0.000) 0.0067 (0.000) 0.001 (0.002) 11.0 (5.0) 8.7 ( 1.1) 2.7 (0.3) ::1 
1:1 Abiquiu Upper 06125 I NO 0.10 (0.20) 0.08 (0.13) 1.32 (0.13) 0.0001 (0.000) 0.0011 (0.000) 0.002 (0.001) 2.9 (0.7) 0.9 (0.1) 1.4 (0.2) (") 
c 06125 Dl 0.0002 (0.000) 0.0011 (0.000) 1.4 (0.2) 0.9 (0.1) 
3 Abiquiu Middle 06128 I ND 0.50 (0.20) 0.12 (0.03) 2.69 (0.27) 0.0002 (0.000) 0.0038 (0.000) 0.003 (0.003) 7.6 (3.0) 4.6 (0.6) 1.9 (0.3) ::. 
iii' 06128 Dl 0.13 (0.03) 
:::1 Abiquiu lower 06128 NO 0.10 (0.20) 0.35 (0.05) 2.23 (0.22) 0.0003 (0.000) 0.0090 (0.001) 0.004 (0.001) 9.8 (3.8) 5.6 (0.7) 2.4 '(0.3) ... ... 
!!. Reservoirs on Rio Grande (Colorado): ,... Rio Grande Upper 09121 1 ~.160 (0.131) 0.20 (0.30) 0.42 (0.04) 3.02 (0.30) 0.0007 (0.000) 0.0165 (0.001) 0.007 (0.002) 7.5 (3.1) 5.5 (0.6) 3.4 (0.4) c 
"' 09121 Rl 0.181 (0.133) 0.40 (0.20) 3.07 (0.31) -1.8 (0.8) 6.4 (0.8) 
> Rio Grande Middle 09121 I 0.048 (0.137) 0.50 (0.30) 0.33 (0.03) 3.08 (0.31) 0.0006 (0.000) 0.0144 (0.000) 0.001 (0.002) 8.5 (1.5) 7.1 (0.8) 3.3 (0.4) U'l i» 
3 Rio Grande Lower 09121 I 0.458 (0.158) 0.40 (0.40) 0.49 (0.04) 2.84 (0.28) NO ND 0.007 (0.002) 16.4 (6.1) 8.5 (1.0) 2.9 (0.3) 
c 09121 01 0.58 (0.05) 0.001 (0.002) 3.1 (0.4) en en 
1:1 

Reservoirs on Rio Grande (New Mexico): = c ... :::!. Cochiti Upper 10/16 I 0.000 (0.000) 1.60 (0.60) 0.43 (0.04) 2.86 (0.29) 0.0009 (0.000) 0.0166 (0.001) 0.001 (0.002) 8.1 (5.1) 8.1 (1.0) 3.4 (0.4) -::1 C» Cl 
10/16 Rl 9.7 (6.0) 1.9 (1.0) C"') .... 

CD Cochiti Middle 10/16 I 0. 000 (0.000) 2.70 (0.70) 0.70 (0.06) 3.13 (0.31) 0.0012 (0.000) 0.0238 (0.001) 0.009 (0.002) 16.1 (12.9) 11.4 (1.5) 4.4 (0.5) CD 
CD 
a> Cochiti Lower 10/16 1 0.000 (0.000) 1.30 (0.50) 0.34 (0.03) 2.10 (0.21) 0.0006 (0.000) 0.0138 (0.001) 0.006 (0.001) 8.1 (3.0) 5.5 (0.6) 3.0 (0.4) :e 

10!16 Rl 2.80 (0.28) C» -Slandardlr.ed Comparisons CD 
Average Detection Limits 1.00 0.05 0.20 0.0028 0.002& 0.002 1.5 1.5 0.8 ... 

~ 

Background(x + 2 s)h 0.87 0.44 4.40 0.006 0.023 o.o!l()i 14.81 12.oi 8.21 C') 
SAU 4.4 5.1 67 27 24 22 ... 

C) = a Except where noted. = Cl. 
bSample sizes: stream channels-100 g; reservoirs-1000 g. :e 
ccode: I -primary analysis, D-lab duplicate, R-lab replicate. C» 
dRadioactivity counting uncertainties are shown in parentheses (I standard deviation); values are less than analytical uncertainties. Values less than 2 standard deviations are considered nondetections. -CD 
c:IM-1nsufticient moisture for lritium analysis. ... 
f ND-No Data; laboratocy analysis not perfonned. 

C» 
&Limits of Detection for 238Pu and 239,24()pg reservoir analyses areO.OOOI pCi/g. = hPurtymun,1981a; upper limit for background. Cl. 
i Preliminary background value for cbannel sediments from 1974101996 (McLin 1997). (I) 
j SAL-Screening Action Level; Environmental Restoration, 1997; see text for details. CD 

Cl. 

3 
CD = .... -Ul en CD 





I 
5. Surface Water, Groundwater, and Sediments 

I Table 5-14. Detections of Above-Background Radionuclides in Sediments for 1996 (Cont.) 

Station Name8 Date Codesb Analyte Value Sigmac Units DLd BGe 

I. Mortandad at GS-I 0411I Tritium 31.88 0.39 pCi/g 
0411I I37cs I6.IO 1.20 pCi/g 0.05 0.44 
0411I 238Pu 6.800 0.350 pCi/g 0.005 0.006 
04/II 239Pu 4.850 0.250 pCi/g 0.005 0.023 

I 04/II 241Am 9.060 0.280 pCi/g 0.005 0.090 
04/II Alpha 54. I 8.2 pCi/g 1.5 I4.8 
04/II Beta 43.4 5.0 pCi/g 1.5 I2.0 

·I 0411I Gamma 20.0 2.0 pCi/g 0.8 8.2 
Mortandad at MC0-5 0411I I37cs I4.70 1.10 pCi/g 0.05 0.44 

0411I 238pu 2.220 O.IIO pCi/g 0.005 0.006 

I 
0411I 239pu 5.790 0.280 pCi/g 0.005 0.023 
04/II 241Am 7.250 0.250 pCi/g 0.005 0.090 
04111 R1 241Am 8.250 0.330 pCi/g 0.005 0.090 
04/11 I Alpha 43.I 6.4 pCi/g 1.5 I4.8 

I 04/II I Beta 26.5 3.I pCi/g 1.5 I2.0 
04/II Gamma I6.0 2.0 pCi/g 0.8 8.2 

Mortandad at MC0-7 04/II 137Cs 6.06 0.48 pCi/g 0.05 0.44 

I 
0411I 239pu 3.220 0.160 pCi/g 0.005 0.023 
04/11 241Am 2.070 0.100 pCi/g 0.005 0.090 
0411I RI 241Am 2.I80 0.110 pCi/g 0.005 0.090 
04/II Alpha 30.5 5.2 pCi/g 1.5 I4.8 

I 04/II Beta I6.9 2.0 pCilg 1.5 I2.0 
Mortandad at MC0-9 04/11 137cs 0.54 0.07 pCi/g 0.05 0.44 

04111 239Pu 0.037 0.005 pCilg 0.005 0.023 

I Mortandad at MCO-I3 (A-5) 0411I I37cs 0.44 0.06 pCilg 0.05 0.44 
04111 239pu 0.026 0.002 pCi/g 0.005 0.023 

Mortandad A-6 08115 239Pu 0.023 0.002 pCilg 0.005 0.023 

I 
G-1 03/22 D1 239Pu 0.025 0.003 pCi/g 0.005 0.023 
G-3 03/22 I 239pu 0.030 0.004 pCi/g 0.005 0.023 
G-5 03/22 I 238pu 0.02I 0.003 pCi/g 0.005 0.006 

03/22 R2 238Pu O.OI7 0.002 pCi/g 0.005 0.006 

I 03/22 I 239Pu 0.040 0.005 pCi/g 0.005 0.023 
03/22 RI 239Pu 0.043 0.003 pCilg 0.005 0.023 
03/22 R2 239Pu 0.039 0.007 pCi/g 0.005 0.023 

I G-6 03/22 I 238Pu O.Ql8 0.003 pCilg 0.005 0.006 
03/22 RI 238Pu O.OI2 0.002 pCi/g 0.005 0.006 
03/22 I 239Pu 0.226 O.OI2 pCi/g 0.005 0.023 

I 
03/22 R1 239Pu 0.139 0.007 pCi/g 0.005 0.023 

G-7 03/22 1 23Bpu 0.243 0.014 pCi/g 0.005 0.006 
03/22 RI 238pu O.II8 0.007 pCi/g 0.005 0.006 
03/22 1 239pu 0.174 0,011 pCi/g 0.005 0.023 

I 03/22 Rl 239pu 0.105 0.007 pCi/g 0.005 0.023 
G-8 03/22 1 238pu 0.119 0.008 pCi/g 0.005 0.006 

03/22 Rl 238Pu 0.084 0.005 pCi/g 0.005 0.006 

I 
03/22 1 239pu O.I50 0.009 pCi/g 0.005 0.023 
03/22 RI 239pu 0.063 0.004 pCi/g 0.005 0.023 

G-9 03/22 I 238pu 0.03I 0.004 pCi/g 0.005 0.006 
03/22 RI 238pu 0.091 0.005 pCi/g 0.005 0.006 

II 03/22 I 239pu 0.040 0.004 pCi/g 0.005 0.023 
03/22 RI 239Pu 0.030 0.003 pCi/g 0.005 0.023 
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5. Surface Water, Groundwater, and Sediments 

I 
Table 5-14. Detections of Above-Background Radionuclides in Sediments for 1996 (Cont.) I Station Name8 Date Codesh Analyte Value Sigmac Units DLd BGe 

AB-1 03/25 137Cs 0.51 0.06 pCi/g 0.05 0.44 
03/25 239Pu 0.023 0.004 pCi/g 0.005 0.023 I AB-2 03/25 239Pu 0.076 0.006 pCi/g 0.005 0.023 

AB-3 03/25 23Bpu 0.029 0.003 pCi/g 0.005 0.006 
03/25 Rl 238Pu 0.035 0.004 pCi/g 0.005 0.006 

I 03/25 239pu 1.668 0.058 pCi/g 0.005 0.023 
03/25 Rl 239pu 1.727 0.060 pCi/g 0.005 0.023 
03/25 241Am 0.402 O.Ql5 pCilg 0.005 0.090 

AB-5 03/25 B7cs 0.61 0.08 pCi/g 0.05 0.44 I· 03/25 239Pu 0.033 0.005 pCi/g 0.005 0.023 
Frijoles at Rio Grande 10/09 137cs 0.50 0.06 pCi/g 0.05 0.44 

10/09 1 Total U 4.55 0.46 mg/kg 0.25 4.40 I 10/09 Rl Total U 4.41 0.44 mg/kg 0.25 4.40 

::I Cochiti Middle 10116 1 137cs 0.70 0.06 pCi/g 0.05 0.44 
10116 23Bpu 0.0012 0.0001 pCi/g 0.0001 0.006 

I I' 

10/16 239pu 0.0238 0.0010 pCi/g 0.0001 0.023 1,' I 

3Selection Criteria: (1) Value;::: 4.66*Sigma; (2) Value;::: DL; and (3) Value;::: BG. 

I bCode: )-primary analysis, D-lab duplicate, R-Iab replicate. 
csigma is the analytical counting uncertainity (I standard deviation). 
dDL =Detection Limit (average) for analytical method. 
esa = Purtymun et al., 1987 and McLin and Lyons 1997; upper limit for background. 

I 
I 

Table 5-15. Possible Detections of Above-Background Radionuclides in Sediments for 1996 

I Station Name8 Date Codesh Analyte Value Sigmac Units DLd BGe 

Rio Grande at Otowi (bank) 10111 01 90sr 2.5 0.9 pCi/g 1.00 0.87 
Rio Grande at Frijoles (bank) 10/09 1 90sr 1.4 0.5 pCi/g 1.00 0.87 

I 19/09 01 90sr 1.6 0.5 pCi/g 1.00 0.87 
Pueblo at SR-502 05/07 23Bpu 0.009 0.002 pCi/g 0.005 0.006 
Mortandad west of GS-1 04/11 1 238pu 0.009 0.002 pCilg 0.005 0.006 
G-3 03/22 R1 23Bpu 0.007 0.002 pCi/g 0.005 0.006 I G-5 03/22 R1 238pu 0.017 0.005 pCi/g 0.005 0.006 
Above Ancho Spring 10/08 90sr 1.6 0.5 pCi/g 1.00 0.87 
Frijoles at Rio Grande 10/09 90sr 1.3 0.5 pCi/g 1.00 0.87 I Rio Grande Lower 09/21 Alpha 16.4 6.1 pCilg 1.5 14.8 
Cochiti Upper 10116 90sr 1.6 0.6 pCi/g 1.00 0.87 

I Cochiti Middle 10/16 90sr 2.7 0.7 pCi/g 1.00 0.87 

I I 
Cochiti Lower 10116 90sr 1.3 0.5 pCi/g 1.00 0.87 I, , I 

, I 

' ~ I I 

I• 
I· I 3Selection Criteria: (I) 2.33*Sigma ~Value~ 4.66*Sigma; (2) Value;::: DL; and (3) Value;::: BG. ,, ' 

I 
bCode: !-primary analysis, D-lab duplicate, R-lab replicate. I csigma is the analytical counting uncertainity (1 standard deviation). 
dDL =Detection Limit (average) for analytical method. 
esa = Purtymun et al., 1987 and McLin and Lyons 1997; upper limit for background. 

~I 
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I 
5. Surface Water, Groundwater, and Sediments 

I 
I· Table 5-16. Plutonium Analyses of Sediments in Reservoirs on the Rio Chama and 

Rio Grande 
238pu 239,240pu Ratio 

I 
Year& Locationb (fCUg) Sigmac (fCUg) Sigmac (239,240puf238p0 ) 

Abiquiu Reservoir (Rio Chama)d 
1984 Mean 0.7 0.2 12.7 1.1 18.1 
1985 Mean 0.7 0.2 8.8 0.8 12.6 

I 1986 Mean 0.3 0.1 7.5 0.3 25.0 
1987 Mean 0.2 0.0 3.7 0.2 18.5 
1988 Mean 0.3 0.1 7.4 0.3 24.7 

I 
1989 Mean 0.4 0.1 3.7 0.2 9.3 
1990 Mean 0.1 0.1 2.6 0.2 26.0 
1991 Mean 0.3 0.2 7.2 0.4 24.0 
1992 Mean 0.1 0.0 0.8 0.0 8.0 

I 1993 Mean 0.2 0.1 5.1 0.4 25.5 
1994 Mean 0.2 0.1 0.5 0.2 2.5 
1995e Mean 13.7 1.7 8.0 1.3 0.6 

I· I 
1996 Upper 0.2 0.0 Ll 0.1 5.5 

Middle 0.2 0.0 3.8 0.1 19.0 
Lower 0.3 0.1 9.0 0.9 30.0 

I 
1996 Mean 0.2 0.0 4.6 0.4 19.9 
1984-96 Mean 0.3 0.1 5.4 0.4 17.8 
1984-96 StDev 0.2 0.1 3.5 0.3 8.0 
1984-96 Count 12 12 12 12 12 

I Cochiti Reservoir (Rio Chama)d 
1984 Meanc 0.7 0.1 19.7 1.1 28.1 
1985 Mean 1.6 0.3 24.1 0.8 15.1 

I 1986 Mean 1.3 0.1 21.6 0.3 16.6 
1987 Mean 0.8 0.1 17.5 0.2 21.9 
1988 Mean 1.7 0.2 12.1 0.3 7.1 

I 
1989 Mean 2.5 0.2 49.3 0.2 19.7 
1990 Mean 3.2 0.1 17.6 0.2 5.5 

1991 Mean 0.2 0.1 4.1 0.4 20.5 
1992 Mean 1.9 0.2 13.4 0.0 7.1 

I 1993 Mean 4.1 0.4 30.5 0.4 7.4 
1994 Mean 0.4 0.1 9.3 0.4 23.3 
1995e Mean 7.6 1.4 12.5 1.8 1.6 

I 1996 Upper 0.9 0.1 16.6 0.5 18.4 
Middle 1.2 0.1 23.8 1.0 19.8 
Lower 0.6 0.1 13.8 0.9 23.0 

I 
1996 Mean 0.9 0.1 18.1 0.8 20.1 
1984-96 Mean 1.6 0.2 19.8 0.4 16.0 
1984-96 StDev 1.2 0.1 11.6 0.3 7.6 
1984-96 Count 12 12 12 12 12 

I "Year sampled. 
bSample location within reservoir: Upper, Middle, or Lower end; or mean of all three sample 

I 
locations. 

csigma is the analytical counting uncenainity (I standard deviation). 
dSamples were collected June 25, 1996, at Abiquiu Reservoir; and October 16, 1996, at Cochiti 
Reservoir. 

I 
e Uncenainties for 1995 data were not within quality control specifications; data not used for 
long-term statistics. 
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I 
5. Surface Water, Groundwater, and SeC:iments 

I 
Table 5-17. RESRAD Input Parameters for Mortandad Canyon Sediments Collected in 1996 I Parameter Value Comments 

Area of Contaminated Zone 10,000 m23 RESRAD default value; a larger area maximizes 
exposure via external gamma, inhalation and I ingestion pathways 

:I Thickness of Contaminated Zone 3m Based on mesa top conditions 
(Fresquez et al., 1996) 

I Time since placement of material Oyr Assumes current year (i.e., no radioactive 
decay) and minimal weathering 

Cover Depth Om Assumption of no cover maximizes dose 

I Density of contaminated zone 1.6 g/cm3 Based on previous models (Buhl 1989) and 
mesa top conditions (Fresquez et al., 1996) 

Contaminated zone erosion rate 0.001 m/yr RESRAD default value 
Contaminated zone total porosity 0.5 Average from several samples in Mortandad I Canyon (Stoker et al., 1991) 
Contaminated zone effective porosity 0.3 Table 3.2 in data handbook (Yu et al., 1993) 
Contaminated zone hydraulic conductivity 440 mlyr An average value for soil (not tuff) 

I "; (Nyhan et al., 1978) 
~ ' I 

Contaminated zone b parameter 4.05 Mortandad Canyon consists of two units, the top 
most unit being sand (Purtymun et al., 1983) and 

I Table 13.1 in the data handbook (Yu 1993) 
Humidity in air 4.8 g/cm3 Average value from Los Alamos Climatology 

(Bowen 1990) 
Evapotranspirations Coefficient 0.85 Based on tritium oxide tracers in Mortandad I Canyon (Penrose et al., 1990) 
Precipitation 0.48 mlyr Average value from Los Alamos Climatology 

(Bowen 1990) 

I Irrigation rate Om/yr Water in Mortandad Canyon is not used. 
Runoff Coefficient 0.52 Based on mesa top conditions 

(Fresquez eta)., 1996) 
Inhalation rate 8400 m3/yr RESRAD default value I !'I 
Mass loading for inhalation 5.53 x IQ-3 g/m3 Factor used for benchmarking against several 'I 

codes (Faillace et al., 1993) 
Exposure duration I year Assumes current year exposure only 

I Dilution length for airborne dust 3m RESRAD default value 
Shielding factor, inhalation 0.4 RESRAD default value 
Shielding factor, external gamma 0.7 RESRAD default value 
Fraction of time spent indoors each year 0.7 Based on 18 hid (Fresquez et al., 1996) I Fraction of time spent outdoors 0.01 Assumes an industrial scenario where access to 

site is somewhat limited. (Robinson and 
Thomas 1991) ·I Shape factor Corresponds to a contaminated area larger than a 
circular area of 1200 m2. 

Depth of soil mixing layer 0.15 m RESRAD default value. 

I Soil ingestion rate 44 g/yr Calculated based on 100 mg/d for 24 yr (adult) 
and 200 mg/d for 6 yr (child) 
(Fresquez et at., 1996) 

I 8 For ea~h sampling location, the area of the contaminated zone was assumed to be 100 m2• 

·I 
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5. Surface Water, Groundwater, and Sediments 

Table 5-18. Total Effective Dose Equivalent8 for Mortandad Canyon (mrem) 

Location 1996 1995 
Near CMR Building 0.16 (± 0.032)b 0.10 (± 0.14)b 
West ofGS-1 3.3 (± 0.60)b 0.17 (± 0.08l)b 
GS-1 24 (± 3.4)b 37 (± 5.9)b 
MC0-5 21 (± 3.2)b 19 (± 3.3)b 
MC0-7 8.8 (± 1.4)b 4.3 (± 0.95)b 
MC0-9 0.78 (± 0.21)b 0.62 (± 0.20)b 
MC0-13 (A-5) 0.65 (± 0.19)b 0.43 (± l.l)b 
A-6 0.41 (± 0.097)b 0.79 (± 1.2)b 
A-7 0.36 (± 0.072)b 0.19 (± O.lO)b 
A-8 _c 0.30 (± 0.15)b 
SR-4 (A-9) 0.19 (± 0.057)b 0.17 (± 0.088)b 
A-10 - c 0.061 (± 0.028)b 
Rio Grande (A-ll) 0.16 (± 0.12)b 0.10 (± 0.054)b 
Average for entire Mortandad Canyon 6.0 (± 22)b 6.8 (± 30)b 

3 Based on results from RESRAD version 5.61 using input parameters listed in Table 1 and 
three exposure pathways: ingestion, inhalation, and external. 

b±z sigma in parenthesis; to convert to jlSv multiply by 10. 
cNo sample collected at these locations in 1996. 

Table 5-19. Maximum Total Effective Dose Equivalent 

Average+ 2 Sigma 
(mrem/yr) 

Location 1996 1995 
Near CMR Building 0.19 0.24 
West ofGS-1 3.8 0.25 
GS-1 27 43 
MC0-5 25 22 
MC0-7 10 5.3 
MC0-9 0.99 0.82 
MC0-13 (A-5) 0.84 1.5 
A-6 0.51 2.0 
A-7 0.43 0.29 
A-8 _a 0.45 
SR-4 (A-9) 0.25 0.26 
A-10 - a 0.089 
Rio Grande (A-ll) 0.29 0.15 
Average for entire Mortandad Canyon 28 37 

a No sample collected at these locations in 1996. 
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Table 5-20. Total Recoverable Trace Metals in Sediments for 1996 (mglkg) en 
Station Name8•b = Date Codee Ag AI As B Ba Be Cd Co Cr Cu Fe Hg --Regional Stations 

C» 
C") 

Rio Chama atChamita 05109 I <0.25d 1,900 1.07 <0.75 38.00 0.18 <0.25 1.27 2.71 <1.63 3,223 <0.010 
CD 

05109 Rl <0.25 1,700 1.18 <0.80 34.00 0.17 0.33 1.33 2.56 <1.63 3,014 <0.010 :e 
05109 R2 0.031 

C» -Rio Grande at Embudo 05109 1 <0.25 738 <0.34 <0.75 13:70 <0.12 <0.25 0.88 1.29 <1.60 1,511 <0.010 
CD -~ 05109 R1 <0.010 C') 

05109 R2 O.oi1 -Q 
Rio Grande at Otowi (bank) 05/09 1 <0.25 <11 0.41 <0.75 <0.12 <0.12 0.31 <0.37 <1.25 <1.63 <6 <0.010 = 

05/09 R1 <0.010 
::s 
c. 

10/11 2 <0.40 11,815 4.80 <1.30 227.00 0.68 <0.27 6.20 13.50 9.22 13,110 <0.050 :e 
10/11 Rl <0.40 11,335 4.70 <0.70 223.00 0.65 <0.30 6.30 13.10 8.80 12,975 <0.050 C» -Rio Grande at Otowi (wdth intgrt) 10/11 3 <0.40 3,799 2.00 <3.00 75.00 0.24 <0.30 2.83 6.49 2.24 6,510 <0.050 

CD -~ 10/11 R1 <0.05 C» 

"" Rio Grande at Frijoles (bank) 10/09 1 <0.40 6,112 3.20 <3.00 163.00 0.52 <0.30 4.47 8.65 6.30 9,133 <0.060 ::s = c. < 10/09 R1 <0.060 a· en = Rio Grande at Bernalillo 05/09 1 <0.25 1,302 1.31 <0.75 35.40 0.10 <0.25 1.24 2.10 3.30 2,803 <0.010 CD 
3 

05/09 R1 <0.010 c. C'O -· a 
Jemez River 05/09 1 <0.30 5,404 5.25 1.19 58.50 0.63 0.29 3.90 7.54 4.68 <1,243 <0.010 3 2!. 

en 05/09 R1 0.010 CD 
c: ::s 
< -~ Guaje Canyon: Cl.l 

o; Guaje at SR-502 03/11 1 <:0.25 1,680 0.50 <0.75 20.90 <0.12 0.32 2.20 5.44 <1.63 6,600 <0.010 
= 03/11 R1 <0.010 ... 
C'O 
Dl Bayo Canyon: = =- Bayo at SR-502 03/11 1 <0.25 1,520 0.40 <0.74 39.60 <0.12 0.39 1.09 3.56 1.79 3,250 <0.010 n 
0 

03/11 R1 <0.010 3 
'E. 

Add/Pueblo Canyons: &i = Acid Weir 12/10 1 <:0.40 1,354 1.60 <3.00 25.70 0.23 <0.30 1.56 1.53 2.73 4,602 <0.050 ... 
CD 

!!. 12/10 R1 <0.050 
r- Pueblo 1 12/10 1 <0.40 1,198 1.10 <3.00 17.26 0.16 <0.30 1.83 1.94 1.72 3,503 <0.050 0 en 
> 12/10 R1 <0.050 
o; 

Pueblo 2 12/10 1 <0.40 1,476 0.40 <3.00 18.59 <0.15 <0.30 1.23 1.95 1.84 2,345 <0.050 3 
0 12/10 R1 <0.050 en 
=- Hamilton Bend Spring 12/24 1 <0.09 1,638 0.50 <0.54 16.40 0.12 <0.30 <1.30 1.56 1.82 3,053 <0.050 c: 
:::!. = 12/24 Rl <0.09 1,119 <0.40 <0.70 9.99 <0.06 <0.24 0.63 <1.32 4.00 1,875 <0.050 

ICI .... 
CD 
CD 
Cl) 

--------~----------
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3 Table 5-20. Total Recoverable Trace Metals in Sediments for 1996 (mglkg) (Cont.) Cl> 
:::0 

Station Namea.b §: Date Codec As AI As B Ba Be Cd Co Cr Cu Fe "s 
Ul Acid/Pueblo Canyons (Cont.): c 
C! Pueblo 3 I2/l0 I <0.40 1,580 0.40 <3.00 23.47 <O.I5 <0.30 1.58 1.71 1.32 2,071 <0.050 ~ 

iii 12/10 
:::0 

R1 <0.050 
... Pueblo at SR-502 05/07 l 3.40 1,930 0.60 <0.80 24.00 <0.12 <0.25 4.60 6.00 3.20 18,600 <0.010 .. 
Ill 05/07 Rl <0.010 = Cl. 

C"l DP/Los Alamos Canyons: 
0 
3 Los Alamos at Bridge 05/08 l <0.25 3,134 1.30 <0.76 40.00 0.34 <0.25 1.80 4.60 5.20 6,170 0.023 
"2. 05/08 Rl 0.031 iii 
:::0 05/08 R2 0.017 ... .. 
!!. Los Alamos at LAO-I 05/08 1 <0.25 2,040 2.30 <0.70 264.00 0.20 <0.25 1.80 3.70 2.40 7,394 0.106 ,... 05/08 Rl 0.065 0 

"' 05/08 R2 0.056 :II> 
iii Los Alamos at OS-I 05/08 I <0.20 1,575 1.00 <0.70 20.00 0.17 <0.24 1.50 3.10 2.70 4,900 0.0200 c.n 3 
0 05/08 Rl <0.25 1,160 0.90 <0.70 18.00 0.18 <0.25 1.30 3.90 2.50 3,700 <0.010 

. 
"' Cl. DPS-1 05/08 1 <0.25 1,370 0.95 <0.74 23.00 0.14 <0.25 2.90 3.70 1.80 3,172 0.022 en c = .. = 05/08 Rl <0.010 ... 

{Q -.... DPS-4 05/08 I <0.25 1,380 0.63 <0.74 14.00 0.17 <0.25 0.87 2.00 1.70 3,476 <0.010 D) 

ID n 
ID 05/08 R1 0.014 CD 
Cll 

LosAiamos at LA0-3 05/08 I 0.35 776 0.57 <0.75 16.00 <0.13 <0.25 0.80 1.30 2.20 1,600 <0.010 :e 
05/08 Rl <0.010 D) -Los Alamos at LA0-4.5 05/08 1 <0.25 854 0.64 <0.74 11.00 <0.12 <0.25 0.79 1.50 <1.60 2,963 <0.010 CD ... 
05/08 R1 <0.010 
05/08 2 <0.25 2,320 1.10 <0.75 23.00 0.31 <0.25 1.70 3.60 2.90 5,387 0.016 

C') ... 
05/08 Rl 0.011 0 

c 
Los Alamos at SR-4 05/02 I <0.25 3,020 1.07 <0.75 39.00 0.44 <0.25 1.50 4.10 4.30 4,600 0.036 = 0. 

05/02 Rl 0.046 :e 
05/02 R2 0.039 D) -Los Alamos at Totavi 08/15 l <0.40 1,268 <0.40 <0.70 17.00 <0.15 <0.30 1.08 1.65 1.46 2,920 0.118 CD ... 
08/15 Rl <0.100 

Los Alamos at Otowi 05/02 1 <0.25 1,000 0.61 <0.75 19.00 0.13 <0.25 1.05 1.90 2.06 2,510 <0.016 
D) = 05/02 R1 <0.016 0. 

08/15 2 <0.40 2,465 <0.40 1.45 24.00 <0.15 <0.30 1.47 1.67 1.70 3,057 <0.2000 en 
CD 

08/15 Rl <0.200 0. 

3 
CD .... = Cll --.j UJ 



... en 
~ 
CD 

Table 5-20. Total Recoverable Trace Metals in Sediments for 1996 (mglkg) (CooL) en = 
Station Namea,b Date Codec: Ag AI As Co Cr Cu Hg 

... 
B Ba Be Cd Fe -I» 

Sandia Canyon: 
n 
CD 

Sandia at SR-4 03111 <0.24 2,520 1.10 <0.72 27.00 0.18 0.30 1.07 2.54 <1.56 3,170 :e 
Mortandad Canyon: I» -Mortandad near CMR Building 04111 I 0.53 4,384 1.30 <0.75 48.10 0.54 0.18 2.42 4.50 7.11 7,504 <0.010 CD ... 

04111 Rl <0.25 5,945 1.50 <1.09 48.00 0.61 <0.25 2.55 5.76 6.00 8,808 O.Dl6 
04111 R2 <0.010 C') ... 

Mortandad west of GS-1 04111 I <0.25 6,643 2.40 <0.75 93.00 0.45 <0.25 2.97 5.24 8.56 8,219 0.020 0 = 04111 Rl 0.023 = 
04111 R2 0.018 c. :e 

Mortandad at GS-1 04111 I <0.25 1,830 0.76 <0.75 13.80 0.45 <0.25 1.24 2.63 4.39 5,429 <0.010 I» -04111 Rl <0.010 CD 

Mortandad at MC0-5 04111 <0.25 848 <0.30 <0.75 9.78 0.23 <0.25 0.91 1.42 2.67 2,085 <0.010 
... 

I ~ 

04111 Rl <0.010 I» = m Mortandad at MC0-7 04111 <0.25 951 0.51 <0.75 11.60 0.24 <0.25 1.59 1.54 <1.63 7,190 <0.010 c. = :!:. 04111 Rl 0.010 en .. 
0 CD = 04111 R2 <0.010 3 c. 
CD Mortandad at MC0-9 04111 I <0.25 2,272 1.20 <0.75 43.40 0.48 <0.25 2.21 2.02 3.57 4,481 <0.010 3 = iii 04111 RJ. <0.010 CD 
Cl) 

Mortandad at MC0-13 (A-5) 04111 I <0.25 2,029 0.50 <0.75 20.30 0.32 <0.25 1.29 1.89 <1.63 2,810 <0.010 = = -C! 04111 Rl <0.010 
en 

~. 
iii Mortandad A-6 08115 I <0.40 1,584 <0.40 1.70 15.30 <0.15 <0.30 <0.72 0.81 0.99 1,979 <0.010 = n 08115 Rl <0.40 1,483 <0.40 <0.70 17.00 <0.15 <0.30 0.92 1.07 1.41 1,745 <0.200 CD 
Ill Mortandad A-7 08115 I <0.40 2,176 <0.40 <0.70 17.60 <0.15 <0.30 0.9i 1.22 1.28 4,890 <0.010 = 0. 

08115 <0.010 n Rl 
0 

Mortandad at SR-4 (A-9) 08115 <0.40 5,095 1.10 <0.90 59.00 0.17 <0.30 2.80 3.64 2.10 5,899 <0.200 3 I 
:!.. 08/15 Rl <0.200 a;· 
= Mortandad at Rio Grande (A-ll) 10/07 I <0.40 3,098 1.10 <0.70 51.00 0.26 <0.30 4.31 4.86 3.73 6,972 <0.050 n 
CD 

~ 10/07 Rl <0.050 
r- Caiiada del Buey: 0 
en 
> Canada del Buey at SR-4 03/11 1 <0.24 2;uo 0.70 <0.70 25.30 <0.12 0.37 1.81 2.54 0.67 5,020 <0.010 
iii 03111 Rl <0.25 2,220 0.40 <0.74 27.20 0.15 0.58 1.84 2.55 <1.59 4,745 <0.010 3 
0 

"' 0. = .. 
:r 

CCI ... 
"' "' ~ 

---~~----------~---
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Table 5-20. Total Recoverable Trace Metals in Sediments for 1996 (mglkg) (Cont.) = 3 
CD Station Namea,b Date Codec Ag AI As B Ba Be Cd Co Cr Co Fe Hg = ; 
en TA-54 Area G: 
c G-1 03/22 1 <0.25 2,150 1.30 7.67 19.30 0.16 <0.25 0.95 1.59 <1.62 3,767 <0.010 < 
CD 03/22 R1 <0.25 2,090 0.80 7.27 23.30 0.13 <0.25 0.86 1.65 <1.62 3,775 <0.010 
;;; 

G-2 03/22 1 <0.24 3,920 1.32 2.96 45.70 0.27 <0.24 1.75 3.09 2.42 6,640 <0.010 = ... 
CD 03/22 R1 0.012 
Cl:l = G-3 03/22 1 <0.25 4,090 1.08 3.03 54.80 0.24 <0.66 2.77 8.51 4.63 6,750 <0.010 CL 

n 03/22 R1 <0.010 0 
3 G-4 03/22 1 <0.25 2,485 0.78 3.04 27.50 0.30 0.20 0.88 2.06 1.93 5,000 <0.010 "0 

;:;;· 03/22 R1 0.016 
= ... G-5 03/22 1 <0.26 4,920 1.64 3.05 67.90 0.49 0.26 2.20 4.27 2.82 5,960 <0.010 CD 

s. 03/22 R1 0.048 ,... 
03/22 R2 0.058 0 

"' > G-6 03/22 1 <0.25 6,620 1.84 2.78 65.70 0.46 <0.25 2.36 5.46 2.51 7,670 0.019 
;;; 

03/22 R1 <0.010 
Ul 

3 
0 03/22 R2 0.016 "' en 
CL 

G-7 03/22 1 <0.25 2,040 0.65 2.29 20.20 <0.12 0.25 0.52 1.39 1.69 3,290 <0.010 c: 
§. '"'I 

= 03/22 R1 <0.010 -IC I» 
~ G-8 03/22 1 <0.25 4,680 1.25 2.21 36.60 0.33 0.20 1.47 3.82 2.68 6,260 <0.010 n 
CD CD 
CD 03/22 Rl <0.010 en :E 

G-9 03/22 1 <0.25 2,240 0.56 2.85 20.60 <0.12 <0.12 0.73 1.92 <1.60 2,690 <0.010 I» 
03/22 Rl <0.010 -CD 
03/22 R2 0.033 '"'I 

Pajarito Canyon: C') 
'"'I 

Twomile at SR-501 03112 <0.24 2,770 1.20 <0.71 38.10 <0.12 0.50 1.45 2.65 2.35 4,240 <0.010 0 

03112 R1 <0.010 c: 
::s 

Pajarito at SR-501 03/11 1 <0.24 2,650 1.20 <0.70 21.80 <0.12 0.34 2.11 2.94 1.97 5,380 <0.010 c. :e 
03/11 R1 <0.010 I» 

03/11 1 <0.24 3,300 0.80 <0.71 25.00 0.12 0.46 1.66 3.03 1.50 8,270 0.010 -CD 

03/11 R1 0.010 '"'I 

Potrillo Canyon: 
I» 
::s 

Potrillo at SR-4 03/11 1 <0.24 1,012 0.60 <0.71 15.20 <1.18 0.47 0.65 <1.18 <1.53 1,968 <0.010 c. 
03111 R1 <0.010 en 

CD 
c. 
3 
CD 
::s 

~ -en tn 
CD 
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Table 5-20. Total Recoverable Trace Metals in Sediments for 1996 (mglkg) (Cont.) C'-J 

Station Namea.b Date Codec: Ag AI As B Ba Be Cd Co Cr Cu Fe Hg = ... -Fence Canyon: 
I» 
n 

Fence at SR-4 03/11 I <0.24 5,000 1.60 <0.71 67.40 0.27 0.54 2.03 3.13 3.22 5,900 <0.010 C'D 

03/11 Rl <0.010 :e 
Canon de VaDe: 

I» -C'D 
Cafion de Valle at SR-501 03/12 I . <0.24 664 0.50 <0.73 13.60 <0.12 <0.24 <0.36 2.04 1.59 2,700 0.010 ... 

~ 

03/12 Rl 0.010 C') 

Water Canyon: 
... 
C) 

Water at SR-501 03111 1 <0.24 2,930 0.40 <0.73 35.20 0.17 <0.24 1.56 2.39 1.66 3,980 0.020 = = 03111 Rl 0.010 c. 
Water at SR-4 03111 I <0.25 4,895 1.50 <0.74 79.50 0.56 . 0.36 1.98 5.62 3.13 5,260 <0.010 :e 

I» 
03/11 R1 <0.010 -C'D 

Indio Canyon: ... 
~ 

Indio at SR-4 03/11 1 <2.46 3,460 1.10 <0.74 25.00 0.18 0.42 1.94 3.61 <1.60 7,920 <0.010 I» 

m 03/11 R1 <0.010 = = c. 
c 
::;· Ancho Canyon: C'-J 
0 C'D = Ancho at SR-4 03111 1 <0.23 2,100 0.60 <0.70 16.10 <0.69 0.36 5.36 9.96 <1.51 26,600 <0.010 3 c. 
CD 03/11 Rl <0.010 
~ 3 

Above Ancho Spring 10/08 1 <0.40 8,417 1.90 <3.00 83.73 0.65 <0.30 4.65 7.55 6.63 10,451 <0.050 C'D 
(I) 

10/08 Rl <0.050 = c -C! 
Ancho at Rio Grande 10/08 I <0.40 2,907 1.80 <0.70 56.70 0.22 <0.30 2.31 4.68 2.17 5,872 <0.050 en 

CD 

iii = 10/08 Rl <0.050 

" Chaquehui Canyon: CD 
Do) 

Chaquehui at Rio Grande 10/09 1 <0.40 1,762 1.70 <3.00 23.47 <0.15 <0.30 1.84 2.75 2.97 3,379 <0.050 = CL 

n 10/09 R1 <0.050 
0 
3 TA-49 Area AB: "2. 
iii AB-1 03/25 1 <0.25 13,761 3.99 <0.75 145.00 <0.13 <0.25 6.93 8.65 9.76 13,153 <0.010 = " 03/25 R1 <0.25 14,632 3.69 <0.75 41.00 <0.13 <0.25 4.40 9.42 6.77 13,251 <0.010 
CD 

a AB·2 03/25 1 <0.25 10,000 3.85 <0.75 118.00 <0.13 <0.25 7.03 7.34 5.34 12,687 <0.010 
r-

03/25 Rl <0.010 Cl ., 
> AB-3 03/25 1 <0.25 3,063 1.27 <0.75 45.00 <0.13 <0.25 1.60 2.91 3.15 6,718 <0.010 
iii' 

03/25 R1 <0.010 3 
0 

AB-4 03/25 1 <0.25 12,985 4.12 <0.75 150.00 <0.13 <0.25 4.40 8.63 5.88 11,742 <0.010 ., 
CL 
c 03/25 R1 <0.010 .. = Cl .... 
CD 
CD 
0'> 

-------------------
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3 Table 5-20. Total Recoverable Trace Metals in Sediments for 1996 (mg/kg) (Cont.) 
I'll a Station Namea,b Date Codec: Ag A1 As B Ba Be Cd Co Cr Cu Fe Hg !!. 
Cl') TA-49 AreaAB (Cont.): c: 
< AB-4A 03/25 1 <0.25 19,130 3.80 <.0.75 156.00 <0.13 <0.25 5.00 12.00 7.38 14,322 <0.010 I'll 

;;; 03/25 R1 <0.010 
::I AB-5 03/25 1 <0.25 11,541 3.05 <.0.75 117.00 <0.13 <0.25 4.30 1.95 5.66 10,055 <0.010 .. 
I'll 
II> 03/25 R1 <0.010 ::I 
c:a. AB-6 03/25 1 <0.25 6,934 2.80 <.0.75 63.40 <0.13 <0.25 3.00 6.56 3.17 8,831 <0.010 C') 
0 03/25 R1 <0.010 3 
~ AB-7 03/25 1 <0.25 1,014 0.89 <.0.75 29.00 <0.13 <0.25 <0.38 <1.25 2.76 2,009 <0.010 ;;; 
::I 03/25 R1 <0.010 .. 
I'll AB-8 03/25 1 3.53 6,038 2.42 <0.75 50.00 <0.13 <0.25 1.90 4.39 4.09 8,608 <0.010 II> - 03/25 R1 <0.010 ,... 
0 

AB-9 03/25 1 <0.25 4,669 1.72 <.0.75 51.00 <0.13 <0.25 1.61 3.50 2.66 7,532 <0.010 "' > 
03/25 R1 <0.010 ;;; c.n 

3 AB-10 03/25 1 <0.25 2,487 1.48 <.0.75 28.70 <0.13 <0.25 <0.38 1.79 1.85 4,346 0.013 0 

"' 03125 R1 0.012 Cl.) c:a. 
c: 

03/25 R2 0.016 c .. ..., :;· -fCI AB-11 03125 1 <0.25 1,883 0.54 <.0.75 17.40 <0.13 <0.25 <0.38 1.34 2.65 3.444 <0.010 Q) .... C':) 
co 03125 R1 <0.010 CD (Q 
CJt :e Frijoles Canyon: 

Frijoles at Monument HQ 08/20 1 <0.40 14,550 4.00 1.76 126.00 1.16 <0.30 5.28 10.90 8.84 11,920 <0.050 Q) -08/20 R1 <0.050 CD ..., 
Frijoles at Rio Grande 10/09 1 <0.40 10,335 2.90 0.86 85.30 0.93 0.22 3.97 8.20 5.89 9,860 <0.050 ~ 

10/09 R1 <0.050 C') ..., 
Reservoirs on Rio Chama (New Mexico): 

0 
c 

Heron Upper 06/27 4.89 17,017 4.80 2.03 139.00 0.85 0.28 7.00 15.30 15.00 20,231 <0.035 ::I 
c::::&. 

06127 R1 <0.038 :e 
Heron Middle 06127 1 <0.25 14,224 6.30 <5.50 144.00 0.86 <0.68 9.10 11.80 16.40 20,334 <0.030 Q) -06127 . R1 <0.028 CD ..., 
Heron Lower 06127 1 <0.25 20,465 6.50 6.30 144.00 0.92 0.47 7.50 18.10 16.50 20,588 <0.043 

~ 

Q) 

06/27 D1 <0.25 11,888 5.80 <3.80 115.00 0.69 <0.25 7.40 10.80 12.60 18,055 <0.050 ::I 

06127 R1 <0.040 c::::&. 

El Vado Upper 06/26 1 <0.25 10,405 7.30 0.86 122.50 0.78 0.65 8.40 16.50 15.40 17,889 <0.037 Cl.) 
CD 

06126 Rl <0.042 c::::&. 

3 
CD .... ::I ..... -.... (I) 
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Table 5-20. Total Recoverable Truce Metals in Sediments for 1!196 (mglkg) (Coot.) en 
Station Namea,b Date Coder Ag AI As B Ba Be Cd Co Cr Cu Fe Hg c: ... 

Reservoirs on Rio Chama (New Mexico) (Cont.): -Q) 

El Vado Middle 06/26 I <0.25 11,956 6.40 <2.70 144.00 0.91 <0.25 10.50 13.60 14.80 24,333 <0.040 
n 
CD 

06/26 Rl <0.038 :e El Vado Lower 06/26 1 <0.25 21.579 9.80 8.72 156.00 1.06 <0.25 9.26 22.10 13.80 23,359 <0.040 Q) 

06/26 R1 <0.036 -CD 
Abiquiu Upper 06125 1 <0.30 7,318 2.60 4.86 142.00 0.38 2.60 2.80 8.08 3.56 7,460 <0.044 ... 

06/25 R1 <0.25 5,215 2.20 4.10 143.00 0.34 0.51 3.02 6.40 3.87 7,048 <0.040 C') 
Abiquiu Middle 06128 I <0.25 18,997 4.10 4.62 250.00 1.09 <0.25 9.81 18.00 13.70 20,160 <0.047 ... 

0 
06128 R1 <0.042 c: 

Abiquiu Lower 06128 I <0.25 1,150 0.60 <2.48 29.50 <0.13 <0.25 1.45 1.25 <1.63 1,431 <0.042 :::::1 
Q. 

0612R Rl <0.033 :E 
Reservoirs on Rio Grande (Colorado): Q) -Rio Grande Upper 09121 <0.40 13,883 0.01 <0.70 213.30 0.58 0.32 8.65 5.51 11.40 21,568 <0.050 CD ... 

09121 Rl <0.40 11,050 O.ot <0.70 194.80 0.58 <0.30 8.11 5.02 10.50 19,945 <0.050 
Rio Grande Middle 09121 1 <0.40 16,386 0.01 <0.70 250.60 0.87 0.34 ll.50 5.27 14.30 25,319 <0.050. 

Q) 

:::::1 , 
09/21 R1 <0.050 Q. 

:::1 
:5. Rio Grande Lower 09/21 1 <0.40 16,564 0.01 <0.70 208.00 0.74 0.51 9.00 5.16 14.80 20,315 <0.050 en a CD :::1 09121 R1 <0.050 Q. 3 
CD Reservoirs on Rio Grande (New Mexico): 3 a 
Ql Cochiti Upper 10/16 1 <0.40 11,786 0.00 <0.70 208.00 0.82 <0.80 6.41 12.50 11.50 13,026 <0.050 CD 
en 10/16 R1 <0.050 :::::1 = -:;!! Cochiti Middle 10/16 1 <0.40 26,532 0.01 <0.70 254.{)() 1.60 <0.45 12.20 20.00 18.00 21,663 <0.050 en 
CD 

iii 10/16 Rl <0.050 
:::1 Cochiti Lower 10/16 I <0.40 4,268 0.00 <0.70 55.40 0.29 <0.30 3.32 1.05 3.15 8,478 <0.050 .., 
CD 10/16 Rl <0.050 Ql 

:::1 
Standardized Comparisons a. 

(") 

Average Detection Limits 0.25 11 0.34 0.70 0.12 0.08 0.40 0.50 0.50 0.50 14 0.050 0 
3 1996 Mean (x)c: 0.42 5,538 1.72 1.60 68.63 0.35 0.33 3.09 5.27 4.66 7,939 0.031 'C 

a;· 1996 Standard Deviation (s)f 0.66 5,648 1.82 1.62 67.82 0.31 0.25 2.79 4.58 4.32 6,388 O.o35 
:::1 .., 

SALB 380 77,000 BGb 5,900 5,300 BG _ 38 4,600 3ui 2,HUO NN 23 CD 

2L 
r-
0 ... 
> 
iii 
3 
0 ... 
a. s :;· 
= ... 
ca 
ca 
en 

- --- ------ -- - - - -- - -
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Table 5-20. Total Recoverable Trace Metals in Sediments for 1996 (mglkg) (Cont.) 

0 

Station Name0 •b :I Date Codec Mn Mo Ni Pb Sb Se Sn Sr Tl v Zn 3 .. 
:I Regional Stations iii 
en Rio Chama at Chamita 05/09 I 58.80 <0.62 <2.25 <5.75 <0.625 <0.17 <7.38 18.00 <0.625 5.97 24 
c 

05109 RI 57.00 <0.62 <2.25 <5.70 <0.625 < <0.17 <7.40 16.60 <0.620 5.78 30 .. 
Rio Grande at Embudo 

iii 
05109 I 43.00 <0.62 <2.25 <5.75 <0.620 0.18 <7.38 4.65 <0.625 3.11 8 

:I Rio Grande at Otowi (bank) 05/09 0.26 <0.62 <2.25 5.75 <0.625 <0.17 <7.38 <0.12 <0.625 <0.25 <2 .. .. 
10/11 2 321.00 <0.75 10.80 9.70 <0.3DO 0.70 <3.00 I» 149.00 <0.300 21.00 39 

:I 
10/11 a. Rl 322.00 <0.50 12.00 9.50 <0.300 0.50 <3.50 148.00 <0.300 20.70 38 

(") 
0 Rio Grande at Otowi (wdth intgrt) 10/11 3 148.00 <0.50 <4.86 3.80 <0.300 0.30 <3.00 28.50 <0.300 14.00 
3 

"C 10/11 Rl 38 
ii.i" Rio Grande at Frijoles (bank) 10/09 1 225.00 <0.50 7.19 7.10 <0.300 <0.70 <3.00 81.94 <0.300 16.01 29 :I .. .. Rio Grande at Bernalillo 05/09 80.80 <0.62 2.40 <5.75 <0.625 <0.17 <7.38 14.60 <0.625 5.59 17 
!!!. ,.... Jemez River 05/09 205.00 <0.62 7.62 6.79 <0.625 <0.17 <7.38 28.20 <0.625 10.70 24 
0 

"' Guaje Canyon: > Ul iii Guaje at SR-502 03/11 107.00 <0.63 5.42 <5.72 <1.250 <0.13 <7.37 5.76 <0.600 14.20 21 
3 
0 Bayo Canyon: Cl) 
"' a. 

Bayo at SR-502 
c: 

5. 03/11 98.10 <0.62 <6.33 <5.66 <1.230 <0.13 <7.26 4.94 <0.620 5.63 12 ""' -:I 
Acid/Pueblo Canyons: 

C) 
CCI ... n 
II) Acid Weir 12/10 1 255.00 <0.50 <1.70 15.30 <0.300 <0.70 <3.00 3.73 <0.300 6.30 38 CD 
II) 
Cl Pueblo 1 12/10 143.00 <0.50 <1.70 20.40 <0.300 <0.70 <3.00 5.97 <0.300 3.99 30 :e 

Pueblo 2 12/10 1 100.00 <0.50 <1.70 4.20 <0.300 <0.70 <3.00 2.93 <0.300 3.18 13 
C) -

Hamilton Bend Spring 12/24 1 101.00 <1.10 <5.70 4.60 <0.300 <1.20 <3.60 3.04 <0.300 3.22 21 
CD 

""' 
12/24 Rl 51.10 <0.66 <2.20 2.60 <0.300 <0.70 <10.50 1.93 <0.300 2.06 12 C) 

Pueblo 3 12/10 126.50 <0.50 <1.70 6.50 <0.300 <0.70 3.13 3.46 <0.300 2.69 18 ""' 0 

Pueblo at SR-502 05/07 460.00 3.00 <3.00 5.31 <0.625 <0.20 <7.30 4.30 <0.625 17.00 109 c: = DP!Los Alamos Canyons: C1. 

Los Alamos at Bridge 05/08 205.00 <0.62 2.30 15.90 <0.625 <0.44 <7.40 11.00 <0.625 8.90 36 :e 
C) 

Los Alam.os at LA0-1 05/08 186.00 <0.62 <2.20 12.90 <0.625 <0.85 <7.40 6.30 <0.625 7.70 43 -CD 

Los Alamos at GS-1 05/08 160.00 <0.62 <2.20 10.90 <0.625 <0.17 <7.30 4.20 <0.625 4.70 23 ""' 
05/08 Rl 133.00 <0.62 <2.20 11.70 <0.625 <0.17 <7.32 4.10 <0.625 3.80 20 C) = DPS-1 05/08 1 145.00 <0.62 <2.20 20.90 <0.625 <0.29 <7.32 4.70 <0.625 4.20 26 C1. 

DPS-4 05/08 99.00 <0.90 <2.20 9.33 <0.625 <0.80 <7.30 3.00 <0.625 4.20 24 Cl) 

Los Alamos at LA0-3 05/08 73.00 <0.62 <2.30 7.75 <0.625 <0.17 <7.40 3.50 <0.625 2.50 18 
CD 
C1. 

Los Alamos at LA0-4.5 05/08 1 87.00 <0.62 <2.20 6.67 <0.625 <0.17 <7.20 3.10 <0.625 3.20 20 3 
05/08 2 180.00 0.60 <2.30 17.00 <0.625 <0.17 <7.40 4.20 <0.625 5.80 42 CD = ... -.., en 

Col 
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.... Cl1 ...., 
~ Table 5-20. Total Recoverable Trace Metals in Sediments for 1996 (mglkg) (Cont.) en 

Station Name3 •b Date Codec Mn Mo Ni Pb Sb Se Sn Sr Tl v Zn = ""'' -DP/Los Alamos Canyons (Cont.): r» 
n 

Los Alamos at SR-4 05/02 188.00 <0.62 <2.20 17.20 <5.500 0.19 <7.33 8.40 <20.60 5.50 44 C'D 

Los Alamos at Totavi 08/15 62.00 <0.50 <6.00 2.50 <0.300 <0.30 <3.00 4.50 <0.300 ·5.24 11 :e 
Los Alamos at Otowi 05/02 1 68.00 <0.60 <2.20 <5.70 <5.500 <0.17 <7.30 5.50 <20.60 4.40 16 r» -08/15 2 69.00 <0.50 <2.70 3.10 <0.300 <0.30 <3.00 8.33 <0.300 5.50 13 C'D 

""'' 
Sandia Canyon: c;, 
Sandia at SR-4 03/11 130.00 <0.60 2.73 <5.52 <1.200 <0.13 <7.10 4.17 8.200 3.29 21 ""'' Cl 

Mortandad Canyon: = :::::s 
Mortandad near CMR Building 04/11 257.00 1.55 6.82 10.70 <5.410 <0.55 <7.38 9.70 <20.60 8.30 109 Cl. :e 04/11 Rl 268.00 2.00 5.00 11.10 <5.460 <0.55 <7.38 9.82 <20.60 10.10 103 r» 
Mortandad west of GS-1 04/11 1 462.00 <0.62 3.76 25.50 <5.410 <0.55 <7.38 24.70 <20.60 10.30 41 -C'D 

Mortandad at GS-1 04/11 1 246.00 1.65 <2.25 6.30 <5.460 <0.56 <7.38 2.21 <20.60 4.25 32 ""'' 
Mortandad at MC0-5 04/11 89.00 <0.62 <2.25 <5.70 <5.460 <0.56 <7.38 1.59 <20.60 1.71 16 r» 

:::::s 
m Mortandad at MC0-7 04/11 1 160.00 0.89 <2.25 .<5.66 <5.410 <0.55 <7.40 1.63 <20.60 5.23 44 Cl. 
::I 
< Mortandad at MC0-9 04/11 1 242.80 <0.62 <2.25 9.40 <5.460 <0.55 <7.38 6.10 <20.60 4.43 29 en ::;· 
Cl C'D 
::I Mortandad at MC0-13 (A-5) 04/11 1 113.00 <0.96 <2.25 <5.70 <5.460 <0.55 <7.38 3.00 <20.60 3.35 19 Cl. 
3 
CD Mortandad A -6 08/15 1 79.70 <1.30 0.90 3.30 <0.300 <0.30 <3.00 2.41 <0.300 2.07 12 3 a 
Ill 08/15 Rl 129.00 <0.50 2.00 5.30 <0.300 <0.30 <3.00 2.50 <0.300 2.30 27 C'D 
en :::::s 
= Mortandad A-7 08/15 1 170.00 <0.50 0.90 5.90 <0.300 <0.30 <4.00 2.56 <0.300 3.33 39 -< en 
CD Mortandad at SR-4 (A-9) 08/15 1 238.00 <0.50 3.39 6.70 <0.300 <0.30 <3.00 8.88 <0.300 8.99 25 
iii Mortandad at Rio Grande (A-ll) 10/07 
::I 

1 159.00 <0.50 6.40 4.50 <0.300 <0.50 <3.00 11.40 <0.300 13.30 19 
n 
CD Canada del Buey: 
Ill 
::I Canada del Buey at SR-4 03/11 149.00 <0.61 7.72 <5.61 <1.230 <0.13 <7.20 3.20 <0.610 7.60 19 ... 
n 03/11 Rl 196.00 <0.62 4.67 <5.66 <2.460 <0.13 <7.26 3.59 <1.230 6.67 18 Cl 

3 
~ 
;:;;· 
::I 
n 
CD 

~ 
r-
Cl 

"' > 
iii 
3 
Cl 

"' ... 
§. 
::I ... .... 
II) 
II) 
en 

-------------------
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~- Table 5-20. Total Recoverable Trace Metals in Sediments for 1996 (mglkg) (Cont.) ... 
Cl 

= Station Namea,b 3 Date Codec Mn Mo Ni Pb Sb Se Sn Sr Tl v Zn 
CD 

~ TA-54 Area G: 
en G-1 03/22 135.00 <0.62 5.86 4.20 c:: <1.250 <0.13 <7.37 3.76 <0.630 3.95 25 
C! 03/22 R1 132.00 <0.62 2.20 5.60 <1.270 <0.13 <7.37 4.89 <0.600 4.18 22 
~. 
iii" G-2 03/22 1 199.00 <0.61 3.76 8.50 <1.230 <0.12 <7.19 8.34 <0.610 7.10 31 
= G-3 03/22 1 211.00 <0.63 4.70 139.00 <1.260 0.18 <7.40 10.40 <0.630 10.20 386 n 
CD 

I» G-4 03/22 1 206.00 <0.54 11.40 = 12.00 <1.300 <0.13 <7.37 4.14 <0.600 3.97 39 
Do G-5 03/22 1 223.00 <0.64 3.40 10.00 <1.280 0.13 <7.55 12.20 <0.640 7.50 34 n 
0 G-6 03/22 I 225.00 <0.62 4.71 10.00 <1.230 <0.25 <7.28 15.80 <0.620 10.50 35 3 -= G-7 03/22 1 102.00 <0.63 2.26 6.30 <1.260 <0.13 <7.41 3.72 <0.630 3.99 60 o;· 
= G-8 03/22 1 193.00 <0.61 4.18 9.20 <1.230 <0.12 <7.20 7.25 <0.610 6.89 35 n 
ftl 

G-9 !!i 03122 1 96.50 <0.61 2.95 3.40 <1.230 <0.12 <7.23 3.22 <0.610 3.28 13 
,.... 

Pajarito Canyon: 0 
U) 

:!lit Twomile at SR-501 03/12 178.00 <0.59 2.97 9.75 <1.200 <0.13 <7.02 8.61 <0.600 5.08 28 CTI i» 
3 Pajarito at SR-501 03/11 125.00 <0.59 4.14 <5.50 <1.190 <0.13 <7.02 5.14 <0.600 7.78 20 
0 

03/11 192.00 <0.59 4.14 <5.43 <0.13 <6.96 3.91 0.650 10.30 C'l) U) 1 <1.180 31 
Do = c:: Potrillo Canyon: ::::s. ::::!. 
= Q) .., Potrillo at SR-4 03/11 70.10 <0.59 2.12 <5.43 <l.l80 <0.13 <6.96 2.19 <0.590 1.82 9 C':» .... 
co Fence Canyon: 

C'D 
co :e G) 

Fence at SR-4 03/11 1 199.00 <0.59 4.02 5.70 <1.200 <0.13 <7.02 10.30 0.600 6.33 24 Q) -Caiion de Valle: C'D 

Caiion de Valle at SR-501 03/12 43.10 <0.61 2.18 10.20 <1.220 <0.13 <7.14 3.27 <0.610 4.41 14 ~ 

Water Canyon: 
C') .. 

Water at SR-501 03/11 1 147.00 <0.61 2.20 <5.57 <1.210 <0.13 <7.14 8.ll <0.610 5.35 18 0 = Water at SR-4 03/11 1 154.00 <0.62 6.32 16.60 <2.490 <0.13 <7.32 12.00 <1.250 4.19 34 :::s 
CL. 

Indio Canyon: :e 
Indio at SR-4 03/11 208.00 <0.62 4.58 <5.66 <2.470 <0.13 <7.26 4.90 <1.230 8.48 43 

Q) -C'D 
Ancho Canyon: .. 

~ 

Ancho at SR-4 03/11 1 380.00 <0.58 6.95 <5.34 <1.170 <0.13 <6.84 3.06 <0.580 19.90 119 Q) 

Above Ancho Spring 10/08 1 251.00 <0.50 6.95 9.70 <0.300 <1.00 <3.00 17.70 <0.300 14.30 60 :::s 
CL. 

Ancho at Rio Grande 10/08 1 122.00 <0.50 3.36 4.10 <0.300 0.50 <3.00 16.30 <0.300 12.10 18 C'l) 
C'D 

Chaquehui Canyon: CL. 

Chaquehui at Rio Grande 10/09 1 76.30 <0.50 1.70 2.30 <0.300 <0.70 <3.00 12.70 <0.300 6.71 11 3 
C'D 
:::s .... -...... U) 

en 



.... c:.n ..... . 
en Table 5-20. Total Recoverable Trace Metals in Sediments for 1996 (mglkg) (Cont.) c:n 

Station Namea,b Date Codec Mn Mo Ni Pb Sb Se Sn · Sr Tl v Zn c ... -TA-49 Area AB: Q) 
n 

AB-1 03/25 545.00 <0.63 6.52 19.50 <1.240 0.37 <7.38 23.50 <0.620 18.10 195 CD 

03/25 Rl 329.00 <0.63 6.28 16.00 <1.230 0.38 <7.38 22.00 <0.620 1.15 180 :e 
AB-2 03/25 1 494.00 <0.63 6.56 15.90 <1.250 0.39 <7.38 21.60 <0.630 22.70 59 Q) -<7.38 CD ... 
AB-3 03125 133.00 <0.63 <2.25 5.80 <1.240 0.50 <7.38 6.10 <0.620 8.58 65 

.. 
C) 

AB-4 03/25 292.00 <0.63 6.00· 14.30 <1.230 0.53 <7.38 26.30 <0.610 17.30 24 ... 
0 

AB-4A 03125 287.00 <0.63 6.50 16.90 <1.250 0.48 <7.38 32.00 <0.630 21.00 32 c 
AB-5 03125 338.00 <0.63 8.38 13.30 <1.240 0.55 <7.38 24.20 <0.620 12.00 34 

::1 
ca. 

AB-6 03/25 I 231.00 <0.63 4.60 8.90 <1.250 0.32 <7.38 10.60 <0.620 14.00 21 :e 
AB-7 03125 1 129.00 <0.63 0.25 4.10 <1.250 0.14 <7.38 3.80 <0.630 2.58 50 

Q) -CD 
AB-8 03/25 1 118.00 <0.63 3.77 9.50 <1.220 0.34 <7.38 8.88 <0.610 9.51 25 ... .. 
AB-9 03/25 I 176.00 <0.63 3.20 6.70 <1.250 0.27 <7.38 9.06 <0.620 6.90 24 Q) 

AB-10 03125 1 152.00 <0.63 <2.25 3.50 <1.270 0.22 <7.38 3.68 <0.630 5.00 16 =·~'· m ca. - ·. 
::J AB-11 03/25 86.90 <0.63 <2.25 2.70 <0.620 0.12 <7.38 3.35 <1.230 3.17 15 ~7~. < ::;· 
0 Frijoles Canyon: ::J ·'--a.= 3 

Frijoles at Monument HQ 08/20 640.00 <0.62 5.77 19.70 <0.300 1.10 4.50 40.30 0.300 23.30 66 .. 3'·7, ('II 
::J .... -
!t Frijoles at Rio Grande 10/09 413.00 <1.30 6.11 14.90 <0.300 0.80 3.64 29.20 <0.300 16.90 46 (' 

en ::1 
= Reservoirs on Rio Chama (New Mexico): -< tn 

~ Heron Upper 6/27 340.00 <0.62 18.50 15.00 <0.100 0.78 <7.38 36.60 25.00 7d 
iii' Heron Middle 6/27 726.00 <0.62 21.10 14.00 <0.100 0.81 <7.38 78.50 17.20 74 ::J 
n Heron Lower 06/27 382.00 <0.63 18.40 17.70 <0.100 1.02 <7.38 45.70 30.00 84 ('II 

I» 
06/27 D1 339.00 <0.62 15.50 12.60 <0.100 0.88 <7.38 37.70 18.10 58 ::J 

t::l. 

n El Vado Upper 06/26 377.00 <0.62 17.60 11.70 <0.100 1.07 <7.38 70.00 30.20 75 
0 
3 El Vado Middle 06/26 741.00 <0.62 19.00 11.70 <0.100 0.81 <7.38 53.20 24.60 81 ::.. ;;· El Vado Lower 06/26 674.00 <0.63 21.50 15.90 0.100 1.08 <7.38 74.20 40.00 74 
::J 
n Abiquiu Upper 06/25 188.00 <0.63 5.78 5.20 <0.100 0.36 <0.18 52.30 15.10 26 ('II 

!2. 06/25 R1 194.00 <0.62 6.57 4.90 <0.100 0.32 <7.38 53.30 12.00 27 ,... 
06/28 597.00 <1.17 19.10 15.40 <0.100 0.69 <0.18 97.00 19.00 62 0 Abiquiu Middle c:n 

> Abiquiu Lower 06128 63.70 <0.13 3.18 1.40 <0.100 <0.15 <8.85 10.00 <2.00 12 iii' 
3 
0 c:n 
t::l. = ::::. 
::J 
co .... 
tD 
tD 
en 

-------------------
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m = ~· Table 5-20. Total Recoverable Trace Metals in Sediments for 1996 (mglkg) (Cont.) 
C)' 
::::0 Station Name3 •b Date Codec Mn Mo Ni Pb Sb Se Sn Sr 3 
CD 
::::0 Reservoirs on Rio Grande (Colorado): 2! 
en Rio Grande Upper 9/21 440.00 <0.50 13.20 14.00 <0.300 0.00 <3.00 64.50 
c 
< 9/21 R1 447.00 <0.50 5.82 12.50 <0.300 <0.00 <3.00 61.10 
~ Rio Grande Middle 9/21 1 659.00 <0.50 7.63 15.80 <0.300 0.00 <3.00 59.80 iii' 
::::0 Rio Grande Lower 9/21 1 420.30 <0.50 5.00 15.00 <0.300 0.00 <3.00 68.90 ... 
(I! 

Ql Reservoirs on Rio Grande (New Mexico): ::::0 
Cl. Cochiti Upper 10116 349.00 <0.50 12.00 13.40 <0.300 0.00 <3.00 108.00 (") 
C) 

Cochiti Middle 10116 761.00 <0.50 17.50 22.50 <0.300 0.00 <3.00 139.00 3 
::. Cochiti Lower 10116 120.60 <0.12 5.40 6.50 <0.300 0.00 <3.00 26.00 iii' = Standardized Comparisons ... 
(I! 

2i Average Detection Limits 0.20 0.90 2.00 0.20 0.200 0.30 4.00 0.30 
r- 1996 Mean (x)e 227.85 0.67 5.51 10.54 l.l95 0.37 6.12 21.89 C) 
en ,.. 1996 Standard Deviation (s)f 168.10 0.34 4.82 13.74 1.489 0.29 2.09 31.31 
iii' 
3 SAL8 3,200 380 1,500 400 31 380 46,000 46,000 
C) 
Cll 
Cl. 
c 8 Sample sizes: stream channels-100 g; reservoirs-1000 g . .. :;· 

b Analytical uncertainties are approximately 10% of reported values. CCI .... 
cc ccode: !-primary analysis, 2-secondary analysis, D-lab duplicate, R-lab replicate. cc 
en dActual value is less than(<) listed value. 

eMean value of alll996 sample values; if censored data are present, the< sign was omitted and the reported value was used. 
f Standard deviation of all 1996 sample values; if censored data are present, the < sign was omitted and the reported value was used. 
SSAL-Screening Action Level; Environmental Restoration, March 1997 values; see text for details. All units are in mglkg. 
hSAL value is Jess than background; therefore use local background (BG) value for SAL value. 
i SAL value for hexavalent chromium is listed; SAL value for trivalent or total chromium is 210 mglkg. 
jNo SAL value has been established for iron. 

- - -
Tl v Zn 

0.300 40.00 103 
<0.300 32.90 84 

0.300 28.40 86 
0.300 28.70 70 

<0.300 20.00 44 
0.300 24.30 66 

<0.300 17.50 25 

0.200 0.50 1 
2.769 10.56 43 
6.256 8.76 47 
5.40 540 23,000 

-

.... 
c 
c:: 
= c. :e 
C» -cv .... 
m = c. 
en 
cv 
c. 
3 
cv 
= -tn 

-
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I 
5. Surface Water, Groundwater, and Sediments 

I 
Table 5-21. Number of Analyses above Analytical Limit of Quantitation for Organic Compounds in Sedi- I ment Samples for 1996 

Station Name Date Code8 Volatileb Semivolatilec PCBd HEe ncr 
Number of Compounds Analyzed 59 69 4 I4 I 
Regional Stations 

Rio Grande at Otowi (bank) I Oil I 0 0 0 IO I Rio Grande at Frijoles (bank) I0/09 0 0 II 

Canyons Along SR-4 or SR-502 

I :, I Bayo at SR-502 03/II 1 0 0 

1,1 Pueblo at SR-502 05/07 I 0 0 
!;I, Los Alamos at SR-4 05/02 0 0 I' 

Los Alamos at Otowi 05/02 0 0 I Sandia at SR-4 05/02 0 0 0 0 2 
Canada del Buey at SR-4 05/02 0 0 
Pajarito at SR-4 05/02 0 0 I Potrillo at SR-4 05/02 0 0 
Fence at SR-4 05/02 0 0 
Water at SR-4 05/02 0 0 0 0 5 

I Indio at SR-4 05/02 0 0 
Ancho at SR-4 05/02 0 0 0 I 

TA-54Area G I G-I 03/22 0 0 4 
G-2 03/22 0 0 0 
G-3 03/22 0 0 5 

I G-4 03/22 0 0 0 
G-5 03/22 0 0 0 
G-6 03/22 0 0 4 

:! i G-7 03/22 0 0 I I 1·1' G-8 03/22 0 0 2 I! I 

'I' G-9 03/22 0 0 

8 Code: !-primary analysis, D-lab duplicate, R-lab replicate. I 
bVolatile organic compounds. 
c Semi volatile organic compounds. 

I dpoJychlorinated biphenyl compounds. 
eHigh explosive compounds. 
fTentatively identified compounds. 

I 
I 
I 

:, I I :I 
I' I. 
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:::1 
3 Table 5-22. Radiocltemical Analyses of Groundwater for 1996 (pCi/L8 ) 
C'O 
:::1 u Gross Gross Gross &l' 
en Station Name Date Codes" 3H 90sr u7es (tJg/L) 138Pu :239,240pg :UlAm Alpha Beta Gamma 
c 
:o! Malu Aquifer 
~ TestWeUs: 
i» TestWell1 08/01 749 (14JC) -0.3 (.6) .65 (.44) 2.04 (.21) -.016 (.005) .009 (.010) -.038 (.010) 2.23 (.8) 4.15 (.6) -37 (50) :::1 u 
C'l 

Test WeiJ 2 08ni -0.1 (.5> -.022 (.009) C'O u I 161 (136) -.98(.32) -.01 (.01) -.003 (.003) .019 (.011) -.49 (.12) 1.35 (.18) -51 (50) 
Ill Rl -.01 (.01) :::1 u ... 
n Test Well3 01129 u I 52 (330) 0.5 (.8) -.23 (.34) .05 (.06) .039 (.013) .008 (.009) -.014 (.030) .44 (.26) 3.55 (.5) 243 (60) 
0 
3 u 2 .039 (.013) .008 (.009) 
:!. u Rl .013 (.010) .005 (.010) -.004 (.030) 
ii 
:::1 u R2 .013 (.010) .005 (.010) 
C'l 
C'O 07/03 u I 544 (74) 0.1 (.3) -.32(1.31) .11 (.01) .004 (.007) -.010 (.007) -.013 (.012) -.23 (.05) 2.15 (.3) -81 (50) 
!!!. u Dl -2.01 (.80) 
I"' 
0 u Rl -.003 (.016) -.51 (.12) 1.05 (.2) -87 (50) Ill 

> 09/30 u I -52 (136) -0.2 (.4) .29 (.33) .33 (.03) .017 (.012) .004 (.010) .011 (.016) -.43 (.12) 2.25 (.3) -27 (50) c.n i» Rl 11 (137) 3 u 
0 11/15 u I -336 (139) -0.7 (.8) .59 (2.67) .62 (.06) .010 (.007) -.007 (.006) .045 (.024) 1.13 (.4) 4.05 (.6) -17 (50) ('J:) Ill ... Test Well4 01123 u I -253 (178) 0.7 (1.0) .03 (.41) .12 (.12) .004 (.007) .006 (.009) .036 (.040) -.071 (.002) 2.65 (.4) 323 (70) c 
!:; 

2 . 004 (.007) .006 (.009) 
... 

;· u -11:1 Dl -.16(1.56) 
Co) ... u C"' 

loCI u D2 -.16(1.56) CD 
loCI 
Cll u Rl -.057 (.004) -.6 (.04) :e 

07/03 u I 530 (73) -1.0 (.2) -.43(1.14) .04 (.01) .010 (.009) .004 (.012) .010 (.018) -.37 (.07) 3.45 (.4) -107 (50) Co) -u 2 -.007 (.001) -.014 (.005) -.004 (.014) CD 
Dl -0.5 (.2) . 04 (.01) 

... 
u -
u Rl -298 (62) .007 (.009) -.011 (.001) C') 

09/27 I -179 (135) 1.3 (.4) -.44 (1.12) .15 (.02) -.006 (.002) -.017 (.002) -.036 (.008) -.28 (.07) 2.95 (.4) 43 (50) ... 
u 0 

ll/15 u I -278 (139) -0.1 (.8) .14(2.00) .66 (.07) -.003 (.005) .005 (.009) .050 (.026) .55 (.2) 4.15 (.6) -37 (50) c 
::s 

u Rl .67 (.07) c. 
Test WellS 01/29 u I -241 (322) 1.2 (.8) .48(2.50) .48 (.05) . -.003 (.006) -.003 (.009) .006 (.040) 8;93 (3.2) 12.45 (1.5) -97 (50) :e 

u 2 -.003 (.006) -.003 (.009) Co) -u Dl .55 (.06) CD ... 
u Rl -107 (50) -

07123 u 1 -289 (144) -0.6 (.2) -1.87(.80) .48 (.05) -.003 (.008) .003 (.009) -.017 (.016) .ll (.05) 1.15 (.2) 3 (50) Co) 

::s 
ud I -41 (140) 0.4 (.3) -1.70(.80) .47 (.05) .017 (.009) .003 (.009) .017 (.025) 1.23 (.3) 1.55 (.2) -27 (50) c. 
ud 2 .020 (.013) .033 (.015) .009 (.016) ('J:) 

ud Rl -37 (50) CD 
c. 
3 
CD 

... ::s -...., en loCI 



. - ---------

... en 
CD . 
= en 

Table S-2%. Radiochemical Analyses of Groundwater for 1996 (pCi/1.,8) (Cont.) c 
""'' -u Gross Gross Gross C» 

Station Name Date Codesb 3JI !IOsr u1es (l.tgiL) 238pu 139,240pg 241Am Alpha Beta Gamma 
C") 
C'D 

Test Wells (Cont.): 

== Test Well 8 (Cont..) 09/30 u 1 -99 (136) -0.1 (.4) .21 (.35) .58 (.06) .003 (.009) .019 (.014) -.020 (.010) -1.47 (.5) 1.65 (.2) -47 (50) C» -u R1 .58 (.06) -.004 (.()()()) .020 (.012) -.019 (.011) C'D 
11115 u 1 20(141) -0.5 (.8) .89 (.70) .68 (.07) .008 (.013) .000 (.017) -.008 (.015) 1.33 (.4) 2.05 (.3) -47 (50) ""'' .. 

u R1 -.003 (.006) -.007 (.007) .049 (.024) C) 
Test Well DT-5A 11/27 u 1 -S6 (141) -0.1 (.3) -1.87 (.80) .33 (.03) -.006 (.006) .029 (.015) -.015 (.016) .71 (.19) 2.37 (.3) -57 (50) ""'' 0 

u R1 .32 (.03) .000 (.007) .003 (.009) -.041 (.013) -57 (50) c 
u 1 -97 (50) ::I 

Q. 
u R1 43 (50). =e 

Test Well DT-9 09/18 u 1 -9 (133) 0.0 (.3) -.40(.26) .41 (.04) . .016 (.010) .016 (.Oil) -.025 (.010) .47 (.14) .95 (.1) -7 (50) C» -u 01 -.61 (.23) C'D 

R1 -267 (131) ""'' u .. 
12/05 u 1 -129 (139) 0.3 (.3) -1.43(.80) .39 (.04) .003 (.008) -.001 (.008) -.011 (.018) .46 (.1) 1.85 (.3) -197 (50) C» 

2 -129 (139) ::I 
m u Q. 
::I 

R1 -0.1 (.3) :5. u en ;; Test WeU DT-10 09/19 1 170 (135) 1.4 (.5) .17 (.32) .57 (.06) .014 (.012) .025 (.014) -.020 (.020) -1.97 (.5) 7.45 (.9) --67 (50) C'D 
::I Q. 3 R1 .81 (.25) 7.95 (.9) -· "' 12/06 1 211 (143) -0.8 (.6) -1.27 (.80) .59 (.06) -.003 (.004) .014 (.011) -.018 (.015) 1.33 (.3) 3.15 (.4) -157 (50) 3 a u 
!. u R1 -.001 (.006) .022 (.012) .032 (.026) -137 (50) C'D 
Cl') ::I 
c -2 Water Supply Wells: 

en 
!!. 
iii 0-1 12117 u 1 -236(140) 0.3 (.4) -.79(.60) 3.16 (.32) .005 (.009) -.002 (.009) .018 (.019) 5.83 (3.2) 2.75 (.5) -47 (50) 
::I 12118 u 1 -397 (139) 0.3 (.4) .03 (1.83) 3.10 (.31) -.008 (.002) -.002 (.007) -.022 (.012) 3.83 (2.2) 2.35 (.5) -77 (50) .. 
CD R1 -652(137) QJ u 
::I 12/19 u 1 -347(140) 0.5 (1.0) -.51 (1.01) 3.05 (.31) -.012 (.003) .006 (.010) -.008 (.017) 3.83 (2.2) 2.75 (.5) -97 (50) Q, 

(") u R1 .002 (.016) c 
3 1 -724(137) -0.1 (.4) -.45(1.12) 2.81 (.28) .001 (.008) .007 (.010) -.007 (.015) 7.63 (4.1) 2.85 (.5) -77 (50) 
"!. 1 -66 (136) 0.0 (.4) 1.71 (.17). .020 (.018) -.004 (.011) -.026 (.014) -7 (50) iii 
:::1 R1 -379 (133) -.003 (.0 10) -.007 (.009) .032 (.027) .. 
CD 

0-4 12/16 1 -506(138) 0.2 (.4) -.04(1.72) .88 (.09) .004 (.007) -.005 (.009) -.003 (.014) 2.13 (1) 5.45 (.9) -77 (50) 
!. u 
,... PM-1 04/25 u 1 -105 (322) 0.2 (.9) -1.29(.80) 1.49 (.15) .006 (.008) .024 (.013) -.006 (.016) .33 (.2) 3.25 (.4) -47 (50) 
c 

PM-2 04125 1 3 (325) -0.1 (.9) -1.20(.80) .25 (.03) -.003 (.005) -.006 (.007) -.026 (.009) -.37 (.1) 7.95 (I) -77 (50) "' u 
> u 2 -.005 (.001) -.012 (.001) .017 (.019) iii 
3 u R1 --67 (50) 
c 

-0.1 (.8) 1.84 (.73) .81 (.08) -.007 (.003) .022 (.011) -.021 (.014) .13 (.1) 3.15 (.4) -87 (50) "' PM-3 04/25 u I -270(317) 
Q, 

01 2.6 (.8) c u ... 
S' u 02 2.6 (.8) c ..... 
CD 
CD 
en 

-------------------
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Table 5-12. Radiochemical Analyses of Groundwater for 1996 (pCiiL•) (Coot.) en 
= u Gross Gross Gross ... -Station Name Date Codes11 3JI !!Osr 137Cs (J.tg/1..) 238Pu 239.240J>u l41Am Aleha Beta Gamma C» 
n 

White Rock Canyon Group n (Cont.): C1) 

Spring 8 10/08 f 1 -97 (134) -0.2 (.3) -1.65 (.80) 1.43 (.14) -.003 (.006) .007 (.011) -.029 (.012) 2.23 (.9) 3.75 (.5) -87 (50) :e 
Spring 88 10/08 f 1 49 (135) 0.9 (.4) -1.51 (.80) 1.81 (.18) -.009 (.004) -.002 (.008) -.024 (.013) .63 (.29) 3.85 (.5) -127 (50) C» -Spring9A 10/09 f 1 90 {136) 0.6 (.3) -.91 (.42) .25 (.03) .004 (.008) -.003 (.009) -.032 (.010) -.18 (.03) 2.25 (.3) -107 (50) C1) 

f R1 -16 (135) .25 (.03) 
... 

Spring 98 10/09 f 1 15 (135) 0.4 (.3) -1.79 (.80) .17 (.02) .000(.007) -.004 (.008) .002 (.014) .3 (.I) 1.45 (.2) -167 (50) C') 

Doe Spring 10/08 f 1 -363 (132) 1.2 (.4) -.58(.92) .27 (.03) .007 (.007) .002 (.008) .004 (.017) -1.02 (.31) 2.15 (.3) -107 (50) 
... 
0 

f R1 -.044 (.000) = 
Spring 10 10109 f 1 54 (136) -0.7 (.3) -.47 (1.09) 1.01 (.10) -.009 (.002) -.001 (.007) -.017 (.011) -.22 (.06) 1.75 (.2) -67 (50) 

::::J 
Q. 

f D1 -97 (50) ~ 
C» -White Rock Canyon Group ID: C1) ... 

Spring 1 o8n9 u -777 (129) 0.6 (.3) -.29(1.35) 1.51 (.15) .004 (.008) -.005 (.008) -.004 (.017) 2.93 (1.1) 2.95 (.4) -67 (50) 
C» 

White Rock Canyon Group IV: 
::::J 

m Q. = La Mesita Spring 08/14 1 '638 (78) -0.1 (.7) -.33 (.50) 10.01 ( 1.00) .035 (.015) .004 (.010) -.016 (.014) 14.03 (5.2) 5.95 (.7) -47 (50) c u en ::;· 
0 u D1 .81 (3.00) C1) = Q. 3 u R1 13.63 (5) 7.95 (I) -· CD 3 a Sacred Spring 08/14 u 1 -48 (69) 0.6 (.6) -1.33 (.79) .59 (.06) .002 (.007) -.007 (.006) -.006 (.017) 6.03 (2.4) 8.65 (l.l) -17 (50) 
I» 

R1 -77 (50) C1) 
u ::::J (1.) 

= -< tA 
!!. Alluvial Canyon Groundwater Systems 

iii' Add/Pueblo Canyons: 
= APCO..l 10/17 u I -141 (136) 0.5 (.4) -1.19 (.02) .34 (.04) -.003 (.005) .087 (.020) -.020 (.012) -3.97 (1.6) 12.05 (1.4) 283 (60) n 
CD 

Rl 274 (139) .32 (.03) .000 (.008) .066 (.020) -.015 (.016) I» u 

= co. 
(") Canada del Buey: 0 
3 CDB0-6 12/17 u 29 (142) 0.2 (.3) -.62 (.86) .27 (.03)' -.010 (.002) -.008 (.008) .034 (.026) 7.13 (3.5) 11.55 (2) -87 (50) 
'0 

iii' = DP/Los Alamos CBDyous: .... 
CD 

LAO-C 07/10 1 -173 (139) 0.3 (.3) -1.27 (.80) .14 (.02) .007 (.012) .009 (.010) .061 (.027) 1.13 (.3) 20.75 (2) -27 (50) !! u 

r- u Rl -297 (138) 
0 

LA<>-0.7 o1n9 1 46 (141) 0.2 (.3) 2.69 (.85) .42 (.04) -.011 (.006) .304 (.043) -.024 (.014) 20.93 (9) 23.75 (3) -87 (50) 0 u 
> Rl -.006 (.007) .248 (.040) -.023 (.012) iii' u 
3 LAO-I 07129 u l 502 (144) 7.1 (.7) -.32 (1.31) .17 (.02) .008 (.011) .025 (.013) -.020 (.013) .73 (.3) 27.75 (3) 43 (50) 
0 
0 
co. u Dl 6.9 (.7) 
= :::!. = = .... 
cQ 
cQ 
en 

-------------------



.. 
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TableS-22. Radiochemical Analyses of Groundwater for 1996 (pCi/L8
) (ConL) c 

:::2 
3 u Gross Gross Gross CD 
a Station Name Date Codesb 3JJ "sr t31es (JJ.g/L) :USPu 2.3!1,240pg 241Am AIJ!ha Beta Gamma 2!. 
en DPILos Alamos Canyons (Cont.): = :;! LA0-2 11/13 u 1 152 (139) 16.5 (1.8) .37 (2.33) .15 (.02) -.006 (.006) .017 (.013) .001 (.016) .26 (.17) 54.75 (7) 3 (50) 
~-
iii u Rl -117 (137) .12 (.01) -17 (50) 
= LA0-3A 07/10 u 1 -51 (140) 25.4 (1.9) .22 (.32) .30 (.03) -.006 (.008) .019 (.014) -.014 (.020) 1.93 (.7) 112.75 (14) -37 (50) .., 
CD u Dl .29 (.03) 
Q) 
:::1 LA0-4 07129 u 1 79 ( 141) 3.1 (.5) .23 (.32) .22 (.02) .011 (.009) .033 (.014) -.015 (.013) .63 (.2) 16.75 (2) -47 (50) Ct. 
C") u Dl -.22 (1.45) 
C) 

3 u R1 .57 (.22) 17.75 (2) 
:!.. 
a;· 

Mortandad Canyon: = .... 
CD MC0-48 03/05 u 1 18279 (600) 108.9 (6.8) -.82(.54) 4.00 (.40) .003 (.005) .051 (.014) .486 (.110) 25.73 (9.4) 625.75 (76) 133 (50) 
!2. u Dl 140.0 (8.8) ,... 
c MC0-5 08/09 u 1 22545 (237) 121.9 (8.0) 5.31 (9.75) 6.49 (.65) .027 (.013) .028 (.014) .393 (.050) 111.93 (47) 561.75 (66) 13 (50) en 
> u R1 -17 (50) c.n iii 
3 ud 1 22722 (237) 99.7 (6.6) 4.81 (9.00) 6.47 (.65) .021 (.013) .030 (.014) .423 (.052) 105.93 (47) 597.75 (71) -47 (50) 
c ud R1 .058 (.018) .019 (.013) .410 (.051) en en 
Ct. MC0-6 08/06 u 1 24396 (242) 83.2 (5.7) 1.91 (.90) 5.42 (.54) .004 (.009) .020 (.013) .433 (.052) 108.93 (48) 501.75 (59) -17 (50) c: 
!:; ... 
:;· u D1 5.68 (.57) -CCI C» .... MC0-7 08/06 u I 18027 (223) 1.9 (.7) 2.56(5.63) 2.69(.27) .009 (.009) .010 (.Oil) .253 (.040) 127.93 (50) 253.75 (29) -67 (50) n 
(0 C'O 
(0 :e Cl:l 

Pajarito Canyon: 
PC0-1 07/30 u 1 577.71 (146) 0.3 (.7) -1.15 (.79) .05 (.01) .013 (.013) .019 (.014) .010 (.020) .72(.31) 6.85 (.8) 23 (50) C» -u D1 -.04(.29) -.55 (.19) 7.45 (.9) C'O ... 

~ 

lntennediate Perebed Groundwater Systems C') ... 
Pueblo/Los Alamos Area Perehed System in Conglomerates and Basalt: Q 

TestWell1A 08/02 u 1 180 (143) 0.2 (.6) .33 (.33) .07 (.01) -.015 (.007) -.010 (.008) -.030 (.029) -.34 (.06) 5.65 (.7) -27 (50) c: 
::I 

u Rl 0.6 (.7) CL 

TestWel12A 08121 u 1 2253 (150) 0.0 (.4} -1.57(.80) .11 (.01) .007 (.010) .024 (.014) -.013 (.014) -.97 (.34) 1.15 (.2) -47 (50) :e 
RI .018 (.011) .014 (.013) -.018 (.012) C» 

u -Basalt Spring 08/14 u I -310 (63) -0.3 (.5) -2.50(.81) .58 (.06) .012 (.008) .138 (.023) -.032 (.015) 3.53 (1.3) 13.15 (1.6) -67 (50) C'O ... 
~ 

Perdled Groundwater System In Volcanics: 
C» 
::I 

Water Canyon Gallery 12116 u I -417 (139) -0.2 (.5) -.68(.77) .24 (.03) -.001 (.007) .014 (.012) .021 (.019) .37 (.I} 2.25 (.3) -77 (50) CL 

en 
C'O 
CL -· 3 
C'O 
::I .... -0:0 en w 



.... c.n 
co . 
""' Table 5-22. Radiochemical Analyses of Groundwater for 1996 (pCi/V1) (Cont.) en 

c u Gross Gross Gross """ -Station Name Date Codesb Ju !'Osr ll7cs (Jlg/L) 238Pu %39,l40pg 241Am Alpha Beta Gamma Co) 

" Pueblo of San lldefonso Water Supply Wells: CD 

LA·1B 08127 u 1 22 (135) -0.1 (.3) 1.00(.76) .05 (.01) .on (.008) .023 (.012) .026 (.018) -1.17 (.4) .65 (.ll) -67 (50) 

== u R1 -269 (133) -77 (50) r» -LA-5 08/14 u 1 -75 (69) 0.0(.5) -.97(.33) 1.18 (.12) .009 (.010) .034 (.016) -.024 (.018) .85 (.33) 2.95 (.4) -47 (50) CD 
u R1 361 (75) """ ~ 

Westside Artesian Well 08/14 u 1 -107 (68) -0.3 (.5) -.61 (.86) 19.36 (1.94) -.010 (.003) .004 (.008) -.028 (.013) 25.93 (9.7) 3.25 (.4) -67 (50) C') 
u Dl 19.54 (1.96) """ 0 

Eastside A.nesian Well 08/13 u 1 -184 (136) 0.1 (.5) .16 (.32) .19 (.02) .Oll (.013) .001 (.010) .002 (.017) -.88 (.38) -.49 (.03) -117 (50) c 
u R1 .030 (.014) .001 (.009) .009 (.040) :::s 

c::::J. 
Ha11aday House Well 08113 u 1 -190 (136) 0.5 (.6) -.14 (1.58) 1.26 (.13) -.015 (.005) .011 (.010) -.003 (.017) .14 (.04) -.85 (.I) -67 (50) :e 

ud 1 -187 (136) 0.7 (.3) -.40(.27) 1.37 (.14) -.014 (.009) -.002 (.009) -.020 (.018) 1.23 (.5) .85 (.I) -57 (50) r» -Pajarito Well (Pump 1) 08/13 u I -107 (137) 0.1 (.5) 3.81 (7.50) 9.23 (.92) .024 (.012) -.000 (.009) .005 (.016) 15.03 (6.2) 4.35 (.5) -77 (50) CD 

""" Don Juan 08/13 u 1 -308 (135) 0.4 (.9) -.38(.27) 5.96 (.60) -.004 (.008) -.010 (.008) -.025 (.013) 6.43 (2.8) 2.65 (.3) -67 (50) ~ 

Playhouse Well u Dl .48 (.41) r» 
R1 11.63 (5.4) 2.25 (.3) 

:::s 
rn u c::::J. = Otowi House Well 08113 1 98 (138) 0.2 (.5) 1.61 (.76) 2.87 (.29) -.007 (.010) -.009 (.008) -.019 (.016) 2.83 (.9) 4.35 (.5) -27 (50) c u en ::;;· 
c u D1 2.70 (.27) CD = c::::J. 3 New Community Well 08/13 u 1 -5 (137) 2.7 (.6) .64(2.76) 19.64 (1.97) .012 (.012) -.009 (.009) -.039 (.012) 23.93 (11.3) 5.65 (.7) -7 (50) ... 

Rl -154 (136) -87 (50) 3 = u 
2! Sanchez House Well 08/13 u 1 -231 (136) 0.1 (.3) 3.22(6.62) 9.66 (.97) .026 (.016) .043 (.018) -.019 (.017) 10.63 (4.7) 3.65 (.5) -107 (50) CD 
Cl) :::s 
c -< Limits of Detection 700 3 2 0.1 0.04 0.04 0.04 3 3 

tn ... 
iii Water QuaUty StandarcJsd 

= DOE DCG forPub1ic Dose 2,000,000 1,000 3,000 800 40 30 30 30 1,000 .., ... 
DOE Drinking Water System DCG 80,000 40 120 30 1.6 1.2 1.2 1.2 40 II) = EPA Primary Drinking Water Standard 20,000 8 20 15 .... 

n EPA Screening Level 50 c 
3 NMWQCC Groundwater Limit 5,000 
'2. 
iiii' = •Except where noted . .., 
Cll 

!l. bCodes: u--unfiltered. f-filtered, d-field duplicate, !-primary analysis, 2-second analysis, R 1-lab replicate, D 1-lab duplicate. 
..... cRadioactivity counting uncertainties (1 standard deviation) in parentheses. Radioactivity counting uncertainties may be less than analytical method uncertainties . c 
en dStandards given here for comparison only, see Appendix A. > 
iii 
3 
c en .... 
!:; 
:;· 

CCI ..... 
CD 
CD 
en 

r'~. 

~ · ... - - ~ 111111 - - - - - - - - - - - - - 1!!11 .. 
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m 
= ~. Table 5-23. Detections of Radionuclides in Groundwater for 1996 ;; 
= 3 Blank 
"' a Corrected Lab Detection 
!!. 

Station Name Date Codesb Analyte Value Value Uncertainty (cr) Units Limit C/1 
c 
< Test Well 1 08/01 u 1 3H 749 951 147 pCifL 700 !!!. 

Sandia Spring 08/29 1 9osr 3.61 3.7 0.3 pCifL iii u 3 
= Spring 5A 10/08 fd 1 238Pu 0.1412 0.1452 0.0272 pCifL 0.04 ... 
"' I» La Mesita Spring 08114 u 1 Alpha 14.03 14.1 5.2 pCifL 3 = Cl. u Rl Alpha 13.63 13.7 5 pCifL 3 
C") 
1:1 u I u 10.01 10.02 1 j.tgiL 0.1 3 

"CC LA0-0.7 07129 u I Alpha 20.93 21 9 pCifL 3 ;;.;· 
u 1 239Pu 0.304 0.316 0.043 pCifL 0.04 = ... 239Pu "' u R1 0.248 0.26 0.04 pCifL 0.04 

!!. 
r- LAO-I 07/29 u 1 90sr 7.11 7.2 0.7 pCifL 3 
1:1 Dl 90sr 6.91 7 0.7 pCifL 3 Iii u 
> LA0-2 11/13 1 Beta 54.75 55 7 pCifL 3 c.n iii u 
3 u I 90sr 16.51 16.6 1.8 pCifL 3 1:1 
Iii LA0-3A 07/10 l Beta 112.75 113 14 pCifL 3 en 
c. u c 
§. u 1 90sr 25.41 25.5 1.9 pCifL 3 --= D) 

CCI LA0-4 07129 u 1 90Sr 3.11 3.2 0.5 pCifL 3 n ... 
11:1 MC0-4B 03/05 u I Alpha 25.73 25.8 9.4 pCifL 3 CD 
11:1 
CD I Beta 625.75 626 76 pCifL 3 :e u 

I 3H 18,279 18,481 600 pCifL 700 
D) 

u -1 90sr 108.91 109 6.8 pCifL 3 CD 
u -90sr 8.8 pCifL 3 

~ 

u D1 140.01 140.1 C') 
MC0-5 08/09 u 1 Alpha ll1.93 112 47 pCifL 3 -0 

u 1 241Am 0.3933 0.4373 0.0497 pCifL 0.04 c 
1 Beta 561.75 562 66 pCifL 3 = u c. 

u 1 3H 22,545 22,747 237 pCifL 700 :e 
u I 9osr 121.91 122 8 pCifL 3 D) -1 u 6.49 6.5 0.65 j.tg/L 0.1 CD u -~ ud I Alpha 105.93 106 47 pCifL 3 D) 

ud 1 241Am 0.4231 0.4671 0.0516 pCifL 0.04 = 
ud R1 241Am 0.41 0.454 0.051 pCifL 0.04 c. 

en 
ud 1 Beta 597.75 598 71 pCifL 3 CD 
ud 1 3H 22,722 22,924 237 pCifL 700 c. 
ud 1 90sr 99.71 99.8 6.6 pCifL 3 3 
ud I u 6.47 6.48 0.65 j.tgfL 0.1 CD = ... -CD C'l) 

Cll 



.... Cl'l 
CD en Table S-23. Detections of Radionuclides in Groundwater for 1996 (Cont.) en 

Blank = .... 
Corrected Lab Detection -m 

Station Name Date Codesb Analyte Value Value Uncertainty (o) Units Limit 
n 
CD 

MC0-6 08/06 u 1 Alpha 108.93 109 48 pCi/L 3 :e 
u 1 241Am 0.4329 0.4769 0.0519 pCi/L 0.04 m -u 1 Beta 501.75 502 59 pCi/L 3 CD 

3H 
.... 

u 1 24,396 24,598 242 pCi/L 700 
u 1 9osr 83.21 83.3 5.7 pCi/L 3 

C) .... 
u 1 u 5.42 5.43 0.54 flg/L 0.1 0 = u 01 u 5.68 5.69 0.57 flg/L 0.1 = =-MC0-7 08/06 u 1 Alpha 127.93 128 50 pCi/L 3 == u 1 241Am 0.2527 0.2967 0.0399 pCi/L 0.04 m -u 1 Beta 253.75 254 29 pCi/L 3 CD .... 
u 1 3H 18,027 18,229 223 pCi/L 700 "' 

Test Well2A 08/21 u 1 3H 2,253 2,455 150 pCi/L 700 
m = m Basalt Spring 08/14 u 1 239J>u 0.1384 0.1504 0.0226 pCi/L 0.04 =-::1 

:5. Westside Artesian Well 08/14 u 1 Alpha 25.93 26 9.7 pCi/L 3 en a CD 
::1 u 1 u 19.36 19.37 1.94 flg/L 0.1 =-3 
CD u 01 u 19.54 19.55 1.96 fJ.g/L 0.1 3 a 
!!. Pajarito Well (Pump 1) 08113 u I Alpha 15.03 15.1 6.2 pCi/L 3 CD 
en 1 u 9.23 9.24 0.92 fJ.g/L 0.1 = c u -C! Cl) 

!!. Don Juan Playhouse Well 08/13 u R1 Alpha 11.63 11.7 5.4 pCi/L 3 
ii' u 1 u 5.96 5.97 0.6 flg/L 0.1 
::1 
n New Community Well 08/13 u I Alpha 23.93 24 11.3 pCi/L 3 CD 
m u I u 19.64 19.65 1.97 flg/L 0.1 ::1 
ct. 

Sanchez House Well 08/13 1 Alpha 10.63 10.7 4.7 pCi/L 3 n u 
0 I u 9.66 9.67 0.97 fJ.g/L 0.1 3 u 
::!. 
&;' 
::1 8 Detection defined as sample value- avg. blank 2: 4.66 o and 2: detection limit, except values shown for Uranium 2: 5 IJ.g/L, for Gross Beta 2: 40 pCi/L, n 
CD 

a and for Gross Alpha 2: I 0 pCi/L. ,... bCodes: u-unfiltered, f-filtered, d-field duplicate, 1-primary analysis, 2-second analysis, Rl-lab replicate, Dl-lab duplicate. 0 
tn 
> 
ii' 
3 
0 
tn 
ct. 
c .. 
:;-

CCI .... 
Ia 
Ia en 

... - - -~ .. - ·- - - - .. - - (- - - - -· -
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5. Surface Water, Groundwater, and Sediments 

Table 5-24. Possible Detectionsa of Radionuclides in Groundwater for 1996 

Blank 
Corrected Lab Detection 

Station Name Date Codesb Analyte Value Value Uncertainty (a) Units Limit 

G-2 04/25 u 241Am 0.064 0.108 0.025 pCi/L 
APC0-1 10117 u 239pu 0.087 0.099 0.02 pCi/L 

u R1 239p0 0.066 0.078 0.02 pCi/L 
LA0-0.7 07/29 u 137Cs 2.69 3.88 0.85 pCiiL 
MC0-48 03/05 u 241Am 0.486 0.53 0.11 pCi/L 

u 239p0 0.051 0.063 0.014 pCi/L 
MC0-5 08/09 ud R1 238pu 0.058 0.062 0.018 pCi/L 
Sanchez House Well 08113 u I 239pu 0.0429 0.0549 0.0177 pCi/L 

0 Possible detection defined as 2.33 o S {sample value minus avg. blank} S 4.66 o and (sample value minus avg. blank} 
~ detection limit. 

0.04 
0.04 
0.04 
2 
0.04 
0.04 
0.04 
0.04 

bCodes: u-unfiltered, f-filtered, d-field duplicate, 1-primary analysis, 2-second analysis, Rl-lab replicate, DI-lab 
duplicate. 

Table 5-25. Total Committed Effective Dose Equivalent (CEDE) from the 
Ingestion of Two Liters Per Day Drinking Water Collected during 1996 

Total Committed Effective Dose Equivalenta 
(mrem/yr) 

Well or Water System 1996 1995 

Los Alamos & White Rockb 0.071 (± 0.048)C 0.43 (± 0.12)c 

8 Based on DOE dose conversion factors (DOE 1988a). 
booses based on the 2 liter/day maximum consumption rate (EPA 1989) and the 
percentage wells were pumped to the distribution system. 

c±2 sigma in parenthesis; to convert to f.LSv multiply by 10. 
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Table 5-28. Total Recoverable Trace Metals in Groundwater for 1996 (Jlg/L) (Cont.) 

Station Name Date Codes8 Ag AI As B Ba 

Main Aquifer 
Test Wells (Cont.): 
Test Well DT-9 09118 u <4 

u R1 <4 
12/05 u 1 <10 

u 2 
u R1 <10 
u R2 

Test Well DT-10 09/19 u <4 

Water Supply Wells: 

u R1 
12/06 u 1 <10 

u 2 
u R1 
u R2 

Otowi 1 06/24 u <3 

0-4 

PM-1 
PM-2 
PM-3 
PM-5 

u R1 
12/17 u l . <10 

u R1 
12/18 u I <IO 

u Rl 
12/19 u I <10 

I2/I6 

04/25 
04/25 
04/25 
04/25 

u R1 
u I <10 
u Rl 
u <10 
u RI <10 
u 1 <IO 
u R1 
u 1 2 
u 1 11 
u I <2 
u <2 

<190 <2 24 
<187 <2 24 
<500 <4 25.6 

<4 
<500 4 <20 

4 
<187 2 22 

<500 <4 <20 
<4 

4.3 70 

<500 <4 63.6 

543 4 73 

<500 <4 99.8 

<500 <4 71.2 

1,000 
<500 
<500 

130 
280 

<110 
140 

6 71.2 
6 71.1 

<4 69.I 

2.9 4I 
3.7 24 
3.4 49 
3.5 I6 

I6 
16 
15.3 

14.5 

7 

6.6 

3 

32.6 

17.6 

21.9 

7.I 

33.5 
30.2 
36.7 

71 
36 
48 
30 

Be 

<3 
<3 
<2 

<1 

<3 

<2 

<1 

<2 

<2 

<2 

<2 

<2 
<2 
<2 

<1 
1 

<1 
I 

Cd 

<3 
<3 
<7 

<7 

<2 

<7 

<2 

<7 

<7 

<7 

<7 

<7 
<7 
<7 

<2 
<2 
<2 
<2 

Co 

<3 
<11 

<8 

<8 

<3 

<8 

<3 

<8 

<18 

<8 

<8 

<8 
<8 
<8 

3 
<3 
<3 
<3 

Cr 

<6 
<3 
<7 

<7 

<3 

<7 

<10 

12.8 

14.4 

15.3 

<17 

16.3 
15.3 
<7 

<10 
30 

<10 
<10 

Cu 

<10 
<10 
<10 

<10 

<10 

<10 

70 

<10 

<10 

13.5 

<10 

<10 
<10 

83 

<13 
18 

<13 
<13 

--··-----~--

Fe Hg 

<40 <.2 
<40 <.2 

93.9 <.2 
<.2 

<20 <.2 
<.2 

45 <.2 
<.2 

138 <.2 
<.2 
<.2 
<.2 

24,000 <.2 
<.2 

514 <.5 
<.5 

3,145 <.3 
<.3 

3,124 <.2 
<.2 

586 <.4 
<.4 

4,483 <.3 
4,104 <.3 

920.5 <.2 

70 
<65 
<65 
<65 

<.2 

Cll . 
en 
c .... -t:» 
co-, 
CD 

== t:» -CD 
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~· Table 5-28. Total Recoverable Trace Metals in Groundwater for 1996 (~giL) (Cont.) Cl 
::I 

3 Station Name Date Codes8 Ag AI As B Ba Be Cd Co Cr Cu Fe Hg I'D 
::I 

iii Main Aquifer 
en Water Supply Wells (Cont.): = < G-1 09109 u 1 53 <500 6 <70 57 <2 <20 <2I <20 <7 47 <.2 !:!!. 
iii u 2 
::I ... u Rl <.2 I'D 
Ql G-JA 09/08 u I 47 <500 I4 63 24 <2 <IO <8 <I5 <10 240 <.2 ::I 
a. 
(") u 2 
Cl 

3 u R1 <.2 
"CI 

;;;· u I 44 <500 13 60 23 <2 <7 <2I <I5 <30 5I6 <.2 
::I 

2 ... u 
I'D 

2!, u R1 <.2 
r- G-2 04/25 Cl 
en u <2 <IIO 37.8 32 6I <2 <3 IO <13 <65 
> G-5 04/25 u <2 <IIO 3 I2 I3 <I <2 <3 <10 <13 <65 CJ'1 iii 
3 G-6 04/25 u <2 IIO 4.5 22 8 <1 <2 <3 <IO 13 <65 
Cl 

<IIO (I) en u 3 4.2 I9 7 <I <2 <3 <IO 10 <65 
a. c = Rl <2 <IIO 4.5 20 8 <I <2 <3 <IO <13 <65 .. u --::I .., u R2 <2 <IIO 4.5 20 8 <I <2 <3 <10 <13 <65 C) ... C") 

co CD 
co Main Aquifer Springs m :E White Rock Canyon Group 1: C) 

Sandia Spring 08/29 u 2I 2,490 <4 <I20 118 <2 <7 <8 <7 <10 I,480 <.25 -CD 

2 -u 
u R1 0.26 C",) -Spring 3A 10/07 f 1 <4 <280 4 48 68 <3 7 4 5 10 I40 <.2 0 

c 
f R1 <.2 ::I 

Spring 4 10/07 f <4 <280 3 32 43 <3 2 <3 <3 <10 <100 <.2 CL :e 
f Rl <.2 C) -Spring 4A 10/08 f <4 <280 3 3I 38 <3 <2 4 4 <10 <100 <.2 CD -f R1 <.2 

Ancho Spring 10/08 f <4 <280 2 32 26 <3 <2 3 3 .<10 <100 <.2 
C) 

::I 

f Rl <.2 CL 
(I) 
CD 
CL 

3 
CD 
::I ... -co 

--.1 
en 



N c.n 
Cl 
Cl Table 5-28. Total Recoverable Trace Metals in Groundwater for 1996 (Jlg/L) (Cont.) en 

Station Name Date Codes0 Ag AI As B Ba Be Cd Co Cr Cu Fe Hg c: .... 
Alluvial Canyon Groundwater (Cont.) -Q) 

n 
Pajarito Canyon: (D 

PC0-1 07/30 u 1 <2 157 58 154 <1 <2 <10 <10 <15 304 <.2 :e 
u R1 <2 147 <60 155 <1 <2 <10 <10 <13 303 Q) -(D 

Intermediate Perched Groundwater .... 
Pueblo/Los Alamos Canyon: C") 

Test Well 1A 08/02 u <2 <90 <2 203 41 <1 <2 <3 <10 <13 3,490 <.2 
.... 
0 

u R1 <.2 c: 
::I 

Test Well 2A 08/21 u <10 <500 <4 97 32 <2 <7 <8 <7 <10 4,330 <.2 c. ::e u 2 Q) 

R1 0.252 -u (D 

Basalt Spring 08114 <2 240 3 260 105 <1 <2 15 <10 13 190 <.2 
.... 

u 
u R1 <.2 Q) 

::I ,.., c. 
::I Perched Groundwater in Volcanics: :5. en ... 
Cl Water Canyon Gallery 12116 u <10 1,169 <4 <20 14.7 <2 <7 <8 <7 <10 494 <.2 (D 
::I 
3 R1 

c. 
CD u <.2 

3 ::I 
iii Pueblo of San Ildefonso (D 

en ::I 
c: Water Supply Wells: -C! en 
CD LA-1B 08/27 u 20 <500 11 295 18 <2 <7 <8 <7 <10 69 <.2 
iii u Rl <.2 ::I ... 

LA-5 08114 1 <2 <160 <3 <51 CD u 61 <1 <2 <3 <10 <13 630 <.2 
Ql 

::I u R1 <.2 CL 
(") 
Cl Westside Artesian Well 08114 u 1 <2 <160 4 1,650 41 <1 <2 <3 <10 <13 270 <.2 3 

"CS R1 <.2 iii" u 
::I Eastside Artesian Well 08113 u <2 <160 6 110 <1 <2 <3 10 <13 250 <1 ... 
CD 

R1 !2. u <1 
,.... 
Cl 
rn 
> 
iii 
3 
Cl 
rn 
CL 
:; =· = ..... 
CD 
CD 
m 

' ' ..... . . -- ....... 
. . ..... 
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~· Table 5-28. Total Recoverable Trace Metals in Groundwater for 1996 (Jlg/L) (Cont.) 
0 = Station Name 3 Date Codes8 Ag AI As B Ba Be Cd Co Cr Cu Fe Hg 
CD = Pueblo of San lldefonso §! 
en Water Supply Wells (Cont.): = < Halladay House Well 08/13 u <2 <160 9 59 36 <1 <2 <3 20 <13 <53 <I CD 

iii u R1 <1 
= ud 1 <2 <160 11 82 38 <1 <2 4 20 n <13 240 <1 CD 
Ql ud R1 <I = Cl. Pajarito Well (Pump I) 08/13 <2 <160 7 1,430 84 <1 <2 5 <10 <13 440 C") u <I 
0 R1 3 u <1 

"CI 
Don Juan 8/13 <2 <160 7 97 2 <1 10 iii" u <2 5 <13 <53 <I 

= Playhouse Well n 
CD 

~ u R1 <I ,... Otowi House Well 08/13 u I <2 <160 <3 74 290 <1 <2 <3 <10 15 100 <1 0 

"' > u R1 <I 
iii New Community Well 08/13 1 <2 <160 <6 46 14 <1 <2 <3 <10 <13 <53 <I 

CJ1 
3 u 
0 R1 <I "' u Cl) 
Cl. 

Sanchez House Well 08113 <2 <160 15 230 80 <1 <2 <3 <10 c: = u 22 220 <I ... ... 
:;· R1 -CCI u <I t:» 
..... n 
ca Water Quality Standardsc 

CD 
ca 
g) :e Water Quality Standardsc t:» 

EPA Primary Drinking Water Standard 50 2,000 4 5 100 2 -CD 
EPA Secondary Drinking Water Standard 50-200 300 ... 
EPA Action Level 1,300 C') 

NMWQCC Livestock Watering Standard 5,000 200 5,000 50 1,000 1,000 500 10 
... 
Q 

NMWQCC Groundwater Limit 50 5,000 100 750 1,000 10 50 50 1,000 1,000 2 c: 
:::1 
c. :a 

3 Codes: u-unfiltered, f-filtered,d-field duplicate, 1-primary analysis, Rl-lab replicate, Dl-lab duplicate. t:» 
bLess than symbol ( <) means measurement was below the specified limit of detection of the analytical method. -CD 

c Standards given here for comparison only, see Appendix A. Note that New Mexico Wildlife and Groundwater limits are based on dissolved concentrations, while many of 
... 

these analyses are of unfiltered samples-thus concentrations may include suspended sediment quantities. t:» 
:::1 
c. 
Cl) 
CD 
c. 
3 
CD 
:::1 

N -Q en ..... 
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Table 5-28. Total Recoverable Trace Metals in Groundwater for 1996 (J..Lg/L) (Cont.) 

Station Name Date Codes8 Mn Mo Ni Pb Sb Se 

Main Aquifer 
Test Wells: 
Test Weill 

Test Well2 

Test Well3 

Test Well4 

Test WellS 

Test Well DT-5A 

Test Well DT-9 

Test Well DT-1 0 

08/01 

08121 

07/03 

09/30 
11115 
07/03 
09/27 
11115 
07/23 

09/30 
11115 

11127 

09118 

12/05 

u 1 
u 2 
u 1 
u 2 
u Rl 
u R2 
u 1 
u Rl 
u 1 
u 1 
u 1 
u 1 
u 1 
u 
ud 
u 1 
u 1 
u Rl 
u 
u Rl 
u 1 
u Rl 
u 1 
u 2 
u Rl 
u R2 

09119 u 1 
u Rl 

12/06 u 1 
u 2 

66 

13 

15 

92 
90.6 
67 
5.4 

36.7 
83 
26.2 
4 
2.5 
4 

<30 
2.8 

<30 
6.3 
1 

<1 
<2 

<2 

<9 

<2 

<30 

<30 

<13 
<30 

<9 
<30 
<59 

<9 
<30 
720 
183 
<9 

<30 
<30 
<30 
<30 

7 
<9 

<30 

<30 

<10 

<30 

<18 <100 
62 

<40 <60 
<3 

<20 <60 
<3 

<21 <110 
<18 <157 
<24 11 
<20 <3 
<74 <46 

16 57 
32.3 12 

<29 <46 
<18 <120 

23 5 
<20 5 
<20 6 
<20 4 
<20 3 
<10 6 
<10 5 
<20 4 

<20 3 

4 <3 

<20 <3 

4.9 

<3 

<3 

<10 
<10 

<3 
<3 

<10 
<3 
<3 
<1 
<1 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 

<3 

<3 

<3 

<1.2 
<1.2 

2 
<3 
<1.2 
<2 
<3 
<1.3 

1.4 
2 

<3 
<3 
<3 
<3 

4 
<4 
<3 
<3 
<3 
<3 

2 <20 

<3 <3 

Sn 

<117 

<60 

<30 

<59 
<59 
<60 
<30 
<59 
<60 
<30 
<59 
<60 
<40 

<100 
<90 
<30 
<30 
<20 
<20 
<30 

<30 

48 

<30 

Sr Tl v 

295 0.23 <17 

60 <3 <8 

60 <3 

56.9<10 <20 
56 <10 10.1 
68 <3 4 
74.6 <3 14.7 
45 <10 <6 
52 <3 <3 
52.5 <3 14.7 
55 <1 <2 
55 <1 6.4 
54 <3 6 
63.4 <3 14.7 
56.4 <3 14.7 
53.7 <3 14.9 
55 <3 14.7 
49 <3 5 
50 <3 5 
47.9 <3 <15 

46.4 <3 <30 

<3 <3 

46.4 <3 
<3 

77 

<8 

Zn 

1,660 

<50 

66 

790 
783 
427 
<50 

1,830 
1760 

1,423 
184 
190 
22 

251 
318 
392.9 
410 
237 
210 
281 

178 

59.4 

_c_c -~ ~----1 
-- ----1 

-- - -------------~--' 

U1 

... 
Q 
c 
:::::s 
a. :e 
I» -CD ... 

-- -----·----·-- ___ , .. __ 
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Table 5-28. Total Recoverable Trace Metals in Groundwater for 1996 (J,J.g/L) (Cont.) 0 
= 
= Station Name Date Codes8 Mn Mo Ni Pb Sb Se Sn Sr Tl v Zn (I> 

£ Main Aquifer 
en 
c Water Supply Wells: < 
~. Otowi 1 06/24 u 230 <14 <27 -.<50 <10 3 <100 10 11 100 
iii' 12/17 u I 35.1 <30 <20 3 <3 6 <30 12.3 <3 19.4 73.8 = .., 

RI (I> u 
Cl) 

12/18 1 lOS <28 <20-- 3 <3 <30 15.8 <3 26.7 = u 12 68.2 a. 
(') u R1 0 

= 12/19 u I 185.8 <30 <20 <3 <3 <10 <IOO 14.9 <3 18.7 271.4 ..... 
Cii' = u RI .., 

u I 20.5 <30 <20 <3 <3 9 <30 10.1 <3 18.7 <50 m 
a u Rl 
r-

<3 36.6 0 u I 300 <30 <20 3 <3 14 <30 26 172 0 

:Ia u R1 277 <30 <20 <3 <3 5 <30 23.9 <3 43.3 135 U1 iii' 

= 0-4 12/16 u 1 8.9 <30 <20 12 <3 10 <30 106.1 <3 10.7 65.4 
0 (I) 0 R1 a. u = s PM-1 04/25 u 1 1 <5 <18 <46 <44 <1.6 <59 145 <166 10 22 :::::. :;· c.') 
ca PM-2 04/25 u 1 69 <5 18 <46 <44 2 <59 59 <166 11 54 n ..... C'D cc PM-3 04/25 1 <1 <5 <18 <46 <44 <1.6 <59 126 <166 13 24 cc u :e en 

PM-5 04/25 1 1 <5 <18 <46 <44 2.7 <59 58 <170 11 33 u c.') 

G-1 09/09 u 1 <6 <70 <20 <20 <3 <5 <170 98 6 <40 <50 -C'D 
u 2 9 ... 

G-1A 09/08 u <2 <30 <20 <60 <3 <3 <90 73 <3 <39 <10 C') 

2 <3 ... 
u 0 

1 <6 30 <70 <60 3 <3 34 73 <3 35 <50 = u ::I 
u 2 3 a. 

G-2 04/25 1 <1 <S <18 <46 <40 2.3 <59 77 <166 84 <22 :e u Cl) 

04/25 <1 <S <18 <46 <44 1.7 <60 83 <166 12 <22 -G-5 u C'D 

G-6 04/25 u <1 <5 <18 <46 <44 <1.6 <59 77 <166 21 28 ... 
~ 

u 1 1 <5 <18 <46 <44 <1.6 <59 65 <166 20 <22 c.') 
::I 

u Rl 1 <5 <18 <46 <44 <1.6 <59 65 <166 20 <22 a. 
u R2 1 <5 <18 <46 <44 <1.6 <59 65 <166 20 <22 (I) 

C'D 
a. -·· 3 
C'D 
::I 

N -Cl en w 



N U1 
Cl 

Table 5·28. Total Recoverable Trace Metals in Groundwater for 1996 (J.tg/L) (Cont.) ,.. 
en 

Station Name Date Codes8 Mn Mo Ni Pb Sb Se Sn Sr Tl v Zn c ... -Main Aquifer Springs C» 

White Rock Canyon Group I: 
n 
C'D 

Sandia Spring 08/29 u I 194 <30 <20 <60 <3 <3 <30 320 <3 <8 <50 :e 
u 2 <3 C» -Spring 3A 10/07 f 3 <9 10 10.4 <3 3 28 222 <3 12 <50 C'D ... 

Spring 4 10/07 f 1 <9 10 <3 <3 3 <20 143 <3 9 170 
Spring 4A 10/08 f <1 <9 <10 <3 <3 4 <20 95 <3 7 120 

Q ... 
Ancho Spring 10/08 f 3 <1 <10 <3 <3 3 32 60 <3 7 130 

Q 
c = White Rock Canyon Group II: CL 

Spring SA 10/08 f 2 <9 <10 <3 <3 3 <60 208 <3 15 95 
:e 
C» 

fd 3 <9 <10 <3 <3 3 <40 166 <3 12 <50 -C'D 

Spring 6 10/08 f I <1 <9 <10 <3 <3 5 27 60 <3 7 <50 
... 

Spring 8 10/08 f 1 26 <9 11 <3 <3 4 <20 104 <3 11 130 C» = m Spring 8B 10/08 f 1 5 <9 <10 <3 <3 4 11 I27 <3 I1 59 CL ::s 
:5. Spring 9A 10/09 f 1 <9 1 <10 <3 <3 3 <20 55 <3 7 <50 en 
0 C'D 
::s Spring 9B 10/09 f I <I <9 <10 <3 <3 2 <20 I <3 <3 <50 CL 3 
CD Doe Spring 10/08 f I I <9 <10 <3 <3 8 <20 71 <3 10 <50 3 ::s 
S' 

Spring 10 10/09 f 1 11 4 <10 <3 <3 <3 30 68 <3 10 <50 C'D 
Cf.l = c -< White Rock Canyon Group III: rn 
~ Spring 1 08/29 u 1 23 <60 <20 <60 <3 <3 <30 189 <3 8 <50 i» 
::s u 2 <3 .., 
CD 
I» = · White Rock Canyon Group IV: c. 
(') La Mesita Spring 08114 u 50 <5 <27 <50 0.6 <2 <59 760 0.05 12 <22 0 
3 u 2 3 :!.. 
iiir Sacred Spring 08114 u 1 <1 <5 <27 <46 <2 <59 0.04 6 <22 ::s .., 

u 2 4 CD 

a 
r-
0 
(1\1 

> 
i» 
3 
C> 
(1\1 

c. 
c ... s· 

11:1 .... 
CCI 
CCI 
en 

----------~------~-
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Table 5-28. Total Recoverable Trace Metals in Groundwater for 1996 (J.!.g/L) (Cont.) = ::1 
3 

Station Name Date Codes8 Mn Mo Ni Pb Sb Se Sn Sr Tl v CD Zn g 
Alluvial Canyon Groundwater Systems 

""" s; Acid/Pueblo Canyon: 
< 
~ APC0-1 10117 u 980 <9 10 <3 <3 3 <30 120 <3 7 60 
iii> 
::1 Canada del Buey: .... 
CD 
C» CDB0-6 12117 u 28.4 <30 <20 3 <3 5 <30 112.5 <3 14 <50 ::1 
=. 
n DP/Los Alamos Canyons: 0 
3 LAO-C 07/10 u 10.5 89 23 <46 <1 <1.3 <59 116 <1 <2 <16 "2. 
iii' LA0-0.7 07/29 u 788 <80 <18 <46 <1 <1.3 <60 133 <1 6 60 ::1 .... LA0-1 07/29 2 66 <50 <46 <1 <1.3 <59 121 <1 6 28 CD u 
2!. LA0-2 11113 u <3 287 <20 <3 <3 4 <30 140.9 <3 <8 <50 ,.... 
0 u R1 <3 320.9 <20 <3 <3 <3 <30 155.3 <3 <8 <50 en 
> LA0-3A 07/10 u I 16 905 <18 <46 <1 <1.3 <59 104 <I 7 25 en iii> 
3 LA0-4 07/29 u I I 157 <45 <46 2 <1.3 <59 87 <1 2 64 0 

"" en 
co. 

Mortandad Canyon: c 
!::; .... 
:;· MC0-4B 03/05 -11:1 u 7 133 <18 <I <2 <20 <59 206 <l 3 20 Q) 

..... MC0-5 08/09 I 4 138 25 <46 l.l 2 <59 307 0.16 <2 47 
C') 

CD u CD 
CD 

2 <3 :e G) u 
ud I 2 140 <60 <46 0.2 2 <60 297 0.04 <2 22 Q) -ud 2 <3 CD .... 

MC0-6 08/06 I 6.4 116 <18 <46 0.5 <59 312 0.04 <2 <16 
~ 

u 
C') 

u 2 3 .... 
MC0-7 08/06 1 29 <90 <24 <46 <.2 <59 159 0.05 <15 54 

Q 
u c 
u 2 3 = ~ 

Pajarito Canyon: 
:e 
Q) 

07130 136 14 <37 <46 0.9 <59 212 0.09 <2 18 -PC0-1 u 1 CD 

<3 
.... 

u 2 -
u R1 134 <45 <18 <130 0.4 <59 210 0.06 <2 19 Q) = ~ 

en 
CD 
~ 

3 
CD = N -CJ 0 

U1 



N 
= en 

m 
::I 

:!· 
Cl 
::I 

3 
CD a 
AI 

(I) 
c 
C! 
CD 

i» 
::I ., 
CD 
AI 
::I 
a. 
(") 
Cl 

3 
"CI 

a;· 
::I ., 
CD 

!2. 
r­
CI 
en 
> 
i» 
3 
Cl 
en 
a. 
Si :;· 

CCI ..... 
ca 
ca 
en 

Table 5-28. Total Recoverable Trace Metals in Groundwater for 1996 (J.lg/L) (Cont.) 

Station Name Date Codes8 Mn Mo Ni Pb Sb Se 

Intermediate Perched Groundwater Systems 
Pueblo/Los Alamos Canyon: 
Test Well 1A 08/02 u 1 79 

u 2 
Test We112A 08/21 u I 

u 2 
Basalt Spring 08/14 u 

u 2 

Perched Groundwater System in Volcanics: 
Water Canyon Gallery I2/16 u I 

Pueblo of San Ildefonso 
Water Supply Wells: 
LA-1B 08/27 u. I 

u 2 
LA-5 08/14 u 

u 2 
Westside Artesian Well 08/I4 u I 

u 2 
Eastside Artesian Well 08/13 u 

u 2 
Halladay House Well 08/13 u 

Pajarito Well (Pump 1) 08/13 

Don Juan 08/13 
Playhouse Well 

Otowi House Well 08/13 

New Community Well 08/13 

u 2 
ud I 
ud 2 
u 
u 
u 
u 
u 
u 
u 
u 

1 
2 
1 
2 
I 
2 
I 
2 

Sanchez House Well 08/13 u 
u 2 

202 

644 

2 

15 

36 

8 

5 

<1 

2 

5 

3 

15 <30 

<30 <180 

<18 34 

<30 <20 

<30 <20 

<5 <27 

57 <27 

5 <27 

<5 <27 

<5 <40 

7 <27 

<5 - 28 

7 <27 

<5 <27 

9 <27 

<46 
9 

<90 
45 

<46 
<3 

<3 

<60 
<3 

<46 
<3 

<46 
<3 
<3 

<46 
<46 

<3 
<46 
<3 

<46 
<3 
<3 

<46 
<46 

<3 
<3 

<46 
<3 

<46 

0.1 2 

<3 <3 

0.6 <2 

<3 4 

<3 <3 

0.3 <2 

0.61 <2 

1.6 <2 

0.5 <2 

0.59 <2 

0.4 <2 

0.9 <2 

0.9 <2 

5 2 

0.37 <2 

Sn Sr Tl 

<59 79 1.1 

<180 I61 <3 

<59 114 0.04 

<30 48.8 <3 

<130 60 <3 

<59 210 0.04 

<59 340 0.06 

<59 42 0.12 

<59 120 0.03 

<59 125 0.04 

<59 1300 0.07 

<59 87 0.06 

<59 750 0.05 

<59 188 0.9 

<59 26.8 0.05 

v 

<2 

<8 

19 

<8 

<8 

I7 

10 

7 

32 

32 

12 

14 

11 

13 

20 

Zn 

3,100 

8,050 

<22 

<50 

<50 

150 

<22 

<22 

<20 

<22 

35 

<22 

1IO 

<22 

23 

c:.n . 

Cl ... 
0 
c: 
:::::J 
0. :e 
~ -CD ... 
~ 

~ 
:::::J 
0. 

en 
CD 
0. 

3 
CD 
:::::J -tn 
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Table 5-28. Total Recoverable Trace Metals in Groundwater for 1996 (J.Lg/L) (Cont.) 

Station Name Date Codes a Mn Mo Ni Pb Sb Se Sn 
Water Quality Standardsc 

EPA Primary Drinking Water Standard 100 6 50 
EPA Secondary DrinkingWater Standard 50 
EPA Action Level 15 
EPA Health Advisory 
NMWQCC Livestock Watering Standard 100 2 
NMWQCC Groundwater Limit 200 1000 200 50 50 

3 Codes: u-unfiltered, f-filtered, d-field duplicate, !-primary analysis, Rl-lab replicate, Dl-lab duplicate. 
bLess than symbol (<)means measurement was below the specified limit of detection of the analytical method. 

.. - - - -
Sr Tl v Zn 

2 
5,000 

25,000-90,000 80-110 
lOO 25,000 

lO,OOO 

c Standards given here for comparison only, see Appendix A. Note that New Mexico Wildlife and Groundwater limits are based on dissolved concentrations, while many of 
these analyses are of unfiltered samples-thus concentrations may include suspended sediment quantities. 
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5. Surface Water, Groundwater, and Sediments 

I 
! I 

I Table 5-29. Number of Results above the Analytical Limit of Quantitation for 
,, I Organic Compounds in Groundwater for 1996 

I 

Type of Organic Compound :! 
Station Date Volatile Semivolatile PCB8 HEb nee I Number of Compounds Analyzed 59 69 4 I4 

Test Well DT-5A II/27 I 0 0 0 1 
Test Well DT-9 09/18 0 0 0 0 0 I ;: ! 

12/05 0 0 0 0 2 
Test Well DT-10 09/19 0 0 0 0 0 

I2/06 0 0 0 0 3 I Sandia Spring 08/29 0 0 0 0 
Spring 3A 10/07 0 0 0 4 
Spring 4 10/07 0 0 0 0 3 

I Spring 4A 10/08 0 0 0 0 2 
Ancho Spring I0/08 0 0 0 0 0 
Spring 5A I0/08 0 0 0 0 2 
Spring 6 10/08 0 0 0 0 1 I Spring 8 10/08 0 0 0 0 6 
Spring 8B 10/08 0 0 0 0 2 
Spring 9 I0/09 0 0 

I Spring 9A 10/09 0 0 0 0 2 
Spring 9B 10/09 0 0 0 0 2 
Doe Spring I0/08 0 0 0 0 2 
Spring 10 10/09 0 0 0 0 2 I Spring 1 08/29 I 0 0 0 0 
La Mesita Spring 08/14 0 0 0 0 
Sacred Spring 08/14 0 0 0 0 II LA-IB 08/27 0 0 0 0 
LA-5 08/14 0 0 0 0 
Eastside Artesian Well 08/I3 0 0 0 0 

I Halladay House Well 08/13 0 0 0 0 
Halladay House Well Dup. 08113 0 0 0 0 
Pajarito Well (Pump 1) 08113 0 0 0 0 
Don Juan Playhouse Well 08/13 0 0 0 3 I Otowi House Well 08113 I 0 0 0 

8 Polychlorinated biphenyl. 

I bHigh explosives. 
cTentatively identified compounds (see text). 

I 

I 
I 

I I 
; ' 

I 
; I 
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5. Surface Water, Groundwater, and Sediments 

Table 5-30. Results above the Analytical Limit of Quantitation for Organic Compounds in 
Groundwater for 1996 

Station Date Analyte Value Uncertainty Units 

Test Well DT-SA 11127 Toluene 9 2.7 J.lg/L 
Spring 1 08/29 Butanone [2-] 23 6.9 Jlg!L 
Otowi House Well 08113 Trichloroethane [1,1,1-] 23 6.9 Jlg!L 

Table 5-31. Total Committed Effective Dose Equivalent from the Inges­
tion of 1\vo Liters Per Day Drinking Water Collected at the Pueblo of 
San Ildefonso during 1996. 

Well or Water System 

San Ildefonso Pueblo 
Westside Artesian 
Halladay House 
Pajarito Pump 1 
Otowi House 
New Community 
Sanchez House 

Total Committed Effective Dose Equivalent8 

(mrem/yr) 

1996 1995 

2.7 (± 0.83)b 3.9 (± l.S)b 
0.26 (± 0.40)b 1.4 (± 0.67)b 

1.5 (± l.l)b 1.6 (± 0.67)b 
0.47 (± 0.4l)b 0.82 (± 0.52)b 

3.1 (± l.O)b 3.7 (± 1.7)b 
i.6(±1.l)b 1.8 (± l.O)b 

"CEDE for consumption of water collected from San Ildefonso are based on dose 
conversion factors listed in FGR#ll (EPA1988). 

b±2 sigma in parenthesis; to convert to J.1Sv multiply by,lO. 
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Table 5-32. Quality Assurance Sample Results for Radiochemical Analysis in 1996 (pCi/L8 ) 

u 
Station Name Date Codesb 3D 90Sr t37Cs (J.lg/L) 238Pu 

Dl Blank 01123 I w -98 ± 178 0.5 ± 0.8 0.4 ±0.7 0.02 ± 0.04 -0.003 ± 0.002 
2 w -0.003 ± 0.002 
Dl w 0.6 ± 0.9 
Rl w 98 ± 321 

Dl Blank 04124 I w 246 ± 326 0.9 ± 0.8 1.0 ± 1.5 0.00 ± 0.01 0.012 ±0.007 
DI Blank 08/09 I w 462 ± 144 0.2 ± 0.6 1.2 ± 1.8 0.02 ± 0.00 -0.010 ±0.010 

Rl w 555 ± 144 
Dl Blank 08/14 I w 406 ± 73 -0.2 ± 0.5 -0.1 ± 0.8 0.03 ±0.00 0.011 ±0.009 

Rl w 0.003 ± 0.005 
Dl Blank 08129 I w 24 ± 134 0.6 ± 0.5 0.7 ± 1.1 0.00 ± 0.01 0.009 ± 0.007 
Dl Blank 09/08 I w 437 ± 137 -0.5 ± 0.2 2.6 ±0.9 0.00 ± 0.01 0.022 ± 0.016 

Rl w 0.00 ± 0.01 
Dl Blank 10/10 I w 105 ± 134 -1.2 ± 0.4 1.0 ± 0.4 0.00 ±0.00 -0.002 ± 0.006 
DIBiank 12/12 I w -218 ± 139 -0.1 ± 0.4 2.6 ±0.5 0.00 ±0.00 0.005 ± 0.006 
Average Blank value 202 0.0 1.2 0.00 0.004 
Standard Deviation 260 0.7 1.0 0.01 0.009 

Spiked Sample 12/17 w -143 ± 139 17.1 ± 1.1 6.8 ± 1.1 0.00 ± 0.00 0.328 ± 0.038 
Spike values 20.0 0.400 

"Except where noted. 
bCodes: I -primary analysis, 2-secondary analysis, Rl-lab replicate, Dl-lab duplicate. 

- - - - -- - -

0.023 ± 0.010 0.100 ± 0.050 
0.023 ± 0.010 

0.003 ± 0.006 0.044 ± 0.017 
0.002 ± 0.008 0.027 ± 0.018 

-0.003 ± 0.006 0.043 ± 0.020 
0.012 ± 0.008 0.007 ± O.ot5 
0.018 ± 0.009 0.048 ± O.ot 5 
0.011 ± 0.014 0.069 ± 0.036 

0.030 ± 0.013 0.028 ± 0.016 
0.005 ± 0.006 0.032 ± 0.014 
0.012 0.044 
0.011 0.027 

0.441 ± 0.045 0.423 ± 0.049 
0.400 0.400 

- - -

Gross 
Alpha 

0.2 ± 0.3 

-0.1 ± 0.0 
-0.1 ± 0.0 

-0.1 ± 0.0 

-0.2 ± 0.0 
-0.1 ± 0.0 

-0.2 ± 0.0 
1.0 ± 0.3 
0.0 
0.4 

3.5 ± 0.5 

-

Gross 
Beta 

0.7 ±0.1 

0.1 ±0.0 
0.2 ± 0.0 

0.3 ± 0.0 

-0.2 ± 0.3 
0.7 ±0.1 

0.0 ± 0.0 
0.1 ±0.0 
0.2 
0.3 

50.5 ± 5.7 

.. 

Gross 
Gamma 

410 ± 60 

20 ±50 
60 ±50 

80 ± 50 

70 ± 50 
110 ± 50 

150 ± 50 
40 ±50 

118 
125 

40 ± 50 
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5. Surface Water, Groundwater, and Sediments 

J. Figures 
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LEGEND 
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Figure 5-l. Regional surface water and sediment sampling locations. 
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Figure 5-2. Surface water sampling locations in the vicinity of Los Alamos National Laboratory. 
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Figure S-3. Tritium and plutonium activity at Mortandad Canyon at Gaging Station 1. 
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management areas with multiple sampling locations are shown in Figure 5-5. 
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5. Surface Water, Groundwater, and Sediments 
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Figure S-5. Sediment sampling stations at solid waste management areas. 

a. Sampling stations at TA-54, Area G. 
b. Sediment stations at TA-49, Area AB 
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Figure 5-6. Total plutonium activity in Pueblo (top) and Mortandad (bottom) Canyon 
channel sediments. 
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Figure 5-7. Springs and deep and intermediate wells used for groundwater sampling. 
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Figure 5-8. Observation wells and springs used for alluvial groundwater sampling 

and shallow neutron moisture holes. 
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Figure 5-9. Tritium and plutonium concentrations in water samples from Mortandad Canyon Alluvial 
Observation Well MC0-6. 
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Figure 5-10. Springs and groundwater stations on or adjacent to the Pueblo of San Ildefonso land. 
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Figure 5-11. Sediment and surface water stations on or adjacent to the Pueblo of San Ildefonso land. 
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6. Soil, Foodstuffs, and Associated Biota Monitoring 

primary authors: 
Dennis R. Armstrong, Phillip Fresquez 

Highlights from 1996 

Soil Surveillance Program. Soil samples were collected from 12 on-site (Los Alamos National Laboratory 
{l.ANL or the Laboratory]) and 10 perimeter areas around the Laboratory, analyzed for radiological and 
nonradiological constituents, and compared to regional (background) locations-radionuclides in soils collected 
from regional background areas are due to natural and/or to worldwide fallout. In general, most radionuclide 
concentrations in on-site and perimeter areas were within regional statistical reference levels (RSRLs) (i.e., the 
upper limit background concentration from data averaged from 1974 to 1994) and were far below l.ANL screening 
action levels ( SALs). Trend analyses show that most radionuclides in soils from on-site and perimeter areas have 
been decreasing over time. These trends were especially apparent (i.e., significant at p <0.05) for tritium and 
uranium in soils from on-site areas. Soils were also analyzed for trace and heavy metals, and most metals were 
within RSRLs and were well below l.ANL SALs. 

Foodstuffs and Associated Biota Surveillance Program. Foodstuffs (milk, eggs, fruits, vegetables, honey, elk, 
deer, fish, herbal tea, and dolnestic livestock) were collected either from Laboratory and/or surrounding perimeter 
areas (including several Native American pueblo communities), to determine the impact of l.ANL operations on the 
human food chain. Most samples of foodstuffs from Laboratory and/or perimeter locations showed no radioactivity 
distinguishable from that attributable to natural sources and/or to worldwide fallout. Similarly, most heavy metal 
elements in produce from Laboratory and perimeter areas were within regional background concentrations. 

To Read About . . . Turn to Page .. . 
Soil Monitoring ............................................................................................................................................. 225 
Foodstuffs and Associated Biota ................................................................................................................... 227 
Glossary ......................................................................................................................................................... 291 
Acronyms List ............................................................................................................................................... 301. 

A. Soil Monitoring 

I. Introduction 

A soil sampling and analysis program provides the 
most direct means of determining the concentration, 
inventory, and distribution of radionuclides and 
radioactivity around nuclear facilities (DOE 1991 ). 
This program is mandated by Department of Energy 
(DOE) Orders 5400.1 and 5400.5. Soil provides an 
integrating medium that can account for contaminants 
released to the atmosphere, either directly in gaseous 
effluents (e.g., air stack emissions) or indirectly from 
resuspension of on-site contamination (e.g., fugitive 
dust from solid waste management units [SWMUs]). 
Subsequently, the knowledge gained from a soil radio­
logical sampling program is critical for providing 
information about potential pathways (e.g., soil 
ingestion, food crops, resuspension into the air, and 
contamination of groundwater) that may result in a 
radiation dose to humans (Fresquez et al., 1996a). 

This program evaluates radionuclide, radioactivity, and 
nonradionuclides (heavy metals) in soils collected 

from on-site (Los Alamos National Laboratory-

LANL or the Laboratory), around the perimeter of the 
Laboratory, and regional (background) locations. On­
site and perimeter areas are compared to regional 
background areas-these background areas are distant 
from the Laboratory, and their radionuclide and non­
radionuclide contents are due to naturally occurring 

elements and/or to worldwide fallout. 

2. Monitoring Network 

Soil surface samples are collected from mesa tops 
that are relatively level, open, and undisturbed areas at 
regional (background) locations (6 sites), perimeter (I 0 
sites), and LANL (12 sites) (Figure 6-1). LANL and 
perimeter areas are compared to soils collected from 
regional background locations where radionuclides, 
radioactivity, and heavy metals are due to natural 
and/or to worldwide fallout events. 

a. Off-Site Regional (Background) Stations. 
The regional background stations for soils are located 

in northern New Mexico surrounding the Laboratory: 
Rio Chama, Rio Embudo, Cochiti Pueblo, Bernalillo, 

Jemez Pueblo, and Santa Cruz Lake. All are over 15 
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km (9 mi) from the Laboratory (DOE 1991) and are 
beyond the range of potential influence from normal 
Laboratory operations. 

b. Off-Site Perimeter Stations. Ten soil 
sampling stations are located within 4 km (2.5 mi) of 
the Laboratory. These stations are located to reflect the 
soil conditions of the inhabited areas to the north (Los 
Alamos townsite area-four stations) and east (White 
Rock area and Pueblo of San Ildefonso iands-four 
stations) of the Laboratory. The other two stations, one 
located on Forest Service land to the west and the other 
located on Park Service land (Bandelier) to the 
southwest, provide additional coverage. 

c. On-Site Stations. Soil samples from 12 on­
site stations are collected. Areas sampled at LANL are 
not from SWMUs--any discernible site at which solid 
a~d/or liquid wastes have been routinely and system­
atically released (e.g., waste tanks, septic tanks, sumps, 
firing sites, burn pits, sumps, material disposal areas 
[such as TA-54, Area G, at LANL], and waste-water 
outfalls) (ESP 1995). Instead, the majority of on-site 
soil-sampling stations are located close to, and down­
wind from major facilities and/or operations at LANL 
in an effort to assess radionuclide, radioactivity, and 
heavy metals in soils that may have been contaminated 
as a result of air stack emissions and fugitive dust (e.g., 
the resuspension of dust from SWMUs). 

3 •. Sampling Procedures, Data Management, and 
Quahty Assurance 

Collection of samples for chemical and radiochemi­

cal analyses follow a set procedure to ensure proper 
sample collection, documentation, submittal for chemi­
cal analyses, and posting of analytical results. Stations 
and. samples are assigned a unique identifier to provide 
cham-of-custody control during the transfer of samples 
from the time of collection through analysis and 
reporting. All quality assurance/quality control 
(QNQC) protocols, chemical analysis, and data 
handling, validation and tabulation can be found in the 
operating procedure (OP) entitled, "Soil Sampling for 
the Soil Monitoring Program," LANL-ESH-20-SF-OP-
007, RO, 1997. 

4. Radiochemical Analytical Results 

Table 6-1 shows data from soils collected in 1996. 
M?st radionuclide concentrations and radioactivity in 
smls collected from on-site and perimeter stations were 
within the long-term regional statistical reference level 
(RSRL). The RSRL is the average background 
concentration plus twice the standard deviation of the 

mean from data collected over a 21-yr period; data 
from 1974 through 1994 from regional background 
stations were used to establish the approximate upper 
limit background concentration for worldwide fallout 
of tritium, strontium-90; cesium-137; americium-241; 
plutonium-238; and plutonium-239, -240; and total 
uranium (Fresquez et al., 1996a). Some total uranium 
and plutonium-239, -240 values in some perimeter and 
on-site stations were above the RSRL but were far 
below LANL screening action levels (SALs). LANL 
SALs, developed by the Environmental Restoration 
Project at the Laboratory, are used to identify the pres­
ence of contaminants of concern and are derived from 
a risk assessment pathway using a I 0-rnrem/yr dose. 

5. Nonradiochemical Analytical Results 

Soils were also analyzed for trace and heavy metals. 
These data will be used to establish a database and are 
meaningful from a Laboratory operation/effects stand­
point. The results of the 1996 soil sampling program 
can be found in Table 6-2. 

Most concentrations of heavy metals measured in 
soils collected from perimeter and on-site areas were 
within RSRLs, and in fact, were within the range of 
metals normally encountered in the Los Alamos area 
(Ferenbaugh et al., 1990) and the continental United 
States (Shacklette and Boerngen 1984). 

6. Total Effective Dose Equivalent from Living in 
Areas Where Soils Were Collected in 1996 

A residential scenario (Fresquez et al., 1996a) was 
used in a computer model, RESRAD (version 5.61 ), to 
estimate the effective dose equivalent (EDE) from 
external radiation and the committed effective dose 
equivalent (CEDE) from internally deposited radiation 
(Yu et al., 1995). The EDE and CEDE are added 
together to provide an estimate of the total effective 
dose equivalent (TEDE). Table 6-3 presents a sum­
mary of this TEDE, based on the mean radioisotope 
concentrations, for a person living in the region, 
around the perimeter of the Laboratory, and on 
Laboratory property. The maximum TEDEs (i.e., the 
TEDE plus 2 sigma using the maximum consumption 
rate for fruits and vegetables) for samples collected 
dur~ng 1996 from the region, from the Laboratory's 
penmeter, and from on-site locations are 4.2 mrem, 5.1 

mrem, and 4.2 mrem, respectively. The maximum net 
positive TEDE for the soils collected in 1996 after 
subtraction of soils collected from regional background 
locations show 0.78 mrem ( <0.8% of the DOE public 
dose limit [POL]) for perimeter soils, and 0.77 mrem 
( <0.8% of the DOE PDL) for on-site soils. The 
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radionuclides that contributed more than 5% to these 
maximum net positive TEDEs are cesium-137, 
plutonium-239, and uranium for perimeter soils; and 
cesium-137 and uranium for on-site soils. 

7. Long-Term Trends 

All soils collected from on-site and perimeter 
stations during 1974 through 1994 were subjected to a 
Mann-Kendal test for trend analysis (Fresquez et al., 
1996a). Most radionuclides and radioactivity detected 
in LANL and perimeter soils, with the exception of 
plutonium-238 (increased at ::::96% of the sites) and 
gross alpha activity (increased at half of the sites), 
exhibited generally decreasing trends over time. 

Activities of tritium, cesium-137, plutonium-239, 
and concentrations of uranium showed significantly 
decreasing (p <0.05) trends over time in many soils 
collected from on-site and perimeter areas. Their 
decrease may be due in part to reductions in Labora­
tory operations, air stack emissions, and to better 
engineering controls employed by the Laboratory (ESP 
1995 ), but is probably a result of ( 1) the cessation of 
above-ground nuclear weapons testing in the early 
1960s, (2) weather conditions (wind, water erosion, 
and leaching), and (3) radioactive decay (half-life) 

(Rogowski and Tamura 1965, Wicker and Schultz 
1982). Tritium, which has a half-life of about 12 years, 
exhibited the greatest decrease in activity over the 21 
years in almost all of the soil sites studied, including 
regional locations. 

Plutonium-238 and gross alpha activity generally 
increased over time in most on-site, perimeter, and 
even in regional background sites--tlll sites, however, 
were far from being statistically significant (p <0.05). 
The source of most plutonium-238 detected in the 
environment is from nuclear weapons testing in the 
atmosphere (Klement 1965) and from the reentry bum­
up of satellites containing a plutonium-238 power 
source (Perkins and Thomas 1980). Only a few gross 
alpha readings and a few gross beta readings showed 

significantly increasing trends (p <0.05) over time. In 
these cases, however, the measurement period was both 
early and very short (1978 to 1981). 

B. Foodstuffs and Associated Biota Monitoring 

1. Introduction 

There are many agriculturally important products 
that are grown and/or are harvested in the area 
surrounding LANL-and the ingestion of foodstuffs 
constitutes a critical pathway by which radionuclides 
can be transferred to humans (Wicker and Schultz 

1982). Samples of milk, eggs, produce, fish, honey, 
herbal teas, domestic cattle, and elk and deer are 
collected annually from Laboratory and surrounding 
communities to determine the impact of Laboratory 
operations on the human food chain (Figure 6-2). This 
program is mandated by DOE Orders 5400.1 and 
5400.5. The two main objectives of the Foodstuffs 
Monitoring Program are to (I) determine and compare 
radioactive and heavy metals constituents in foodstuffs 
between on-site LANL and perimeter areas with 
regional areas; and (2) calculate a maximum CEDE to 
surrounding area residents (e.g., Los Alamos townsite, 
White Rock/Pajarito Acres, the Pueblo of San 
Ildefonso, and Cochiti Pueblo) who may consume such 
foodstuffs. 

2. Produce 

a. Monitoring Network. Fruits, vegetables, and 
grains are collected each year from on-site 
(Laboratory), perimeter (Los Alamos townsite and 
White Rock!Pajarito Acres), and off~site regional 
(background) locations (Figure 6-2). Samples of 
produce are also collected from the Pueblos of Cochiti 
and San Ildefonso, which are located in the general 
vicinity of LANL. Produce from areas within and 

around the perimeter of LANL are compared to 
produce collected from regional (background) gardens 
more than 16 km ( 10 mi) from the Laboratory; these 
areas are located around the Espafiola, Santa Fe, and 
Jemez areas. The regional sampling locations are 
sufficiently distant from the Laboratory to be 
unaffected by airborne emissions. 

b. Sampling Procedures, Data Management, 
and Quality Assurance. Produce samples are col­
lected from local gardens within and around the peri­
meter of the Laboratory in the summer and fall of each 
year (Salazar 1984). All QA/QC protocols, chemical 
analysis, and data handling, validation, and tabulation 
can be found in the OP entitled, "Produce Sampling 
and Processing for the Foodstuffs Monitoring 

Program," LANL-ESH-20-SF-OP-001, RO, 1997. 

c. Radiochemical Analytical Results. 
Concentrations of radionuclides in produce collected 
from on-site, perimeter, and off-site regional 
(background) locations during the 1996 growing 
season can be found in Table 6-4. Most radionuclide 
concentrations in fruits and vegetables collected from 
on-site and perimeter areas were less than the RSRL. 
Strontium-90 concentrations, on the other hand, at 
most sites were higher than the RSRLs, although most 
values were not considered detectable values 
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(individual results were lower than two times the 
counting uncertainty). The causes of the higher con­
centrations of strontium-90 in produce samples collec­
ted from Los Alamos townsite, Cochiti Pueblo, Pueblo 
of San Ildefonso, and LANL sites, as compared to 
background are not completely known, but may be a 
reflection of analytical discrepancies and/or incom­
plete washing procedures rather than contamination 
effects by Laboratory operations. 

d. Dose Equivalents to Individuals from 
Ingestion of Produce. Table 6-5 presents the sum­
mary of the CEDE from the ingestion of produce 
collected during the growing season in 1996, and for a 
comparison, the results for the 1995 growing season. 
The maximum annual CEDE (i.e., the total CEDE plus 
2 sigma) using the maximum consumption rate of 160 
kg/yr (352 lb/yr) for produce is 3.3 mrem from the on­
site sample, but the maximum annual CEDE for the 
regional background (Espanola, Santa Fe, and Jemez 
Pueblo) sample is 0.93 mrem. The maximum net 
positive CEDE from consuming produce collected 
from Cochiti Pueblo, White Rock, Los Alamos town­
site, and the Pueblo of San Ildefonso is 0.086 mrem 
(<0.1% of the DOE PDL), 0.019 mrem (<0.02% of the 
DOE PDL), 0.77 mrem (<0.8% of the DOE PDL), and 
2.2 mrem (2.2% of the DOE PDL), respectively. The 
radionuclides contributing more than 5% to this 
maximum net positive CEDE are natural uranium and 
plutonium-239 for the Cochiti Pueblo samples; 
plutonium-239 and americium-241 for the White Rock 
samples; and strontium-90, natural uranium, 
plutonium-239, and americium-241 for the Los Alamos 
townsite and the Pueblo of San Ildefonso samples. 
Because ingestion of produce collected on-site is not 
considered to be a significant pathway because of the 
small amount of edible material and the limited access 
to these foodstuffs, calculation of a total net positive 
CEDE and comparison to the DOE PDL is not appro­
priate. There is no significant difference (p <0.05) 
between produce samples collected from background, 
perimeter, or on-site locations; and there is no signifi­
cant difference (p <0.05) between the 1995 and the 
1996 CEDE. 

e. Nonradiochemical Analytical Results. Most 
trace and heavy metal elements, particularly silver, 
arsenic, beryllium, cadmium, mercury, antimony, sele­
nium, and thallium in produce from on-site, perimeter, 
and regional locations were below the limit of detec­
tion (Table 6-6). In those cases where produce samples 
contained some metals above the limit of detection 
(e.g., barium. chromium, nickel, and lead), only a few 

samples exceeded the RSRL. Lead, for example, was 

higher in concentration in two samples collected from 
the White Rock/Pajarito Acres area. 

3. Honey 

a. Monitoring Network. Beehives located 
within perimeter areas-Los Alamos townsite and 
White Rock!Pajarito Acres-are sampled on an annual 
basis for honey (Figure 6-2). Honey from these hives 
is compared to honey collected from regional 
background hives located in northern New Mexico 
(Fresquez et al., 1996b ). 

b. Sampling Procedures, Data Management, 
and Quality Assurance. Honey is collected by a 
professional (contract) bee keeper. All QNQC proto­
cols, chemical analysis, and data handling, validation, 
and tabulation can be found in the OP entitled, "Honey 
Sampling and Processing for the Foodstuffs Monitor­
ing Program," LANL-ESH-20-SF-OP-004, RO, 1997. 

c. Radiochemical Analytical Results. Results 
of the analysis of honey collected during the 1996 
season are presented in Table 6-7. Most radionuclide 
concentrations in honey collected from perimeter hives 

· were below RSRLs. A few radionuclides, principally 
actinium-228, cobalt-60, potassium-40, and strontium-
90 observed in Los Alamos townsite and White Rock/ 
Pajarito Acres samples, were in concentrations just 
above the RSRL; most levels, however, were small as 
compared to background. 

d. Dose Equivalents to Individuals from 
Ingestion of Honey. Table 6-8 presents the summary 
of the CEDE from the ingestion of honey collected in 
1996. The maximum CEDE (i.e., the CEDE plus 2 
sigma) using the maximum consumption rate of 
5 kg/yr (II lb/yr) for all honey samples collected in 
1996 is 0.075 mrem for the consumption of honey 

collected from around the Laboratory. The maximum 
net positive CEDE from consuming honey from Los 
Alamos townsite and White Rock and honey collected 
at a regional background station (i.e., San Pedro), using 
the maximum consumption rate, is 0.036 mrem 
(<0.04% of the DOE PDL) and 0.0030 mrem 
(<0.004% of the DOE PDL), respectively. The 
radionuclides that contributed more than 5% are 
potassium-40 for honey collected in Los Alamos; and 
strontium-90, cesium-137, and total uranium for honey 
collected in White Rock. 

Because analyses of several more radionuclides 
were requested in 1996 as compared to previous years, 
a direct comparison of these results with previous years 
cannot be made. However, the 1996 results of analyses 

for tritium, strontium-90, cesium-137, uranium, 

228 Environmental Surveillance and Compliance at Los Alamos during1996 

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



I 

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

6. Soil, Foodstuffs, and Associated Biota Monitoring 

plutonium-238, plutonium-239, and americium-241 
(the radionuclides requested in 1995) show the annual 
CEDE for the maximum consumption rate for samples 
collected from the background sample, White Rock, 
and Los Alamos townsite to be 0.0028 (±0.011), 
0.0029 (±0.00 12), and 0.0045 (±0.030) mrem, respec­
tively. These dose equivalents can be directly com­
pared with the previous year. The confidence intervals 
for the 1995 data set and this 1996 modified data set 
overlap, indicating that there is no difference between 
the 1995 and the 1996 calculated CEDEs for these 
sampling locations. 

4. Eggs 

a. Monitoring Network. Fresh eggs are 
collected from free-range chickens from the Los 
Alamos townsite area and from the Pueblo of San 
lldefonso. These eggs are compared to eggs produced 
from free-range chickens located in the Espanola area. 

b. Sampling Procedures, Data Management, 
and Quality Assurance. Approximately 24 medium 
sized eggs from Los Alamos townsite, Pueblo of San 
Ildefonso, and Espanola (background) were collected 
directly from the farmer, transported in Styrofoam 
containers to the Laboratory, and submitted to CST-9 
for the analysis of tritium; total uranium; strontium-90; 
plutonium-238; plutonium-239, -240; americium-241; 
and cesium-137. All QNQC protocols, chemical 
analysis, data handling, validation, and tabulation can 
be found in the OP entitled, "Egg Sampling and 
Processing for the Foodstuffs Monitoring Program," 

LANL-ESH-20-SF-OP-006, RO, 1997. 

c. Radiochemical Analytical Results. Results 
of radionuclide concentrations detected in eggs 
collected from Los Alamos townsite and the Pueblo of 
San Ildefonso, as they compare to eggs collected from 
the Espanola area can be found in Table 6-9 .. Most 
radionuclide values in eggs collected from Los Alamos 
townsite and the Pueblo of San Ildefonso were less 
than the RSRLs. Although the cesium-137 activity in 
eggs collected from Los Alamos townsite was greater 
than the RSRL, the level was not considered a detec­
table hit because the concentration was lower than the 
counting uncertainty; and is, therefore, of no concern. 

d. Dose Equivalents to Individuals from 
Ingestion of Eggs. Table 6-10 presents the summary 
of the CEDE from the ingestion of eggs collected near 
the Pueblo of San Ildefonso, Los Alamos townsite, and 
a regional background location near Espanola in 1996. 
The maximum annual CEDE (i.e., the total CEDE plus 
2 sigma) using the maximum consumption rate of 

20 kg/yr (55 g/day) for eggs collected at Los Alamos . 
townsite is 0.15 mrem. The maximum net positive 
CEDE for eggs collected from the Pueblo of San 
Ildefonso and from Los Alamos townsite and the 
regional background location is 0.002 mrem (<0.002% 
of the DOE POL) and 0.12 mrem, respectively. 
Cesium-137 contributed greater than 99% of these dose 
equivalents. Because cesium-137 was not "detected" 
in any of the egg samples (i.e., the reported counting 
uncertainty is larger than the concentration measured), 
the contribution of this radionuclide to the maximum 
net positive dose appears to be from natural variability 
within the data set as a result of measuring low 
concentrations (i.e., near the detection limits of the 
instruments). There is no statistical difference 
(p <0.05) between the maximum CEDE (i.e., average 
CEDE + 2 sigma) calculated for eggs collected from 
the Pueblo of San Ildefonso, Los Alamos townsite, and 
the regional background in the Espanola area. 

5. Milk 

a. Monitoring Network. There are no milk 
production facilities within 15 km (9 mi) of the 
Laboratory-the closest working dairy, located in the 
Pojoaque Valley, is approximately 40 km (24 mi) away. 
However, because milk is considered one of the most 
important and universally consumed foodstuffs, the 
analysis of milk may yield information as to the 
deposition of small amounts of radionuclides over a 
relatively large area. Accordingly, various radionu­
clides in milk from the Pojoaque Valley dairy were 

analyzed and compared to milk collected from a dairy 
(regional background location) located in Albuquerque. 

b. Sampling Procedures, Data Management, 
and Quality Assurance. Milk is collected directly 
from the dairies in the Pojoaque Valley and from 
Albuquerque and submitted to CST-9 in the original 
containers for the analysis of tritium; uranium; 
strontium-90; plutonium-238; plutonium-239, -240; 
iodine-131; and cesium-137. All QNQC protocols, 
chemical analysis, data handling, validation, and 
tabulation can be found in the OP entitled, "Milk!fea 
Sampling and Processing for the Foodstuffs Monitor­
ing Program," LANL-ESH-20-SF-OP-005, RO, 1997. 

c. Radiochemical Analytical Results. The 
results of the radiochemical analysis performed on 
milk collected from the Pojoaque Valley and 
Albuquerque (background) during 1996 are sum­
marized in Table 6-11. Most radionuclide concen­
trations in milk collected from the Pojoaque Valley, 
with the exception of total uranium, were less than 
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RSRLs and were similar to those obtained in previous 
years. Milk collected from both Pojoaque Valley and 
Albuquerque dairies contained detectable uranium 
concentrations; however, this fact was not unexpected 
because uranium is a natural element in all soils, and 
the degree to which it is found in milk depends on 
many factors, including the geology, mineralogy, 
vegetation, and meteorological (wind and rain) 
conditions of the area (Wicker and Schultz 1982). 

d. Dose Equivalents to Individuals from 
Ingestion of Milk. Table 6-12 presents the summary 
of the CEDE from the ingestion of milk collected from 
the Pojoaque Valley for 1996. The results from 1994 
and 1995 are also presented for comparison. The 
maximum CEDE (i.e., the CEDE plus 2 sigma) using 
the maximum consumption rate of 0.5 Llday for milk 
is 0.70 mrem from the regional background sample 
(Albuquerque). The maximum net positive CEDE 
from consuming milk from the Pojoaque Valley and 
from the regional background location is 0.083 mrem 
( <0.09% of the DOE PDL). The radionuclides 
contributing more than 5% to this total net positive 
difference are strontium-90 and uranium. There is no 
significant difference (p <0.05) between the maximum 
CEDE (i.e., average CEDE+ 2 sigma) calculated for 
milk samples collected from the Pojoaque Valley and 
the regional background. The confidence intervals for 
these data sets overlap, indicating that there is no 
difference between the 1994, 1995, and 1996 CEDEs. 

6. Fish 

a. Monitoring Network. Fish are collected 
annually upstream and downstream of the Laboratory 
(Figure 6-2). Cochiti Reservoir, a I 0,690-acre flood 
and sediment control project, is located on the Rio 
Grande approximately five miles downstream from the 
Laboratory. Radionuclides in fish collected from 
Cochiti Reservoir are compared to fish collected from 
background reservoirs. Abiquiu, Heron, and El Vado 
Reservoirs are located on the Rio Chama, upstream 
from the confluence of the Rio Grande and intermittent 
streams that cross Laboratory lands (Fresquez et al., 
1994a). 

Two types of fish are collected: game (surface­
feeders) and nongame (bottom-feeders). Game fish 
include Rainbow Trout (Salmo gairdneri), Brown Trout 
(Salmo trutta), Kokanee Salmon (Oncorhynchus 
nerka), Largemouth Bass (Micropterus salmoides), 
Smallmouth Bass (Micropterus dolomieui), White 
Crappie (Pomixis annularis), and Walleye (Stizostedion 
vitreum). Nongame fish include the White Sucker 
(Catostomus commersone), Channel Catfish (lctalurus 

penctatus), Carp (Cyprinus carpio), and Carp Sucker 
(Carpiodes carpio). 

b. Sampling Procedures, Data Management, 
and Quality Assurance. Fish are collected by hook 
and line, trot line, or gill nets (Salazar 1984). All 
QA!QC protocols, chemical analysis, data handling, 
validation, and tabulation can be found in the OP 

-entitled, "Fish Sampling and Processing for the 
Foodstuffs Monitoring Program," LANL-ESH-20-SF­
OP-002, RO, 1997. 

c. Radiochemical Analytical Results. Concen­
tration of radionuclides in game and nongame fish 
collected upstream and downstream of the Laboratory 
are presented in Table 6-13. In general, the concentra­
tions of most radionuclides in game and nongame fish 
collected from Cochiti Reservoir before and after the 
Dome Fire were less than the RSRL from similar fish 
collected from Abiquiu, Heron, and El Vado Reser­
voirs. Uranium in fish from Cochiti Reservoir is from 
naturally occurring sources. The isotopic ratio of 
uranium-235 to uranium-238 in Cochiti Reservoir 
bottom-feeding fish collected during 1993 (1.25 x 
1,013 atoms uranium-235/ash g to 1.74 x 1,015 atoms 
uranium-238/ash g) and 1994 (1.20 x I ,013 atoms 
uranium-235/ash g to 1.65 x 1015 atoms uranium-238/ 
ash g), for example, were consistent with naturally 
occurring uranium (i.e., 0.0072 ratio) (Efurd 1993). In 
other words, there was no evidence of depleted ura­
nium in fish samples collected from Cochiti Reservoir 
in past years. Depleted uranium, a by-product of 
uranium enrichment processes, has been used in 
dynamic weapons testing at LANL firing sites since 
the mid-1940s. Also, there was no evidence of 
uranium-236; this isotope does not occur in nature and 
is indicative of the presence of man-made uranium. 
These results compare well with radionuclide contents 
in crappie, trout, and salmon from comparable 
(background) reservoirs and lakes in Colorado (Wicker 
et al., 1972, Nelson and Wicker 1969). 

d. Dose Equivalents to Individuals from 
Ingestion of Fish. Table 6-14 presents the summary of 
the CEDE from the ingestion of fish collected from 

upstream (Abiquiu, Heron, and El Vado Reservoirs) 
and downstream (Cochiti Reservoir) of the Laboratory 
before and after the 1996 Dome Fire. The maximum 
CEDE (i.e., the CEDE plus 2 sigma) using the maxi­
mum consumption rate of 21 kg/yr ( 46 Ib/yr) for fish 
collected before the fire is 0.21 mrem from the Cochiti 
Reservoir bottom feeders, and the maximum CEDE for 
fish collected after the fire is 0.17 mrem. The maxi­
mum net positive CEDE for consuming fish from the 
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Cochiti Reservoir before the fire using the maximum 
consumption rate and subtracting the background from 
upstream of the Laboratory, is 0.12 mrem ( <0.13% of 
the DOE PDL) for the bottom feeders and 0.052 mrem 
( <0.06% of the DOE PDL) for the higher level feeders. 
The maximum net positive CEDE for consuming fish 
from the Cochiti Reservoir after the 1996 Dome Fire 
using the maximum consumption rate and subtracting 
the background from upstream of the Laboratory, is 
0.083 mrem ( <0.09% of the DOE PDL) for the bottom 
feeders and 0.030 mrem ( <0.04% of the DOE PDL) for 
the higher level feeders. The radionuclides contribut­
ing more than 5% to the maximum net positive CEDEs 
for samples collected before the Dome Fire are 
strontium-90, uranium, and americium-241 for bottom 
feeders and strontium-90, uranium, and plutonium-239 
for the higher level feeders. The radionuclides contrib­
uting more than 5% to the total maximum net positive 
CEDEs for samples collected after the Dome Fire are 
strontium-90, uranium, and americium-241 for bottom 
feeders and strontium-90, cesium-137, uranium, 
plutonium-238, and americium-241 for the higher level 
feeders. 

There is no significant difference (p <0.05) between 
the maximum CEDE (i.e., average CEDE+ 2 sigma) 
calculated for fish collected from upstream of the 
Laboratory and from Cochiti Reservoir before or after 
the Dome F~re. There is no significant difference 
(p <0.05) between the 1995 CEDE and the 1996 CEDE 
calculated for the fish collected. 

e. Long-Term Data Evaluation of Naturally 
Occurring Uranium in Surface- and Bottom­
Feeding Fish Upstream and Downstream of the 
Laboratory. Fresquez et al., (1994a) conducted a 
summary and trend analysis of radionuclides in game 
and nongame fish collected from reservoirs upstream 
(Abiquiu, Heron, and El Vado Reservoirs) and down­
stream (Cochiti Reservoir) of LANL from 1981 to 
1993. In general, the average levels of strontium-90, 
cesium-137, plutonium-238, and plutonium-239 in 
game and nongame fish collected from Cochiti 
Reservoir were not significantly different in fish 
collected from reservoirs upstream of the Laboratory. 
Total uranium was the only radionuclide that was 
found to be significantly higher in both game and 
nongame fish from Cochiti Reservoir as compared to 
fish from Abiquiu, Heron, and EI Vado Reservoirs. 
Uranium concentrations in fish collected from Cochiti 
Reservoir, however, significantly (p <0.05) decreased 
from 1981 to 1993, and no evidence of depleted 
uranium was found in fish samples collected from 
Cochiti Reservoir in 1993. Based on the average 

concentration of radionuclides over the years, the net 
positive CEDE from consuming 21 kg/yr (46lb/yr) of 
game fish and nongame fish from Cochiti Reservoir 
after natural background has been subtracted was 0.005 
and 0.009 mrem/yr, respectively. The highest dose was 
<0.01% of the DOE PDL (Fresquez and Armstrong 
1996). 

f. Nonradiological Analytical Results. The 
mean levels of all heavy metals in bottom-feeding fish 
collected from Cochiti Reservoir on June 3, 1996 (pre­
Dome Fire) were within the RSRL (Table 6-15). In 
addition, all of these metals, particularly beryllium, 
mercury, and lead, were similar to values reported from 
1991 to 1995. Mercury concentrations in fish 
occurring in lakes and reservoirs in New Mexico have 
been of significant concern to the public for several 
years. However, based on five years of data, mercury 
concentrations in fish upstream of LANL have been 
consistently higher, albeit slightly, than mercury 
concentrations downstream of the Laboratory. 

Although some heavy metals, particularly silver, 
barium, beryllium, cadmium, chromium, and thallium 
in fish collected from Cochiti Reservoir on August 8, 
1996, after the Dome Fire, were higher in concentra- · 
tions than metals in fish collected upstream of LANL, 
they were less than the RSRL. The higher concentra­
tions of these metals in fish from Cochiti Reservoir 
were probably a result of the fire on Forest Service and 
Bandelier National Park lands. 

7. Game Animals (Elk and Deer) 

a. Monitoring Network. Road kills of elk and 
deer are collected on an annual basis from within 
Laboratory boundaries, and the meat and bone are 
analyzed for various radionuclides. Three elk and five 
deer were collected during 1995 and 1996. These data, 
from meat and bone samples, were compared to radio­
nuclide concentrations in meat and bone samples from 
elk and deer collected from regional background 
locations (Fresquez et al., 1994b). 

b. Sampling Procedures, Data Management, 
and Quality Assurance. Elk and deer meat and bone 
tissue are collected from fresh road kills around the 
Laboratory. Background samples are collected from 
the New Mexico Department of Game and Fish during 
this same period of time. All QNQC protocols, chem­
ical analysis, data handling, validation, and tabulation 
can be found in the OP entitled, "Game Animal Sam­
pling and Processing for the Foodstuffs Monitoring 
Program," LANL-ESH-20-SF-OP-003, RO, 1997. 
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c. Radiochemical Analytical Results. Results 
of road kill elk and deer collected during 1995 and 
1996 can be found in Tables 6-16 and 6-17. 

Most radionuclides in muscle and bone tissue of 
deer collected from LANL lands were less than 
RSRLs. Activities of cesium-137 and americium-241 
in muscle and activities of tritium, strontium-90, and 
plutonium-238 in bone in some deer samples, however, 
were greater than the RSRL. And, three out of the five 
deer bone samples collected from LANL lands 
contained higher strontium-90 levels than background. 

Most radionuclides, with the exception of total 
uranium, in muscle and bone tissue of elk collected 
within LANL lands were less than the RSRL. Only 
one sample, a leg bone sample from a cow elk col­
lected on the Pueblo of San Ildefonso at State Road 4, 
contained detectable (where the analytical result was 
higher than two sigma) and higher concentrations of 
total uranium. The value was greater than the RSRL. 

d. Dose Equivalents to Individuals from 
Ingestion of Game Animals. Table 6-18 presents the 
summary of the CEDE from the ingestion of elk col­
lected during 1996. Because there were no regional 
background elk collected in 1994 or 1995 (ESP 1996), 
the 1993 data are also presented as a comparison 
(Fresquez et al., 1994b). The maximum annual CEDE 
(i.e., the total CEDE plus 2 sigma) using the maximum 
consumption rate of 5.7 kg (,13 lb) for elk bone and 23 
kg/yr (50 lb) for elk muscle collected on-site in 1996 is 
2.2 mrem and 0.042 mrem, respectively. For the 
regional sample, the maximum annual CEDE is 0.80 
mrem for the consumption of elk bone and 0.044 mrem 
for the consumption of elk muscle. The maximum net 
positive CEDE from consuming bone and muscle from 
elk collected on-site and elk collected off-site in 1996 
is 1.4 mrem (1.4% of the DOE PDL) for bone and 
0.0 II mrem (0.0 11% of the DOE PDL) for muscle. 
The radionuclides that contributed more than 5% to 
this maximum net positive dose is strontium-90 for 
bone and muscle. There is no significant difference 
(p <0.05) between the maximum CEDE (i.e., average 
CEDE + 2 sigma) calculated in 1995 and 1996 or from 
1996 on-site or off-site locations. 

Table 6-19 presents the summary of the CEDE from 
the ingestion of deer collected during 1996. The maxi­
mum annual CEDE (i.e., the total CEDE plus 2 sigma) 
using the maximum consumption rate of 4.8 kg/yr (II 

lb/yr) for deer bone and 23 kg/yr (50 lb/yr) for deer 
muscle collected on-site in 1996 is 3.7 mrem and 0.16 
mrem, respectively. For the regional sample, the maxi­
mum annual CEDE is 0.4 mrem for the consumption of 
deer bone and 0.05 mrem for the consumption of deer 

muscle. The maximum net positive CEDE from con­
suming bone and muscle from deer collected on-site 
and deer collected off-site in 1996 is 3.3 mrem (<3.5% 
of the DOE PDL) for bone and 0.13 mrem ( <0.15% of 
the DOE PDL) for muscle. The radionuclides that 
contributed more than 5% to this total net positive dose 
is strontium-90 for bone and cesium-137 for muscle. 

8. Domestic Animals. 

a. Monitoring Network. Free-ranging cattle 
owned by residents of the Pueblo of San Ildefonso 
graze the boundaries of LANL on a regular basis and 
are offered by the Pueblo for sampling and analysis. 

b. Sampling Procedures, Data Management, 
and Quality Assurance. All QA/QC protocols, chem­
ical analyses, data handling, validation, and tabulation 
can be found in the OP entitled, "Game Animal Sam­
pling and Processing for the Foodstuffs Monitoring 
Program," LANL-ESH-20-SF-OP-003, RO, 1997. 

c. Radiochemical Analytical Results. Radio­
nuclide concentrations in muscle and bone tissue of a 
domestic free-range steer collected from the Pueblo of 
San Ildefonso lands during the 1996 year can be found 
in Table 6-20. Results are compared to background elk 
samples-elk and cattle are both free-ranging 
grazers-collected during the same year. In general, 
most radionuclides, with the exception of total 
uranium, in muscle and bone tissue of a steer collected 
from the Pueblo of San Ildefonso were less than the 
RSRL. Total uranium in bone tissue, however, was 
detected at two times the levels commonly encountered 
in bone tissue of elk. 

d. Dose Equivalents to Individuals from 
Ingestion of Domestic Animals. Table 6-21 presents 
the summary of the CEDE from the ingestion of a free­
range steer collected from the Pueblo of San Ildefonso 
during 1996. Because this was the first year that a 
steer was sampled, there are no background samples 
with which to compare the 1996 results. In order to 
compare this CEDE to a background value, elk 
collected from the region from 1991 to the present 
were used. The maximum CEDE (i.e., the CEDE plus 
2 sigma) using the maximum consumption rate of 110 
kg/yr (243 lb/yr) for muscle and 275 kg/yr (61 lb/yr) 
for bone for steer collected from the Pueblo of San 
Ildefonso in I996 is 2.3 mrem for the consumption of 

bone tissue and 0.17 mrem for the consumption of 
muscle tissue. The maximum net positive CEDE from 
consuming steer bone and muscle collected from 
Pueblo of San Ildefonso land, after the subtraction of 
elk CEDE from regional background, is 0.23 mrem 
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6. Soil, Foodstuffs, and Associated Biota Monitoring 

( <0.3% of the DOE PDL) and 0.057 mrem ( <0.06% of 
the DOE PDL), respectively. The radionuclides that 
contributed more than 5% to this total maximum net 
positive dose are cesium-137, uranium, and americium-
241 for bone; and strontium-90, uranium, and 
plutonium-239 for muscle. There is no significant 
difference (p <0.05) between the maximum CEDE 
(i.e., average CEDE+ 2 sigma) calculated for steer 
tissues collected from the Pueblo of San Ildefonso and 
elk tissue collected at regional background locations in 
1996. 

9. Herbsffea 

a. Monitoring Network. Navajo Tea (Cota) 
was collected from three perimeter areas surrounding 
the Laboratory: Los Alamos townsite on the north, 

White Rock on the southeast, and Pueblo of San 
Ildefonso lands on the east. Tea was collected from the 
Espanola area as a background value. 

b. Sampling Procedures, Data Management, 
and Quality Assurance. All QA/QC protocols, chem­
ical analysis, data handling, validation, and tabulation 
can be found in the OP entitled, "Milkffea Sampling 
and Processing for the Foodstuffs Monitoring 
Program," LANL-ESH-20-SF-OP-005, RO, 1997. 

c. Radiochemical Analytical Results. Results 
of the tea collected during the 1996 year can be found 
in Table 6-22. Tea collected from Los Alamos town­
site, White Rock/Pajarito Acres, and the Pueblo of San 
Ildefonso contained detectable levels (where the analy­
tical result was higher than two sigma) of plutonium-
238, plutonium-239, and total uranium. These were 
greater than the RSRL. All other radionuclides were 
within background values. 

d. Dose Equivalents to Individuals from 
Ingestion of Herbal Tea. Table 6-23 presents the 
summary of the CEDE from the ingestion of Navajo 
tea (Cota) collected in 1996. The maximum CEDE 
(i.e., the CEDE plus 2 sigma) using the maximum con­
sumption rate of 1.5 L/day for all tea samples collected 
in 1996 is 1.9 mrem for the consumption of tea col-

lected in the Pueblo of San Ildefonso. The maximum 
net positive CEDE from consuming tea from Los 
Alamos townsite, White Rock/Pajarito Acres, and the 
Pueblo of San Ildefonso and tea collected at a regional 
background station, using the maximum consumption 
rate, is 0.24 mrem ( <0.3% of the DOE PDL), 0.27 
mrem ( <0.3% of the DOE PDL), and 0.92 mrem 
( < 1.0% of the DOE PDL), respectively. The radionu­
clides that contributed more than 5% to these maxi­
mum net positive CEDEs are strontium-90, uranium, 

plutonium-238 and plutonium-239 for tea collected in 
Los Alamos; cesium-137, plutonium-238, and 
plutonium-239 for tea collected in White Rock, and 
cesium-137, uranium, and plutonium-238 for tea 
collected at the Pueblo of San Ildefonso. There is no 
significant difference (p <0.05) between the maximum 
CEDE calculated for consuming tea from the sampling 
locations. 

C. Special Studies, Including Long-Term Data 
Evaluations 

1. Radionuclide Concentrations in Soils and 
Produce from Native American Pueblo Gardens in 
the Vicinity of Los Alamos National Laboratory 

Radionuclide (tritium, strontium-90, cesium-137, 

plutonium-238, plutonium-239, and total uranium) 
concentrations were determined in soils and produce 
collected from gardens in the Pueblos of Cochiti, 
Jemez, Taos, and San Ildefonso. All radionuclides in 
soils from Pueblo areas were within or just above 
RSRL (natural and/or worldwide fallout). Similarly, 
the average levels of radionuclides in produce collected 
from gardens in the Pueblos of Cochiti, Jemez, Taos, 
and San Ildefonso were not significantly different in 
produce collected from regional (background) loca­
tions. The CEDE from consuming 160 kg (352 lb) of 
produce from the Pueblos of Cochiti, Jemez, Taos, and 
San Ildefonso, after the background value has been 
subtracted, was 0.036 (±0.0 16), 0.072 (±0.051 ), 0.012 
(±0.027), and 0.110 (±0.1 02) mrem/yr, respectively. 
The highest calculated dose, based on the mean + 2 std 
dev (95% confidence level), was 0.314 mrem/yr; this 
was <0.4% of the International Commission on Radio­
logical Protection (ICRP) permissible dose limit for 
members of the public (Fresquez et al., 1996c ). 

2. Radionuclide Concentrations in Elk and Deer 
from Los Alamos National Laboratory (1992-1995) 

Rocky Mountain elk (Cervus elaphus) and mule 
deer (Odocoileus hemionus) are common inhabitants of 
LANL lands. Many of these animals forage over areas 
at LANL that may contain radioactivity above natural 
and/or worldwide fallout levels. A study was con­
ducted to determine (I) radionuclide contents (tritium, 
cesium-137, strontium-90, plutonium-238, 
plutonium-239, americium-241, and total uranium) in 
muscle and bone from elk and deer collected from road 
kills on LANL lands from 1992 through 1995; and (2) 
the CEDE and the corresponding risk of excess cancer 
fatalities to people who consume meat and bone from 
these animals. 
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In general, most radionuclide concentrations in 
muscle and bone from elk and deer collected from 
LANL lands were either at less than detectable levels 
(where the analytical result was smaller than two 
counting uncertainties) or within upper limit back­
ground concentrations (the background mean + 2 std 
dev). Based on the long-term average, most radionu­
clides in muscle tissue from elk collected from LANL 
lands, with the exception of plutonium-239, were not 
significantly different (p <0.05) from radionuclide 
concentrations in muscle from elk collected from back­
ground locations. Similarly, most radionuclides, with 
the exception of total uranium, were not significantly 
higher in bone from LANL elk as compared to bone 
from background elk. No significant differences 
resulted in any of the radionuclides measured in mus­
cle and bone collected from LANL deer as compared 
to background deer. Overall, the maximum total net 
positive CEDE--based on the average concentration 
plus two standard deviations of all radionuclides 
measured over the years after the subtraction of back­
ground values--from the consumption of 51 lb of 
muscle and 13 lb of bone from LANL elk and deer 
were as follows: elk muscle = 0.029 mrem/yr, elk bone 
= 0.149 mrem/yr, deer muscle = 0.182 mrem/yr, and 
deer bone= 0.742 mrem/yr. All maximum total net 
pos'itive CEDEs were well below the ICRP permissible 
dose limit of 100 mrem/yr from all pathways, and the 
highest CEDE (0.742 mrem/yr from deer bone) corres­
ponds to a risk of excess cancer fatalities of 3.7 x IQ-7 

( <0.4 in a million). This risk was far below the EPA 
limit guideline of IQ-4 (Fresquez et al., 1996d). 

3. Radionuclides in Bees and Honey within and 
around Los Alamos National Laboratory 

Honeybees are effective monitors of environmental 
pollution. LANL, in fact, has maintained a network of 
honeybee colonies within and around LANL for 17 
years (1979 through 1995); the objectives for maintain­
ing this honeybee network were to (I) determine the 
bioavailability of certain radionuclides in the 
environment with respect to LANL operations (tritium, 
cobalt-57, cobalt-60, europium-152, potassium-40, 
beryllium-?, sodium-22, manganese-54, rubidium-83, 
cesium-137, plutonium-238, plutonium-239, 
strontium-90, americium-241, and total uranium) and 
(2) estimate the CEDE and the corresponding risk of 
excess cancer fatalities to people who may consume 
honey from hives located around the perimeter of the 
Laboratory (Los Alamos and White Rock/Pajarito 
Acres). All other radionuclides, with the exception of 
tritium, in honey collected from perimeter hives around 

LANL were not significantly different from back­
ground. Overall, the maximum total net positive 
CEDE-based on the average concentration plus two 
std dev of all the radionuclides measured over the years 
after the subtraction of background values-from 
consuming II lb of honey collected from Los Alamos 
and White Rock/Pajarito Acres, was 0.031 mrem/yr 
and 0.006 mrem/yr, respectively. The highest CEDE 
was <0.04% of the ICRP permissible dose limit of I 00 
mrem/yr from all pathways and corresponds to a risk of 
excess cancer fatality of 1.6 x I0-8 (0.016 in a 
million)-far below the EPA's limit guideline of IQ-4 

(Fresquez et al., 1997a). 

4. Radionuclide Concentrations in Pinto Beans, 
Sweet Corn, and Zucchini Squash Grown in Los 
Alamos Canyon at Los Alamos National Laboratory 

Pinto beans (Phaselous vulgaris;var. Idaho 111), 
sweet com (Zea mays, var. early sunglow), and 
zucchini squash (Cucurbita pepo, var. black beauty) 
were grown in a randomized complete block field/pot 
experiment at a site within Los Alamos Canyon at 
LANL. That site contained the highest levels of 
surface gross gamma radioactivity within that canyon 
bottom. Soils, as well as washed edible and nonedible 
(washed) crop tissues, were analyzed for various 
radionuclides (tritium, cesium-137, strontium-90, 
plutonium-238, plutonium-239, americium-241, total 

uranium, gross alpha, gross beta, and gross gamma) 
and heavy metals (arsenic, mercury, antimony, 
cadmium, chromium, lead, and zinc). Most radionu­
clides, with the exception of tritium and total uranium, 
in soil from Los Alamos Canyon were detected in 
significantly higher concentrations (p <0.0 1) than in 
soil collected from regional background locations. 
Similarly, most radionuclides in edible crop portions of 
beans, squash, and corn were detected in significantly 
higher concentrations than regional background. Soil 
to plant concentration ratios for radionuclides and 
heavy metals in edible and nonedible crop tissues from 
Los Alamos Canyon were calculated. All heavy metals 
in soils, as well as edible and nonedible crop tissues 
grown in soils from Los Alamos Canyon, were within 
regional background concentrations. Overall, the max­
imum net positive CEDE-the CEDE plus two sigma 
for each radioisotope minus background and then all 
positive doses summed-to a hypothetical 50-year 
resident who ingested 160 kg [352 lb] of beans, com, 
and squash from the region used in this study in equal 
proportions, was 74 mrem/yr. This dose was below the 
ICRP permissible dose limit of 100 mrem/yr from all 
pathways; however, the addition of other internal and 
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6. Soil, Foodstuffs, and Associated Biota Monitoring 

external exposure route factors may increase the 
overall dose over the POL. The risk of an excess 
cancerfatality, based on 74 mrem/yr, was 3.7 x 10·5 

(37 in a million); which is below the EPA's limit 
guideline of I o-4 (Fresquez et al., 1997b). 

5. Sampling of Perimeter Surface Soils at 
Technical Area 54, Area G 

During fiscal year (FY) 1996,41 surface soil 
samples were collected from the perimeter ofTA-54, 
Area G. Fewer samples were taken in FY96 than in 
previous years, and the locations sampled depended on 
historical data collected at Area G between FY93 and 
FY95. The locations for the FY96 surface soil samples 
were chosen on the basis that these were sites that 
could best indicate whether contaminants, under the 
influence of surface water runoff, were moving outside 
theTA-54, Area G perimeter. Each sampling point was 
located in an obvious (but small) drainage channel just 
outside the perimeter fence. These sampling locations 
were thus biased to best determine movement of 
contaminated soil being carried by surface water runoff 
from within the confines of Area G to beyond the Area 
G fence (Conrad 1997). The radioactive constituents 
measured in these surface soil' samples included 
americium-241, cesium-137, isotopic plutonium, and 
tritium. 

The analytical results of the surface soil sampling 
indicate that some perimeter soils at Area G continue 
to be elevated above background levels for tritium and 
plutonium. The most elevated concentrations of 
tritium in soils are prevalent in locations that are 
adjacent to the active tritium disposal shafts, and next 
to a series of inactive tritium shafts and the transuranic 
(TRU) waste storage pads. Isotopic plutonium and 
americium-241 activity are slightly elevated in peri­
meter surface soils located adjacent to the TRU pads. 
Cesium-137 is uniformly distributed in the perimeter 
soils. The perimeter soil samples were not analyzed 
for total uranium, but previous years' uranium data 
have show a uniform distribution in surface soils with 
no evidence of elevated levels over background. 

No gross changes in radioactivity in surface soil 
samples were observed, and the samples collected in 
FY96 contain radioactivity similar to samples collected 
in FY95. No new locations where surface soils were 
elevated with radioactivity were defined by sampling. 
These findings are consistent with analogous measure­
ments taken in FY93, FY94, and FY95. The Area G 
perimeter surface soil data indicate that very little 
radioactivity is moving outside of Area G under the 
influence of surface water runoff (Conrad 1997). 

6. Dual Axis Radiographic Test Facility 
Mitigation Action Plan Activities 

Elk are being collared in the vicinity of the Dual 
Axis Radiographic Test (DARHT) facility to effec­
tively evaluate their current use of that area. Global 
positioning system (GPS) radio collars are put on elk 
in an attempt to gather data. These data are necessary 
to make clearer decisions associated with Laboratory 
projects that may affect elk, whether in a positive or 
negative manner. The data gathered and analyzed per­
tain primarily to habitat, water, and terrain use. This 
information aids in developing management strategies 
that can be used to alleviate the concerns associated 
with the DARHT project. The study objectives are to 
assess seasonal and daily activity use by elk of the 
DARHT project area to evaluate potential short and 
long term impacts of DARHT. 

Information on large predators using the DARHT 
project area is also being collected. The study objec­
tives are to determine the presence or absence of large 
predators (mountain lion, black bear) in the project 
area, and, if present, assess use of the project area by 
these species. 

Collection and analysis of small mammal tissues is 
done to identify radionuclides present and monitor 
concentration amounts over time to obtain a trend 
analysis. The collection and sampling of small mam­
mals in the vicinity of DARHT before operation of the 
facility provides a baseline of contaminant concentra­
tions that can be compared to postoperational activities 
to determine if release of contaminants occurs. The 
information is used to identify radionuclide presence 
within surface and subsurface soils in adjacent canyons 
and to quantitatively estimate the amount of radionu­
clide uptake at the sampling locations by sampling 
carcasses of burrowing nocturnal small mammals. 

In Chapter 2 of this report, there is a general 
description of the DARHT Mitigation Action Plan. 

7. Environment, Safety, and Health Technology 
Development and Evaluation Applications Research 
Study 

In 1996, ESH-20 initiated a research project 
involving the use of an advanced radiotelemetry system 
on elk studies at LANL. Project objectives included 
testing a new telemetry system, addressing important 
questions in contaminant transport and radionuclide 

concentrations in animals, providing information about 
elk and deer populations in the area, and providing data 
on animal diseases. Error rates were determined for a 
GPS collar associated with varying vegetation types 
and terrain types that can be applied to locational fixes 
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of animals following deployment of the collars in an 
applied field study. The error rates were calculated to 
be less than traditional telemetry devices and thus pro­
vides a more effective tool for wildlife studies. Habitat 
use patterns, water source use patterns, and movements 
based on human-induced barriers were identified. The 
GPS data were successfully interfaced with the geo­
graphical information system (GIS) to further advance 
the applications of the technology. 

8. National Institutes of Health Hantavirus 
Grant 

Beginning in 1994, the National Institutes of Health, 
through a collaborative research effort with the Univer­
sity of New Mexico School of Medicine, has funded 
the ESH-20 Biology Team to study the Sin Nombre 
hantavirus. Data are collected on small mammal popu­
lations, animal health, climatology, and food source 
use and availability at two locations in the Four 
Corners area. The objectives of this study are testing 
for correlations between population densities and 
concentrations of hantavirus; testing for correlations 
between ecological parameters, climatological condi­
tions, and food source use or availability and concen­
trations of hantavirus; and determining seroprevalence 
rates in various species of rodents. The results of this 
study have shown a steady decrease in seroprevalence 
rates of infected animals. 

In addition, monitoring of seroprevalence of banta­
virus in rodent populations is occurring in Los Alamos 
County. The deer mouse was the most commonly 
captured species at all locations except one site where 
voles (Microtus spp.) were the most commonly cap­
tured species. Other species sampled included: harvest 
mice (Reithrodontomys megalotis), woodrats (Neotoma 
spp.), shrews (Sorex spp.), white-footed mice 
(Peromyscus leucopus), pinon mice (Peromyscus 
trueii), and brush mice (Peromyscus boylii). Results of 
the testing from 1993 to 1996 identified a total overall 
seroprevalence rate among deer mice of approximately 
5.5%, 4.2%, 0%, and 0%, respectively. Several other 
species tested positive for the hantavirus, but it is 
uncertain if it is the Sin Nombre virus. Further studies 
will be necessary to quantify seroprevalence rates in 
those species. Testing has shown that seroprevalence 
rates for Los Alamos County were much lower than 
elsewhere in the region. 

9. Technical Area 54, Area G, Enhanced 
Surveillance Activities-Small Mammal 
Contaminant Study 

Small mammals were sampled at two waste burial 
sites at TA-54, Area G, and a control site within the 

proposed Area G expansion area. The purpose of these 
1996 activities was to identify radionuclides that are 
present within surface and subsurface soils at waste 
burial sites, to compare the amount of radionuclide 
uptake by small mammals at waste burial sites to a 
control site, and to identify the primary mode of con­
tamination to small mammals, either through surface 
contact, ingestion, or inhalation. Three composite 
samples of approximately five animals per sample were 
collected at each site. Pelts and carcasses of each 
animal were separated and analyzed independently. 
Samples were analyzed for americium-241, 
strontium-90, plutonium-238, plutonium-239, total 
uranium, cesium-137, and tritium. Significantly higher 
(parametric t-test at p <0.05) levels of total uranium, 
americium-241, plutonium-238, and plutonium-239 
were detected in pelts as compared to the carcasses of 
small mammals at TA-54. Concentrations of other 
measured radionuclides in carcasses were nearly equal 
to or exceeded the mean concentrations in the pelts. 
Because of low capture rates at each site, no statistical 
analysis could be conducted to compare sites. 

10. Fire Hazard Modeling 

As a result of the La Mesa Fire in 1977 and the 
Dome Fire in 1996, ESH-20 initiated an ongoing effort 
to evaluate the potential for catastrophic wildland fires 
to occur in populated areas that are adjacent to LANL. 
The first step in this process is to inventory fuel levels 
in forests and woodlands on the Pajarito Plateau. This 
was done at 39 environmental surveillance plots, and 
the results are being used as inputs into fire behavior 
models. The outputs of these analyses will be used to 
prioritize areas and suggest methods for reducing the 
threats to populated areas from catastrophic fire. 

The preliminary results of this inventory indicate 
that the greatest threat of catastrophic fire is in areas at 
higher elevations that are predominated by ponderosa 
pine forests and mixed conifer forests. Woodlands at 
lower elevations are less threatened by severe fires. 
ESH-20 is collaborating with the Los Alamos County 
Fire Department, the US Forest Service, and other 
emergency organizations to implement strategies for 
reducing the fire hazard near potentially affected 
residential and business districts. 

11. Integration of a Custom FORTRAN Code 
and the Geographic Information System for 
Conducting a Spatially Dynamic Risk Assessment of 
Federally Protected Species 

The Endangered Species Act of 1973 requires that 
the Department of Energy protect listed species at 
facilities such as the Los Alamos National Laboratory. 
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A preliminary risk assessment of the Mexican spotted 
owl (Strix occidentalis Iucida) (Gallegos et al., 1997a), 
the American peregrine falcon (Falco peregrinus) 
(Gallegos et al., 1997b ), and the bald eagle ( Haliaeetus 
leucocephalus) was performed using a custom 
FORTRAN model, ECORSK5, and the geographic 
information system. Estimated doses from soil inges­
tion and food consumption contaminant pathways were 
compared against toxicity reference values to generate 
hazard indices that included a measure of cumulative 
effects from multiple contaminants (radionuclides, 
metals, and organic chemicals). The soil ingestion 
contaminant exposure pathway included a bioaccumu­
lation component, and the food consumption contami­
nant pathway included a biomagnification component. 
Simulated foraging within scalable home ranges was 

weighted exponentially based on distance from ran­
domly selected simulated nest sites. Other model 
variables included occupancy weighting, toxicity 
reference value adjustment, and home range sloping. 
Hazard indices for the most realistic foraging scenarios 
assessed were 0. 73 (±0.23), 1.16 (± 1.0) and O.Ql 5 
(±0.004) for the owl, falcon, and eagle, respectively. 
Hazard indices values below I .0 were considered to be 
indicative of no unacceptable risk and generally require 
no funher assessment. Information on risk by specific 
geographical location was generated for use in 
management of contaminated areas, species habitat, 
facility siting, and/or facility operations in order to 
maintain risk from contaminants at acceptably low 
levels. 
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Total Gross Gross Gross r:::r 0 
JH 90Sr 137Cs Uranium 238Pu 239,240Pu 241Am Alpha Beta Gamma ;:;- -"' Location (pCilmL) (pCilg dry) (pCilg dry) (flg/g dry) (pCilg dry) (pCilg dry) (pCilg dry) (pCilg dry) (pCilg dry) (pCilg dry) -

"TT 
Off-Site Regional (Background) Stations: 0 

Rio Chama 0.4 (0.8)" 0.6 (0.4) 0.41 (0.12) 2.43 (0.48) 0.003 (0.004) 0.016 (0.006) 0.007 (0.004) 4.8 (4.0) 5.5 (1.4) 2.4 (0.6) 0 
Embudo 0.3 (0.8) 0.4 (0.4) 0.40 (0.12) 1.91 (0.38) 0.002 (0.002) 0.014 (0.004) 0.005 (0.004) 5.4 (4.2) 5.7 (1.4) 2.6 (0.6) =-Cl) 
SantaCruz 0.3 (0.8) -0.1 (0.6)b 0.11 (0.08) 2.18 (0.44) 0.001 (0.002) 0.008 (0.004) 0.004 (0.002) 5.3 (7.4) 5.8 (1.6) 2.8 (0.6) -Cochiti 0.2 (0.8) 0.3 (0.4) 0.26 (0.10) 1.88 (0.38) 0.001 (0.002) 0.006 (0.004) 0.005 (0.006) 2.6 (1.6) 3.8 ( 1.0) 2.3 (0.6) = -Bernalillo 0.5 (0.8) 0.1 (0.4) 0.17 (0.08) 2.35 (0.48) 0.004 (0.004) 0.005 (0.004) 0.006 (0.004) 3.3 (3.6) 4.9 (1.2) 2.2 (0.6) -Cl) 

Jemez 0.5 (0.8) 0.1 (0.4) 0.26 (0.24) 3.18 (0.64) 0.002 (0.002) 0.012 (0.004) 0.006 (0.002) 5.0 (5.4) 4.3 ( 1.0) 3.8 (0.8) 
Mean (±2SD) 0.4 (0.2) 0.2 (0.5) 0.27 (0.24) 2.32 (0.95) 0.002 (0.002) 0.010 (0.009) 0.006 (0.002) 4.4 (2.3) 5.0 (1.6) 2.7 ( 1.2) 

I» 
::s 

RSRU 6.34 0.82 1.13 4.05 0.008 0.028 0.208 35.3 13.6 7.3 =-SALd 1,900e 4.4 5.1 29 27 24 22 NAf NA NA > 
Off-Site Perimeter Stations: 

Cl) 
Cl) 

Otowi 1.2 (0.8) 0.0 (0.4) 0.22 (0.08) 1.92 (0.38) 0.000 (0.002) 0.018 (0.006) 0.005 (0.002) 4.3 (3.6) 4.1 (1.0) 2.4 (0.6) 0 
n 

TA-8 (GT Site) 0.0 (0.8) 0.6 (0.4) 0.51 (0.16) 2.74 (0.54) 0.002 (0.002) 0.025 (0.004) 0.011 (0.004) 7.9 (5.2) 6.9 (1.6) 3.5 (0.8) 
NearTA-49 (BNP) 0.3 (0.8) 0.2 (0.6) 0.58 (0.18) 4.44 (0.88) 0.000 (0.002) 0.022 (0.004) 0.008 (0.004) 7.0 (4.2) 7.8 (1.8) 3.7 (0.8) I» -East Airport 0.7 (0.8) 0.1 (0.4) 0.17 (0.10) 3.55 (0.72) 0.002 (0.002) 0.023 (0.004) 0.007 (0.004) 5.1 (2.0) 5.1 ( 1.2) 3.6 (0.8) CD 
West Airport 0.5 (0.8) 0.3 (0.8) 0.33 (0.12) 4.13 (0.82) 0.004 (0.002) 0.275 (0.020) 0.048 (0.008) 2.9 (2.4) 8.0 (2.0) 3.5 (0.8) =-m 

:::1 North Mesa 0.4 (0.8) 0.6 (0.4) 0.47 (0.16) 3.91 (0.78) 0.002 (0.002) 0.026 (0.004) 0.010 (0.004) 7.8 (5.4) 5.6 (1.4) 4.0 (0.8) ca 
~-
0 Sportsman's Club 0.3 (0.8) 0.2 (0.6) 0.73 (0.20) 4.25 (0.86) 0.001 (0.002) 0.041 (0.006) 0.012 (0.1 00) 6.7 (3.0) 6.7 ( 1.6) 3.7 (0.8) 0 
:::1 Tsankawi/ PM-I 0.6 (0.8) 0.1 (0.6) 0.25 (0.12) 4.36 (0.88) 0.001 (0.002) 0.009 (0.002) 0.008 (0.004) 7.4 (4.2) 4.8 ( 1.2) 4.6 (1.0) -3 I» 
CD White Rock (East) 0.3 (0.8) 0.3 (0.6) 0.23 (0.10) 2.77 (0.56) 0.001 (0.002) 0.007 (0.002) 0.004 (0.002) 6.3 (5.8) 5.6 (1.4) 3.5 (0.8) s :::1 

San Ildefonso 0.6 (0.8) 0.1 (0.6) 0.25 (0.08) 2.36 (0.48) 0.002 (0.002) 0.015 (0.004) 0.006 (0.002) -0.2 (0.0) 3.8 (0.8) 3.4 (0.8) Qj 
0 

en Mean (±2SD) 0.5 (0.6) 0.3 (0.4) 0.37 (0.37) 3.44 ( 1.84) 0.002 (0.002) 0.046 (0.162) 0.012 (0.026) 5.5 (5.2) 5.8 (2.9) 3.6 (1.1) ::s c :::::;: < 
!!!. On-Site Stations: 0 

iii TA-16 (S-Site) 0.5 (0.8) 0.3 (0.4) 0.68 (0.18) 5.13 (1.02) 0.001 (0.002) 0.025 (0.004) 0.010 (0.004) 7.1 (4.6) 7.2 (1.8) 3.9 (0.8) ~. 
:::1 TA-21 (DP-Site) 0.7 (0.8) 0.1 (0.4) 0.08 (0.06) 2.55 (0.52) 0.004 (0.004) 0.015 (0.006) 0.007 (0.008) 6.5 (5.2) 5.5 (1.4) 2.9 (0.6) ::s ., CCI 
CD NearTA-33 1.1 (0.8) 0.2 (0.4) 0.71 (0.18) 3.17 (0.64) 0.001 (0.002) 0.011 (0.002) 0.010 (0.004) 6.4 (4.4) 6.9 (1.6) 3.4 (0.8) 
Q) 

TA-50 0.8 (0.8) 0.2 (0.6) 0.25 (0.10) 3.64 (0.72) 0.004 (0.002) 0.097 (0.0 I 0) 0.019 (0.004) 4.5 ( 1.8) 3.9 ( 1.0) 3.2 (0.8) :::1 
Cl. TA-51 0.5 (0.8) 0.3 (0.4) 0.31 (0.10) 3.22 (0.64) 0.001 (0.002) 0.012 (0.004) . 0.005 (0.002) 4.4 (2.4) 3.2 (0.8) 3.1 (0.8) 
(") 
0 West ofT A-53 0.5 (0.8) 0.3 (0.4) 0.19 (0.10) 3.26 (0.66) 0.001 (0.002) 0.026 (0.008) 0.004 (0.006) 7.0 (3.8) 5.2 ( 1.2) 3.1 (0.8) 
3 East ofTA-53 0.9 (0.8) 0.3 (0.4) 0.40 (0.12) 2.49 (0.50) 0.002 (0.002) 0.025 (0.006) 0.007 (0.002) 6.6 (3.0) 4.7 (1.2) 3.3 (0.8) "CJ 

iii' East ofT A-54 2.8 (0.8) 0.3 (0.4) 0.45 (0.14) 2.44 (0.48) 0.004 (0.002) 0.053 (0.008) 0.016 (0.010) 2.4 (1.0) 2.5 (0.6) 3.8 (0.8) 
:::1 Potrillo Drivel TA-36 0.5 (0.8) 0.3 (0.4) 0.34 (0.10) 2.62 (0.52) 0.001 (0.002) O.Dl5 (0.004) 0.005 (0.002) 4.6 (2.0) 4.3 (1.0) 2.8 (0.6) ., 
CD Near Test Well DT-9 0.4 (0.8) 0.0 (0.6) 0.42 (0.12) 2.63 (0.52) 0.002 (0.002) 0.013 (0.004) 0.008 (0.004) 3.4 (1.2) 3.1 (0.8) 3.3 (0.8) 
!!!. R-Site Road East 0.6 (0.8) 0.5 (0.6) 0.34 (0.10) 4.42 (0.88) 0.000 (0.002) 0.012 (0.004) 0.003 (0.002) 4.5 (1.8) 4.4 ( 1.0) 2.9 (0.6) .... 

Two-Mile Mesa 0.4 (0.8) 0.2 (0.4) 0.46 (0.14) 3.71 (0.74) 0.001 (0.002) 0.017 (0.004) 0.007 (0.004) 3.9 (2.2) 4.0 ( 1.0) 3.0 (0.8) 0 ., 
> Mean (±2SD) 
iii 

0.8 (1.3) 0.3 (0.2) 0.39 (0.36) 3.27 (1.68) 0.002 (0.003) 0.027 (0.050) 0.008 (0.0 I 0) 5.1 (3.1) 4.6 (2.9) 3.2 (0.7) 
I 

3 8(±2 counting uncertainty); values are the uncertainty of the analytical result at the 95% confidence level. 
0 ., bSee Appendix B for an explanation of the presence of negative values . 
Cl. <Regional Statistical Reference Level; this is the upper limit background concentration (mean+ 2 std dev) from Fresquez et al. (1996a). s :;· dSAL (Los Alamos National Laboratory Screening Action Level) from Fresquez et a!. ( 1996a). 

CCI <Equivalent to the SAL of 260 pCi/dry g soil at 12% moisture. 
~ rNA =not applicable. CD 
CD 
en 

- --- - - -- ... - - '- - - .. - .. - - -
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Table 6.2. Total Recoverable Trace and Heavy Metals (J..lg/g dry) in Soils Collected in 1996a,b 

Location Ag As Ba Be Cd Cr Hg 
Off-Site Regional (Background) Stations: 

Rio Chama 0.13 2.3 
Embudo 0.13 I. 7 
Santa Cruz 
Cochiti 
Bernalillo 
Jemez 

Mean(±2SD) 
RSRLd 
SAU 

0.13 
0.13 
0.13 
0.13 

0.13 (0.0) 
2.09 

400 

Off-Site Perim'eter Stations: 
Otowi 0.13 
TA-8 (GT Site) 0.13 
TA-49 (BNP) 0.13 
East Airport 0.13 
West Airport 0.13 
North Mesa 0.13 
Sportsman's Club 
Tsankawi/ PM-I 
White Rock (East) 
San Ildefo·nso 

Mean (±2SD) 

On-Site Stations: 
TA-16 (S-Site) 
TA-21 (DP-Site) 
NearTA-33 
TA-50 
TA-51 
West ofTA-53 
East of TA-53 
East ofTA-54 
Potrillo Drivel TA-36 
Near Test Well DT-9 
R-Site Road 
Two-Mile Mesa 

Mean (±2SD) 

0.13 
0.13 
0.13 
0.13 

0.13 (0.0) 

0.13 
0.13 
0.13 
0.13 
0.13 
0.13 
0.13 
0.13 
0.13 
0.13 
0.13 
0.13 

0.13 (0.0) 

4.6 
3.0 
4.1 
5.7 

3.3 (3.1) 
6.04 
6 

1.8 
2.0 
3.2 
2.4 
2.3 
2.9 
3.9 
2.1 
3.4 
1.7 

2.7(1.5) 

1.6 
3.1 
2.4 
2.1 
3.2 
2.7 
2.1 
1.6 
2.5 
2.1 
3.1 
4.2 

2.6 (1.5) 

60.3 
103.0 
194.0 
103.0 
145.0 
108.6 

116 (84.8) 
194 

5,600 

97.0 
118.3 
129.0 
83.0 

110.0 
99.1 
91.5 
64.4 

122.0 
41.7 

95.4 (57.5) 

187.0 
100.0 
101.0 
77.1 

111.0 
96.0 
46.8 
47.2 
73.6 

118.0 
135.5 
47.3 

95.0 (82.3) 

8 Analysis by EPA Methl>4 3051 for total recoverable metals. 

0.32 
0.46 
0.77 
0.43 
0.55 
0.46 

0.49 (0.28) 
.0.74 
0.9 

0.435 
0.511 
0.693 
0.738 
0.616 
0.655 
0.515 
0.906 
1.100 
0.471 

0.689 (0.409) 

0.825 
0.827 
0.818 
0.470 
0.606 
0.651 
0.452 
0.520 
0.463 
0.873 
0.869 
0.499 

0.656 (0.349) 

b All less-than values were reduced by one-half concentration. (Gilbert 1987). 
c Sb and Tl were not analyzed in FY96. 

0.13 
0.13 
0.13 
0.13 
0.13 
0.13 

0.13 (0.0) 
0.20 

80 

0.13 
0.13 
0.13 
0.13 
0.71 
0.13 
0.13 
0.13 
0.13 
0.13 

0.19 (0.39) 

0.13 
0.13 
0.13 
0.13 
0.13 
0.13 
0.13 
0.13 
0.13 
0.13 
0.13 
0.13 

0.13 (0.0) 

7.43 
8.59 

12.00 
6.55 
7.78 
6.93 

8.24 (3.63) 
14.8 

400 

8.37 
5.49 
7.49 

10.6 
8.41 

10.0 
7.79 
5.41 
9.79 
4.36 

7.70 (4.47) 

5.72 
4.41 
9.58 
4.03 
6.96 
8.12 
3.95 
3.46 
5.95 
7.57 

.JO.OI 
3.38 

6.10 (4.70) 

0.03 
0.03 
0.03 
0.03 
0.03 
0.03 

0.03 (0.0) 
0.02 

24 

0.03 
0.05 
0.05 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 

O.D3 (0.02) 

0.03 
O.D3 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.02 
0.03 
0.03 
0.03 

0.03 (0.01) 

d Regional Statistical Reference Level; this is the upper-limit background concentration (mean + 2 std dev) from Fresquez et al. ( 1996a). 
e SAL (Los Alamos National Laboratory Screening Action Level). 

Ni 

5.23 
6.87 
9.10 
5.59 
7.99 
5.52 

6.57 (2.96) 
10.9 

1,600 

5.69 
4.13 
4.32 
5.74 
6.96 
5.52 
4.28 
3.82 
6.49 
2.85 

4.90 (2.7) 

4.45 
6.18 
7.99 
3.86 
5.32 
6.39 
2.88 
2.63 
5.34 
6.40 
5.46 
1.98 

4.91 (3.59) 

-
11.60 
7.21 

13.90 
8.32 

10.90 
6.96 

9.44 (5.42) 
14.40 

500 

7.20 
11.50 
11.90 
12.40 
23.40 
11.70 
10.10 
15.50 
16.05 
7.28 

13.31 (9.20) 

9.31 
38.90 
15.00 
10.30 
13.70 
11.10 
10.00 
8.85 
9.32 

10.10 
12.00 
8.95 

-· 

13.13 (16.68) 

- -
Se Tic 

0.4 
0.3 
0.5 
0.4 
0.4 
0.5 

0.4 (0.2) 
0.6 

400 

0.3 
0.5 
0.3 
0.4 
0.2 
0.4 
0.4 
0.5 
0.4 
0.2 

0.4 
0.3 
0.3 
0.3 
0.3 
0.4 
0.3 
0.1 
0.5 
0.4 
0.5 
0.4 

0.4 (0.2) 

0.4 (0.2) 

en 

Cl) 
0 

., 
0 
0 
Q. 
(I) -= --(I) 

I» 
::s 
Q. 

> 
(I) 
(I) 

0 
n 
I» -CD 
Q. 

= 0 -I» 

s 
0 
::s -0 
:::::!. 
::s 

(Cl 
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Table 6-3. Total Effective Dose Equivalent (TEDE) 
from Living on Soils Collected in 1996 

Total Effective Dose Equivalent8 (mrernlyr) 

Regional (Background) 
Perimeter 
On Site 
1974-1996 Regional 

Maximum Consumptionb 

1.6 (±2.6)C 
2.4 (±2.7)C 
2.4 (±1.8)C 
2.4 (±3.6)C 

"Based on RESRAD version 5.61 and residential scenario 
[Fresquez et al., 1996a]. 

bMaximum consumption rate is 160 kg/yr (352lbs/yr) for 
fruits and vegetables (NRC 1977) and 44 g/yr for soil 
(Fresquez et al., 1996a). 

c±2 sigma in parenthesis; to convert to J..LSv, multiply by 10; 
values greater than 2 sigma show high variability and 
present questionable results. 

Environmental Surveillance and Compliance at los Alamos during 1996 
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m = ~- Table 6-4. Radionuclides in Produce Collected from OtT-Site, Perimeter, and On-Site Areas during the 1996 Growing Season3 i3 = 3 3H 137cs 90sr totu 238pu 239,240pu 241Am 
CD = (pCUmL) (l0-3 pCUdry g) (lo-3 pCUg dry) (nglg dry) (lo-s pCUdry g) (lo-s pCUdry g) (lo-s pCi/g dry) iii 
en OtT-Site Regional (Background) Stations c 
< Espanola/Santa Fe/Jemez: CD 

;;; cucumbers 0.22 (0.28)b 50.5 (151.6) 66.7 (26.6) 2.7 (2.7) 4.0 (10.6) 25.3 (21.3) 70.5 (45.2) = .., tomatoes 0.36 (0.28) -9.0 (48.0)C 0.0 (20.0) 1.0 (2.0) 0.4 (8.0) 14.0 (14.0) 10.0 (12.0) CD ... corn 0.23 (0.28) -9.6 (30.7) 6.4 (12.8) 1.3 (1.3) -1.3 (3.8) 9.0 (7.7) 12.2 (10.2) = CL 

n corn -0.07 (0.28) 58.9 (175.4) 12.8 (12.8) 2.6 (1.3) -3.8 (1.3) 4.5 (9.0) 16.6 (16.6) 
Q 

3 corn 0.43 (0.28) -22.4 (30.7) 38.4 (12.8) 3.8 (1.3) 1.3 (5.1) 3.8 (5.1) 3.8 (11.5) 
"CI 

iii" cucumbers 0.18 (0.28) 46.6 (138.3) 66.5 (26.6) 10.6 (2.7) -8.0 (2.7) 10.6 (13.3) 4.0 (21.3) 
= tomatoes -0.27 (0.27) -12.0 (48.0) 20.0 (40.0) 2.0 (2.0) 3.0 (8.0) 12.0 (14.0) 6.0 (18.0) .., 
CD 

2!. pinto bean 0.11 (0.14) 7.5 (11.0) 65.0 (10.0) 2.5 (0.5) -0.5 (0.2) 1.0 (1.0) 7.0 (3.0) a') 
r- squash -0.30 (0.1) 43.5 (66.0) 15.0 (30.0) 6.0 (1.5) -7.2 (2.7) 2.7 (3.6) 

. 
Q 28.5 (10.5) en (I) 
> squash -0.20 (0.1) 107.0 (27.0) 40.0 (30.0) 7.0 (1.0) 2.0 (4.0) 19.0 (8.0) 21.0 (10.0) ;;; c 
3 squash -0.50 (0.1) -31.2 (28.8) 36.0 (24.0) 6.0 (1.2) 5.0 (4.0) 10.0 (5.0) 18.0 (7.2) -
Q -
en squash 0.50 (0.1) 64.8 (97.2) 36.0 (24.0) 7.2 (1.2) 13.2 (7.7) 16.5 (8.8) 40.8 (28.8) "T1 
CL 

5. corn -0.21 (0.14) 8.7 (3.0) 15.0 (12.0) 1.2 (0.3) -0.3 (1.2) 1.2 (1.8) 9.0 (3.9) c 
c = -0.24 (0.14) 13.8 (4.0) 14.0 (6.0) 0.8 (0.2) 0.3 (1.5) 5.7 (2.7) 3.2 (1.4) c. CCI corn _. U) 

CCI com 0.32 (0.14) 5.1 (7.5) 3.0 (6.0) 0.9 (0.3) 6.0 (2.7) 6.3 (2.4) 7.5 (2.7) -CCI c: 
en com 0.49 (0.14) 11.1 (16.8) 33.0 (6.0) 0.9 (0.3) 5.1 (4.5) -0.9 (1.5) -3.3 (8.1) --U) 

Mean (±2 SD) 0.07 (0.64)d 20.8 (74.9) 29.2 (44.5) 3.5 (5.9) 1.2 (10.3) 8.8 (14.5) 15.9 (36.3) 
I» 

== 
RSRU 16.9 690 75.6 38.2 35.4 67.9 52.2 c. 

> 
U) 

OtT-Site Perimeter Stations 
U) 
c 

Los Alamos: 
C") 

squash 0.51 (0.28) 104.8 (55.0) 91.7 (26.2) 2.6 (2.6) 5.2 (13.1) 15.7 (18.3) 79.9 (55.0) I» -CD 
peaches -0.32 (0.27) -3.8 (36.5) 7.6 (15.2) 1.5 (1.5) 0.8 (4.6) 1.5 (6.1) -1.5 (7.6) c. 
tomatoes 0.01 (0.27) 24.0 (74.0) 10.0 (20.0) 1.0 (2.0) -6.0 (IO.Q) 14.0 (18.0) 2.0 (24.0) co 
apples 0.05 (0.28) -6.5 (17.3) 57.6 (21.6) 1.4 (0.7) 1.4 (5.8) 9.0 (7.9) -1.1 (17.3) c -squash -0.18 (0.27) 95.6 (55.0) 52.4 (26.2) 2.6 (2.6) 5.2 (10.5) 7.9 (13.1) 13.1 (26.2) I» 

lettuce 0.14 (0.28) 37.5 (115.0) 525.0 (100.0) 95.0 (20.0) -2.5 (25.0) 195.0 (90.0) 587.5 (225.0) s 
squash 0.22 (0.28) 107.4 (52.4) 144.1 (26.2) 2.6 (2.6) -2.6 (13.1) 28.8 (26.2) 369.4 (99.6) c 

== 
Mean (±2 SD) 0.06 (0.54) 51.3 (100.9) 126.9 (363.6) 15.2 (70.4) 0.2 (8.4) 38.8 (138.8) 149.9 (469.7) -c ... 

N == ~ (Q _. 



N 0") ... . 
N 

Table 6-4. Radionuclides in Produce Collected from OtT-Site, Perimeter, and On-Site Areas during the 1996 Growing Season8 (Cont.) (I) 
3H 137Cs 90Sr totu 238pu 239,240pu 241Am Q -· 

(pCi/mL) (lo-3 pCi/dry g) (to-3 pCi/g dry) (lo-5 pCi/dry g) (lo-5 pCi/dry g) (l0-5 pCi/g dry) -(ng/g dry) -
White Rock/Pajarito Acres: 

.., 
Q 

green beans O.Ql (0.28) 24.2 (15.6) 31.2 (31.2) 2.3 (1.6) -3.9 (1.6) 1.6 (4.7) 58.5 (25.0) 
Q 
CL. 

squash 0.38 (0.28) 23.6 (70.7) 26.2 (52.4) 6.6 (2.6) -5.2 (15.7) 24.9 (31.4) 56.3 (41.9) en -squash -0.12 (0.28) 34.1 (104.8) 39.3 (26.2) 3.9 (2.6) -3.9 (2.6) 22.3 (21.0) 31.4 (23.6) = --corn 0.30 (0.28) 12.2 (37.1) 0.0 (12.8) 2.6 (1.3) -1.3 (3.8) 10.9 (9.0) 5.1 (12.8) U) 

tomatoes 0.51 (0.28) -12.0 (48.0) 10.0 (20.0) 1.0 (2.0) 2.0 (10.0) 15.0 (14.0) 26.0 (22.0) I» 

green beans 0.25 (0.28) 6.2 (18.7) 7.8 (15.6) 2.3 (1.6) 0.3 (7.8) 6.2 (9.4) 20.3 (14.0) ::I 
CL. 

tomatoes -0.07 (0.28) 33.0 (20.0) 0.0 (20.0) 2.0 (2.0) 6.0 (8.0) 5.0 (8.0) 9.0 (10.0) > 
Mean (±2SD) 0.18 (0.48) (32.9) 

en 
17.3 16.4 (31.5) 3.0 (3.6) -0.9 (7.9) 12.3 (17.8) 29.5 (42.2) en 

Q 
C") -· Cochiti: I» -cucumbers 0.32 (0.28) 27.9 (82.46) 305.9 (106.4) 78.5 (16.0) 9.3 (16.0) 13.3 (21.3) 57.2 (37.2) ft) 
CL. 

m squash 0.57 (0.29) 52.4 (157.2) 131.0 (183.4) 3.9 (2.6) 1.3 (5.2) 10.5 (13.1) 7.9 (36.7) ::J al 5. squash 0.58 (0.29) 65.5 (196.5) -104.8 (104.8) 5.2 (2.6) -7.9 (26.2) 24.9 (36.7) 23.6 (26.2) 0 Q 
= tomatoes 0.26 (0.28) 3.0 (8.0) 190.0 (360.0) 2.0 (2.0) 3.0 (6.0) 18.0 (12.0) 20.0 (14.0) -3 I» 

"' green beans 0.46 (0.28) 12.5 (9.36) 156.0 (171.6) 3.1 (1.6) 1.6 (10.9) 22.6 (18.7) 27.3 (13.7) s ::J 

§! corn 0.52 (0.28) 9.0 (26.88) -19.2 (25.6) 2.6 (1.3) 1.9 (6.4) 5.8 (9.0) 41.0 (21.8) Q 
en ::I = Mean (±2SD) 0.45 (0.27) 28.4 (50.8) 109.8 (296.9) 15.9 (61.4) 1.5 (11.0) 15.9 (14.6) 29.5 (34.6) == < 
~ 

Q 

~-ii) ::I = Pueblo of San Ildefonso: n = "' Ill parsley 0.35 (0.28) 48.4 (24.2) 242.0 (llO.O) = 27.5 (6.6) 15.4 (13.2) 86.9 (26.4) 72.6 (35.2) 
ca. cucumbers -0.25 (0.27) 75.8 (228.96) 133.0 (160.0) 5.3 (2.7) 0.0 (10.6) 12.0 (13.3) 22.6 (21.3) 
("') 

= squash 0.45 (0.28) 128.4 (55.02) 170.3 (183.4) 9.2 (2.6) 3.9 (10.5) 2.6 (10.5) 27.3 (21.3) 3 
'E. tomatoes 0.17 (0.28) 65.0 (32.0) 10.0 (100.0) 2.0 (2.0) -2.0 (10.0) 27.0 (20.0) 4.0 (20.0) 
iii' = corn -0.06 (0.28) -3.2 (30.72) 115.2 (294.4) 1.3 (1.3) 2.6 (3.8) 3.2 (5.1) 6.4 (6.4) ... 
CD 

lettuce 0.03 (0.28) 115.0 (350.0) 400.0 (250.0) 1.0 (0.5) 17.5 (25.0) 25.0 (35.0) 10.0 (20.0) 
~ ,.... green beans 0.50 (0.28) 24.2 (71.76) 101.4 (62.4) 3.1 (1.6) 1.6 (9.4) 7.8 (9.4) 9.4 (12.5) 
C) 
(I') 

> Mean (±2SD) 0.17 (0.56) 64.8 (93.9) 167.4 (248.6) 7.1 (18.9) 5.6 (15.4) 23.5 (59.2) 21.8 (48.0) 
ii) 
3 = (II 

ca. = ..... :;-
= ..... 
CD 
CD 
en 

-------------~-----



------ ------------
Table 6-4. Radionuclides in Produce Collected from Off-Site, Perimeter, and On-Site Areas during the 1996 Growing Season3 (Cont.) 

3H ' 137Cs 90sr totu 238Pu 239,241)p0 241Am 
(pCi/mL) (lo-3 pCi/dry g) (lo-3 pCi/g dry) (nglg dry) (to-5 pCi/dry g) (lo-5 pCi/dry g) (to-5 pCi/g dry) 

On-Site Stations 
LANL: 

apples 1.77 (0.30) 2.5 (2.88) -7.2 (7.2) 0.4 (0.7) l.l (3.6) 4.3 (5.0) 16.9 (8.6) 
peaches 0.31 (0.28) 2.3 (6.08) 38.0 (30.4) 2.3 (1.5) 0.8 (6.1) 17.5 (13.7) 27.4 (13.7) 
peaches 2.61 (0.31) 36.5 (16.72) 7.6 (15.2) 1.5 (1.5) 1.5 (7.6) -0.8 (7.6) 1.5 (7.6) 
necterines 0.19 (0.28) -1.6 (37.44) 15.6 (15.6) 0.8 (1.6) -7.8 (78.0) 0.0 (39.0) 76.4 (48.4) 
pears 0.38 (0.28) -3.4 (14.88) -6.2 (6.2) 0.9 (0.6) 0.0 (1.9) 1.9 (2.5) 25.1 (11.8) 
crab apples 0.68 (0.29) -4.4 (19.2) 612.0 (1016.0) 1.2 (0.8) 0.8 (2.4) 1.6 (2.4) 14.8 (8.8) 

Mean (±2SD) 0.99 (1.96) 5.3 (31.1) 110.0 (493.0) 1.2 (1.3) -0.6 (7.1) 4.1 ( 13.6) 27.0 (51.7) 

a There are no concentration guides for produce; however, all mean radionuclide contents in produce collected from LANL, with the exception of 3H, and perimeter 
areas were not significantly higher from regional background using a nonparametric Wilcoxon Rank Sum test at the 0.05 probability level (Gilbert 1987). 

b(±2 counting uncertainty); values are the uncertainty in the analytical results at the 95% confidence level. 
csee Appendix B, for an explanation of the presence of negative values. 
d(±2 standard deviation). 
eRegional Statistical Reference Level; this is the upper-limit background concentration [mean+ 2 std dev] from 1981 to 1994 data. 
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6. S~l.il, Foodstuffs, and Associated Biota Monitoring 

Table 6-5. Total Committed Effective Dose Equivalent and Maximum Annual CEDE8 from the Ingestion of 
Produce Collected during 1995 and 1996 

1996 1995 

Background CEDE (mrem) Max CEDE (mrem) CEDE (mrem) Max CEDE (mrem) 

Espanola, Santa Fe, Jemez 
# of Produce Samples 16 6 
Maximum Consumptionb 0.J9 (±0.74)C 0.93 0.38 (±0.86)c 

Off-Site: 
Cochiti Pueblo 
# of Produce Samples 6 5 
Maximum Consumptionb 0.24 (±0.56)c 0.80 0.20 (±0.45)c 

White Rock/Pajarito Acres 
# of Produce Samples 7 6 
Maximum Consumptionb 0.77 (±0.15)C 0.22 0.078 (±0.18)C 

Los Alamos Townsite 
# of Produce Samples 7 6 
Maximum Consumptionb 0.38 (±J.3)C 1.7 0.12 (±0.23)C 

Pueblo of San Ildefonso 
# of Produce Samples 7 5 
Maximum Consumptionb 0.81 (±2.3)C 3.2 0.31 (±0.54)C 

On-Site:d 
#of Produce Samples 6 5 
Maximum Consumptionb 0.61 (±2.7)C 3.3 0.54 (±1.6)C 

"Based on DOE dose conversion factors (DOE 1988); maximum annual CEDE is the average CEDE+ 2 sigma. 
bMaximum consumption rate for produce is 160 kg/yr [NRC 1977]. 

1.2 

0.65 

0.26 

0.35 

0.85 

2.2 

c±2 sigma of the data in parenthesis; to convert to J.lSv, multiply by 10; values greater than 2 sigma show high variability and 
present questionable results. 

dCalculations presented here are for comparison purposes only. Produce grown on-site is not available for consumption. 
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::I 
:!!:. Table 6-6. Total Recoverable Trace and Heavy Metals (J.lglg dry) in Produce Collected in 19963 a 
::I 
3 Ag As Ba Be Cd Cr Hg Ni Pb Sb Se Tl 
CD 
::I 

Off-Site Regional (Background) Stations ; 
Cl) Espanola/Santa Fe/Jemez: c 
< cucumber 0.27b l.IO 18.40 0.06b 0.12b 0.48 o.o5b 2.45 1.3 O.J5b 0.2 o.t5b 
~. 

0.27b o.tob 3.72 0.06b .0.32 4.35 o.o5b 28.60 7.8 o.t5b O.tb O.J5b iii' tomato 
::I com 0.27b o.tob 1.08 0.06b 0.12b 0.13b o.o5b 6.18 21.5 O.t5b O.Jb 0.15b n 
CD 

0.27b O.IOb 0.40 0.06b O.t2b 0.13b o.o5b o.t5b 0.1b 0.15b G) com 6.86 25.7 
::I 

0.58 o.tob 0.06b 0.12b 0.13b o.o5b 0.15b o.1sb Cl. com 0.35 4.02 26.4 0.3 
(") 

cucumber 0.27b O.JOb 12.30 0.06b O.t2b o.o5b 0.36b O.J5b O.J5b 0 0.26 2.1 0.4 3 .... tomato 0.27b O.tob 12.70 0.06b O.J2b 4.03 0.05b 20.60 3.6 o.t5b 0.3 O.J5b 
a;· 
::I Mean 0.31 0.24 6.99 0.06 0.15 1.36 0.05 9.87 12.6 0.15 0.2 0.15 n 
CD 

!!. (±2 std dev) (0.23) (0.76) (14.70) (0.00) (0.15) (3.88) (0.00) (21.ll) (22.9) (0.00) (0.2) 0.00 0) 
r-

RSRU 1.38 0.66 0.53 0.46 0.06 23.50 0 27.43 3.98 22.0 0.18 0.3 0.20 
"' en > 0 iii' Off-Site Perimeter Stations 
3 -
0 Los Alamos Townsite: ~ 

"' 0.27b -n Cl. squash o.tob 13.70 0.06b 0.12b 0.52 o.o5b 1.37 1.1 O.J5b O.tb O.t5b :; 0 
peach 0.58 o.1ob 1.91 0.06b 0.12b 1.51 o.o5b 5.09 2.8 O.l5b 0.1b 0.15b 0 :;· c. ICI 

0.27b o.tob 0.06b 0.12b o.o5b O.tb 0.15b ..... tomato 3.28 2.06 17.00 1.9 0.40 0 
CD 

0.27b 0.06b O.t2b 0.05b O.J5b 0.1b 0.15b -CD apple O.JOb 2.27 0.50 2.76 3.3 c 
en -squash 0.27b O.IOb 9.75 0.06b O.J3b 0.38 o.o5b 7.50 0.6 O.J5b 0.3 0.15b -0 

lettuce 0.27b O.tob 27.70 0.06b O.J2b 0.63 o.o5b 1.36 1.4 O.J5b 0.4 O.J5b I» 
squash 0.56 o.Job 12.80 0.06b 0.12b O.J3b o.o5b 2.49 1.8 o.t5b 0.2 o.l5b ::::J 

c. 
Mean 0.36 0.10 10.20 0.06 0.12 0.82 0.05 5.37 1.8 0.19 0.2 0.15 > 
(±2 std dev) (0.29) (0.00) (18.35) (0.00) (0.01) (1.39) (0.00) (11.17) (1.9) (0.19) (0.2) (0.00) en 

0 
0 

White Rock /Pajarito Acres: n -· 
green bean 0.27b O.JOb 16.10 0.06b 0.12b 0.13b o.osb 2.36 6.3 O.J5b 0.2 O.J5b I» -squash 0.27b O.JOb 10.00 0.06b 0.12b 0.13b o.o5b 3.66 1.6 O.t5b 0.3 0.15b CD 

c. 
squash 0.56 O.JOb 7.10 0.06b 0.12b 0.33 o.osb 1.88 1.1 O.t5b 0.4 0.15b = com 0.27b O.JOb 0.26 0.06b 0.12b 0.37 o.o5b 6.26 48.0 0.40 O.lb O.J5b 0 

0.27b O.JOb 4.59 0.06b 0.12b 3.09 o.osb 16.30 32.7 0.15b O.lb O.J5b -tomato I» 

green bean 0.27b O.IOb 14.20 0.06b 0.12b 0.13b o.o5b 3.58 2.2 0.15b 0.2 O.J5b 3: 
tomato 0.27b OJOb 2.25 0.06b 0.12b 0.54 o.osb 3.93 5.1 0.15b 0.2 o.l5b 0 

::::J 
Mean 0.31 0.10 7.79 0.06 0.12 0.67 0.05 5.42 13.9 0.19 0.2 0.15 ::::::.: 

0 
(±2 std dev) (0.22) (0.00) (11.92) . (0.00) (0.00) (2.15) (0.00) (10.00) (37.4) (0.19) (0.2) (0.00) ::::!. 

N ::::J 
~ CCI en 



N en 
""' en 

Table 6-6. Total Recoverable Trace and Heavy Metals (Jlg/g dry) in Produce Collected in 19963 (Cont.) en 
Ag As Ba Be Cd Cr Hg Ni Ph Sb Se Tl Q -Cochiti/Pefia Blanca/Santo Domingo: -

cucumber 0.16b 0.10b 7.40 0.06b 0.12b 0.23 o.o5b 0.36b 2.9 0.15b 0.2 0.15b 
-n 
Q 

squash 0.16b 0.10b 3.97 0.06b 0.12b 0.44 o.o5b 0.36b 1.8 0.15b 0.3 0.15b Q 
c. 

squash 0.16b 0.10b 3.55 0.06b 0.12b 0.78 o.o5b 0.36b 1.3 o.l5b O.lb 0.15b en -tomato 0.16b o.1ob 5.97 0.06b 0.12b 1.79 0.10 13.00 1.1 0.15b O.lb 0.15b c -green bean 0.16b 0.10b 8.22 0.06b 0.12b 0.17 o.o5b 0.36b 4.4 0.15b 0.2 0.15b -en 
com 0.16b 0.10b 0.40 0.06b 0.12b 0.17 o.o5b 0.36b 9.0 0.15b 0.4 0.15b 

~ 

Mean 0.16 0.10 4.92 0.06 0.12 0.60 0.06 2.47 3.4 0.15 0.2 0.15 ::s 
c. 

(±2 std dev) (0.00) (0.00) (5.75) (0.00) (0.00) (1.26) (0.04) (10.32) (6.0) (0.00) (0.2) (0.00) > en 
Pueblo of San Ildefonso: en 

Q 
parsley 0.16b 0.15b 29.90 0.06b 0.12b 0.08b o.o5b 0.36b 2.1 0.15b 0.3 0.15b C") 

cucumber 0.16b 0.15b 18.10 0.06b 0.12b 0.08b o.o5b 0.36b 1.0 0.15b 0.3 O.J5b ~ -squash 0.16b 0.15b 8.70 0.06b 0.12b 0.23 o.o5b 0.36b 1.5 0.15b O.lb 0.15b CD 
c. m tomato 0.16b 0.15b 5.30 0.06b 0.12b 0.40 o.o5b 1.50 2.4 0.15b 0.3 0.15b ::I CCI 

~· com 0.16b 0.40 0.82 0.06b 0.12b 0.08b 0.10 3.60 27.1 0.15b 0.7 0.15b Q Cl 
::I -3 Mean 0.16 0.20 12.56 0.06 0.12 0.17 0.06 1.24 6.8 0.15 0.3 0.15 ~ 
CD 
::I 

(±2 std dev) (0.00) (0.22) (23.17) s a; (0.00) (0.00) (0.28) (0.04) (2.82) (22.7) (0.00) (0.4) (0.00) Q 
en ::s = On-Site Stations < -!!!. LANL: Q ... 
i» apple 0.16b 0.10b 3.33 0.06b 0.12b 0.08b 0.10 0.36b 6.2 0.15b 0.1b 0.15b ::s ::I ... peach 0.16b 0.10b 2.49 0.06b 0.12b 0.22 o.o5b 0.36b 4.3 0.15b 0.2 0.15b = CD 
Q) 

peach 0.16b 0.10b 6.28 0.06b 0.12b 0.08b o.o5b 0.85 2.9 0.15b O.lb 0.15b ::I 
CL 
(") nectarine 0.16b 0.50 4.82 0.06b 0.12b 0.08b o.o5b 1.43 4.4 0.15b 0.1b 0.15b 
Cl 

0.16b 0.10b 0.06b 0.12b 0.08b o.o5b 0.15b O.lb 0.15b 3 pear 6.58 1.03 11.6 
:!. 

crab apple 0.16b 0.10b 16.70 0.06b 0.12b 0.08b 0.10 1.10 12.6 0.15b 0.3 0.15b a;· 
::I ... Mean 0.16 0.17 6.70 0.06 0.12 0.10 0.07 0.86 7.0 0.15 0.2 0.15 CD 

~ (±2 std dev) (0.00) (0.33) (10.31) (0.00) (0.00) (0.11) (0.05) (0.85) (8.2) (0.00) (0.2) (0.00) r-
Cl 
en 
> 
i» a Analysis by EPA Method 3051 for total recoverable metals. 
3 bLess than values were converted to one-half the concentration. (Gilbert 1987). Cl en 
CL cRegional Statistical Reference Level; this is the upper limit background concentration (mean+ 2 std dev) from 1994, 1995, and 1996 data. s :;· 
= ..... 
ID 
ID en 

-------------------
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~- Table 6-7. Radionuclides in Honey Collected rrom OtT-Site Perimeter and Regional (Background) Beehives during 1996 ... 
0 = 3 Perimeter CD 

= 2t Los Alamos Los Alamos Los Alamos Regional 
Cl) Radioisotope Spruce St. 42ndSt. Arizona St. White Rock/Pajarito Acres (Background) c 
< 3H (pCi/mL)a 0.03 (0.28)b 0.41 (0.28) 1.27 (0.38) O.ot (0.26) 0.16 (0.30) ~ 
A; 228 Ac (pCi/L) 8.4 (25.2) 26.0 (13.0) 1.72 (5.16) 34.9 (15.8) 15.1 (8.8) = n s7co (pCi/L) -1.1 ( 1.52)C -0.16 (1.52) -0.16 (1.52) 0.46 (1.4) 2.5 ( 1.12) CD 
Ql 58Co (pCi/L) -1.88 (1.52) 10.2 (30.6) -4.6 (1.52) -1.94 (1.52) -1.66 ( 1.52) = CL 
("") 6°Co (pCiiL) 8.58 (4.16) 5.24 (3.0) 12.3 (5.2) 4.18 (2.64) 0.36 ( 1.08) 0 
3 152Eu (pCifL)d 

"5!. 
ii.i" 40K (pCi/L) 524.0 (144.0) 922.0 (220.0) 960.0 (228.0) 499.0 (140.0) 499.0 (140.0) = 7Be n (pCi/L) 64.1 (33.6) 48.8 (30.0) 70.0 (210.0) 49.4 (28.4) 53.3 (30.6) CD 

~ 214Bi (pCi/L) -4.8 (1.52) -5.8 (1.52) -3.4 (1.52) -2.6 (1.52) -4.8 (1.52) 
r- 22Na (pCifL)d 0 
tn 
> 54Mn (pCi/L) 1.6 (0.0) -0.02 (0.0) 1.74 (1.48) -0.1 (0.0) 0.86 (0.0) A; 
3 83Rb (pCifL)d 
0 
M 137Cs (pCi!L) 4.8 (14.4) -0.14 (1.6) 1.12 (3.36) 4.2 (12.6) 3.0 (9.0) CL 
c 238pu (pCi/L) 0.001 (0.008) -0.005 (0.022) -0.004 (0.004) 0.004 (0.012) 0.042 (0.028) ::::!. = 239pu (pCi/L) = 0.027 (0.022) 0.002 (0.012) 0.011 (0.018) 0.023 (0.020) 0.019 (0.020) .... 
c.c 212pb (pCi/L) 5.66 (2.84) -1.1 (0.0) -1.22 (0.0) -0.18 (0.0) 3.82 (2.16) c.c 
en 

214pb (pCi/L) 2.0 (6.0) -2.4 (1.52) . 0.14 (0.44) -1.86 (1.52) 0.58 (1.72) 
241 Am (pCi/L) 0.004 (0.019) 0.044 (0.034) 0.025 (0.075) 0.016 (0.026) 0.019 (0.025) 
90sr (pCi/L) 3.9 (2.8) 5.3 (3.0) 8.2 (3.8) 5.9 (5.8) 1.8 (4.4) 
208TI (pCi/L) -0.22 (0.0) 0.98 (0.0) 4.6 (0.0) 5.14 (2.64) 2.34 (1.68) 
totu (Jlg/L) 1.13 (0.22) 0.27 (0.06) 0.41 (0.08) 0.92 (0.18) 0.49 (0.10) 

apCi/mL of honey moisture; honey contains approximately 18% water and has a density of 1,860 giL. 
b(±2 counting uncertainty); values are the uncertainty in the analytical result at the 95% confidence level. 
c See Appendix B for an explanation of the presence of negative values. 
dLost in analysis. 
eRegional Statistical Reference Level; this is the upper-limit background concentration (mean+ 2 std dev) from Fresquez et al., 1996b. 

RSRLe 

5.25 
23.90 

154.68 
-0.14 

2.66 
9.69 

740.00 
887.27 
-3.28 
70.12 
89.28 

248.32 
305.28 

0.07 
0.12 
5.98 
2.30 
0.05 
5.04 
4.02 
4.99 

en . 
en 
0 -· -
-n 
0 
0 
Cl. 
Cl) -c --en -
1:\:1 
= Cl. 

> en en 
0 
C") -· 1:\:1 -CD 
Cl. 

= 0 -1:\:1 

s 
0 = -· -0 .... -· 
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Table 6-8. Total Committed Effective Dose Equivalent 
from the Ingestion of Honey Collected during 1996 

Committed Effective Dose Equivalent8 

(mrem/yr) 

Background 

# of Honey Samples 
Maximum Consumptionc 

Perimeter 
White Rock: 
# of Honey Samples 
Maximum Consumptionc 

Los Alamos Townsite: 
#of Honey Samples 
Maximum Consumptionc 

I 
0.028 (±0.011) 

l 
0.029 (±0.012)d 

1 
0.045 (±0.030)d 

"Based on DOE dose conversion factors (DOE 1988). 
b Analyses for 1996 included several radionuclides that were 
not requested in 1995. These numbers are not directly 
comparable to previous years. 

cThe maximum consumption rate for honey is 
5 kg/yr (II lb/yr). 

d±2 sigma in parenthesis; to convert to J1Sv, multiply by 10; 
values greater than 2 sigma show high variability and present 
questionable results. 

Table 6-9. Radionuclides in Eggs Collected in 1996 

Pueblo of LosAiamos8 Espanola 
Radionuclide San Ildefonso8 Townsite (Background) 

238pu (pCi/L)c 0.002 (0.012)d 0.001 (0.008) 0.040 (0.022) 
239pu (pCi/L) -0.001e (0.002)e 0.029 (0.018) 0.035 (0.022) 
9°sr (pCi/L) 0.0 (3.6) 2.1 (2.4) 1.6 (2.8) 
Total U (J.1g/L) 0.07 (0.02) 0.06 (0.02) 0.05 (0.02) 
Tritium (pCi/mL) -0.5 (0.6) 0.2 (l.O) -0.5 (0.6) 
137Cs (pCi/L) 3.8 (11.4) 38.0 (114.0) 3.1 (9.4) 
241 Am (pCi/L) 0.012 (0.014) 0.020 (0.026) 0.026 (0.024) 

RSRLb 

0.07 
0.069 
3.2 
0.06 
0.07 
9.04 
0.05 

"Most radionuclides in the Pueblo of San Ildefonso and Los Alamos townsite eggs, with the exception of 
uranium, were not detectable (where the analytical result was greater than two times the counting 
uncertainty) and higher than the RSRL. 

bRegional Statistical Reference Level; this is the upper limit background concentration (mean + 2 
counting uncenainties) based on 1995 to 1996 data. 

cone liter (IL) is equal to approximately two dozen eggs (24 eggs) and the density of eggs is around 1,135 giL. 
d(±2 counting uncertainties); values are the uncertainty in the analytical results at the 95% confidence level. 
e See Appendix B for an explanation of the presence of negative numbers. 
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6. Soil, Foodstuffs, and Associated Biota Monitoring 

Table 6-10. Total Committed Effective Dose Equivalent from the Ingestion of Eggs 
Collected during 1996 

Committed Effective Dose Equivalent 
(mrernlyr)8 

Maximum Consumptionb 

Pueblo of 
San Ildefonso 

0.0040 (±0.021) c 

n Based on DOE dose conversion factors (DOE 1988). 

Los Alamos 
Townsite 

0.043 (±O.ll) c 

bThe maximum consumption rate for eggs is 5 kg/yr or 55 g/day. 

Regional 
Background 

0.014 (±0.02J)C 

c±2 sigma in parenthesis; to convert to J.tSv, multiply by 10; values greater than 2 sigma show high 
variability and present questionable results. 

Table 6-11. Radionuclides in Milk Collected in 1996 

Radionuclide 

238pu (pCi/L) 
239pu (pCiiL) 
90Sr (pCiiL) 
Total U (J1g/L) 
Tritium (pCi/mL) 
137Cs (pCi!L) 

1311 (pCi/L) 

Pojoaque Valley 

0.000 (0.004)b 
0.001 (0.002) 
1.300 (0.6) 
1.560 (0.32) 
0.000 (0.8) 

12.000 (8) 

0.700 (2.2) 

Albuquerque 
(Background) 

0.002 (0.004) 
0.005 (0.006) 
0.400 (0.6) 
0.750 (0.16) 

-0.300 (0.8) 
14.000 (10) 

3.800 (11.4) 

a Regional Statistical Reference Level; this is the upper limit background 
(mean+ 2 std dev) from 1994-1996 data. 

0.012 
0.010 
8 
0.94 
0.1 

21 

15.0 

b(±2 counting uncertainties); values are the uncertainty in the analytical results at the 
95% confidence level. 

c See Appendix B for an explanation of the presence of negative numbers. 

Table 6-12. Total Committed Effective Dose Equivalent from the Ingestion of Milk 

Committed Effective Dose Equivalent (mrem)b 

1994 1995 1996 

Pojoaque Valleyb 
Albuquerque 

Backgroundb 

0.)4 (±0.49)C 

0.20 (±0.55)C 

0.26 (±Q.50)C 

0.48 (±0.40)C 

n Based on DOE dose conversion factors (DOE 1988). 

0.31 (±0.21 )C 

0.32 (±0.38)C 

bMaximum annual consumption rate for milk is 199 kg/yr (0.5 Llday) (EPA 1984). 
c±2 sigma of the data in parenthesis; to convert to J.tSv, multiply by 10; values greater than 2 
sigma show high variability and present questionable results. 
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Table 6-13. Radionuclides in Game(Surface-Feeding) and Nongame (Bottom-Feeding) Fish Upstream and Downstream of Los Alamos en 
·CI 

National Laboratory during 1996 --
Total '"T1 

Jua 90sr IJ'cs Uranium 238pu 239pu 241Am Cl 
Cl 

pCilmL to-2 pCilg dry to-2 pCilg dry ng/g dry to-5 pCig /dry to-5 pCilg dry to-5 pCilg dry c. 
en 

Game Fish/Surface Feeders -c: -Upstream (Abiquiu, Heron, and El Vado): -en 
trout/walleye 0.65 (0.29) 1.21 (2.42) 1.94. (0.73) 2.42 (0.48) 1.21 (4.84) 0.00 (2.42) -2.42b (2.42) 

Q,) 

crappie 0.32 (0.28) 1.21 (2.42) 0.97 (0.48) 3.63 (0.73) 1.21 (2.42) 1.21 (2.42) 7.26 (9.68) :::s 
crappie 0.16 (0.28) 3.63 (2.42) 0.61 (0.24) 3.63 (0.73) 0.00 (2.42) 12.1 (0.00) 4.84 (7.26) c. 

> crappie 0.55 (0.29) 6.05 (4.84) 0.97 (0.48) 3.63 (0.73) 0.00 (4.84) 2.42 (4.84) 24.2 (24.2) en 
bass 0.30 (0.28) 2.42 (4.84) 0.61 (0.24) 3.63 (0.73) 4.84 (4.84) 2.42 (4.84) 12.1 (0.00) en 

Cl 

Mean (±2 std dev) 0.40 (0.40) 2.90 (4.05) 1.02 (1.09) 3.39 (1.08) 
C") 

1.45 (3.98) 3.63 (9.68) 9.20 (19.78) Q,) -CD 
RSRL 0.20 17.00 27.70 6.50 23.6 28.3 28.90 c. 

m 
::s a:l :5. ... Cl 0 Downstream (Cochiti): ::s -3 Pre Dome Fire (6-3-96) 

Q,) 
CD :s: ::s 
iii bass 0.22 (0.28) 3.63 (4.84) 1.94 (0.48) 4.84 (0.97) -1.21 (2.42) 6.05 (7.26) 6.05 (7.26) Cl 
en bass LIA 13.31 (12.1) 1.94 (0.73) 6.05 (2.42) -2.42 (2.42) 3.63 (4.84) -2.42 (2.42) :::s 
c :::::0: < crappie LIA 4.84 (2.42) 1.94 (5.81) 7.26 (2.42) 1.21 (4.84) 12.1 (0.00) 18.15 (12.1) CD Cl 

crappie LIA 6.05 (14.52) 2.30 (0.73) 6.05 (2.42) 3.63 (4.84) 2.42 (7.26) 6.05 (7.26) 
.... 

iii" :::s ::s 
pike LIA 1.21 (2.42) 1.33 (0.48) 3.63 (0.73) -1.21 (4.84) 24.2 (0.00) 24.2 (24.2) CCI ., 

CD 

"' pike 0.16 (0.28) 1.21 (4.84) 1.44 (4.60) 3.63 (0.73) 1.21 (2.42) 12.1 (0.00) 9.68 (7.26) ::s 
CL 

pike 0.04 (0.28) 0.00 (4.84) 1.57 (0.73) 3.63 (0.73) 4.84 (4.84) 2.42 (4.84) 4.84 (7.26) (") 
0 
3 Mean(±2stddev) 0.14 (0.18) 4.32 (9.04) 1.78 (0.68) 5.01 (2.94) 0.86 (5.36) 8.99 (15.80) 9.51 (17.86) ... 
o;· 
::s ., Post Dome Fire (8-8-96) CD 

~ bass -0.00 (0.28) 1.21 (14.52) 1.94 (1.45) 6.05 (2.42) 13.3 (26.6) 7.3 (16.9) 26.62 (41.14) ,... 
bass 0.84 (0.29) 4.84 (16.94) 2.54 (1.93) 6.05 (2.42) 0.00 (2.4) 0.0 (4.8) 20.57 (19.36) 0 

en 
> bass -0.32 (0.27) 4.84 (14.52) 1.45 (1.45) 7.26 (2.42) 0.00 (2.4) 0.0 (2.4) 8.47 (14.52) 
iii" 
3 
0 

bass -0.03 (0.28) 3.63 (12.1) 2.30 (1.69) 6.05 (2.42) 1.20 (4.8) 2.4 (4.8) 10.89 (9.68) 
en bluegill -0.02 (0.28) 6.05 (12.1) 1.82 (5.32) 9.68 (2.42) 1.20 (4.8) 10.9 (7.3) 36.30 (21.78) 
CL 
c walleye 0.05 (0.28) -1.21 (12.1) 2.42 (1.93) 2.42 (0.48) -1.20 (2.4) 2.4 (4.8) 10.89 (14.52) ... :;· .., 

Mean (±2 std dev) 0.09 (0.78) 3.23 (5.45) 2.08 (0.83) 6.25 (4.70) 2.42 (10.8) 3.8 (8.7) 18.96 (21.95) ..... 
CD 
CD 
0) 

---------~---------
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::I Table 6-13. Radionuclides in Game (Surface-Feeding) and Nongame (Bottom-Feeding) Fish Upstream and Downstream of Los Alamos 3 
CD 

National Laboratory during 1996 (Cont.) ::I 
Dr 
en Total = 3" 90sr 137cs 238pu 239pu 241Am :< Uranium 
~. pCilmL 1o-2 pCilg dry I0-2 pCilg dry nglg dry to-5 pCig /dry 1o-5 pCi/g dry 10-5 pCUg dry ;:;; 
::I 

Nongame Fish/Bottom Feeders ... 
CD 
Cl> Upstream (Abiquiu, Heron, and El Vado): ::I 
Q, 

sucker 0.09 (0.28) 2.85 (3.80) 1.14 (0.38) 2.85 (0.57) 3.80 (5.70) 9.50 (0.00) 0.00 (0.00) (") 
0 

sucker 0.58 (0.29) 4.75 (3.80) 0.48 (0.38) 3.80 (0.76) 0.95 (3.80) 0.95 (3.80) 9.50 (0.00) 3 .... 
carp sucker -0.06 (0.28) 3.80 (3.80) -0.48 ( 1.52) 6.65 (1.90) ;:;;· 0.00 (3.80) 9.50 (0.00) 0.00 (0.00) 

::I carp sucker 0.26 (0.28) 5.70 (3.80) 1.52 (0.57) 9.50 ( 1.90) 1.90 (3.80) 1.90 (3.80) 9.50 (0.00) ... 
CD 

~ catfish -0.20 (0.28) 1.90 ( 1.90) 1.33 (0.57) 12.35 (1.90) -0.95 (1.90) 0.95 (3.80) 9.50 (0.00) en ,.... 
catfish 0.18 (0.28) 0.95 (3.80) 1.14 (3.23) 9.50 (1.90) 9.50 (0.00) -0.95 (0.00) 9.50 (0.00) 0 

en en > Mean(±2stddev) 0.14 (0.54) 3.33 (3.56) 0.86 ( 1.48) 7.44 (7.35) 2.53 (7.57) 3.64 (9.26) 6.33 (9.81) Q ;:;; 
3 -0 

~ 

en RSRL 0.20 13.20 26.90 16.20 9.80 19.20 16.14 "T1 Q, = Q ... Q 
::I 

Downstream (Cochiti): a. CCI ..... en 
CD Pre Dome Fire (6-3-96) -CD c 
en 

0.43 (0.28) 11.4 (1.90) 1.43 (0.57) . 24.70 (5.70) 9.50 (0.00) 4.75 (3.80) 7.60 (7.60) -carp -en 
carp 0.16 (0.28) 2.85 (1.90) 1.62 (4.94) 3.80 (0.76) 1.90 (3.80) 9.50 (0.00) -0.95 (1.90) ~ 

C) 
catfish 0.35 (0.28) 0.00 (1.90) 1.52 (0.57) 5.70 ( 1.90) 2.85 (5.70) 9.50 (0.00) 57.00 (19.00) = catfish 0.80 (0.29) 2.85 ( 1.90) 1.05 (0.38) 14.25 (3.80) 9.50 ( 19.00) 19.00 (19.00) 8.55 (7.60) a. 

> 
Mean (±2 std dev) 0.44 (0.54) 4.28 (9.87) 1.41 (0.50) 12.11 (19.08) 5.94 (8.26) 10.69 (11.95) 18.05 (52.63) en 

en 
Q 
n 
C) -CD 
a. 

= 
Q -C) 

s 
Q = -· -Q ... 

N = U'l (Q ..... 
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Table 6-13. Radionuclides in Game (Surface-Feeding) and Nongame (Bottom-Feeding) Fish Upstream and Downstream of Los Alamos 
National Laboratory during 1996 (Cont.) 

Total 
3H 9osr t37cs Uranium 23Sp0 

pCi/mL to-2 pCi/g dry to-2 pCilg dry ng/g dry w-5 pCig /dry 

Downstream (Cochiti) (Cont.): 
Post Dome Fire (8-8-96) 

catfish -0.09 (0.28) 2.85 (9.5) 2.47 (1.52) 12.35 (1.90) 1.0 (3.8) 
catfish 0.24 (0.28) 0.00 (49.4) 1.14 (0.76) 8.55 (1.90) -1.0 (1.9) 
catfish -0.25 (0.28) 2.85 (28.5) 2.47 (1.71) 11.40 (1.90) -4.8 (3.8) 
carp -0.07 (0.28) 8.55 (34.2) 1.05 (0.95) 14.25 (3.80) 0.0 (0.8) 
ca·rp -0.28 (0.28) 14.25 (30.4) 0.48 (1.33) 20.90 (38.00) 1.0 (3.8) 
carp sucker -0.44 (0.41) 2.85 (13.3) 0.67 (0.76) 2.85 (1.90) 1.9 (5.7) 

Mean (±2 std dev)-0.15 (0.47) 5.23 (10.46) 1.38 (1.76) 11.72 (12.00) -0.3 (4.8) 

"mL of tissue moisture. 
hSee Appendix B for an explanation of the presence of negative values. 
c(±2 counting uncertainty); values are the uncertainty in the analytical results at the 95% confidence level. 
d(±2 standard deviation). 

239pu 

to-5 pCi/g dry 

3.8 (5.7) 
2.9 (3.8) 
6.7 (7.6) 

-1.0 (1.9) 
1.0 (3.8) 
2.9 (5.7) 

2.7 (5.2) 

0 Regional Statistical Reference Level; this is the upper-limit background concentration (mean + 2 std dev) from Fresquez et al. ( 1994a). 
foetectable value (where the analytical result was higher than two times the counting uncertainty) and higher than the RSRL. 

241Am 

to-5 pCi/g dry 

8.55 (7.6) 
18.05 (13.3) 
5.7 (19.0) 
6.65 (5.7) 

11.4 (9.5) 
2.85 (5.7) 

8.87 (10.66) 

----- ---- --- - - - - -

en . 
en 
0 

"'" 0 
0 
c. 
en -c 
=:: en 
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c. 
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6. Soil, Foodstuffs, and Associated Biota Monitoring 

Table 6-14. Total Committed Effective Dose Equivalent from the Ingestion of Fish from Upstream 
and Downstream of the Laboratory for 1996 

Committed Effective Dose Equivalent (mrem/yr)8 

Downstream (Cochiti) 

Upstream (Abiquiu, Heron, El Vado) Pre-Dome Fire Post-Dome Fire 

Bottom Feeders: 
# Fish Samples 
Maximum Consumptionb 

Higher Level Feeders: 
# Fish Samples 
Maximum Consumptionb 

6 
0.042 (±0.051)c 

5 
0.034 (±0.050)C 

3 Based on DOE dose conversion factors (DOE 1988). 
bThe maximum consumption rate for fish is 21 kg/yr (46 Jb/yr). 

7 6 
0.067 (±0.14)C 0.064 (±0.11 )C 

6 4 
0.049 (±0.085)C 0.049 (±0.065)C 

c±2 sigma of the data in parenthesis; to convert to J.!Sv, multiply by I 0; values greater than 2 sigma show high 
variability and present questionable results. 

Table 6-15. Mean (±2 std dev) Total Recoverable Trace and Heavy Metals in Bottom-
Feeding Fish (!lg/g wet) Collected in 1996 

Cochiti Reservoir 

Abiquiu/Heron!EI Vado Pre-Dome Fire Post-Dome Fire 
Element Reservoirs (Background)8 (6-3-96)8 (8-8-96)b 

Ag 0.125 (0.00) 0.065 (0.11) 0.468 (0.17) 
As 0.25 (0.00) 0.25 (0.00) 0.05 (0.07) 
Ba 0.063 (0.00) 0.033 (0.06) 0.115 (0.04) 
Be 0.053 (0.05) 0.033 (0.06) 0.348 (0.12) 
Cd 0.105 (0.09) 0.055 (0.09) 0.233 (0.08) 
Cr 0.625 (0.00) 0.324 (0.55) 9.624 (14.82) 

Cu 0.815 (0.00) 0.421 (0.72) 1.978 (4.17) 
Hg 0.342 (0.20) 0.208 (0.20) 0.287 (0.53) 
Ni 1.125 (0.00) 0.582 (0.99) 1.162 (0.42) 
Ph 1.25 (0.00) 1.25 (0.00) 0.05 (0.00) 
Sb 1.25 (0.00) 1.25 (0.00) 0.05 (0.00) 
Se 0.275 (0.00) 0.275 (0.00) 0.243 (0.23) 
Tl 1.25 (0.00) 1.25 (0.00) 8.13 (2.85) 
Zn 5.78 (3.35) 5.840 (2.05) 8.92 (11.19) 

0 The average of five bottom-feeding f1sh (mostly catfish, suckers, and carp). 
bThe average of six bottom-feeding fish (mostly catfish, suckers, and carp). 
cRegional Statistical Reference Level; this is the upper limit background concentra-

tion (mean+ 2 std dev) from 1991 through 1996. 
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N en c:.n .. Table 6-16. Radionuclides in Muscle and Bone Tissues of Elk Collected from On-Site (LANL) and Off-Site (Background) en 
Areas during 1995 and 1996 Cl 

3H Total U 137cs 90sr 2.38pu 239pu 241Am -~ 
Location/Date/Sample (pCilmL)8 (ngldry g)8 (lo-3 pCildry g) (lo-3 pCildry g) (Io-s pCildry g) (lo-s pCildry g) (lo-s pCildry g) -n 

Cl 
Muscle: Cl 
LANLEik a. 

(I) 

TA-16/State Road 4/12-18-95/Bull 0.30(0.60) 0.90 (0.20) 26.7 ( 13.2) 4.1 (16.4) 0.0 (3.3) 0.0 (3.3) 4.1 (3.3) -c 
San lldefonso/ --State Road 4/6-18-96/Cow 0.30(0.28} 0.10 (0.02) 11.2 (3.2) -35.0 (16.0} 0.8 (2.4) 1.6 (1.6) 5.6 (5.6) 

(I) 
~ 

TA-16/State Road 50116-25-96/Cow 0.14 (0.28) 0.10 (0.02) 8.8 (2.4) -14.0 (8.0) -0.8 (0.3) 2.0 (2.4) 2.0 (2.4) C» 

= Mean ±2 std dev 0.25 (0.18) 0.36 (0.92) 15.6 (19.4) -15.0 (39.1) 0.0 ( 1.6) 1.2 (2.1) 3.9 (3.6) a. 
l:a 

Background Elk 
(I) 
(I) 

Chama, NM/1-9-96/Bull 0.30(0.60) 0.50 (0.10) 48.4 ( 18.4) 4.0 (16.4) 0.0 (3.3) 0.0 (3.3) 4.1 (3.3) Cl 
n -· C» 

RSRU 0.90 3.06 577.9 3.9 0.0 0.0 7.4 -C'D 
a. 

m = Leg Bone: = < ::;· LANLEik Cl 0 = TA-16/State Road 4/12-18-95 0.30(0.60) 0.50 (0.10) (21.2) -3 5.3 2,173 (318) 53.0 (42.4) 0.0 (42.4) 53.0 (106.0) C» 
CD San Ildefonso/ s = ! State Road 4/6-18-96/Cow -0.04 (0.27) 5.30 (1.06) -5.3 (254.4) 3,964 (636) 21.2 (42.4) 58.3 (63.6) 95.4 (116.6) Cl 
Cl.) 

TA-16/State Road 501/6-25-96/Cow 0.15 (0.28) 1.10 (0.20) -5.3 (254.4) 2,215 (318) 15.9 (31.8) 10.6 (21.2) 26.5 (137.8) = = ::::;: < Cl ~ Mean ±2 std dev 0.14(0.34) 2.3 (5.23) -1.8 (12.24) 2,784 (2,044) 30.0 (40.1) 23.0 (62.1) 58.3 (69.5) :::!. ; 
= = n Background Elk cc CD 
I» Chama, NM/1-9-96/Bull -0.40 (0.60) 0.40 (0.10) 30.1 (86.0) 1505 (172) 86.0 (86.0) 0.0 (34.4) 43.0 (34.4) = Cl. 

n 
0 RSRLa 0.20 4.90 261.7 3477 120.6 80.0 77.4 3 
""2. 
iii' = a Regional Statistical Reference Level; this is the upper limit background concentration (mean+ 2 std dev) from long-term data. n 
CD 
I» -r-
0 en 
> ; 
3 
0 en 
Cl. 

§. 
= a:::t ..... 
CD 
CD 
en 
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,., 
= ::5:. Table 6·17. Radionuclides in Muscle and Bone Tissues of Deer Collected from On·Site (LANL) and Qff.Site (Background) a = Areas during 1995 and 1996 3 
CD 3H Total U t37Cs 9osr 238pu :Z39pu 241Am = §: Location/Date/Sample (pCilmL)a (ngldry g)8 (llt-3 pCildry g) (lo-3 pCi/dry g) (lo-5 pCildry g) (lo-5 pCildry g) (to-5 pCi/dry g) 
en 
c 

Muscle: < 
~ LANLDeer 
iii' 

TA·I6/State Road 4/8-7-95/Doe 0.00(0.60) 0.36 (0.10) 18.5 4.5 (27.0) = (10.8) 0.0 (3.6) 4.5 (3.6) n 
CD TA-8/State Road 50119-25-95/Buck 0.50(0.60) 0.50 (0.10) 459.0 (90.0) 4.5 (27.0) 0.0 (3.6) 0.0 (3.6) 4.5 (3.6) Cl> = TA-21/State Road 502/10-17-95/Doe 0.80(0.60) 0.63 (0.10) 10.4 (7.2) 0.0 (18.0) 4.5 (9.0) 0.0 (3.6) 4.5 (3.6) = 
("') 

TA-16/State Road 501/6-25-96/Doe 0.35 (0.28) 0.80 (0.20) 17.6 (6.4) 4.0 (16.0) 1.2 2.8 (3.2) -J.2b (0.8) = (2.4) 
3 
'E. TA-55/Pajarito Road/8-14-96/Buck 0.13 (0.27) 1.20 (0.24) 25.6 (8.0) -24.4 (16.0) 0.2 (1.6) 0.8 (1.6) 1.2 (2.4) 
a;· 
= Mean ±2 std dev 0.36 (0.63) 0.70 (0.65) 106.2 (394.6) -2.3 (25.0) 1.2 (3.8) 1.6 (4.0) 2.3 (5.6) n 
CD 

I» en -,... Background Deer . 
= ... 

Cuba, NM/2-12-96/Doe (I) 
> Q iii' -0.10 (1.00) 0.50 (0.10) 21.2 (11.2) 0.0 (16.0) 0.0 (3.2) 0.0 (3.2) 0.0 (8.0) 3 --= El Vado, NM/3-19-96/Buck ... -n = 0.40(0.60) 1.00 (0.20) 15.5 (10.0) 20.0 (60.0) -5.0 (2.0) 10.0 (10.0) 0.0 (4.0) Q 55 Q =· Mean ±2 std dev 0.15 (0.71) 0.75 (0.71) 18.4 (8.1) 10.0 (28.3) -2.5 (7.1) 5.0 (14.1) 0.0 (0.0) Cl. CCI 

U) .... -c.CI c c.CI 
en RSRL3 0.86 1.46 26.4 38.3 4.6 19.1 0.0 --U) 

Leg Bone: 
c.l 

== LANLDeer Cl. 

TA-16/State Road 4/8-7-95/Doe 0.10(0.60) 0.90 (0.90) 9.2 (9.2) 1,610 (276) 0.0 (92.0) 0.0 (36.8) > U) 

TA-8/State Road 501/9-25-95/Buck 0.30(0.60) 1.30 (0.30) 8.5 (8.5) 1,399 (254) 127.2 (84.8) 0.0 (33.9) 254.4 (84.8) U) 
Q 

TA-21/State Road 502/10-·17-95/Doe 1.00 (0.60) 1.30 (0.30) 0.0 (206.0) 2,193 (258) 215.0 (86.0) 0.0 (34.4) 43.0 (34.4) C") 

TA-16/State Road 50116-25-96/Doe -0.34 (0.27) 0.43 (0.09) 21.5 (34.4) 430 (172.0) 17.2 (25.8) 12.9 (25.8) 60.2 (68.8) c.l -TA-55/Pajarito Road/8-14-96/Buck 0.12 (0.27) 0.86 (0.17) 12.9 (34.4) 8,824 (946) 30.1 (34.4) 8.6 (17.2) 60.2 (51.6) CD 
Cl. 

Mean ±2std dev 0.24 (0.98) 0.96 (0.73) 10.4 (15.6) 3,212 (7,621) 77.9 (182.4) 4.3 (12.2) I 04.5 (200.6) = 
Q -c.l 

s 
Q 

== -· -Q 
:::!. 

N == c.n c.ct 
c.n 



Table 6-17. Radionuclides in Muscle and Bone Tissues of Deer Collected from On-Site (LANL) and Off-Site (Background) 
Areas during 1995 and 1996 (Cont.) 

3o Total u137Cs 90sr 238pu 239p0 
Location/Date/Sample (pCi/mL)8 (ngldry g)8 (to-3 pCi/dry g) (to-3 pCi/dry g) (to-5 pCi/dry g) 

Background Deer 
Cuba, NM/2-12-96/Doe -0.20 ( 1.20) 0.40 (0.40) 0.0 (206.4) 989 (172) 0.0 (34.4) 
El Vado, NM/3-19-96/Buck 0.30 (0.60) 1.30 (0.30) -8.6 (206.4) 946 (258) 0.0 (2.0) 

Mean ±2 std dev 0.05 (0.71) 0.85 (1.27) -4.3 ( 12.2) 968 (61) 0.0 (0.0) 

RSRP 0.76 2.12 7.9 1029 0.0 

a Regional Statistical Reference Level; this is the upper limit background concentration (mean+ 2 std dev) from long-term data. 
bsee Appendix B for an explanation of the presence of negative numbers. 

241Am 
(to-5 pCi/dry g) 

0.0 (34.4) 
0.0 (34.4) 

0.0 (0.0) 

0.0 
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6. Soil, Foodstuffs, and Associated Biota Monitoring 

Table 6-18. Total Committed Effective Dose Equivalent and Maxi­
mum Annual CEDE from the Ingestion of Elk Muscle and Bone 

#Collected 
MuscJeb: 

On Site 
Off Site 

Boneb: 
On Site 

Off Site 

MuscJeb: 
On Site 
Off Site 

Boneb: 
On Site 
Off Site 

Total Committed Effective Dose Equivalent (mrem/yr)0 

1996 1994/1995 1993 

3 4 3 

0.0061 (±0.036)d 0.017 (±0.031 )d 0.028 (±0.057)d 
0.068 (±0.014)d 0.021 (±0.023)d _c 

1.3 
0.6 

(±0.94)d 0.82 (±0.52)d 
(±O.ll)d _c 

0.35 (±0.42)d 
0.81 (±0.95)d 

Maximum Annual CEDE (mrem)0 

1996 

0.042 
0.044 

2.2 
0.80 

1994/1995 

0.048 
_c 

1.3 
_c 

1993 

0.11 
0.082 

0.99 
1.8 

"Based on DOE dose conversion factors (DOE 1988). 
bMaximum consumption rate of 23 kg muscle and 5.7 kg bone per year is based 
on the meat consumption rate (NRC 1977) and the weight distribution of deer 
tissue groups (Meadows and Hakonson 1982). 

cNo off-site elk samples were collected in 1994/1995. 
d±2 sigma of the data in parenthesis; to convert to jlSv, multiply by 10; values 
greater than 2 sigma show high variability and present questionable results. 
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Table 6-19. Total Committed Effective Dose Equiva­
lent and Maximum Annual CEDE from the Ingestion 
of Deer Collected during 1996 

Muscleb 
Boneb 

Muscleb 
Boneb 

Total Committed Effective Dose Equivalent 
(mrem/yr)8 

On-Site 

0.031 (±0.13)c 
J.l (±2.6)C 

Off-Site 

0.017 (±0.033)c 
0.37 (±0.025)c 

Maximum Annual Committed 
Effective Dose Equivalent (mrem)8 

On-Site Off-Site 

0.16 
3.7 

0.05 
0.40 

a Based on DOE dose conversion factors (DOE 1988). 
bThe maximum consumption rate of 23 kg/yr muscle and 4.8 
kg/yr bone per year are based on the meat consumption rate 
(NRC 1977) and the weight distribution of deer tissue groups 
(Meadows and Hakonson 1982). 

c ±2 sigma of the data in parenthesis; to convert to J.!Sv, multiply 
by I 0; values greater than 2 sigma show high variability and 
present questionable results. 
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Table 6-20. Radionuclides in Muscle and Bone of a Free-Ranging Steer Collected from the Pueblo of San Ildefonso Lands in 1996 
3H Total U n'cs 90Sr 238Pu 

Tissue/Location (pCUmL)8 (ngldry g)3 (lo-3 pCi/dry g) (l0-3 pCi/dry g) (lo-5 pCildry g) 

Muscle: 
San Ildefonso -0.40 (0.60)b 1.48 (0.30) 14.4 (6.7) 11.1 (14.8) 0.0 (3.0) 
Elk (Background)c 0.30 (0.60) 0.50 (0.10) 48.4 (18.4) 4.0 (16.4) 0.0 (3.3) 

RSRLd 0.90 3.06 577.9 3.9 0.0 

Leg Bone: 
San Ildefonso -0.20 (0.60) 10.00 (2.00) 30.0 (90.0) 300.0 (200.0) 50.0 (40.0) 
Elk (Background) -0.40 (0.60) 0.40 (0.10) 30.1 (86.0) 1,505.0 ( 172.0) 86.0 (86.0) 

RSRL 0.20 4.90 261.7 3,477.0 120.6 

3 pCi/mL of tissue moisture; the average dry/wet ratio for domestic cow muscle and bone was 0.27 and 0. 72, respectively. 
b(±2 counting uncertainty); values are the uncertainty in the analytical results at the 95% confidence level. 

239pu 
(lo-s pCildry g) 

7.4 (7.4) 
0.0 (3.3) 

0.0 

0.0 (40.0) 
0.0 (34.0) 

80.0 

caackground from a Rocky Mountain elk collected in 1996; the dry/wet ratio for muscle and bone was 0.24 and 0.58, respectively. 

241Am 
(lo-s pCildry g) 

3.7 (3.0) 
4.1 (3.3) 

7.4 

0.0 (40.0) 
43.0 (34.4) 

77.4 

dRegional Statistical Reference Level; this is the upper limit background concentration (mean+ 2 std dev) from elk collected from 1991 to present. 
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Table 6-21. Committed Effective Dose Equivalent from the Ingestion of 
Steer Muscle and Bone Collected during 1996 

Muscle: 

Committed Effective Dose Equivalent 
(mrem/yr)8 

Pueblo of Regional 
San lldefonso · Background (Eik)b 

Maximum Consumption Ratec 0.081 (±0.085)d 0.086 (±0.18)d 

Bone: 
Maximum Consumption Ratec 0.87 (±1.4)e 3.2 

a Based on DOE dose conversion factors (DOE 1988). 
bThere were no background samples available for steer. Regional background for elk 
was used for background. 

cThe maximum consumption rate for steer muscle is 110 kg/yr and for steer bone is 
275 kg/yr (NRC 1977) (Meadows and Hakanson 1982). 

d±2 sigma of the data in parenthesis; to convert to ~Sv, multiply by I 0; values 
greater than 2 sigma show high variability and present questionable results. 
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Table 6-22. Radionuclides in Navajo Tea (Cota) Collected from Regional and Perimeter Locations in 1996 

3H 90sr 238pu 239pu t3'cs 

(pCilmL) (pCi/L) (pCi/L) (pCi/L) (pCi/L) 

OtT-Site Regional: 
Espanola --0.22 (0.27)3

•0 0.3 (0.8) 0.000 (0.004) --0.001 (0.005) 13.5 (11.0) 

RSRL 0.05 1.1 0.004 0.004 24.5 

OtT-Site Perimeter: 
Pueblo of San lldefonso --0.11 (0.27) 0.4 (0.8) 0.018 (0.010) 0.011 (0.010) 17.6 (35.2) 
Los Alamos Townsite --0.64 (0.26) 1.8 (0.8) 0.012 (0.007) 0.012 (0.007) 7.6 (15.2) 
White Rock/Pajarito Acres 0.09 (0.27) 0.1 (0.8) 0.027 (0.013) 0.020 (0.012) 17.1 (11.6) 

3 See Appendix B for an explanation of the presence of negative numbers. 
b(±2 counting uncertainty). 

totu 

(Jlg/L) 

0.32 (0.06) 

0.38 

0.75 (0.16) 
0.89 (0.18) 
0.44 (0.08) 

241Am 
(pCi/L) 

0.180 (0.160) 

0.34 

0.015 (0.058) 
0.150 (0.100) 
0.052 (0.056) 
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Table 6-23. Total Committed Effective Dose 
EquiYalent from the Ingestion of Navajo 
(Cota) Tea Collected during 1996 
Total Committed Effective Dose Equivalent 

(mrem/yr)8 

Background 
White Rock 
Los Alamos 
San Ildefonso 

Max Consumptionb 

0.87 (±0.79)C 
0.75 (±0.59)C 
0.84 (±0.78)C 
0.68 (±1.2)c 

3 Based on DOE dose conversion factors (DOE 
1988). 

bThe maximum consumption rate for tea is 0.5 Uday. 
c±z sigma in parenthesis; to convert to !J.Sv, multiply 

by 10; values greater than 2 sigma show high 
variability and present questionable results. 
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E. Figures 

eJ..-CUBA 

., . _, .. ..,..-··- .- ·-­
··--<1 ,...,.. 

-. \ 

- -- - • Lab Boundary 

.SANTA 
CRUZ 

LEGEND 

• Soil Sampling Station 

l Perimeter Sampling Station 

Figure 6-1. Off-site regional (top) and perimeter and on-site (bottom) Laboratory soil sampling locations. 

Environmental Surveillance and Compliance at Los Alamos during 1996 263 



I 

'' : i I 

'I 

! i 
I' , 

' l 

: i 

II 

6. Soil, Foodstuffs, and Associated Biota Monitoring 

Heron 
Reservoir 

• 
El Vado 

ft iP? 4#. If/IT ~ I Los Alamos 

ft~LANL 

• Cochiti Reservoir 

-'\a.Jemez e 
...I: Pueblo 

0 

'White Rock/Pajarito Acres 

20km 

Pueblo of ~If/IT • fiW' ft 4#. 

e Pojoaque rF? 
*WRJPA ~ I i liT 

Cochiti Pueblo~ 
eSanta Fe~ 

~ Produce 

• Fish 

I Beehive ... Domestic Steer 
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w Milk 

,.,_ 
Eggs 

liT Tea 

Figure 6-2. Produce, fish, milk, eggs, tea, domestic and game animals, and beehive sampling 
locations. (Map denotes general locations only.) 
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Appendix A 

Standards for Environmental Contaminants 

Throughout this report, concentrations of radioac­
tive and chemical constituents in air and water samples 
are compared with pertinent standards and guidelines 
in regulations of federal and state agencies. No com­
parable standards for soils, sediments, and foodstuffs 
are available. Los Alamos National Laboratory (LANL 
or the Laboratory) operations are conducted in accor­
dance with directives for compliance with environmen­
tal standards. These directives are contained in Depart­
ment of Energy (DOE) Orders 5400.1, "General Envi­
ronmental Program;" 5400.5, "Radiation Protection of 
the Public and the Environment;" 5480.1, "Environ­
mental Protection, Safety, and Health Protection 
Standards;" 5480.11, "Requirements for Radiation 
Protection for Occupational Workers;" and 5484.1, 
"Environmental Radiation Protection, Safety, and 
Health Protection Information Reporting Require­
ments," Chap. III, "Effluent and Environmental 
Monitoring Program Requirements." 

Radiation Standards. DOE regulates radiation 
exposure to the public and the worker by limiting the 
radiation dose that can be received during routine 
Laboratory operations. Because some radionuclides 
remain in the body and result in exposure long after 
intake, DOE requires consideration of the dose commi­
tment caused by inhalation, ingestion, or absorption of 
such radionuclides. This evaluation involves integrat­
ing the dose received from radionuclides over a stan­
dard period of time. For this report, 50-yr dose com­
mitments were calculated using the DOE dose factors 
from (DOE 1988a and DOE 1988b). The dose factors 
adopted by DOE are based on the recommendations of 
Publication 30 of the International Commission on 
Radiological Protection (ICRP 1988). 

In 1990, DOE issued Order 5400.5, which finalized 
the interim radiation protection standard (RPS) for the 
public (NCRP 1987). Table A-1 lists currently appli­
cable RPSs, now referred to as public dose limits 
(PDLs), for operations at the Laboratory. DOE's com­
prehensive PDL for radiation exposure limits the effec­
tive dose equivalent (EDE) that a member of the public 
can receive from DOE operations to 100 mrem/yr. The 
PDLs and the DOE dose factors are based on recom­
mendations of the ICRP and the National Council on 

Radiation Protection and Measurements· (ICRP 1988 
and NCRP 1987). 

The EDE 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. It is the sum of the individual organ 
doses, weighted to account for the sensitivity of each 
organ to radiation-induced damage. The weighting 
factors are taken from the recommendations of the 
ICRP. The EDE includes doses from both internal and 
external exposure. 

Radionuclide concentrations in air and water in 
uncontrolled areas measured by the Laboratory's 
environmental surveillance program are compared with 
DOE's derived air concentrations (DACs) and derived 
concentration guides (DCGs), respectively (Table A-2) 
(DOE 1990). These guides represent the smallest 
estimated concentrations in water or air, taken in 
continuously for a period of 50 years, that will result in 
annual EDEs equal to the PDL of 100 mrem in the 
fiftieth year of exposure. 

In addition to the 100 mrem/yr effective dose PDL, 
exposures from the air pathway are also limited by the 
Environmental Protection Agency's (EPA's) standard of 
10 mrem/yr EDE (EPA 1989a). To demonstrate com­
pliance with these standards, doses from the air path­
way are compared directly with the EPA dose limits. 

Nonradioactive Air Quality Standards. 
Federal and state ambient air quality standards for 
nonradioactive pollutants are shown in Table A-3. New 
Mexico nonradiological standards are generally more 
stringent than national standards. 

National Pollutant Discharge Elimination 
System. Table A-4 presents a summary of these out-
falls and the types of monitoring required under 
National Pollutant Discharge Elimination System 
(NPDES). Table A-5 presents NPDES monitoring 
limits. 

Drinking Water Standards. For chemical 
constituents in drinking water, regulations and stan­
dards are issued by EPA and adopted by the New 
Mexico Environment Department (NMED) as part of 
the New Mexico Drinking Water Regulations (Table 
A-6) (NMEIB 1995). EPA's secondary drinking water 
standards, which are not included in the New Mexico 
Drinking Water Regulations and are not enforceable, 
relate to contaminants in drinking water that primarily 
affect aesthetic quaiities associated with public accep-

tance of drinking water (EPA 1989b ). There may be 
health effects associated with considerably higher 
concentrations of these contaminants. 

Radioactivity in drinking water is regulated by EPA 
regulations contained in 40 CFR 141 (EPA 1989b) and 
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Appendix A 

New Mexico Drinking Water Regulations, Sections 206 
and 207 (NMEIB 1995). These regulations provide 
that combined radium-226 and radium-228 may not 
exceed 5 pCi/L. Gross alpha activity (including 
radium-226, but excluding radon and uranium) may not 
exceed 15 pCi/L. 

A screening level of 5 pCi/L for gross alpha is 
established to determine when analysis specifically for 
radium isotopes is necessary. ln this report, plutonium 
concentrations are compared with both the EPA gross 
alpha standard for drinking water (TableA-6) and the 
DOE guides calculated for the DCGs applicable to 
drinking water (Table A-2). 

For man-made beta- and photon-emitting radionu­
clides, EPA drinking water standards are limited to 
concentrations that would result in doses not exceeding 
4 mrem/yr, calculated according to a specified proce­
dure. In addition, DOE Order 5400.5 requires that 
persons consuming water from DOE-operated public 
water supplies do not receive an EDE greater than 
4 mrem/yr. DCGs for drinking water systems based on 
this requirement are in Table A-2). 

Surface Water Standards. Concentrations of 
radionuclides in surface water samples may be 

compared to either the DOE DCGs (Table A-2) or the 
New Mexico Water Quality Control Commission 
(NMWQCC) stream standard, which references the 
New Mexico Health and Environment Improvement 
Division's New Mexico Radiation Protection 
Regulations. However, New Mexico radiation levels 
are in general two orders of magnitude greater than 
DOE's DCGs for public dose, so only the DCGs will 
be discussed here. The concentrations of 
nonradioactive constituents may be compared with the 
NMWQCC Livestock Watering and Wildlife Habitat 
stream standards (NMWQCC 1995). (See Tables A-7 
and A-8.) The NMWQCC groundwater stan-dards can 
also be applied in cases where groundwater discharges 
may affect stream water quality. 

Organic Analysis of Surface and 
Groundwaters: Methods and Analytes. Organic 
analyses of surface waters, groundwaters, and sedi­
ments are made using SW-846 methods as shown in 
Table A-9. This table shows the number of analytes 
included in each analytical suite. The specific com­
pounds analyzed in each suite are listed in Tables A-10 
through A-13. 
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Appendix A 

Table A-1. Department of Energy Public Dose Limits (PDL) for External and Internal 
Exposures 

Exposure of Any Member of the Publicb 
All Pathways 
Air Pathway Onlyd 
Drinking Water 

Occupational Exposureb 
Stochastic Effects 

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

Unborn Child 
Entire gestation period 

EDE8 at Point of 
Maximum Probable Exposure 

I 00 mrem/yr: 
10 mrem/yr 
4 mrem/yr 

5 rem (annual EDEe) 

15 rem (annual EDEe) 
50 rem (annual EDEe) 
50 rem (annual EDEe) 
50 rem (annual EDEe) 

0.5 rem (annual EDEe) 

a As used by DOE, EDE includes both the EDE from external radiation and the committed 
EDE to individual tissues from ingestion and inhalation during the calendar year. 

bin keeping with DOE policy, exposures must be limited to as small a fraction of the respec­
tive annual dose limits as practicable. DOE's PDL applies to exposures from routine Labora­
tory operation, excluding contributions from cosmic, terrestrial, and 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 general public are taken from DOE Order 5400.5 
(DOE 1990). Limits for occupational exposure are taken from DOE Order 5480.11. 

cunder special circumstances and subject to approval by DOE, this limit on the EDE may be 
temporarily increased to 500 mrem/yr, provided the dose averaged over a lifetime does not 
exceed the principal limit of 100 mrem/yr. 

dThis level is from EPA's regulations issued under the Clean Air Act (40 CFR 61, Subpart H). 
e Annual EDE is the EDE received in a year. 
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Table A·2. Department of Energy's Derived Concentration Guides for Water and Derived Air 
Concentrations8 

DCGs for Water DCGsfor DACs (IJ.CilmL) 
in Uncontrolled Drinking Water Uncontrolled Controlled 

Nuclide f b 
1 Areas (pCiiL) Systems (pCi/L) Classb Areas Areas 

3H 2,000,000 80,000 I X w-?c 2 X JO-Se 
7Be 5 x w-3 I,OOO,OOO 40,000 y 4 x w-s 8 X J0-6 

s9sr 2 x w-5 20,000 800 y 3 x w-10 6 x w-s 
90srb I X J0-6 .I,OOO 40 y 9 X J0-12 2 x w-9 

137 Cs I X 10° 3,000 I20 D 4 x w-10 7 x w-8 

234u 5 x w-2 500 20 y 9 x w-14 2 x w-11 

23su 5 x w-2 600 24 y I X I0-13 2 x w-11 

238U 5 x w-2 600 24 y 1 X I0-13 2 x w-11 

238p0 I X J0-3 40 1.6 w 3 x w-14 3 x w-12 

239p0b 1 x w-3 30 1.2 w 2 x w-14 2 x w-12 

240p0 1 x w-3 30 1.2 w 2 x w-14 2 x w-12 

241Am 1 x w-3 30 1.2 w 2 x w-14 2 x w-12 

3 Guides for uncontrolled areas are based on DOE's PDL for the general public (DOE 1990); those for 
controlled areas are based on occupational RPSs for DOE Order 5480.11. Guides apply to concentra­
tions in excess of those occurring naturally or that are due to worldwide fallout. 

bGastrointestinal tract absorption factors (f1) and lung retention classes (Class) are taken from ICRP30 
(ICRP 1988). 

'Tritium in the HTO form. 
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Appendix A 

Table A-3. National and New Mexico Ambient Air Quality Standards 

Averaging 
Pollutant Time Unit 

Sulfur dioxide Annual arithmetic mean ppm 
24 hours3 ppm 
3 hours3 ppm 

Total suspended Annual geometric mean J.Lg/m3 

particulate matter 30 days J.Lg/m3 

7 days J.Lg/m3 
24 hours3 J.Lg/m3 

PM 10 
b Annual arithmetic mean J.Lg/m3 

24 hours J.Lg/m3 
Carbon monoxide 8 hours3 ppm 

I hour3 ppm 
Ozone 1 hour ppm 
Nitrogen dioxide Annual arithmetic mean ppm 

24 hours3 ppm 
Lead Calendar quarter J.Lg!m3 

Hydrogen sulfide 1 hour ppm 
Total reduced sulfur 1/2 hour ppm 

3 Maximum concentration, not to be exceeded more than once per year. 
b Particles <10 J.Lm in diameter. 

New Mexico 
Standard 

0.02 
0.10 

60 
90 

110 
150 

8.7 
13.1 

0.05 
0.10 

O.Ql 
0.003 

Federal Standards 
Primar~ Secondar~ 

0.03 
0.14 

0.5 

50 50 
150 150 

9 
35 

0.12 0.12 
0.053 0.053 

1.5 1.5 

c The standard is attained when the expected number of days per calendar year with maximum hourly average 
concentrations is above the limit of :51. 
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Table A-4. Types of Discharges and Limits Established by National Pollutant Discharge Elimination System 
Permit No. NM0028355 for Sanitary Outfall Discharges 

Discharge Category 

13S TA-46 SWSC 
Plant 

05S TA-21 Sanitary 
Treatment Plant 

Permit 
Parameter 

BOD3 

TSSC 

Fecal coliform 
bacteriad 

pH 

Flowe 

BOD 

TSS 

co or 

Fecal coliform 
bacteriad 

pH 
Flowe 

. aBiochemical oxygen demand. 
bNol applicable. 
C'fotal suspended solids. 
dLogarithmic mean. 

Daily 
Average 

concentration 30 mg/L 
loading limit 100 lb/day 
concentration 30 mg/L 
loading limit 100 lb/day 

500 org/IOOmL 
6.0-9.0 

Report 

concentration 30 mg/L 
loading limit 0.5 lb/day 
concentration 30 mg/L 
loading limit 0.5 lb/day 

125 mg/L 
2.1 lb/day 

500 org/100 mL 
6.0-9.0 

Report 

eoischarge volumes are reported to EPA but are not subject to limits. 
rchemical oxygen demand. 

Daily 
Maximum 

45 mg/L 
N/Ab 

45 mg/L 
N/A 

500 org/100mL 
6.0-9.0 

Report 

45 mg/L 
N/A 

45 mg/L 
N/A 
125 mg/L 

N/A 

500 org/100 mL 
6.0-9.0 

Report 

NOTE: Sampling frequency for these sanitary outfalls varies from 1/week to once every 3 months, depending on 
the parameter. 
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I Table A-5. Limits Established by National Pollutant Discharge Elimination System Permit No. NM0028355 
for lndustrial Outfall Discharges 

.I Discharge Number Sampling Permit Daily Daily Unit of 
Category of Outfalls Frequency Parameter Average Maximum Measurement 
001 Power I Monthly TSS6 30 100 mg/L 

I Plant Free available CL2 0.2 0.5 mg!L 

pH 6.0-9.0 6.0-9.0 

I 
02A Boiler 2 Every 3 months TSS 30 100 mg!L 

Blowdown Total Fe 10 40 mg/L 

Total Cu 1.0 1.0 mg!L 
Total P 20 40 mg/L 

I Sulfite 35 70 mg/L 
Total Cr 1.0 1.0 mg/L 
pH 6.0-9.0 6.0-9.0 

I 03A Treated 26 Every 3 months TSS 30 100 mg!L 
Cooling Water Free available CI 0.2 0.5 mg/L 

Total P 20 40 mg/L 

I Total As 0.04 0.04 mg/L 
pH 6.0-9.0 6.0-9.0 

04A Noncontact 32 Every 3 months pH 6.0-9.0 6.0-9.0 

I Cooling Water Total residual CL2 Reportb Report mg/L 

051 Radioactive Variable: weekly coDe 94 156 lb/day 
Liquid Waste to monthly TSS 18.8 62.6 lb/day 

I Treatment Facility Total Cd 0.06 0.30 lb/day 
(TA-50) Total Cr 0.19 0.38 lb/day 

Total Cu 0.63 0.63 lb/day 

I 
Total Fe 1.0 2.0 lb/day 

Total Pb 0.06 0.15 lb/day 
Total Hg 0.003 0.09 lb/day 

Total Zn 0.62 1.83 lb/day 

I TTOd 1.0 1.0 mg/L 
Total Nib Report Report mg/L 
Total Nb Report Report mg!L 

I N03-N02b Report Report mg!L 
Ammonia (as N)b Report Report mg!L 

pH 6.0-9.0 6.0-9.0 

I 
COD 125 125 mg!L 
226Ra and 228Ra 30.0 30.0 pCi/L 

05A High 12 Every 3 months Oil & Grease 15 15 mg/L 

I 
Explosive COD 125 125 mg/L 

TSS 30.0 45.0 mg/L 
pH 6.0-9.0 6.0-9.0 

I 06A Photo 12 Every 3 months TotaiAg 0.5 1.0 mg!L 
Wastewater pH 6.0-9.0 6.0-9.0 

I 
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Table A-5. Limits Established by National Pollutant Discharge Elimination System Permit No. NM0028355 
for Industrial Outfall Discharges (Cont.) 

Discharge Number Sampling Permit 
Category of Outfalls Frequency Parameter 

All Outfall 88 Annually Total AI 

Categories: Total As 
Annual Water Total B 

Quality Total Cd 

Parameters Total Cr 
Total Co 
Total Cu 

Total Pb 
Total Hg 
Total Se 

Total V 

Total Zn 
226 Ra and 228Ra 

3He 

8Total suspended solids. 
bConcentrations are reported to EPA but are not subject to limits. 
cchemical oxygen demand. 
dTotal toxic organics. 

ewhen accelerator produced. 

Daily 
Average 

5.0 
0.04 
5.0 
0.2 
5.1 

1.0 

1.6 
0.4 
O.Ql 

0.05 

O.l 
95.4 

30.0 

3,000,000 

Daily Unit of 
Maximum Measurement 

5.0 mg/L 

0.04 mg/L 
5.0 mg/L 
0.2 mg/L 
5.1 mg/L 
1.0 mg/L 

1.6 mg/L 
0.4 mg/L 
0.01 mg/L 

0.05 mg/L 

0.1 mg/L 

95.4 mg/L 

30.0 pCi!L 
3,000,000 pCi/L 
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Table A-6. Safe Drinking Water Act Maximum Contaminant Levels 
in the Water Supply for Radiochemicals, Inorganic Chemicals, and 
Microbiological Constituents 

Contaminants 

Radiochemical: 
Gross alpha 
Gross beta & photon 
226 Ra & 228 Ra 

u 
Radon 

Gross alpha 
Gross beta 

Inorganic Chemical: 
Primary Standards 

Asbestos 
As 
Ba 
Be 
Cd 
CN 
Cr 
F 
Hg 
Ni 
N03 (as N) 
N02 (as N) 

so4 
Se 
Sb 
Tl 

Pb 
Cu 
Secondary Standards 
Cl 
Cu 
Fe 
Mn 
Zn 
Total Dissolved Solids 
pH 

Microbiological: 
Presence of total coli forms 
Presence of fecal coli forms 

or Escherichia coli 

8Proposed. 

Level 

Maximum Contaminant Level 
15 pCi/U 
4 rnrem/yfl 
5 pCi/U 

20 ~g/U 
300 pCi/L8 

Screening Level 
5 pCi/L8 

50 pCi/U 

Maximum Contaminant Level (mg!L) 

7 million fibers/L (longer than I 0 J.lm) 
0.058 

2 
0.004 
0.005 
0.2 
0.1 
4.0 
0.002 
0.1 

10 
1 

5008 

0.05 
0.006 
0.002 

Action Levels (mg!L) 
O.oi5 
1.3 

(mg!L) 
250 

I 
0.3 
0.05 
5 

500 
6.5-8.5 

Maximum Contaminant Level 
5% of samples/month 
No coliform positive repeat 
samples following a fecal 
coliform positive sample 
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Table A-7. Livestock Watering Standards 

Livestock Contaminant Concentration 

Dissolved AI 5 mg/L 
Dissolved As 0.2 mg/L 
Dissolved B 5 mg/L 
Dissolved Cd 0.05 mg/L 
Dissolved Cr 1 mg/L 
Dissolved Co 1 mg/L 
Dissolved Cu 0.5 mg/L 
Dissolved Pb 0.1 mg/L 
Total Hg O.QI mg/L 
Dissolved Se 0.05 mg/L 
Dissolved V 0.1 mg/L 
Dissolved Zn 25 mg/L 
226Ra and 228Ra 30 pCi/L 
3H 20,000 pCi/L 
Gross alpha 15 pCi/L 

Table A-8. Wildlife Habitat Stream Standards 

The following narrative standard shall apply: 

276 

I. Except as provided below in Paragraph 2 of this section, no discharge shall contain any substance, 
including, but not limited to selenium, DDT, PCBs, and dioxin, at a level which, when added to 
background concentrations, can lead to bioaccumulation to toxic levels in any animal species. In the 
absence of site-specific information, this requirement shall be interpreted as establishing a stream 
standard of 2 J.Ig/1 for total recoverable selenium and of 0.012 J.Ig/1 for total mercury. 

2. 

3. 

4. 

The discharge of substances that bioaccumulate in excess of levels specified above in Paragraph I, is 
allowed if, and only to the extent that, the substances are present in the intake waters which are 
diverted and utilized prior to discharge, and then only if the discharger utilizes best available treatment 
technology to reduce the amount of bioaccumulating substances which are discharged. 

Discharges to waters which are designated for wildlife habitat uses, but not for fisheries uses, shall.not 
contain levels of ammonia or chlorine in amounts which reduce biological productivity and/or species 
diversity to levels below those which occur naturally, and in no case shall contain chlorine in excess of 
1 mg/L nor ammonia in excess of levels which can be accomplished through best reasonable operating 
practices at existing treatment facilities. 

A discharge which contains any heavy metal at concentrations in excess of the concentrations set forth 
in Section 3IOI.J.l of these standards shall not be permitted in an amount, measured by total mass, 
which exceeds by more than 5 percent the amount present in the intake waters which are diverted and 
utilized prior to the discharge, unless the discharger has taken steps (an approved program to require 
industrial pretreatment; or a corrosion program) appropriate to reduce influent concentration to the 
extent practicable. 
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Table A-9. Organic Analytical Methods 

SW-846 Extraction 
Test Method 

Volatiles 8260A 
Semivolatiles 8270B8 

PCBb 8080A, 8081 
HEC 8330 

3 Direct injection used for method 8270B. 
bPCB = polychlorinated biphenyls. 
cHE = high-explosive. 

Water 

E0730 
E0530 
E0430 

Extraction Number of 
Sediments Analytes 

E0720 59 
E0510 69 
E0410 4 

14 

Table A-10. Volatile Organic Compounds 

Limit of Quantitation 

Water Sediments 
Analytes (jlg/L) (mglkg) 

Acetone 25 0.025 
·Benzene 5 0.005 
Bromobenzene 5 0.005 
Bromochloromethane 5 0.005 
Bromodichloromethane 5 0.005 
Bromoform 5 0.005 
Bromomethane 10 0.01 
Butanone [2-] 25 0.025 
Butylbenzene [n-] 5 0.005 
Butylbenzene [sec-] 5 0.005 
Butylbenzene [tert-] 5 0.005 

Carbon disulfide 5 0.005 
Carbon tetrachloride 5 0.005 
Chlorobenzene 5 0.005 
Chlorodibromomethane 5 0.005 
Chloroethane 10 0.01 
Chloroform 5 0.005 
Chloromethane 10 0.01 
Chlorotoluene [ o-] 5 0.005 
Chlorotoluene [p-] 5 0.005 
Dibromo-3-chloropropane [I ,2] 10 0.01 
Dibromoethane [I ,2-] 5 0.005 
Dibromomethane 5 0.005 
Dichlorobenzene [o-] (1 ,2) 5 0.005 
Dichlorobenzene [m-) (1,3) 5 0.005 
Dichlorobenzene [p-] (I ,4) 5 0.005 
Dichlorodifl uoromethane 10 0.01 
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Table A-10. Volatile Organic Compounds (Cont.) 

Limit of Quantitation 

Water Sediments 
Analytes (Jlg/L) (mg/kg) 

Dichloroethane [1, 1-] 5 0.005 
Dichloroethane [ 1 ,2-] 5 0.005 
Dichloroethene [1, 1-] 5 0.005 
Dichloroethene [ trans-1 ,2-] 5 0.005 
Dichloroethy lene [ cis-1 ,2-] 5 0.005 
Dichloropropane [I ,2-] 5 0.005 
Dichloropropane [I ,3-] 5 0.005 

· Dichloropropane [2,2-] 5 0.005 
Dichloropropene [1, 1-] 5 0.005 
Dichloropropene [cis- I ,3-] 5 0.005 
Dichloropropene [trans-1 ,3-] 5 0.005 
Ethyl benzene 5 0.005 
Hexanone [2-] 20 0.02 
Isopropy I benzene 5 0.005 
Isopropyltoluene [4-] 5 0.005 
Methyl iodide 5 0.005 
Methyl-2-pentanone [4-] 20 0.02 
Methylene chloride 5 0.005 
Propylbenzene 5 0.005 

i' Styrene 5 0.005 I 
I Tetrachloroethane [I, I, I ,2-] 5 0.005 

Tetrachloroethane [I, I ,2,2-] 5 0.005 
Tetrachloroethylene 5 0.005 
Toluene 5 0.005 
Trichloroethane [I, I, 1-] 5 0.005 
Trichloroethane [ 1,1,2-] 5 0.005 
Trichloroethene 5 0.005 
Trichlorofluoromethane 5 0.005 
Trichloropropane [1,2,3] 5 0.005 
Trimethylbenzene [I ,2,4-] 5 0.005 
Trimethylbenzene [ 1,3,5-] 5 0.005 
Vinyl chloride 10 O.Ql 
Xylenes (o + m + p) [Mixed-] 5 0.005 
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I 
I Table A-ll. Semivolatile Organic Compounds 

Limit of Quantitation 
Water Sediments 

I Analytes (J.lg/L) (mglkg) 

Acenaphthy lene 10 0.33 
Aniline 10 0.33 

I. Anthracene 10 0.33 
Azobenzene 10 0.33 
Benzidine [m-] 50 1.65 

I 
Benzo[ a] anthracene 10 0.33 
Benzo[ a ]pyrene 10 0.33 
Benzo[b ]fluoranthene 10 0.33 
Benzo[g,h,i]perylene 10 0.33 

I Benzo[k]fluoranthene 10 0.33 
Benzoic acid 50 1.65 
Benzyl alcohol 10 0.33 

I Bis(2-chloroethoxy)methane 10 0.33 
Bis(2-chloroethyl)ether 10 0.33 
B is(2 -chloroi sopropy I )ether 10 0.33 

I 
Bis(2-ethylhexyl)phthalate io 0.33 
Bromophenylphenyl ether [4-] 10 0.33 
Butyl benzyl phthalate 10 0.33 
Chloro-3-methylphenol [4-] 10 0.33 

I. Chloroaniline [ 4-] 10 0.33 
Chloronaphthalene [2-] 10 0.33 
Chlorophenol [ o-] 10 0.33 

I 
Chlorophenylphenyl ether [4-] 10 0.33 
Chrysene 10 0.33 
Di-n-butyl phthalate 10 0.33 
Di-n-octyl phthalate 10 0.33 

I Dibenzo[ a,h ]anthracene 10 0.33 
Dibenzofuran 10 0.33 
Dichlorobenzene (1 ,2) [ o-] 10 0.33 

I Dichlorobenzene (1,3) [m-] 10 0.33 
Dichlorobenzene (1 ,4) [p-] 10 0.33 
Dichlorobenzidine [3,3'-] 20 0.66 

I 
Dichlorophenol [2,4-] 10 0.33 
Diethyl phthalate 10 0.33 
Dimethyl phthalate 10 0.33 
Dimethylphenol [2,4-] 10 0.33 

I Dinitrophenol [2,4-] 50 1.65 
Dinitrotoluene [2,4-] 10 0.33 
Dinitrotoluene [2,6-] 10 0.33 

I 
Fluoranthene 10 0.33 
Fluorene 10 0.33 
Hexachlorobenzene 10 0.33 

I 
Hexachlorobutadiene 50 1.65 
Hexachlorocyclopentadiene 10 0.33 
Hexachloroethane 10 0.33 

:1! <' 

Indeno[l ,2,3-cd]pyrene 10 0.33 

I Isophorone 10 0.33 

: 
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Table A-11. Semh·olatiJe Organic Compounds (Cont.) I Limit of Quantitation 

Water Sediments 
Analytes (JlgfL) (mglkg) I Methyl-4,6-dinitrophenol [2-J 50 1.65 
Methylnaphthalene [2-J 10 0.33 
Methyl phenol [2-J 10 0.33 I Methylphenol [4-] 10 0.33 

~ ~ 
Naphthalene 10 0.33 
Nitroaniline [2-J 20 0.66 

I Nitroaniline [3-] 20 0.66 
Nitroaniline [4-] 20 0.66 
Nitrobenzene 10 0.33 
Nitrophenol [2-] 10 0.33 I Nitrophenol [4-] 50 1.65 
Nitrosodi-n-propylamine [N-J 10 0.33 
Nitrosodimethylamine [N-] 10 0.33 

I Nitrosodiphenylamine [N-] 10 0.33 
Pentachlorophenol 50 1.65 
Phenanthrene 10 0.33 
Phenol 10 0.33 I Picoline [2-J 10 0.33 
Pyrene 50 1.65 
Pyridine 10 0.33 .I i 
Trichlorobenzene [ 1 ,2,4-] 10 0.33 I 

~. Trichlorophenol [2,4,5-] 10 0.33 
Trichlorophenol [2,4,6-] 10 0.33 

I 
I 

'' I 
I 
I 

'I 
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I 
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Table A-12. Polychlorinated Biphenyls 
Analytes 

Detection Limits 

Water Sediments 
Analytes (j.!g/L) (mglkg) 

Aroclor [Mixed-] 0.05 0.06 
Aroclor 1242 0.05 0.06 
Aroclor 1254 0.05 0.06 
Aroclor 1260 0.05 0.06 

Table A-13. High Explosives Analytes 

Limit of Quantitation 

Water Sediments 
Analytes (j.!g/L) (mglkg) 

HMX 0.21 2.20 
RDX 0.27 1.00 
1,3,5-TNB 0.042 0.25 
1,3-DNB 0.032 0.25 
Tetryl 0.24 0.65 
Nitrobenzene 0.13 0.26 
2,4,6-TNT 0.068 0.25 
4-A-2,6-DNT 0.046 0.25 
2-A-4,6-DNT 0.046 0.25 
2,6-DNT 0.085 0.25 
2,4-DNT 0.085 0.25 
2-NT 0.10 0.25 
4-NT 0.12 0.25 
3-NT 0.13 0.25 
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Appendix B 

UNITS OF MEASUREMENT 

Throughout this report the International System of 
Units (SI) or metric system of measurements has been 
used, with some exceptions. For units of radiation 
activity, exposure, and dose, US Customary Units (that 
is, curie [Ci], roentgen [R], rad, and rem) are retained 
as the primary measurement because current standards 
are written in terms of these units. The equivalent Sl 
units are the becquerel (Bq), coulomb per kilogram (C/ 
kg), gray (Gy), and sievert (Sv), respectively. 

Table B-1 presents prefixes used in this report to 
define fractions or multiples of the base units of 
measurements. Scientific notation is used in this report 
to express very large or very small numbers. Translat­
ing from scientific notation to a more traditional 
number requires moving the decimal point either left or 
right from the number. If the value given is 2.0 xl03, 

the decimal point should be moved three numbers 
(insert zeros if no numbers are given) to the right of its 
present location. The number would then read 2,000. 
If the value given is 2.0 X J0·5, the decimal point 
should be moved five numbers to the left of its present 
location. The result would become 0.00002. 

Table B-2 presents conversion factors for converting 
Sl units into US Customary Units. Table B-3 presents 
abbreviations for common measurements. 

Data Handling of Radiochemical Samples. 

Measurements of radiochemical samples require 
that analytical or instrumental backgrounds be 
sutracted to obtain net values. Thus, net values are 
sometimes obtained that are lower than the minimum 

Tables 

detection limit of the analytical technique. 
Consequently, individual measurements can result in 
values of positive or negative numbers. Although a 
negative value does not represent a physical reality, a 
valid long-term average of many measurements can be 
obtained only if the very small and negative values are · 
included in the population calculations (Gilbert 1975). 

For individual measurements, uncertainties are 
reported as one standard deviation. The standard 
deviation is estimated from the propagated sources of 
analytical error. 

Standard deviations for the station and group (off­
site regional, off-site perimeter, and on-site) means are 
calculated using the following equation: 

N 2 I(c-cJ 
s= 

(N -1) 

where 

ci =sample i 

c = mean of samples from a given station or group, and 

N = number of samples comprising a station or group. 

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

Table B-1. Prefixes Used with SI (Metric) Units 

Prefix Factor Symbol 

mega 1 000 000 or 106 M 
kilo 1 000 or 103 k 
centi 0.01 or w-2 c 
milli 0.001 or 10-3 m 
micro 0.000001 or 1o-6 Jl 
nano 0.000000001 or w-9 n 
pi co 0.000000000001 or w-t2 p 
femto 0.000000000000001 or w-15 f 
atto 0.000000000000000001 or w-ts a 
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Table B-2. Approximate Conversion Factors for Selected SI I (Metric) Units 

To Obtain 
Multiply SI (Metric) Unit by US Customary Unit I Celsius (0 C) 915 + 32 Fahrenheit (°F) 
Centimeters (em) 0.39 Inches (in) 
Cubic meters (m3) 35.3 Cubic feet (ft3) I Hectares (ha) 2.47 Acres 
Grams (g) 0.035 Ounces (oz) 
Kilograms (kg) 2.2 Pounds (lb) 

·I Kilometers (km) 0.62 Miles (mi) 
Liters (L) 0.26 Gallons (gal) 
Meters (m) 3.28 Feet (ft) 
Micrograms per gram (Jlg/g) I Parts per million (ppm) I Milligrams per liter (mg/L) 1 Parts per million (ppm) 
Square kilometers (km2) 0.386 Square miles (mi2) 

I 
I 

Table B-3. Common Measurement Abbreviations 
and Measurement Symbols I aCi attocurie 

Bq becquerel 
Btu/yr British thermal unit per year I Ci curie 
cm3/s cubic centimeters per second 
cpm!L counts per minute per liter 

I fCi/g femtocurie per gram 
ft foot 
ft3/min cubic feet per minute 

I 
ft3/s cubic feet per second I gal. gallon 
in. inch 
kg kilogram 

I kg/h kilogram per hour 
L liter 
lb pound 

I lb/h pound per hour 
lin ft linear feet 
m3/s cubic meter per second 

: I JlCiiL microcurie per liter I JlCi/mL microcurie per milliliter 
Jlglg microgram per gram 
Jlg/m3 microgram per cubic meter 

I rnL milliliter 
mm millimeter 

Jlm micrometer 
jlmho/cm micro mho per centimeter I 
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Table B-3. Common Measurement Abbreviations 
and Measurement Symbols (Cont.) 

sq ft (ft2) square feet 
11R microroentgen 
mCi millicurie 
mR milliroentgen 
mrad millirad 
mrem 
mSv 
nCi 
nCi/dry g 
nCi/L 
ng/m3 

pCi/dry g 
pCi/g 
pCi/L 
pCi/m3 

pCi/mL 
pg/g 
pg/m3 
PM 10 

R 
std dev or cr 
s.u. 
TU 
> 
< 
~ 

:5 

± 

millirem 
millisievert 
nanocurie 
nanocurie per dry gram 
nanocurie per liter 
nanogram per cubic meter 
picocurie per dry gram 
picocurie per gram 
picocurie per liter 
picocurie per cubic meter 
picocurie per milliliter 
picogram per gram 
picogram per cubic meter 
small particulate matter (less than 

10 jlm diameter) 
roentgen 
standard deviation 
standard unit 
tritium unit 
greater than 
less than 
greater than or equal to 
less than or equal to 
plus or minus 
approximately 
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Gilbert 1975: R. 0. Gilbert, "Recommendations Concerning the Computation and Reporting of Counting 

Statistics for the Nevada Applied Ecology Group," Batelle Pacific Northwest Labortories report BNWL­

B-368 (September 1975). 
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Appendix C 

DESCRIPTION OF TECHNICAL AREAS AND THEIR ASSOCIATED PROQ{RAMS 

Locations of the technical areas (TAs) operated by the 
Laboratory in Los Alamos County are shown in Figure 
l-2. The main programs conducted at each of the areas 
are listed in this Appendix. 

TA-O: The Laboratory has about 180,000 ft2 of leased 
space for training, support, architectural engineering 
design, and unclassified research and development in 
the Los Alamos townsite and White Rock. The 
publicly accessible Community Reading Room and the 
Bradbury Science Museum are also located in the Los 
Alamos townsite. 

TA-2, Omega Site: Omega West Reactor, an 8-MW 
nuclear research reactor, is located here. It was placed 
into a safe shutdown condition in 1993. It is currently 
being removed from the nuclear facilities list and will 
be transferred to the institution for placement into the 
decontamination and decommissioning (D&D) 
program during 1997. 

TA-3, Core Area: The Administration Complex 
contains the Director's office, administrative offices, 
and support facilities. Laboratories for several divi­
sions are in this main TA of the Laboratory. Other 
buildings house central computing facilities, chemistry 
and materials science laboratories, and earth and space 
science laboratories, physics laboratories, technical 
shops, cryogenics laboratories, the main cafeteria, and 
the Study Center. TA-3 contains about 50% of the 
Laboratory's employees and floor space. A Van de 
Graaff accelerator was put on shutdown status in 1994. 

TA-5, Beta Site: This site contains some physical 
support facilities such as an electrical substation, test 
wells, several archaeological sites, and environmental 

monitoring and buffer areas. 

TA-6, Two-Mile Mesa Site: The site is mostly 
undeveloped and contains gas cylinder staging and 
vacant buildings pending disposal. 

TA-8, GT Site (or Anchor Site West): This is a 
dynamic 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 weapons compo­
nents to high-pressure dies and molds. Principal tools 
include radiographic techniques (x-ray machines with 
potentials up to I ,000,000 V and a 24-MeV betatron), 
radioisotope techniques, ultrasonic and penetrant 
testing, and electromagnetic test methods. 

TA-9, Anchor Site East: At this site, fabrication 
feasibility, and physical properties of explosives are 
explored. New organic compounds are investigated for 
possible use as explosives. Storage and stability 
problems are also studied. 

TA-11, K Site: Facilities are located here for testing 
explosives components and systems, including 
vibration testing and drop testing, under a variety of 
extreme physical environments. The facilities are 
arranged so that 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 dynamic testing site is used for 
running various tests on relatively small explosive 
charges for fragment impact tests, explosives 
sensitivities, and thermal responses. 

TA-15, R Site: This is the home of PHERMEX (the 
pulsed high-energy radiographic machine emitting x­
rays) a multiple-cavity electron accelerator capable of 
producing a very large flux of x-rays for weapons 
development testing. It is also the proposed site for 
DARHT (the dual-axis radiographic hydrotest facility) 
whose major feature is its intense high-resolution, 
dual-machine radiographic capability. This site is also 
used for the investigation of weapons functioning and 
systems behavior in nonnuclear tests, principally 
through electronic recordings. 

TA-16, S Site: Investigations at this site include 
development, engineering design, prototype manufac­
ture, and environmental testing of nuclear weapons 
warhead systems. TA-16 is the site of the Weapons 

Engineering Tritium Facility for tritium handled in 
gloveboxes. Development and testing ofhigh explo­
sives, plastics, and adhesives, and research on process 
development for manufacture of items using these and 
other materials are accomplished in extensive facilities. 

TA-18, Pajarito Laboratory Site: This is a nuclear 
facility that studies both static and dynamic behavior of 
multiplying assemblies of nuclear materials. The 
Category I quantities of special nuclear materials 
(SNM) are used to support a wide variety of programs 
such as Stockpile Management, Stockpile Stewardship, 
Emergency Response, Nonproliferation, Safeguards, 
etc. Experiments near critical are operated by remote 

control using low-power reactors called critical 

Environmental Surveillance and Compliance at Los Alamos during 1995 287 



Appendix C 

assemblies. The machines are housed in buildings 
known as kivas and are used primarily to provide a 
comrolled means of assembling a critical amount of 
fissionable material so that the effects of various 
shapes, sizes, and configurations can be studied. These 
machines are also used as a large-quantity source of 
fission neutrons for experimental purposes. In 
addition, this facility provides the capability to perform 
hands-on training and experiments with SNM in 
various configurations below critical. 

TA-21, DP Site: This site has two primary research 
areas: DP West and DP East. DP West has been in the 
D&D program since 1992 and about half of the facility 
has been demolished. The programs conducted at DP 
West, primarily in inorganic and biochemistry, are 
being relocated during 1997 and the remainder of the 
site scheduled for D&D in future years. DP East is a 
tritium research site. 

TA-22, TD Site: This site is used in the development 
of special detonators to initiate high-explosive systems. 
Fundamental and applied research in support of this 
activity includes investigating phenomena associated 
with initiating high explosives and research in rapid 
shock-induced reactions. 

TA-28, Magazine Area A: This is an explosives 
storage area. 

TA-33, HP Site: An old, high-pressure, tritium­
handling facility located here is being phased out. An 
intelligence technology group and the National Radio 
Astronomy Observatory's Very Large Baseline Array 
Telescope are located at this site. 

TA-35, Ten Site: This site is divided into five facility 
management units. Work here includes nuclear safe­
guards research and development that are concerned 
with techniques for nondestructive detection, identifi­
cation, and analysis of fissionable isotopes. Research 
is also done on reactor safety, laser fusion, optical 
sciences, pulsed-power systems, high-energy physics, 
tritium fabrication, metallurgy, ceramic technology, 
and chemical plating. 

TA-36, Kappa Site: Phenomena of explosives, such 
as detonation velocity, are investigated at this dynamic 
testing site. 

TA-37, Magazine Area C: This is an explosives 

storage area. 

TA-39, Ancho Canyon Site: The behavior of 
nonnuclear weapons is studied here, primarily by 

photographic techniques. Investigations are also made 
into various phenomenological aspects of explosives, 
interactions of explosives, explosions involving other 
materials, shock wave physics, equation state 
measurements, and pulsed-power systems design. 

TA-40, DF Site: This site is used in the development 
of special detonators to initiate high-explosive systems. 
Fundamental and applied research in support of this 
activity includes investigating phenomena associated 
with the physics of explosives. 

TA-41, W Site: Personnel at this site engage primarily 
in engineering design and development of nuclear 
components, including fabrication and evaluation of 
test materials for weapons. 

TA-43, Health Research Laboratory and Center for 
Human Genome Studies: This site is adjacent to the 
Los Alamos Medical Center in the townsite. Research 
performed at this site includes structural, molecular, 
and cellular radiobiology, biophysics, mammalian 
radiobiology, mammalian metabolism, biochemistry, 
and genetics. The Department of Energy Los Alamos 
Area Office is also located within TA-43. 

TA-46, WA Site: This TA contains two facility 
management units. Activities include applied photo­
chemistry research including the development of 
technology for laser isotope separation and laser 
enhancement of chemical processes. A new facility 
completed during 1996 will house research in 
inorganic and materials chemistry. The Sanitary 
Wastewater System Consolidation project is located at 
the east end of this site. Environmental management 
operations are also located here. 

TA-48, Radiochemistry Site: Laboratory scientists 
and technicians perform research and development 
(R&D) activities at this site on a wide range of chemi­
cal processes including nuclear and radiochemistry, 
geochemistry, biochemistry, actinide chemistry, and 
separations chemistry. Hot cells are used to produce 
medical radioisotopes. 

TA-49, Frijoles Mesa Site: This site is currently 
restricted to carefully selected functions because of its 
location near Bandalier National Monument and past 
use in high-explosive and radioactive materials 
experiments. The Hazardous Devices Team Training 
Facility is located here. 

TA-50, Waste Management Site: This site is divided 
into two facility management units, which include 
managing the industrial liquid and radioactive liquid 
waste received from Laboratory technical areas and 

288 Environmental Surveillance and Compliance at Los Alamos during 1995 

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



I 

I 
I 
I 
I 

1: 

'l I l' .. 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 

activities that are part of the waste treatment 
technology effort. 

TA-51, Environmental Research Site: Research and 
experimental studies on the long-tenn impact of 
radioactive waste on the environment and types of 
waste storage and coverings are studied at this site. 

TA-52, Reactor Development Site: A wide variety of 
theoretical and computational activities related to 
nuclear reactor performance and safety are done at this 
site. 

TA-53, Los Alamos Neutron Scattering Center: The 
Los Alamos Neutron Science Center (LANSCE), 
including the LANSCE linear proton accelerator, the 
Manuel Lujan Jr. Neutron Scattering Center (MLNSC), 
and a medical isotope production facility are located at 
this TA. Also located at TA-53 are the Accelerator 
Production of Tritium (APT) Project Office, including 
the Low-Energy Demonstration Accelerator (LEDA), 
and R&D activities in accelerator technology and high­
power microwaves. 

TA-54, Waste Disposal Site: This site is divided into 
two facility management units for managing· the radio­
active solid and hazardous chemical waste manage­
ment and disposal operations and activities that are part 
of the waste treatment technology effort. 

TA-55, Plutonium Facility Site: Processing of 
plutonium and research on plutonium metallurgy are 
done at this site. 

AT-57, Fenton Hill Site: This site is located about 28 
miles west of Los Alamos on the southern edge of the 
Valles Caldera in the Jemez Mountains and was the 
location of the Laboratory's now decommissioned Hot 
Dry Rock geothermal project. The site is used for the 
testing and development of downhole well-logging 
instruments and other technologies of interest to the 
energy industry. The high elevation and remoteness of 
the site make Fenton Hill a choice location for astro­
physics experiments. A gamma ray observatory is 
located at the site, and similar experiments are being 
planned. 

TA-58: This site is reserved for multiuse experimental 
sciences requiring close functional ties to programs 
currently located at TA-3. 

TA-59, Occupational Health Site: Occupational 
health and safety and environmental management 
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activities are conducted at this site. Emergency 
management offices are also located here. 

TA-60, Sigma Mesa: This area contains physical 
support and infrastructure facilities, including the Test 
Fabrication Facility and Rack Assembly and the 
Alignment Complex. 

TA-61, East Jemez Road: This site is used for 
physical support and infrastructure facilities, including 
the Los Alamos County sanitary landfill. 

TA-62: This site is reserved for multiuse experimental 
science, public and corporate interface, and environ­
mental research and buffer zones. 

TA-63: This is a major growth area at the Laboratory 
with expanding environ·mental and waste management 
functions and facilities. This area contains physical 
support facilities operated by Johnson Controls, Inc. 

TA-64: This is the site of the Central Guard Facility 
and headquarters for the Laboratory Hazard Materials 
Response Team. 

TA-66: This site is used for industrial partnership 
activities. 

TA-67: This is a dynamic testing area that contains 
significant archeological sites. 

TA-68: This is a dynamic testing area that contains 
archeological and environmental study areas. 

TA-69: This undeveloped TA serves as an 
environmental buffer for the dynamic testing area. 

TA-70: This undeveloped TA serves as an 
environmental buffer for the high·explosives test area. 

TA-71: This undeveloped TA serves as an 
environmental buffer for the high-explosives test area. 

TA-72: This is the site of the Protective Forces 
Training Facility. 

TA-73: This area is the Los Alamos Airport. 

TA-74, Otowi Tract: This large area, bordering the 
Pueblo of San lldefonso on the east, is isolated from 
most of the Laboratory and contains significant 
concentrations of archeological sites and an 
endangered species breeding area. This site also 
contains Laboratory water wells and future well fields. 
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activation products 

AEC 

alpha particle 

ambient air 

aquifer 

artesian well 

background radiation 

beta particle 

blank sample 

blind sample 

BOD 

CAA 

Glossary of Terms 

Radioactive products generated as a result of neutrons and other suba­
tomic particles interacting with materials such as air, construction 

materials, or impurities in cooling water. These activation products are 

usually distinguished, for reporting purposes, from fission products. 

Atomic Energy Commission. A federal agency created in 1946 to 

manage the development, use, and control of nuclear energy for military 

and civilian applications. It was abolished by the Energy Reorganization 

Act of 1974 and was succeeded by the Energy Research and Develop­

ment Administration (now part of the US Department of Energy (DOE) 
and the US Nuclear Regulatory Commission [NRC]). 

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

The surrounding atmosphere as it exists around people, plants, and 
structures. It is not considered to include the air immediately adjacent to 

emission sources. 

A saturated layer of rock or soil below the ground surface that can supply 
usable quantities of groundwater to wells and springs. Aquifers can be a 
source of water for domestic, agricultural, and industrial uses. 

A well in which the water rises above the top of the water-bearing bed. 

Ionizing radiation from sources other than the Laboratory. This radiation 
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; worldwide fallout; and radiation from medical diagnostic 

procedures. 

A negatively charged particle (identical to the electron) that is emitted 

during decay of certain radioactive atoms. Most beta particles are 
stopped by 0.6 em of aluminum. 

A control sample that is identical, in principle, to the sample of interest, 
except that the substance being analyzed is absent. The measured value 
or signals in blanks for the analyte is believed to be caused by artifacts 
and should be subtracted from the measured value. This process yields a 
net amount of the substance in the sample. 

A control sample of known concentration in which the expected values of 

the constituent are unknown to the analyst. 

Biochemical (biological) oxygen demand. A measure of the amount of 
oxygen in biological processes that breaks down organic matter in water; 

a measure of the organic pollutant load. It is used as an indicator of water 
quality. 

Clean Air Act. The federal law that authorizes the Environmental 
Protection Agency (EPA) to set air quality standards and to assist state 
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CERCLA 

CFR 

coc 

contamination 

controlled area 

Ci 

cosmic radiation 

DOE 

dose 

absorbed dose 

EDE 

maximum i11dividual dose 

292 

and local governments to develop and execute air pollution prevention 
and control programs. 

Comprehensive Environmental Response, Compensation, and Liability 
Act of 1980. Also known as Superfund, this law authorizes the federal 

government to respond directly to releases of hazardous substances that 
may endanger health or the environment. The EPA is responsible for 
managing Superfund. 

Code of Federal Regulations. A codification of all regulations 
developed and finalized by federal agencies in the Federal Register. 

Chain-of-Custody. A method for documenting the history and 
possession of a sample from the time of collection, through analysis 
and data reporting, to its final disposition. 

(I) Substances introduced into the environment as a result of people's 
activities, regardless of whether the concentration is a threat to health 
(see pollution). (2) The deposition of unwanted radioactive material 
on the surfaces of structures, areas, objects, or personnel. 

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

Curie. Unit ofradioactivity. One Ci equals 3.70 x 1010 nuclear 
transformations per second. 

High-energy particulate and electromagnetic radiations that originate 
outside the earth's atmosphere. ~osmic radiation is part of natural 
background radiation. 

US Department of Energy. The federal agency that sponsors energy 

research and regulates nuclear materials used for weapons production. 

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.) 

Effective dose equivalent. The hypothetical whole-body dose that 
would give the same risk of cancer mortality and serious genetic disor­
der as a given exposure but that may be limited to 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 exam­
ple, a 100 mrem dose to the lung, which has a weighting factor of0.12, 
gives an effective dose that is equivalent to I 00 x 0.12 = 12 mrem. 
CEDE: committed effective dose equivalent 

TEDE: total effective dose equivalent 

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. 
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population dose 

whole body dose 

EA 

ejj1uent 

EIS 

emission 

environmental compliance 

environmental monitoring 

environmental surveillance 

EPA 

exposure 

external radiation 

gallery 

gamma radiation 

Glossary of Terms 

The sum of the radiation doses to individuals of a population. It is 
expressed in units of person-rem. (For example, if 1,000 people each 

received a radiation dose of 1 rem, their population dose would be 

1,000 person-rem.) 

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). 

Environmental Assessment. A report that identifies potentially 
significant environmental impacts from any federally approved or 
funded project that may change the physical environment. If an EA 
shows significant impact, an Environmental Impact Statement is 
required. 

A liquid waste discharged to the environment. 

Environmental Impact Statement. A detailed report, required by 
federal law, on the significant environmental impacts that a proposed 
major federal action would have on the environment. An EIS must be 
prepared by a government agency when a major federal action that will 
have significant environmental impacts is planned. 

A gaseous waste discharged to the environment. 

The documentation that the Laboratory complies with the multiple 
federal and state environmental statutes, regulations, and permits that 
are designed to ensure environmental protection. This documentation 
is based on the results of the Laboratory's environmental monitoring 
and surveillance programs. 

The sampling of contaminants in liquid effiuents and gaseous 
emissions from Laboratory facilities, either by directly measuring or by 
collecting and analyzing samples in a laboratory. 

The sampling of contaminants in air, water, sediments, soils, food­

stuffs, and plants and animals, either by directly measuring or by 

collecting and analyzing samples in a laboratory. 

Environmental Protection Agency. The federal agency responsible for 
enforcing environmental laws. Although state regulatory agencies may 

be authorized to administer some of this responsibility, EPA retains 

oversight authority to ensure protection of human health and the 
environment. 

A measure of the ionization produced in air by x-ray or gamma ray 
radiation. (The unit of exposure is the roentgen). 

Radiation originating from a source outside the body. 

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 
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(such as microwaves, visible light, and radiowaves) has longer 
wavelengths (lower energy) and cannot cause ionization. I gross alpha The total amount of measured alpha activity without identification of 
specific radionuclides. 

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

groundwater Water found beneath the surface of the ground (subsurface water). I Groundwater usually refers to a zone of complete water saturation 
containing no air. 

3H Tritium. I 
half-life, radioactive The time required for the activity of a radioactive substance to decrease 

to half its value by inherent radioactive decay. After two half-lives, I one-fourth of the original activity remains (l/2 x 1/2), after three half-
lives, one-eighth (1/2 x 1/2 x 112), and so on. 

hazardous waste Wastes exhibiting any of the following characteristics: ignitability, I corrosivity, reactivity, or yielding toxic constituents in a leaching test. 
In addition, EPA has listed as hazardous other wastes that do not 

I necessarily exhibit these characteristics. Although the legal definition 
of hazardous waste is complex, the term generally refers to any waste 
that EPA believes could pose a threat to human health and the environ-

I ment if managed improperly. Resource Conservation and Recovery 
Act (RCRA) regulations set strict controls on the management of 
hazardous wastes. 

hazardous waste The specific substance in a hazardous waste that makes it hazardous I 
constituent and therefore subject to regulation under Subtitle C ofRCRA. 

HSWA Hazardous and Solid Waste Amendments of 1984 to RCRA. These I amendments to RCRA greatly expanded the scope of hazardous waste 
regulation. In HSWA, Congress directed EPA to take measures to 
further reduce the risks to human health and the environment caused by I hazardous wastes. 

hydrology The science dealing with the properties, distribution, and circulation of 

I natural water systems. 

internal radiation Radiation from a source within the body as a result of deposition of 
radionuclides in body tissues by processes such as ingestion, I inhalation, or implantation. Potassium-40, a naturally occurring 
radionuclide, is a major source of internal radiation in living 
organisms. Also called self-irradiation. 

I ionizing radiation Radiation possessing enough energy to remove electrons from the 
substances through which it passes. The primary contributors to 
ionizing radiation are radon, cosmic and terrestrial sources, and I , I medical sources such as x-rays and other diagnostic exposures. 

I 
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isotopes 

MCL 

ME/ 

mixed waste 

mrem 

NEPA 

NESHAP 

NPDES 

nuclide 

Glossary of Terms 

Fonns of an element having the same number of protons in their nuclei 
but differing in the number of neutrons. Isotopes of an element have 

similar chemical behaviors but can have different nuclear behaviors. 

• long-lived isotope- A radionuclide that decays at such a slow rate 
that a quantity of it will exist for an extended period (half-life is 

greater than three years). 

• short-lived isotope- A radionuclide that decays so rapidly that a 
given quantity is transfonned almost completely into decay 
products within a short period (half-life is two days or less). 

Maximum contaminant level. Maximum pennissible level of a 
contaminant in water that is delivered to the free-flowing outlet of the 
ultimate user of a public water system (see Appendix A and Table A-6). 

The MCLs are specified by the EPA. 

Maximum exposed individual. The average exposure to the popula­
tion in general will always be less than to one person or subset of 
persons because of where they live, what they do, and their individual 
habits. To try to estimate the dose to the MEl, one tries to find that 
population subgroup (and more specifically, the one individual) that 
potentially has the highest exposure, intake, etc. This becomes the 
MEL 

Waste that contains a hazardous waste component regulated under 
Subtitle C of the RCRA and a radioactive component consisting of 
source, special nuclear, or byproduct material regulated under the 
federal Atomic Energy· Act (AEA). 

Millirem. See definition ofrem. The dose equivalent that is one­

thousandth of a rem. 

National Environmental Policy Act. This federal legislation, passed in 
1969, requires federal agencies to evaluate the impacts of their pro-

posed actions on the environment prior to decision making. One 
provision ofNEPA requires the preparation of an EIS by federal 
agencies when major actions significantly affecting the quality of the 
human environment are proposed. 

National Emission Standards for Hazardous Air Pollutants. These 
standards are found in the Clean Air Act; they set limits for such 
pollutants as beryllium and radionuclides. 

National Pollutant Discharge Elimination System. This federal 

program, under the Clean Water Act, requires pennits for discharges 

into surface waterways. 

A species of atom characterized by the constitution of its nucleus. The 

nuclear constitution is specified by the number of protons, number of 

neutrons, and energy content; or alternately, by the atomic number, 
mass number, and atomic mass. To be a distinct nuclide, the atom must 
be capable of existing for a measurable length of time. 
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PCBs 

PDL 

perched groundwater 

person-rem 

pH 

pollution 

ppb 

ppm 

QA 

QC 

R 
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Polychlorinated biphenyls. A family of organic compounds used since 
1926 in electric transformers, lubricants, carbonless copy paper, 
adhesives, and caulking compounds. PCBs are extremely persistent in 
the environment because they do not break down into new and less 

harmful chemicals. PCBs are stored in the fatty tissues of humans and 

animals through the bioaccumulation process. EPA banned the use of 
PCBs, with limited exceptions, in 1976. 

Public Dose Limit. The new term for Radiation Protection Standards, 
a standard for external and internal exposure to radioactivity as defined 
in DOE Order 5400.5 (see Appendix A and Table A-I). 

A groundwater body above a slow-penneablity rock or soil layer that is 
separated from an underlying main body of groundwater by a vadose 
zone. 

The unit of population dose that expresses the sum of radiation expo­
sures received by a population. For example, two persons, each with a 
0.5 rem exposure, receive I person-rem, and 500 people, each with an 
exposure of 0.002 rem, also receive 1 person-rem. 

A measure of the hydrogen ion concentration in an aqueous solution. 
Acidic solutions have a pH less than 7, basic solutions have a pH 
greater than 7, and neutral solutions have a pH of7. 

Levels of contamination that may be objectionable (perhaps due to a 
threat to health [see contamination]). 

Parts per billion. A unit measure of concentration equivalent to the 
weight/volume ratio expressed as flg/L or ng/mL. Also used to express 
the weight/weight ratio as ng/g or J.Lg/kg. 

Parts per million. A unit measure of concentration equivalent to the 
weight/volume ratio expressed as mg/L. Also used to express the 
weight/weight ratio as flg/g or mg/kg. 

Quality assurance. Any action in environmental monitoring to ensure 
the reliability of monitoring and measurement data. Aspects of quality 
assurance include procedures, interlaboratory comparison studies, 
evaluations, and documentation. 

Quality control. The routine application of procedures within environ­
mental monitoring to obtain the required standards of performance in 
monitoring and measurement processes. QC procedures include 
calibration of instruments, control charts, and analysis of replicate and 
duplicate samples. 

Roentgen. The roentgen is a unit for measuring exposure. It is defined 
only for the effect on air and applies only to gamma and x-rays in air. 

It does not relate biological effects of radiation to the human body. 

1 roentgen 1,000 milliroentgen (mR) 
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rad 

radionuclide 

RCRA 

release 

rem 

SAL 

SARA 

saturated zone 

SWMU 

terrestrial radiation 

TLD 

Glossary of Terms 

Radiation absorbed dose. The rad is a unit for measuring energy 
absorbed in any material. Absorbed dose results from energy being 
deposited by the radiation. It is defined for any material. It applies to 
all types of radiation and does not take into account the potential effect 
that different types of radiation have on the body. 

1 rad = I ,000 millirad (mrad) 

An unstable nuclide capable of spontaneous transformation into other 
nuclides through changes in its nuclear configuration or energy level. 
This transformation is accompanied by the emission of photons or 
particles. 

Resource Conservation and Recovery Act of 1976. RCRA is an 

amendment to the first federal solid waste legislation, the Solid Waste 

Disposal Act of 1965. In RCRA, Congress established initial 

directives and guidelines for EPA to regulate hazardous wastes. 

Any discharge to the environment. Environment is broadly defined as 
water, land, or ambient air. 

Roentgen equivalent man. The rem is a unit for measuring dose 
equivalence. It is the most commonly used unit and pertains only to 
people. The rem takes into account the energy absorbed (dose) and the 
biological effect on the body (quality factor) due to the different types 
of radiation. 

rem = rad x quality factor 
I rem = I ,000 millirem (mrem) 

Screening Action Limit. A defined contaminant level that if exceeded 
in a sample, requires further action. 

Superfund Amendments and Reauthorization Act of 1986. This act 
modifies and reauthorizes CERCLA. Title III of this act is known as 
the Emergency Planning and Community Right-to-Know Act of 1986. 

Rock or soil where the pores are completely filled with water, and no 
air is present. 

Solid waste management unit. Any discernible site at which solid 

wastes have been placed at any time, regardless of whether the unit 
was intended for the management of solid or hazardous waste. Such 
units include any area at or around a facility at which solid wastes have 

been routinely and systematically released, such as waste tanks, septic 
tanks, firing sites, bum pits, sumps, landfills (material disposal areas), 
outfall areas, canyons around LANL, and contaminated areas resulting 
from leaking product storage tanks (including petroleum). 

Radiation emitted by naturally occurring radionuclides such as 
potassium-40; the natural decay chains ofuranium-235, uranium-238, 
or thorium-232; or cosmic-ray-induced radionuclides in the soil. 

Thermoluminescent dosimeter. A material (the Laboratory uses lithium 

fluoride) that emits a light signal when heated to approximately 300°C. 
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This light is proportional to the amount of radiation (dose) to which the 

I dosimeter was exposed. 

TRU Transuranic waste. Waste contaminated with long-lived transuranic 
elements in concentrations within a specified range established by 

I DOE, EPA, and Nuclear Regulatory Agency. These are elements 
shown above uranium on the chemistry periodic table, such as 
plutonium, americium, and neptunium. 

I TSCA Toxic Substances Control Act. TSCA is intended to provide protection 
from substances manufactured, processed, distributed, or used in the 
United States. A mechanism is required by the act for screening new I substances before they enter the marketplace and for testing existing 
substances that are suspected of creating health hazards. Specific 
regulations may also be promulgated under this act for controlling I substances found to be detrimental to human health or to the 
environment. 

tuff Rock formed from compacted volcanic ash fragments. I 
uncontrolled area An area beyond the boundaries of a controlled area (see controlled area 

in this glossary). 

I unsaturated zone See vadose zone in this glossary. 

uranium Isotopic Abundance (atom%) 

I 234u 235U mu 

depleted :50.0055 <0.72 >99.2745 
natural 0.0055 0.72 99.2745 I enriched 20.0055 >0.72 <99.2745 

Total uranium is the chemical abundance of uranium in the sample, 
regardless of its isotopic composition. I 

UST Underground storage tank. A stationary device, constructed primarily 
of non earthen material, designed to contain petroleum products or 

I hazardous materials. In a UST, 10% or more of the volume of the tank 
system is below the surface of the ground. 

vadose zone The partially saturated or unsaturated region above the water table that 

I does not yield water for wells. Water in the vadose zone is held to rock 
or soil particles by capillary forces and much of the pore space is filled 

with air. I water table The water level surface below the ground at which the unsaturated 
zone ends and the saturated zone begins. It is the level to which a well 
that is screened in the unconfined aquifer would fill with water .. I 

water year October through September. 

watershed The region draining into a river, a river system, or a body of water. I 
wetland A lowland area, such as a marsh or swamp, that is inundated or 

saturated by surface water or groundwater sufficient to support 

I 
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wind rose 

worldwide fallout 

Glossary of Terms 

hydrophytic vegetation typically adapted for life in saturated soils. 

A diagram that shows the frequency and intensity of wind from 
different directions at a particular place. 

Radioactive debris from atmospheric weapons tests that has been 

deposited on the earth's surface after being airborne and cycling 
around the earth. 
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AA-2 
AEC 

AlP 

AIRFA 

AIRNET 

AL 

AO 

AQCR 

ARPA 

BEIR 

BOD 

Btu 

CAA 

CAAA 

CAS 

CCNS 

CEDE 

CERCLA 

CFR 

CIO 

CMR 

co 
coc 
COD 

CQI 
CST 

CST-3 
CST-13 

CWA 

CY 
DAC 

DARHT 

DCG 

D&D 

DEC 

DOE 

DOE-EM 
DOU 

EA 

EDE 

EEU 

EIS 

EML 

EO 

EPA 

Internal Assessment Group (LANL) 

Atomic Energy Commission 

Agreement in Principle 

American Indian Religious Freedom Act 

Air Monitoring Network 

Albuquerque Operations Office (DOE) 

Administrative Order 

Air Quality Control Regulation (New Mexico) 

Archeological Resources Protection Act 

biological effects of ionizing radiation 

biochemical/biological oxygen demand 

British thermal unit 

Clean Air Act 

Clean Air Act Amendments 

Connected Action Statement 

Concerned Citizens for Nuclear Safety 

committed effective dose equivalent 

Acronyms and Abbreviations 

Comprehensive Environmental Response, Compensation, and Liability Act 

Code of Federal Regulations 

Community Involvement Office (LANL) 

Chemistry and Metallurgy Research (LANL building) 

compliance order 

chain-of-custody 

chemical oxygen demand 

continuous quality improvement 
Chemical Sciences and Technology (LANL division) 

Analytical Services Group (LANL) 

Radioisotopes and Industrial Wastewater Science Group (LANL) 

Clean Water Act 

calendar year 

derived air concentration (DOE) 

Dual Axis Radiographic Hydrotest facility 

Derived Concentration Guide (DOE) 

decontamination and decommissioning 

DOE Environmental Checklist 

Department of Energy 

DOE, Environmental Management 
Document of Understanding 

Environmental Assessment 

effective dose equivalent 

ecological exposure unit 

Environmental Impact Statement 

Environmental Measurements Laboratory 

Executive Order 

Environmental Protection Agency 
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EPCRA 

ER 

ESH 

ESH-4 

ESH-13 

ESH-14 

ESH-17 

ESH-18 

ESH-19 

ESH-20 

ESO 

EST 

FFCA 

FFCAct 

FFCAgreement 

FFCO 

FIFRA 

FIMAD 

FONSI 

FY 

GWPMPP 

HAZWOPER 

HE 

HMPT 

HPAL 

HSWA 

HWA 

HWMR 

ICRP 

JCI 

JENV 

LAAO 

LANSCE 

LANSCENET 

LANL 
LEDA 
LLW 

LLMW 
LOQ 

MAP 

MCL 

MDA 

MEl 

NAGPRA 

NCRP 
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Emergency Planning and Community Right-to-Know Act 

Environmental Restoration 

Environment, Safety, & Health 

Health Physics Measurements Group (LANL) 

ESH Training Group (LANL) 

Quality Assurance Support Group (LANL) 

Air Quality Group (LANL) 

Water Quality & Hydrology Group (LANL) 

Hazardous & Solid Waste Group (LANL) 

Ecology Group (LANL) 

Environmental Stewardship Office (LANL) 

Ecological Studies Team (ESH-20) 

Federal Facilities Compliance Agreement 

Federal Facilities Compliance Act 

RCRA Federal Facility Compliance Agreement 

Federal Facility Compliance Order 

Federal Insecticide, Fungicide, and Rodenticide Act 

Facility for Information Management, Analysis, and Display 

Finding of No Significant Impact 

fiscal year 

Groundwater Protection Management Program Plan 

hazardous waste operations (training class) 

high-explosive 

Hazardous Materials Packaging and Transportation 

Health Physics Analytical Laboratory 

Hazardous and Solid Waste Amendments 

Hazardous Waste Act (New Mexico) 

Hazardous Waste Management Regulations (New Mexico) 

International Commission on Radiological Protection 

Johnson Controls, Inc. 

JCI Environmental Laboratory 

Los Alamos Area Office (DOE) 

Los Alamos Neutron Science Center 

LANSCE Network-TA-53 (for air monitoring) 

Los Alamos National Laboratory (or the Laboratory) 
Low-Energy Demonstration Accelerator 

low-level radioactive waste 

low-level mixed waste 
limit of quantitation 

Mitigation Action Plan 

maximum contaminant level 

material disposal area 

maximum exposed individual 

Native American Grave Protection and Repatriation Act 

National Council on Radiation Protection and Measurements 
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NEPA 

NERF 

NESHAP 

NEWNET 

NHPA 

NMDA 

NMED 

NMEIB 

NMWQCA 

NMWQCC 

NOD 

NON 

NPDES 

NRC 

OB/OD 

ODS 

O&G 
OHL 

OSHA 

PCB 
PDL 

PHERMEX 
ppb 

ppm 

PWA 

QA 

QAP 

QC 

RCRA 

RD&D 

RLWTF 

RSRL 
SAL 

SARA 

SDWA 

SHPO 

SLD 

soc 
SPCC 

svoc 
SWA 

SWPP 

SWMR 

SWMU 
swsc 

National Environmental Policy Act 

NEPA Review Form 

Acronyms and Abbreviations 

National Emission Standards for Hazardous Air Pollutants 

Neighborhood Environmental Watch Network 

National Historic Preservation Act 

New Mexico Department of Agriculture 

New Mexico Environment Department 

New Mexico Environmental Improvement Board 

New Mexico Water Quality Control Act 

New Mexico Water Quality Control Commission 

Notice of Deficiency 

Notice of Noncompliance 

National Pollutant Discharge Elimination System 

US Nuclear Regulatory Commission 

open burning/open detonation 

ozone depleting substance 

oil and grease 

Occupational Health Laboratory (LANL) 

Occupational Safety and Health Act/Administration 

polychlorinated biphenyl 
public dose limit 

Pulsed high-energy radiographic machine emitting x-rays 

parts per billion 

parts per million 

Process Waste Assessment 

quality assurance 

Quality Assurance Program 

quality control 

Resource Conservation and Recovery Act 

research, development, and demonstration 

Radioactive Liquid Waste Treatment Facility (LANL) 

regional statistical reference level 
screening action level 

Superfund Amendments and Reauthorization Act 

Safe Drinking Water Act 

State Historic Preservation Officer (New Mexico) 

Scientific Laboratory Division (New Mexico) 

synthetic organic compound 

Spill Prevention Control and Countermeasures 

semivolatile organic compound 

Solid Waste Act 

Storm Water Prevention Plan 

solid waste management regulations 

solid waste management unit 
Sanitary Wastewater Systems Consolidation 
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TA 

TDS 

TEDE 

TIC 

TLD 

TLDNET 

TRI 
TRU 

TSCA 

TSS 

TTHM 

TWISP 

uc 
USGS 

UST 

VAP 

voc 
WAS TENET 

WM 
WSC 

WQCC 

www 
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Technical Area 

total dissolved solids 

total effective dose equivalent 

tentatively identified compound 

thermoluminescent dosimeter 

thermoluminescent dosimeter network 

toxic chemical release inventory 

transuranic waste 

Toxic Substances Control Act 

total suspended solids 

trihalomethane 

Transuranic Waste Inspectable Storage Project 

University of California 

United States Geological Survey 

underground storage tank 

vaporous activation products 

volatile organic compound 

Waste Management Areas Network 

Waste Management (LANL) 
Waste Stream Characterization 

Water Quality Control Commission 

World Wide Web 

Environmental Surveillance and Compliance at Los Alamos during 1996 

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



I 

I 
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I 
Elemental and Chemical Nomenclature 

I 
Actinium Ac Molybdenum Mo 
Aluminum AI Neodymium Nd 
Americium Am Neon Ne 
Argon Ar Neptunium Np 
Antimony Sb Nickel Ni 

I Arsenic As Niobium Nb 
Astatine At Nitrate (as Nitrogen) N03-N 
Barium Ba Nitrite (as Nitrogen) N02-N 
Berkelium Bk Nitrogen N 

I Beryllium Be Nitrogen dioxide N02 
Bicarbonate HC03 

Nobelium No 
Bismuth Bi Osmium Os 
Boron B Oxygen 0 

I Bromine Br Palladium Pd 
Cadmium Cd Phosphaeus p 

Calcium Ca Phosphate (as Phosphous) P04-P 
Californium Cf Platinum Pt 

I Carbon c Plutonium Pu 
Cerium Ce Polonium Po 
Cesium Cs Potassium K 
Chlorine Cl Praseodymium Pr 

I Chromium Cr Promethium Pm 
Cobalt Co Protactinium Pa 
Copper Cu Radium Ra 
Curium Cm Radon Rn 

I 
Cyanide CN Rhenium Re 
Carbonate co3 

Rhodium Rh 
Dysprosium Dy Rubidium Rb 
Einsteinium Es Ruthenium Ru 

I 
Erbium Er Samarium Sm 
Europium Eu Scandium Sc 
Fermium Fm Selenium Se 
Fluorine F Silicon Si 

I 
Francium Fr Silver Ag 

Gadolinium Gd Sodium Na 
Gallium Ga Stronium Sr 
Germanium Ge Sulfate so4 

I 
Gold Au Sulfite so3 
Hafnium Hf Sulfur s 
Helium He Tantalum Ta 

[jJ Holmium Ho Technetium Tc 
Hydrogen H Tellurium Te 
Hydrogen oxide H20 Terbium Tb 
Indium In Thallium Tl 

" lodine I Thorium Th 

I 
lridium lr Thulium Tm 
Iron Fe Tin Sn 
Krypton Kr Titanium Ti 
Lanthanum La Tritiated ~ater HTO 

I 
Lawrencium Lr (Lw) Tritium 3H 
Lead Pb Tungsten w 
Lithium Li Uranium u 
Lithium fluoride LiF Vanadium v 

I 
Lutetium Lu Xenon Xe 
Magnesium Mg Ytterbium Yb 
Manganese Mn Yttrium y 
Mendelevium Md Zinc Zn 

I 
Mercury Hg Zirconium Zr 
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Standard UC-902 (Environmental Sciences) 
and UC-707 (Health and Safety) 

Distribution 

US Department of Energy 
Office of Military Applications 
Office of Policy & Assistance 
Office of Research, Development, and Testing 

Facilities 
Albuquerque Area Office 
Los Alamos Area Office 
Environmental Measurements Laboratory 
Idaho Operations Office 
Nevada Operations Office 

Oak Ridge Operations Office 
Savannah River Operations Office 

US Department of Energy Contractors 
Argonne National Laboratory 
Battelle, Pacific Northwest Laboratories 
Bechtel Nevada 
Brookhaven National Laboratory 
EG&G Mound Applied Technologies 
Lawrence Livermore National Laboratory 
Oak Ridge National Laboratory 
Pantex Plant 
Sandia National Laboratories, New Mexico 
Sandia National Laboratories, California 

State of New Mexico 
Office of the Governor 
NM Health Department 
NM Environment Department 
NM Environment Improvement Board 
NM Oil Conservation Division 
NM Energy, Minerals, & Natural Resources 

Department 
NM State Engineer's Office 
Scientific Laboratory Division 

Other External Distribution 
University of California 

President's Council, Office of the President 

Environment, Health, and Safety Office 
Environmental Protection Agency 
NM Congressional Delegation 
Elected Official 
County of Los Alamos 
NM Office of Indian Affairs 
Indian Pueblo Governors, Northern NM 

Pueblo of Cochiti 
Pueblo of Jemez 
Pueblo ofNambe 
Pueblo of Picuris 
Pueblo of Pojoaque 
Pueblo of San lldefonso 

Distribution 

Indian Pueblo Governors, Northern NM (Cont.) 
Pueblo of San Juan 
Pueblo of Santa Clara 
Pueblo of Santo Domingo 
Pueblo of Taos 
Pueblo of Tesuque 

Eight Northern Indian Pueblo Council 
Pueblo Office of Environmental Protection 

Bureau of Indian Affairs 
National Park Service 
Bandelier National Monument 
US Fish and Wildlife Service 
US Geological Survey 
Concerned Citizens for Nuclear Safety 
Los Alamos Study Group 
Responsive Environmental Action League 
Johnson Controls, Inc. 
Libraries 

Mesa Public Library, Los Alamos, NM 
Mesa Public Library, White Rock Branch 
UNM-LA, Los Alamos, NM 
Santa Fe Public Library, Santa Fe, NM 
New Mexico State Library, Santa Fe, NM 

Media 
The Monitor, Los Alamos, NM 
The New Mexican, Santa Fe, NM 
The Reporter, Santa Fe, NM 
The Rio Grande Sun, Espanola, NM 
The Taos News, Taos, NM 
Albuquerque Journal, Albuquerque, NM 
Albuquerque Journal North, Santa Fe, NM 
Albuquerque Tribune, Albuquerque, NM 
KRSN Radio, Los Alamos, NM 
KOAT-TV, Albuquerque, NM 
KOB-TV, Albuquerque, NM 
KGGM-TV, Albuquerque, NM 

Internal Distribution 
Director's Office 

Director 
Laboratory Counsel 
Public Affairs Officer 

Environment, Safety, & Health Division Office 
Group ESH-1, Health Physics Operations 
Group ESH-2, Occupational Medicine 
Group ESH-3, Facility Risk Assessment 
Group ESH-4, Health Physics Measurements 
Group ESH-7, Occurrence 
Group ESH-13, ES&H Training 
Group ESH- I 7, Air Quality 
Group ESH-18, Water Quality and Hydrology 
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