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LIST OF ACRONYMS, INITIALISMS, AND ABBREVIATIONS

Early code name for uranium-235;

(from the isotope’s atomic number (92) and atomic weight (235)
Early code name for uranium-238;

(from the isotope’s atomic number (92) and atomic weight (238)
Early code name for neptunium-237

(from the isotope’s atomic number (93) and atomic weight (237)
Early code name for plutonium-239

(from the isotope’s atomic number (94) and atomic weight (239)
Early code name for plutonium-240

(from the isotope’s atomic number (94) and atomic weight (240);

i.e., one higher than 239, hence the 10)

Automated Chemical Inventory System

Associate Laboratory Directorate for Nuclear Weapons Engineering and
Manufacturing- formerly ALDNW

U.S. Atomic Energy Commission (DOE predecessor agency)

A LANL network of ambient air sampling stations

“also known as”

Former Office of Associate Laboratory Directorate for Nuclear Weapons
Aircraft Nuclear Propulsion

Atmospheric Release Fraction

Agency for Toxic Substances and Disease Registry

Bruns Railhead Site (in Santa Fe, NM)
Breathing Zone

Chemical Abstracts Service, a registry for chemicals

Early code word for curie, especially when referring to polonium shipments
(200 cases of Postum” meant 200 curies of polonium).

Chronic Beryllium Disease

Cubic Centimeters

Concerned Citizens for Nuclear Safety

Cadmium

Centers for Disease Control and Prevention

Comprehensive Environmental Assessment and Response Program
Committed Effective Dose Equivalent, a unit of radiation dose

Cubic Feet per Minute

Code of Federal Regulations

Curie, a unit of radioactivity; 1 Ci = 3.7 x 10*° disintegrations per second.

Former Computing, Information and Communications (CIC) Division, now the

Computing, Communications, and Networking Division (CCN).
Chemistry and Metallurgy

Former Chemistry/Metallurgy/Baker Division, which later became MST
Division

Chemistry and Metallurgical Research

The radiochemistry group at early LASL

Carbon dioxide

Dual-Axis Radiographic Hydrodynamics Test
Earliest plutonium processing facilities at Los Alamos
Dose Equivalent, a unit of radiation dose
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D&D
DF Site
DOE
DOEAL
DOP
DP

DPM
DSF
DU
DVD
DX

EEOICPA
EIS
EMAD
EMF
EML
ENSR
ER
ERDA
ERSS
ESA
ES&H
eV

FACA
fCi
FGI

FQ

G-2
G/MAP
GMX
GMX-1
GPS

GT Site

H

HAI
H-Division
HE
HEPA
HHS
HMX
HP Site
HSE
HSR
HT
HTML
HTO

Decontamination and Decommissioning

Detonator Firing Site

U.S. Department of Energy

Department of Energy Albugquerque Operations Office

diocthyl phthalate, an aerosol often used to test effluent treatment filters
DP Site', or TA-21. The site of plutonium processing at LANL from 1945 until
1978. Was also the site of polonium processing.

Disintegrations Per Minute, a rate of radioactive decay

Document Summary Form

Depleted Uranium

Digital Versatile Disc

Dynamic Experiments Division at LANL

Energy Employees Occupational lliness Compensation Program Act
Environmental Impact Statement

Engine Maintenance and Disassembly building at NRDS.
ElectroMagnetic Field

Environmental Measurements Laboratory

ENSR Corporation, a provider of ENvironmental SeRvices
Environmental Restoration

Energy Research and Development Administration (DOE predecessor agency)
Environment and Remediation Support Services

Engineering Science and Application

Environment, Safety, and Health

Electron Volts

Federal Advisory Committee Act

Femtocurie, 10" curie, or 0.000000000000001 Ci

Foreign Government Information

Filter Queens- vacuum cleaners adapted at LASL to collect air samples

Army Intelligence

Gaseous Mixed Activation Products,

GMX Division (possibly for Gadgets, Munitions, and Explosives)
The Radiography Group at early LANL

Global Positioning System

Anchor Site West

H Division or Health Division at LANL

History Associates Inc.

The Health Division at LANL

High Explosive

High Efficiency Particulate Air filter

Dept of Health and Human Services

High Melting Explosive

Hot Point Site

Health, Safety, and Environment

Health, Safety, and Radiation Protection group at LANL, formerly ESH
Heat Treatment Building at TA-1

Hyper Text Markup Language

Tritiated water, water in which a hydrogen atom is replaced with tritium, *H

1 There are several theories about the origin of the “DP Site” name for TA-21. It may stand for D-Prime, since it
replaced D Building, “D Plant,” “Displaced Persons,” “D-Plutonium,” or “D-Production” (Martin 1998).
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HSPT
HYPO

IAEA
ICRP
ICRU
IH

IM-5

INEEL
IP
IPM

JHSPH

kw

LA—
LAHDRA
LALP
LAMS
LAMPF
LAMPRE
LANL
LANSCE
LA-PR
LAPRE
LAPRE |
LAPRE 11
LASL

LA- UR
LCLS
LMFBR
LOAEL
LOPO
LSSS

mA-hr
MAP
MDL
MED
MeV
MFP
mL
mm
MDA
MOU
MPC
MST
MTR
MW

Human Studies Project Team
Water Boiler Reactor in its high-power configuration

International Atomic Energy Agency

International Commission on Radiological Protection

International Commission on Radiation Units and Measurements

Industrial Hygiene

The Records Management Group within the LANL Information Management
Division

Idaho National Engineering and Environmental Laboratory

Internet Protocol

Images per minute

Johns Hopkins School of Public Health
kilowatt, one thousand watts of power

A prefix in many Los Alamos technical report designators

Los Alamos Historical Document Retrieval and Assessment project

A type of LANL publication, from Los Alamos Laboratory publication

A type of Los Alamos technical report, from Los Alamos Manuscript

Los Alamos Meson Physics Facility

Los Alamos Molten Plutonium Reactor Experiment

Los Alamos National Laboratory (January 1981 to present)

Los Alamos Neutron Science Center- formerly LAMPF

A type of Los Alamos technical report, from Los Alamos Progress Report
Los Alamos Power Reactor Experiment

First Los Alamos Power Reactor Experiment

Second Los Alamos Power Reactor Experiment

Los Alamos Scientific Laboratory (January 1947 to December 1980; name
changed to Los Alamos National Laboratory in January 1981)

A type of Los Alamos technical report, from Los Alamos Unlimited Release
LANL’s Legal Counsel Litigation Support Database

Liquid Metal Fast Breeder Reactor

Lowest Observed Adverse Effect Level

Water Boiler Reactor in its low-power configuration

Limiting Safety System Setting

Millampere-hours, a measure of work load for accelerators like at LANSCE
Mixed Activation Products

Minimum Detection Level

Manhattan Engineer District

Million Electron Volts

Mixed Fission Products

milliliter, one thousandth of a liter
millimeter, one thousandth of a meter
Minimum Detectable Activity
Memorandum of Understanding

Maximum Permissible Concentration
Materials Science and Technology Division
Materials Test Reactor

Megawatt, one million watts of power
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NASA National Aeronautics and Space Administration
NBS National Bureau of Standards (predecessor to NIST)
NCEH National Center for Environmental Health, part of CDC
NCRP National Council on Radiation Protection and Measurements
NEPA Nuclear Energy for the Propulsion of Aircraft (a USAF project)
NERVA Nuclear Engine for Rocket Vehicle Application
NESHAPS National Emissions Standards for Hazardous Air Pollutants
NIOSH National Institute for Occupational Safety and Health
NMED New Mexico Environmental Department
NMT Nuclear Materials Technology
NOAEL No Observed Adverse Effect level
NO, Oxides of nitrogen
NRC U.S. Nuclear Regulatory Commission
NRDS Nuclear Rocket Development Station (at NTS)
NSA Nuclear Science Abstracts
NTK Need-to-know
NTS Nevada Test Site
OCR Optical Character Recognition
ORNL Oak Ridge National Laboratory
ORF Overall Release Fraction
ORR Oak Ridge Reservation
OSHA Occupational Safety and Health Administration
OSR Off-Site Releases Database
OSTI Office of Scientific and Technical Information
Ouo Official Use Only
OWR Omega West Reactor
OWREX Omega West Reactor Experiment
PARKA A Phoebus 1 reactor set up as a critical assembly
PBX Plastic Bonded Explosive
PCB Polychlorinated Biphenyls
PDF Portable Document Format
PEL Permissible Exposure Limit
PETN pentaerythritol tetranitrate, an explosive
PHERMEX Pulsed High-Energy Radiation Machine Emitting X-rays
Pl Priority Index
Postum Early code word for polonium, a material used at Los Alamos.
PPM Pages Per Minute
PROJECTS
Project Apple Rocky Flats Plant
Project Camel The first full-scale test firing of the "Fat Man" type bomb (minus
the plutonium) at the China Lake Naval Ordnance Sta. in CA.
Project Orange Pantex Plant
Project Royal unknown
Project Sugar Burlington Army Ordnance Plant in lowa
Project Tee unknown
PRG Preliminary Remediation Goals
PRS Potential Release Sites
PSR Proton Storage Ring
P/VAP Particulate Various Activation Products
Q The top level of security clearance granted by DOE
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R Roentgen, a unit of radiation exposure

RAEHP Rio Arriba Environmental Health Partnership

Rala Radioactive Lanthanum

RCRA Resource Conservation and Recovery Act

RDX Rapid detonating explosive

rem A unit of radiation dose equivalent, from Roentgen Equivalent Man
RF Respirable Fraction

RfC Reference Concentration

RFETS Rocky Flats Environmental Technology Site

RFI RCRA Facility Investigation

RMAD Reactor Maintenance, Assembly, and Disassembly building at NRDS.
RMC Records Management Center

RPF Records Processing Facility

RRES Risk Reduction and Environmental Stewardship

RSAC Radiological Safety Analysis Computer program

RSB CDC'’s Radiation Studies Branch

S Site TA-16; S is from Sawmill Site, after a former sawmill in the area.
S-7 LANL’s Classification Office

SAP Special Access Program

SCI Sensitive Compartmented Information

SED Special Engineering Detachment, in the Manhattan District era
SL-1 A 3-MW experimental reactor in Idaho, Stationary Low-Power Plant No. 1,

that was destroyed in 1961 when a control rod was removed manually.
SM South Mesa

SNM Special Nuclear Material

SNPO Space Nuclear Propulsion Office, a joint office between the AEC and NASA.

Soda Pulp Early code name for bismuth, which was irradiated to make polonium.

SRA Shonka Research Associates, Inc.

SRS Savannah River Site

SUPO Water Boiler Reactor in its highest (Super) power configuration

SWMU Solid Waste Management Unit

TA Technical Area; a section of land at Los Alamos, with TA number from 0 to 74,
that has been the site of identified operations or activities

TATB 1,3,5-triamino-2,4,6-trinitrobenzene, an explosive

TD Site Trap Door Site

TFF Target Fabrication Facility

TLD ThermoLuminescent Dosimeter

TNT Trinitrotoluene, an explosive

TR Transfer Record

TR Trinity Project

TRU Transuranic, that is elements having atomic numbers greater than 92

TSTA Tritium Systems Test Assembly

TU Tuballoy, an early code name for depleted uranium (from the British Tube

Alloys project, a code name for their atomic bomb program)

uc University of California, operator of the Los Alamos facility since its founding
UCNI Unclassified Controlled Nuclear Information

UHTREX Ultra High-Temperature Reactor Experiment

UK United Kingdom

UNM University of New Mexico

USAEC United States Atomic Energy Commission

USEPA United States Environmental Protection Agency

USGS United States Geological Survey
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VHS Video Home System, a video cassette format patented by JVC

Vitamin B Early code name for the isotope boron-10, a material used at Los Alamos.

VJ Day The day of Allied victory over Japan in WW 11

VRS Virtual ReScan technology

VTR Vault Type Room

W Site W, the Hanford Plant near Richland, Washington

W-47 Code designation for Wendover Air Base in Utah that was the training site of
the 509th Composite Group, which dropped the atomic bombs over Japan.

WB whole body

WEM Weapons Engineering and Manufacturing

WETF Weapons Engineering Tritium Facility (at TA-16)

WFO Work for Others

WIPP Waste Isolation Pilot Plant

WNR Weapons Neutron Research Facility

WP Weapons Physics

WX Weapons Group WX

X-10 The X-10 Site in Oak Ridge, Tennessee; now Oak Ridge National Laboratory

Y Site Y, the code name for Los Alamos Laboratory under the MED from April

1943 to December 1946.

Z Z Division (named for Jerrold R. Zacharias, a physicist from MIT’s Radiation
Laboratory), an ordnance design, testing, and assembly group formed at LASL
in July of 1945. Moved to the old Oxnard Air Field, east of Kirtland Air Base,
just outside of Albuquerque between fall of 1945 and January of 1947 and
became informally known as Sandia Base.

Reference:

Martin 1998. Martin, C. Los Alamos Place Names. Los Alamos Historical Society, Los Alamos, New
Mexico.
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Metric (S1) Prefixes

Factor Prefix Symbol Factor Prefix Symbol
108 exa E 10" Deci d
10%° peta P 102 Centi c
10*2 tera T 103 Milli m
10° giga G 10° Micro 1
10° mega M 10° Nano n
10° kilo k 102 Pico p
102 hecto h 10 Femto f
10t deka da 1078 Atto a

Summary of New and Old Radiological Units

Quantity Name Svmbol In other units
radioactivity becquerel Bq 1 disintegrations per second (dps)
(old) curie Ci 3.7 x 10'° Bq
absorbed dose gray Gy joule/kilogram (J/kg)
(old) rad rad 102 Gy
dose equivalent sievert Sv J/Kkg
(old) rem rem 102 Sv
exposure coulomb per
kilogram C/kg
(old) roentgen R 2.58 x 10 C/kg

Chemical Concentrations

1.0 mg/L = 0.001 g/L = 1,000 pg/L = 1,000,000 ng/L
1.0 pg/L = 0.001 mg/L = 1,000 ng/L
1.0 ng/L = 0.001 pg/L = 0.000001 mg/L
1.0 percent = 1.0 g/100g = 10 °/00 (parts per thousand) = 10 g/kg = 10,000 mg/kg
1.0 g/kg = 0.10 percent = 1,000 mg/kg
1.0 mg/kg = 0.0010 g/kg = 0.00010 percent = 1,000 ug/kg
1.0 pg/kg = 0.001 mg/kg = 1,000 ng/kg
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Table of the Elements

ZH* Name Symbol ZH# Name Symbol
89 Actinium Ac 101 Mendelevium Md
13 Aluminum Al 80 Mercury Hg
95 Americium Am 42 Molybdenum Mo
51 Antimony Sb 60 Neodymium Nd
18 Argon Ar 10 Neon Ne
33 Arsenic As 93 Neptunium Np
85 Astatine At 28 Nickel Ni
56 Barium Ba 41 Niobium Nb
97 Berkelium Bk 7 Nitrogen N
4 Beryllium Be 102 Nobelium No
83 Bismuth Bi 76 Osmium Os
107 Bohrium Bh 8 Oxygen (0]
5 Boron B 46 Palladium Pd
35 Bromine Br 15 Phosphorus P
48 Cadmium Cd 78 Platinum Pt
20 Calcium Ca 94 Plutonium Pu
98 Californium Cf 84 Polonium Po
6 Carbon C 19 Potassium K
58 Cerium Ce 59 Praseodymium  Pr
55 Cesium Cs 61 Promethium Pm
17 Chlorine Cl 91 Protactinium Pa
24 Chromium Cr 88 Radium Ra
27 Cobalt Co 86 Radon Rn
29 Copper Cu 75 Rhenium Re
96 Curium Cm 45 Rhodium Rh
05 Dubnium Db 37 Rubidium Rb
66 Dysprosium Dy 44 Ruthenium Ru
99 Einsteinium Es 104 Rutherfordium Rf
68 Erbium Er 62 Samarium Sm
63 Europium Eu 21 Scandium Sc
100 Fermium Fm 106 Seaborgium Sg
9 Fluorine F 34 Selenium Se
87 Francium Fr 14 Silicon Si
64 Gadolinium Gd 47 Silver Ag
31 Gallium Ga 11 Sodium Na
32 Germanium Ge 38 Strontium Sr
79 Gold Au 16 Sulfur S
72 Hafnium Hf 73 Tantalum Ta
108 Hassium Hs 43 Technetium Tc
2 Helium He 52 Tellurium Te
67 Holmium Ho 65 Terbium Tb
1 Hydrogen H 81 Thallium TI
49 Indium In 90 Thorium Th
53 lodine | 69 Thulium Tm
77 Iridium Ir 50 Tin Sn
26 Iron Fe 22 Titanium Ti
36 Krypton Kr 74 Tungsten W
57 Lanthanum La 92 Uranium U
103 Lawrencium Lr 23 Vanadium \%
82 Lead Pb 54 Xenon Xe
3 Lithium Li 70 Ytterbium Yb
71 Lutetium Lu 39 Yttrium Y
12 Magnesium Mg 30 Zinc Zn
25 Manganese Mn 40 Zirconium Zr

*The Z Number, or Atomic Number, of an element is the number of protons in its atomic nucleus.
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Executive Summary

The Los Alamos Historical Document Retrieval and Assessment (LAHDRA) project began in early 1999.
It was conducted by the Centers for Disease Control and Prevention (CDC), with much of the work
performed by contractors to CDC, namely ChemRisk Inc. and subcontractors Shonka Research
Associates Inc., ENSR Corporation, Advanced Technologies and Laboratories International, Inc., and
several individual consultants. The purpose of the LAHDRA project was to identify the information that
is available concerning past releases of radionuclides and chemicals from the government complex at Los
Alamos, New Mexico. “Project Y” was born as part of the Manhattan Project to create the first atomic
weapons. LANL’s activities expanded after the war to include thermonuclear weapon design, high
explosives development and testing, weapons safety, nuclear reactor research, waste disposal and

incineration, chemistry, criticality experimentation, tritium handling, biophysics, and radiobiology.
This report presents a summary of information that has been obtained by the LAHDRA team regarding:

e historical operations at Los Alamos,

e the materials that were used,

o the materials that were likely released off site,

e development of residential areas in Los Alamos, and

o the relative importance of identified releases in terms of potential health risks.

The information in this report was obtained from millions of records reviewed at Los Alamos by the
project team, some books and reports that are publicly available, and interviews with past and current Los

Alamos workers and members of the public.
Products of the LAHDRA Project
The products of the LAHDRA project include:

o this report, which summarizes historical operation and prioritizes associated releases;

e aproject information database that contains bibliographic information and summaries of the content
of relevant documents that were located by the project team;

o sets of copies of the documents that were selected as relevant documents, made available in a reading
room in Albuquerque;

e acollection of electronic document images, as Portable Document Format (PDF) files, of all
documents for which paper copies or electronic files were obtained; and

o achronology of incidents and off-normal events identified in review of reports prepared by Los
Alamos’ Health Division.

A Document Summary Form (DSF) was completed for each selected document (or set of related
documents) to capture bibliographic data, project-specific information, and analyst comments. A

Microsoft® Access database was created to describe and catalogue the information reviewed and collected
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during this project. There are currently 8,372 records in the LAHDRA database. A user-friendly front-
end was developed for analysts to enter, review, and search the assembled information. As the number of
paper copies grew and scanning technology matured, it was decided that a better way to preserve and
present the reference material being collected by the LAHDRA team would be as scanned images. All
documents were scanned, optical character recognition (OCR) processed, and saved as searchable PDF
files of optimal quality. The collection of image files was indexed to support searching. In 2006, a new
user interface and search engine based on X1 technology was put into place. This controlled-access,
Internet based application called DocSleuth allows filtered, full text searching of bibliographic data for
included documents and the text of associated image files. The included image files currently represent

over 264,000 pages of historical documents.

Systematic Document Reviews Conducted

LAHDRA document analysts had unprecedented access for an independent study team reviewing
historical records at LANL. A core group of approximately 15 analysts, most of whom held Q-level
security clearances, worked on the project on a part-time basis. As originally specified, the LAHDRA
project was divided into six phases that were planned to be completed sequentially. Each phase was

meant to target a specific group of records, as outlined below:

Phase 1: The LANL Records Management Center
Phase 2: The LANL Archives

Phase 3: The Technical Report Library

Phase 4: Records at the Technical Areas

Phase 5: Records pertaining to “Work for Others”
Phase 6: Documents located at other sites

Because of restrictions that were placed on the number of analysts that could work in a given repository at
any time, the sequential approach was abandoned and work progressed in multiple repositories
concurrently. The systematic document searches that were performed by the LAHDRA team are
described in Chapter 3. The main elements of the information gathering process are summarized in Table

ES-1 along with approximations of the quantities of documents reviewed at each repository.

The initial and principal focus of the LAHDRA document review effort was the LANL Central Records
Management Center. The LANL Records Center was a 15,000 square foot building located at 180 6"
Street in Los Alamos. The function of the Records Center is to receive and catalogue records from the
various LANL groups and divisions, to place and maintain these records in retrievable storage, and
disposition them in accordance with DOE retention and disposition guidelines and other associated
requirements (such as the moratorium on destruction of records deemed pertinent to epidemiological

studies). Late in the project, the Records Center was relocated to the new National Security Sciences
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Table ES-1. Summary of LAHDRA systematic document review efforts at Los Alamos

Documents (or Groups

Location Approximate Quantities Reviewed of Documents) Selected
and Summarized
LANL Records Center 16,896 boxes of documents; 18,000 rolls of 2,902
microfilm; 31,420 notebooks
LANL Reports 3,085 classified reports by LANL and 32,000 by 1,529
Collection others. 12,000 unclassified LANL reports in
vault and 25,000 online. 90,000 unclassified
reports by other plus 600,000 on microfiche
ES&H Records Center 1,197 boxes of documents plus dosimetry and air 333
and satellites quality records
LANL Archives 1,532 archived collections, with 125,000 folders 992
Litigation Support 75,724 documents by title; 3,813 full documents 347
Database
LANSCE Division 10,000 documents by title and 2,500 full 43
documents in Admin. Building; 3,375
documents in Radiological Air Monitoring
Archive
WEM / WP Divisions 18,876 documents and 1,126 photos in vault; 36 2
safes containing 7,056 documents
Engineering Drawings 2,550 drawings on aperture cards plus ~1,000 reels 188 and
Center of microfilm ~1,000 drawings
Environmental 250,000 documents from the ERSS database, 137 1,056
Stewardship Division boxes of NEPA/EA records, 12 drawers of EIS
documents, ~100 Cultural Resources reports
Industrial Hygiene & 8 lateral file drawers of historical records 17
Safety Records
Former J Division 699 boxes with approximately 11,000 folders 0

(Field Testing)

Notes: Document review statistics current as of April 2009. ES&H = Environment, Safety, and Health; LANSCE = Los Alamos

Neutron Science Center; WEM = Weapons Engineering and Manufacturing; WEP = Weapons Engineering and Physics; ERSS =

Environment & Remediation Support Services; NEPA = National Environmental Policy Act; EA = Environmental Assessment;

EIS = Environmental Impact Statement.

Building (NSSB) at TA-3. Systematic review of the contents of the LANL Records Center that were

accessioned prior to December 31, 1999 was completed in early June 2005, with all of the selected

material received from LANL by the end of that month. During late 2008 into 2009, the project team

reviewed records accessioned by the Records Center since 1999.
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During the first calendar quarter of 2005, LAHDRA analysts began reviewing printouts of LANL
Archives collections and the folders that exist within each collection, identifying (based on review of
folder titles) folders to be reviewed by the project team. The project team began the review of records at
the LANL Archives in early June of 2005, and this review was completed in early May of 2006. During
late 2008 into 2009, the project team reviewed collections added to the LANL Archives since 2005.

From 1942 to 1992, the LANL Reports Collection was a filing point for reports issued by LANL and by
other Department of Energy sites. There are three types of records in the Report Collection vault, which
is located below the LANL Research Library in the Oppenheimer Study Center building at TA-3:
classified reports in paper format, unclassified reports in paper format, and reports on microfiche.
Approximately 3,000 classified report titles issued by LANL as LA- or LAMS- reports are located in the
Report Collection. In the second half of the project, the project team was denied access to the following

categories of classified information in document repositories at LANL:

« Nuclear weapons design information,

« Information falling under Sigma levels 14 and 15,

« Sensitive Compartmented Information (SCI),

« Special Access Programs (SAPSs),

« Foreign Government Information (FGI), and

« Unclassified Sensitive Vendor Proprietary Information.

Access to classified reports issued by any of the following entities with publication dates after 1962 was
denied beginning March 2001: LANL, Lawrence Livermore National Laboratory, Sandia National
Laboratory, the Defense Nuclear Agency and its predecessor and successor agencies, and DOE
Albuquerque Area Office. During 2005, C.M. Wood of CDC reviewed the titles of Los Alamos technical
reports that fell within this restriction and selected 18 for review. These classified technical reports were
reviewed by a LAHDRA document analyst, and several were selected as relevant, summarized, and added

to the project information database.

Approximately 55-60% of the classified LANL-issued technical reports had been reviewed prior to March
2001. Approximately 1,144 classified LANL reports issued after 1962 were not initially reviewed by the
project team because of the March 2001 decision by LANL to withhold them. LAHDRA document
analysts were allowed to review the titles of these withheld reports, but that approach proved to be
ineffective and problematic due to the vagueness of many titles. All of the classified “LA-“ and
“LAMS”-series reports issued before 1963 that were present at the Report Collection were reviewed by
the LAHDRA team. Access to classified reports issued by entities other than LANL has been denied to
LAHDRA analysts since November 2001. The project team had reviewed approximately 35-40% of the
classified reports issued by entities other than LANL (up to letter “L” in the alphabetically-shelved
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documents) prior to the withdrawal of access. The remaining reports in this group were reviewed during
2005 by a LAHDRA analyst working in tandem with a LANL person trained to recognize deniable

category information.

Approximately 10,000 unclassified report titles issued by LANL as LA- or LAMS- reports are located in
the Report Collection vault. Images of approximately 25,000 unclassified LA-, LA-MS-, LA-UR, and
LA-PR reports are available as PDF files in the LANL electronic library catalog. Prior to the heightening
of security measures that followed the terrorist attacks of September 11, 2001, the unclassified “LA”
reports were publicly available on the LANL Web site. The project team reviewed 100% of the

unclassified “LA” reports that were formerly available without restriction on the Internet.

There are also approximately 90,000 unclassified reports in the Report Collection vault that were issued
by DOE sites other than LANL, academic institutions, private corporations that conducted research on
behalf of DOE, and other defense-related agencies. The project team reviewed 70 to 75% of the non-
LANL unclassified reports shelved in the Report Collection vault (up to letter “P” in the alphabetically
shelved documents) before work was halted in 2004, and the remainder were completed early in 2007.
There are also approximately 1.5 million documents on microfiche at the LANL Reports Collection. A
search of two relevant databases indicated that LANL is the authoring institution for approximately
11,000 NSA reports and 53,000 DOE Energy reports, or about 10% of each database’s contents. The

project team completed review of the reports on microfiche in November 2006.

The ES&H Records Center has been in operation since 1998. Its purpose is to receive records from the
various ES&H Groups, catalogue and consolidate those records, and to eventually forward them on to the
LANL Central Records Center. Many of the records stored at the ES&H Records Center are recent, i.e.,
from the 1990s. A total of 1,187 boxes were reviewed in the ES&H Records Center. Of these, 227 were
deemed to contain material relevant to the project and thus had DSFs completed for them. In early 2009,
LAHDRA analysts reviewed records that had been added to the ES&H collection since their previous

review of those holdings.

Reviews completed during this project also included holdings of the Weapons Engineering and
Manufacturing (WEM) and Weapons Physics (WP) divisions. These LANL divisions are organized
under the Directorate’s Office of the Associate Laboratory Directorate for Nuclear Weapons Engineering
and Manufacturing (ADWEM), formerly known as Office of Associate Laboratory Directorate for
Nuclear Weapons (ALDNW). The WEM/WP vault-type room (VTR) contained approximately 18,876
classified documents and 1126 classified photographs. Thirty-six classified safes within the ADWEM
main offices were also reviewed for potentially relevant information. The safes contained 7,056
documents marked “RESTRICTED DATA”. No titles were identified as potentially relevant to the
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LAHDRA project. Based on a review of a list of classified vaults and repositories at LANL, it is
estimated that 21 vaults, 107 VTRs, 5 alarmed rooms, and 1,600 repositories (file cabinets, 2-5 drawers
each, with combination locks) are present. Not all of the vaults or VTRs contain only records— some

contain weapon parts and/or special nuclear material.

Review of documents located at the Los Alamos Neutron Science Center (LANSCE Division, formerly
LAMPF) focused on office files within the Main Administration Building 1 located at TA-53 and the
Radiological Air Monitoring (RAM) Records Archive. Of these documents, 2,500 were considered
potentially relevant and underwent detailed review. Copies of 36 documents were requested and
summarized for the LAHDRA project database. Highlights of these records are the Shift Supervisor
Logbooks that contain daily beam current and beam-hour information dating back to 1971. Forty-five
boxes of documents (3,375 documents) located at the RAM Records Archive (Building 3R) were
reviewed. Copies of 97 documents were requested and summarized. This archive would be a source of

relevant information for any future studies of off-site releases from TA-53.

During the LAHDRA project, team members made several attempts to gain access to the contents of the
Legal Counsel Litigation Support Database (LCLS), sometimes called the Legal Database. While the
database itself was not made available, in late 2003/early 2004 the LAHDRA team received and reviewed
a hardcopy listing of the documents contained in that database. The list includes document number, title,
author, addressee and copy recipient, date, status, and page count. The LCLS database consists of the
following document categories: H-Division, Human Studies Project Team, Central Records Management,
“Other” documents, and Records Processing Facility documents. During 2005, LAHDRA analysts
reviewed the hardcopy indices of the LCLS database and selected documents for review. Images of these
documents were made available to LAHDRA analysts by Legal Counsel staff, and they were reviewed
between May and September of 2005. Documents selected as relevant were printed and released to the

project team.

In February of 2006, the project team began reviewing documents held by the LANL Engineering
Drawings Facility at TA-63. This facility housed engineering drawings and associated documents
(memaos, letters, specifications, etc.) dating back to the 1940s. The initial searching was for drawings
pertinent to Original Technical Area buildings (especially D Building), Omega Site facilities and
associated stacks, DP Site facilities and ventilation systems, and the Los Alamos town site.
Approximately 1,000 historical drawings were selected as relevant to the LAHDRA project, obtained
from LANL, and scanned to make them available via DocSleuth. The project team also completed
systematic review of the TA-63 microfilm records, which contain correspondence and documents

pertaining to many modifications of Lab facilities.
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LAHDRA analysts reviewed the holdings of a small library of environmental restoration related
documents at TA-21 and at the Environmental Restoration group’s Records Processing Facility (RPF).
The TA-21 library was a collection of material housed in a portable building at DP West Site. Its purpose
was to act as a resource for individuals involved in decommissioning activities there. The facility
included binders of memoranda, remediation investigation reports, and drawings. Much of this material
had already been collected by the project team from its review activities in the Records Center and
elsewhere. The RPF managed records of what was formerly the Environmental Restoration (ER) group at
LANL. Most of the holdings of the LANL Records Processing Facility, located at the Pueblo School
Complex, had been scanned to PDF files and were available through an electronic document management
utility called Domino. Review of this material is discussed below. In addition to these electronic records,
the project team also reviewed some hardcopy records that existed at the RPF earlier in the project, and

records that had recently been acquired and not yet scanned.

As the project team completed its systematic review activities for LANL’s centralized records collections
it migrated its focus to records held within division or group offices. The initial focus of the review of
division and group records was the Environmental Stewardship (ENV) Division. The ENV Division
consisted of a large number of groups, many of which held records of interest to the project team.

Review of these records was therefore a substantial part of the team’s activities once reviews at the
centralized collections were winding down. Project team members also met with representatives of the

following other LANL divisions and groups to inquire about their activities and any records they held:

e Associate Directorate for Security and Safeguards
o  Chemistry

e Dynamic and Energetic Materials

o Earth and Environmental Science

e Environmental Protection

e Hydrodynamic Experiments

e Industrial Hygiene and Safety

o Materials Science and Technology

e  Plutonium Manufacturing and Technology
o Radiation Protection

e Weapons Component Manufacturing

e Weapons Engineering Technology

In May of 2006, the LAHDRA team obtained a summary of records and databases generated by the
groups and programs within the LANL ENV Division. There were approximately 50 groups and
programs listed, along with a number of electronic databases. Of the document collections and other

information sources identified within the ENV Division, the largest by far was the RPF’s Domino
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database. The Domino database was an electronic storehouse for historical and current RPF records, that
is, environmental restoration files. These included environmental project case files, remediation
management records, regulatory compliance records, and decontamination and decommissioning records.
The records were stored as PDF files and managed using the IBM Lotus Domino application. Records in
the Domino application were indexed using a unique identifier known as an ERID number. The system
contained approximately 100,000 ERIDs, amounting to approximately 250,000 documents. Systematic
review of the Domino records was performed by going through them sequentially by ERID number and
reviewing the image files for those with titles that were either of potential interest or were too ambiguous
to support a judgment. Documents deemed relevant to the LAHDRA project were printed and a DSF was

completed.

The project team also reviewed the RPF’s Potential Release Sites (PRS) database, which is far more
limited in content compared to the Domino database, using the same approach as for Domino. Other
ENV Division records collections that were reviewed include records pertinent to compliance with the
National Environmental Policy Act (NEPA), associated environmental impact assessments, Meteorology
and Air Quality (MAQ) group records, meteorological data, and Cultural Resources Group reports that

include historical information about operations at LANL facilities.

Challenges and Accomplishments in Information Gathering at Los Alamos

Access to classified documents at Los Alamos has been more difficult than CDC personnel or LAHDRA
team members have experienced at any of the other DOE sites that have been subjects of dose
reconstruction investigations. The main challenges that were faced in accessing, reviewing, and arranging

for public release of relevant documents were associated with the following issues:

e The Cerro Grande fire,

e security stand-downs and the fallout of security incidents involving LANL staff,
e frequent requirements to re-establish need-to-know,

e establishment of security plans for accessing and reviewing documents,

e increased escorting requirements and limitations on numbers of analysts that could work
concurrently,

e calls by LANL staff for review of documents by titles alone,
e establishment of seven categories of information to be withheld from the LAHDRA analysts,

e pre-screening by document “owners” and/or classification office contractors to identify deniable-
category information,

e (difficulties in gaining access to reports issued by entities that no longer exist,

e establishment of an appeal process for use when potentially relevant information was withheld,
e arranging for access to documents at LANL generated by a foreign government (the UK),

e asignificant backlog of selected documents awaiting classification review and public release,
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e limited resources (staffing) at repositories impacting ability of LAHDRA analysts to be present,
e a LANL shutdown in response to a security incident, and
e initiation of pre-screening of documents by LANL Legal staff for privileged information.

Prioritization of Airborne Releases

During the period of LANL’s existence, many operations involving radionuclides have been performed at
LANL, and effluents of various kinds have resulted. As the initial step towards prioritization of historical
airborne releases from LANL, Priority Index (PI) values were calculated by computing the air volume
required to dilute the annual activity released to be equal to the maximum effluent concentration per
federal regulations. This priority index is intended to be a guideline to determine if a nuclide set requires
further iterations of calculation and refinement, or if it warrants lower priority relative to other nuclides.
For example: a PI of 10* indicates that 10° L of air would be required to dilute the released material to a
concentration equal to the MPC. A Microsoft Access® Off-Site Releases (OSR) Database was created to
tabulate effluent information and to link it to existing LANL documents that have been assembled by the
LAHDRA project team. The processes used to prioritize releases of radionuclides from LANL operations

are described in Chapter 17.

Prioritization of releases requires estimates of quantities that were released. There has been no
comprehensive compilation or accounting of historical airborne radionuclide releases prepared by LANL.
The most complete compilation of airborne radionuclide effluent data available from LANL was

assembled in the 1970s to support preparation of a Final Environmental Impact Statement (FEIS).

Airborne plutonium releases were prioritized based on values compiled for the 1979 FEIS and also
documented in a 1975 publication. Values for 1948-1955 were adjusted upward by the LAHDRA team
(by roughly a factor of 20) based on a study conducted by the LANL industrial hygiene group in 1955 and
1956. In that study, stack releases were measured with improved, isokinetic stack sampling systems that
were operated alongside the original systems. Correction factors were determined and applied to releases
previously reported for 1948-1955. All values from 1948 through 1975 were adjusted further using a
sample line loss correction factor (equal to 5 for 1945-1958 and 2 for 1959-1975) and a filter burial
correction factor of 2.33 based on assessments performed by LANL staff. No effluent data were located
for the wartime processing of plutonium in D Building, and LANL’s release estimates include no
contribution from D Building during any period of its operations or from the DP West Site plutonium

processing that occurred 1945-1947.

Uranium usage and release data were located for 1949-1996. Available documents provide estimates of
the quantities of uranium used in explosive testing and some results of stack sampling and analysis.

Sample line loss and filter burial correction factors were applied to uranium stack sampling results for
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periods prior to 1976 as was discussed for plutonium. For explosive test inventory data, Atmospheric
Release Fractions and Respirable Fractions were applied to yield a range of Overall Release Fractions
(ORF). The geometric mean of the ORF values, 0.001, was applied to the inventory of uranium used in

explosive tests.

Airborne tritium release estimates were located for 1967-1996, and no correction factors were applied.
Prioritization of radioactive lanthanum (RaLa) releases from 254 explosive tests conducted in Bayo
Canyon 1944-1961 was based on a source term evaluation performed by LANL personnel. The ORF
used for uranium (geometric mean of 0.001) was also applied to reported source quantities for the RaLa
tests. A class of airborne effluents was reported by LANL as mixed fission products (MFP) from 1961
through 1996, with the main sources being the Omega Site (TA-2) reactors. Radioactivity included in the
MFP “nuclide group” for prioritization included releases reported as MFP or as fission product nuclides
such as ®°Co and **'Cs. Another class of airborne effluents called mixed activation products (MAP) was
reported by LANL for 1976-1996, with the most significant source being accelerator operations.
Radioactivity included in the MAP “nuclide group” for prioritization included releases reported as MAP,
Gaseous Mixed Activation Products (G/MAP), Particulate Various Activation Products ( P/VAP) and the

air activation products 'C, **N, °0, and *'Ar.

Annual values of Priority Index (dilution volume required, L) were calculated by dividing the estimated
annual release of each category of radionuclide by the effluent concentration limit from 10 CFR 20 for a
radionuclide representative of the radionuclide or nuclide group. The value for **Pu was used for
plutonium; 2**U for all uranium; **°La for radioactive lanthanum, radioactive barium, and **°La; a value of
1x107 pCi mL™* from Footnote 2 to the radionuclide tables in 10 CFR 20 Appendix B was used for all
MFP radionuclides; and a value of 2x107 pCi mL™ published by the International Atomic Energy Agency

was used for all MAP radionuclides.

Priority Indices could be generated for the earliest years for the Rala tests that were active 1944-1962.
As shown in Table ES-2, Priority Index values for plutonium were the highest of all calculated Priority
Indices overall and were higher than all other airborne radionuclide classes for 1948 through 1966 and
again from 1970 through 1974. While uranium yielded the highest Priority Indices for 1967 though 1969,
1975, and 1991, tritium had the highest values for 1976 and 1977 and again for 1990. Mixed activation
product releases yielded the highest values for 1978 to 1989 and again for 1992 to 1996.

A review and calculation was completed in October 2006 that addresses reported releases from DP West
for 1957, using the actual daily stack reports. The results show that 40% of all operating hours were not
monitored, mostly weekends and holidays. Therefore, a method for estimating effluent concentrations for

the hours during which the stacks were not monitored was needed. The method used by LASL is likely
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conservative, in that it scales from operating hours to estimate releases during hours in which no stack
measurement was made. The calculation also showed that some simple assumptions made in the early

1970s, such as stack or sampler flow rates, were inappropriately used for all periods.

Table ES-2. Classes of airborne radionuclides with highest Priority
Indices for each period of LANL operations

Years Ra_ldionucli_de _Class \{vith R_ange of Annual
Highest Priority Indices Priority Indices (L)
1944-1947  Radioactive Lanthanum 6x10" to  1x10%
1948-1966  Plutonium 7x10*  to  1x10%
1967-1969  Uranium 1x10"  to  1x10"
1970-1974  Plutonium 2x10"  to  3x10%
1975 Uranium 7x10%  to  7x10%
1976-1977  Tritium 3x10® to  4x10™
1978-1989  Mixed Activation Products ~ 6x10™ to  4x10°
1990  Tritium 1x10*  to  1x10"
1991  Uranium 1x10®  to  1x10%

19092-1996  Mixed Activation Products ~ 6x10"°  to  7x10*

The prioritization of airborne radionuclide releases indicates that plutonium was most important from
1948 through the mid-1960s. It appears that the crudeness of LANL’s early plutonium processing
facilities and delayed adoption of single-bank and ultimately multiple-stage HEPA filtration relative to
other plants that were more clearly recognized as production facilities were factors in LANL becoming a
more significant source of airborne plutonium emissions than it would otherwise have been. While
documents discovered in this study indicate that airborne plutonium releases from LANL before the
1970s were significantly higher than has been officially reported, the relative importance of airborne
plutonium releases could increase with further investigation if other identified sources were characterized.
These sources include D Building, DP West Building 12 stacks before 1948, other release points at DP
West, early Chemistry and Metallurgical Research (CMR) Building operations beginning in 1953, non-
point sources, accidents, and waste disposal operations. These sources were not monitored by LANL or

reflected in estimates of plutonium historically released from the site.

If airborne plutonium releases from DP West Building 12 stacks between 1948 and 1955 were as high as
the 1956 reports by the Lab’s industrial hygiene staff indicate, plutonium releases from LANL could
easily exceed the independently reconstructed airborne plutonium release totals from the production
plants at Hanford, Rocky Flats, and Savannah River combined, even without the other sources and other
years at LANL included.
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The level of interest in characterizing past releases of plutonium from Los Alamos operations is
heightened by the fact that residential areas were built closer to production areas at LANL than at any
other major Manhattan Project, AEC, or DOE site. The nearest residences, Sundt apartments, were
located approximately 200 m from D Building in the Original Technical Area (TA-1) and as little as 50 m
from other key buildings in TA-1. Another housing area, a trailer park on the rim of Los Alamos Canyon
just west of DP West site, was in use from 1948 to 1963. That housing was 1 km west of the DP West
Building 12 stacks and was separated from Material Disposal Area B, a radioactive waste burial ground
that experienced a major fire in 1948, by only a fence. The trailer park was also situated directly above
Omega Site (TA-2), where five versions of nuclear reactors were operated on the canyon floor because of
perceived dangers of associated operations. When a flexible tubing line was run up the wall of Los
Alamos Canyon and tied to a tree atop South Mesa to serve as the release point for gases released from

the reactors, airborne radioactivity was released at roughly the same elevation as trailer park residents.

Airborne releases of Mixed Activation Products from accelerator operations appear to have been most
significant in a majority of years after the 1970s, by which time controls and monitoring of other airborne
effluents such as plutonium had significantly advanced. Uranium releases yielded relatively high Priority
Indices for the late 1960s, 1975, and 1991, but in general associated values were lower than those for
plutonium. The uranium releases reported by LANL for 1967-1969 appear to be anomalously high, and
some quantities documented as released might actually have been amounts of uranium used in explosive

testing, with no accounting for the fraction aerosolized in the tests.

Airborne tritium releases yielded the highest Priority Indices of all radionuclides in the mid-1970s and in
1990, but the true importance of the radionuclide cannot yet be definitively evaluated because of the
scattered and incomplete nature of effluent measurements or estimates prior to 1967. Incident reports
indicate that sizable episodic releases of tritium occurred between the mid-1940s and 1967, the earliest

year for which reports of tritium releases were compiled by LANL.
Prioritization of Waterborne Radionuclide Releases

Priority Indices for waterborne radionuclides were calculated for total plutonium, ?Pu, 2°Pu, ¥sr, *Sr,
tritium, gross alpha, and gross beta radioactivity. That assessment is described as part of Chapter 17.
Estimates of historical releases were obtained from the compilation of data for the 1979 FEIS, from
excerpts and compilations of AEC effluent records, and from annual environmental surveillance reports
that were issued by LANL beginning in 1971. No summary waterborne effluent data were found for the
years 1974-1976. Priority Indices were calculated by computing the volume of liquid required to dilute
the annual activity released to be equal to the maximum effluent concentration per 10 CFR 20. The

maximum effluent concentration for 2°Pu was used to calculate the Priority Indices for gross alpha
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radioactivity while the maximum effluent concentration for 3°Sr was used for gross beta radioactivity.
The waterborne radionuclide classes that yielded the highest Priority Indices for each period from 1945
through 1996 are identified in Table ES-3.

Table ES-3. Classes of waterborne radionuclides with highest Pls for periods of LANL operations
Range of Annual

Years Radionuclide Class Priority Indices (L)
1945-1952 Plutonium 5x10%° to 1x10M
1953-1954  Strontium-90 3x10° to 3x10°
1955-1957  Gross alpha radioactivity 8x10® to 5x10°

1958 Plutonium 5x10° to 5x10°

1959 Gross beta radioactivity 6x10° to 6x10°
1960-1963  Gross alpha radioactivity 6x10° to 4x10"

1964 Gross beta radioactivity 3x10° to 3x10°
1965-1968  Gross alpha radioactivity 2x108 to 8x10°

1969 Plutonium 4x10° to 4%10°
1970-1973  Gross alpha radioactivity 4x10° to 8x10°
1977-1980  Plutonium-238 9x10’ to 4x10°
1981-1989  Plutonium-239 1x10° to 3x10°
1990-1992 Strontium-90 3x10’ to 5x10°

1993 Plutinium-239 5x10’ to 5x10’
1994-1996  Plutonium-238 1x10° to 2x10°

Preliminary prioritization analyses for waterborne radionuclides indicated that plutonium releases were
most important for just over half of the years of LANL operations between 1945 and 1996 for which
effluent data are available (27 y out of 49). Liquid radioactive waste was discharged to Acid-Pueblo
Canyon without treatment or monitoring from 1945 through 1950, prior to a treatment plant becoming
operational in 1951 and an improved plant in 1963. *°Sr appears to have been most important for several
years in the mid-1950s and early 1990s, while gross alpha-emitting radioactivity was most important for
most years between 1955 and 1973 and gross beta-emitting radioactivity yielded highest Priority Indices
for 1959 and 1964. Unlike airborne tritium releases, which were not quantified by LANL prior to 1967,
waterborne releases of tritium were quantified beginning with 1945 but appear to have been less

important than the other radionuclides reported to have been present in liquid effluents.
Measurements of Plutonium in Soil as Indicators of Historical Releases

Because releases of airborne plutonium from LANL were either not measured at all or were poorly
quantified and reported until around 1978, the LAHDRA team recognized a need to estimate potential

releases from LANL operations using methods beyond those based on reported stack monitoring results.

DRAFT FINAL REPORT OF CDC’S LAHDRA PROJECT - Executive Summary ES-13



One method identified was to use amounts of plutonium measures in soil samples collected around Los
Alamos to estimate the amount of airborne plutonium that was released. That assessment is described as
part of Chapter 17. Scientists at LASL attempted to measure the amount of plutonium in the soils around
LANL in the 1957-1958 timeframe. Their effort was documented in a 1958 publication “Evaluation of
the Air Pollution Problem Resulting from Discharge of a Radioactive Effluent” by Harry Jordan and
Ralph Black. Based on analyses of soil samples collected along circles of increasing distance from the
main stacks at DP West Site (up to a radius of 1 mi), the authors asserted that they were able to compare
release estimates that they generated with the releases calculated by LANL staff based on stack sampling
at DP West. Jordan and Black selected results from only six of about 40 sample locations because they
“show rather remarkable agreement” with the LANL stack effluent records that were said to show that
13.1 g or 0.82 Ci of plutonium had been released. Results that were substantially higher were not used
because they were thought to be higher because of failure of “attempts to avoid extraneous

contamination.”

Although Jordan and Black asserted agreement with release estimates based on stack sampling, they were
apparently unaware of or ignored major changes in the stack sampling system in 1955 that were the
subject of a study by Edwin Hyatt that resulted in significant modification of release estimates for 1948 to
1955. LANL has been unable to produce, and LAHDRA analysts have been unable to find, any
supporting records or logbooks about the referenced work. Jordan and Black excluded any high samples
for reasons that do not appear to be well justified. It now appears that the associated measurements of
radioactivity in soil used too large of a volume of soil, resulting in low and variable recovery of
plutonium from soil in the acid leaching process. And perhaps most importantly, the radiochemist
responsible for the analyses has stated that his results were only intended to be qualitative (whether

plutonium was present or not) rather than quantitative (how much plutonium is present).

As a result of the lack of effluent measurements for early airborne releases of plutonium, the LAHDRA
team has considered several nontraditional methods to gain information about the potential magnitude of
historical plutonium releases. Measurements of plutonium in soil around LANL make up an
“environmental record” that is a potentially useful indicator of past releases. Members of the project team
have performed several iterations of analysis to estimate the total airborne plutonium release that would

be consistent with the environmental record of plutonium found in soil samples in the Los Alamos area.

The initial iteration of the assessment by LAHDRA team members to estimate airborne plutonium
releases was based on 37 measurements of plutonium in soil samples collected near Los Alamos from
1975 to 1977. These measured concentrations of **Pu in soil included global fallout from atmospheric

testing of nuclear devices. The average concentration of ?**Pu of distant sample sites (approximately 50
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mi from LANL) was subtracted from the 37 values used in the analysis. The “corrected” soil

concentrations reflected 0.003 to 0.045 pCi g™ net positive contributions of 2°Pu from LANL operations.

The Radiological Safety Analysis Computer (RSAC) program was run with LANL meteorological data to
calculate ?**Pu deposition at various distances in each direction from a unit release (1 Ci) of “°Pu over 50
y. The calculated deposition at each distance was converted to a soil concentration based on the annular
area involved and the soil density and sampling depth reported by LANL. The ratio of each measured
soil concentration to the concentration calculated for that same area from the RSAC modeling of a unit
release yielded a factor that corrects the unit source in RSAC to give agreement between the soil data and
the RSAC results. For example, a ratio of 15 would indicate that 15 Ci of plutonium had been released
rather than the 1 Ci assumed. The ratios over the 37 sampling locations were log-normally distributed.
Based on the distances involved with releases from D Building, the geometric mean (GM) was 620 Ci,
with a factor of uncertainty (geometric standard deviation of the mean, GSD) of 1.2. For the distances
associated with releases from the DP West Site the GM was 670 Ci, with a factor of uncertainty of 1.3.
While these results have a high degree of uncertainty, they indicated that airborne plutonium releases

from LANL operations could have been hundreds of times higher than the 1.2 Ci officially reported.

Following the initial analyses, additional soil sampling data was obtained, and a new analysis was
performed using this expanded dataset of 679 soil samples from 34 locations. Of these, 106 samples at 24
sample points were judged impacted by LASL operations based on analysis of the plot of plutonium-to-
cesium ratios. In the second approach, a total uncertainty for each soil sample was calculated, and only
those measurements with uncertainty in the plutonium to cesium ratio less than 25% were analyzed. For
these 37 samples, the net plutonium and the range and bearing from the D Building and DP West Site
were calculated. RSAC was used to calculate the soil concentration as a function of wind direction and
distance for a unit release. When divided into the net sample data, an estimate of the integrated LANL
source term was obtained for each of the 37 samples. If the release was attributed to the DP West Site, an
average of 60 Ci and a median of 12 Ci were obtained with a GSD (factor of uncertainty) of 9. If the site
releases were attributed solely to D Building, an average of 101 Ci and a median of 46 Ci were obtained

with a corresponding GSD (factor of uncertainty) of 5.
Analysis of Measurements of Plutonium in Body Tissues of Los Alamos Residents

The LANL Human Tissue Analysis Program was a 35-y effort by LANL to study the levels of plutonium
in workers and in the general population of the United States. The collection and analysis of tissues was
intended to answer questions about the behavior of plutonium in the human body. In later years, the
program was expanded to other areas of the country in order to estimate the amount of nuclear fallout

people were subjected to from the atmospheric testing of nuclear weapons. The non-worker tissue
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program ended in 1980. Nearly 1,000 decedents had tissues removed during their autopsies and sent to

LANL by coroners.

The LAHDRA staff attempted an independent analysis of the autopsy program results. This effort,
described as part of Chapter 17, demonstrated that excess plutonium is present in non-worker residents of
Los Alamos over what would be expected from global fallout from nuclear weapons testing. It also
established and tests a method for uncovering the history of residence locations for autopsy cases. This
history establishes the range and bearing from LANL release points along with the years of occupancy at
each residence. This method could be used to reduce the uncertainty in retrospective dose reconstructions

and possibly permit use of the autopsy data for bounding LANL releases.

The autopsy data reported by Mclnroy et al. in 1979 shows that the cumulative frequency distributions
(CFDs) of liver concentrations (dpm kg™ liver) are nearly identical between Los Alamos and Denver.
However, the vertebrae autopsy samples from Los Alamos are higher than Denver, and their different
slope indicates the plutonium has been in the body longer. If Los Alamos indeed had one half (or less) of
the fallout as Denver, as documented by Purtymun and Krey, the liver results should show this. However,
this is not the case. The liver data would seem to indicate the plutonium present at Los Alamos is roughly
equal that of Denver. If one accepts the earlier fallout data from Purtymun and Krey, then this implies
that the “extra” or “added” plutonium (that which makes the plutonium liver concentrations equal) is due
to LANL emissions. The liver results show that autopsy samples from residents of Los Alamos appear to
have “added” plutonium. If there were two distinct populations among those exposed around Los
Alamos, one might expect to see a bend in the CFD curve indicating added plutonium in the fraction of
the population living nearest the release points. However, no bend is seen. It is likely that releases from
the site were not sufficient to cause this “bend” in the CFD plot or that the inherent variability of various

factors dominates the distribution and masks the presence of two populations.

The vertebrae results show differences between Los Alamos and Denver, with the differences occurring
in the population with higher bone concentrations. This result also appears to be consistent with a
hypothesis that releases at Los Alamos impacted the population. The data also show significant
divergence in the ratio of concentrations in the skeleton to that of the liver. Cumulative frequency
distribution graphs for the ratio of vertebrae results to those of liver were analyzed for all autopsy cases
that had data for both organs. An exponential function provides a good fit to the data, which implies that
the data are log-normally distributed. The median value, read from the chart at zero for the “X-Axis”,
shows a value of 1.73 for Denver, corresponding to less-aged exposures. Los Alamos shows a median
value for the vertebrae-to-liver ratio of nearly 2.72. The geometric standard deviation is 2.3 times larger

for Los Alamos compared to Denver. If the air concentration had been constant over time, this would be
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a ratio indicative of exposure that began about 10 y prior to autopsy. Given the large values of the ratio

for Los Alamos, these data indicate that exposures in the early years were higher than the later years.

To reduce the uncertainties of the analyses of human tissue samples, death certificates and a case index
key for participants in the autopsy program that were found in the LANL Archives during 2006 were used
to develop residence histories for each autopsy case. Starting with the information on the death
certificates, the LAHDRA team used telephone directories, obituaries, marriage licenses, and other public
records to recreate the residential history of each decedent to the extent possible. In total, there were 236
autopsy cases for the Los Alamos area for which tissue activity data were available, with 60 of those
participants having been LANL employees. Associated with these participants were 809 residential
locations, of which 677 were identified as addresses and 542 could be geocoded using an Internet-based
service so that distance to D Building and DP West could be calculated. For some addresses, a global
positioning satellite (GPS) unit was used to determine coordinates. In some cases, the historical address
is no longer a residence. To support spatial analysis, coordinates were obtained for the addresses of the

participants using TeleAtlas®. For each address, range from D Building and DP West were calculated.

Solutions of the original samples taken under the LANL human tissue analysis program, as well as
logbooks associated with the program, have been maintained by the United States Transuranium and
Uranium Registries (USTUR) for many of the autopsy cases. Because of that, it may be possible to
determine how much of any autopsied individual’s exposure was due to fallout or releases from LANL.

A new method of measurement called Inductively Coupled Plasma Mass Spectrometry (ICP-MS) can
distinguish between weapons-grade plutonium that has not been used in a nuclear weapon and plutonium
from fallout that resulted from a nuclear detonation. USTUR has performed an initial study of the method
with promising results. This method and new analysis of the samples might permit more accurate
estimation of how much of the plutonium found in the tissues of any former Los Alamos resident was due

to global fallout and how much was due to releases of plutonium from LANL.
Prioritization of Chemical Releases

Operations at LANL have involved many non-radioactive materials, including metals, inorganic
chemicals, and organic chemicals including solvents. To prioritize chemical releases, chemical use and
release data were extracted from chemical inventories and various LANL documents. Details regarding
these data sources can be found in Chapter 19. Prioritization of chemicals took into account estimates of
annual usage and U.S. Environmental Protection Agency (USEPA) toxicity values such as cancer potency
slope factors and reference doses (RfDs). Chemicals that were considered carcinogenic were ranked
based on estimated annual usage multiplied by the applicable cancer slope factor. Oral slope factors were

used in all but one case because they provided a more conservative (higher) estimate of toxicity for
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prioritization than the inhalation slope factors. All chemicals with published RfDs were ranked by
dividing the annual usage by the applicable RfD. For agents that have both ingestion and inhalation
RfDs, the more conservative (lower) value was used. Table ES-4 presents a ranking of each chemical that
was documented as used at LANL, for which some usage quantity information was obtained, and for

which a cancer potency slope factor and/or reference dose has been published.

The prioritization of chemical releases based on their potential to cause cancer indicated that four of the
top five ranked chemicals were organic solvents, which were commonly used in chemical processing and
for cleaning of metals and other materials. Trichloroethylene ranked highest, indicating highest relative
potential for health effects, for both cancer and non-cancer effects. For chemicals with cancer potency
slope factors and some usage data available, 2,4,6-trinitrotoluene (TNT) yielded the highest ranking for a
material that was not a solvent, while uranium as a heavy metal toxin ranked highest for non-cancer

effects among materials that are not solvents, followed by TNT.
Development of Residential Areas in Los Alamos

Evaluation of off-site exposures from activities at Los Alamos technical areas would require
documentation of the development of nearby residential areas over time. While it was initially thought
that the 31 houses commandeered from the Los Alamos Ranch School and Anchor Ranch would provide
sufficient housing for the projected staff of 30 scientists and their families, it soon became clear that the
scope of the challenge to provide housing for Los Alamos residents had been severely underestimated.
Pressure to provide housing and the limited availability of suitable land in the region of finger-like mesas
and canyons led to the development of housing that in some cases was much closer to operational areas
than has become customary for government facilities that undertake processing of nuclear materials and

high explosives and/or operation of devices such as reactors or high-energy particle accelerators.

Based on reviews of historical documents that were performed, nine locations were identified as being
among the sites where historical operations took place that appear to warrant evaluation in terms of
potential off-site releases or health effects. The LAHDRA project team collected maps, photographs, and
historical documents that describe the history of development of each Los Alamos housing area. The
assembled information is summarized in Chapter 15. For each of the nine locations of interest, the

following parameters were evaluated to support evaluation of the potential for public health effects:

e The distance from the area to housing areas that were in place during the period(s) that associated
operations were active,

e The direction from the location to each housing area, and

e The prevalence of winds from the location toward each the housing area.
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Screening-Level Assessment of Airborne Plutonium Releases

Because airborne plutonium releases from DP West site were documented to have been significantly
higher than officially reported, a screening assessment using the methodology of National Council on
Radiation Protection and Measurements (NCRP) Report No. 123 was performed for releases from DP
West Site Building 12 stacks during 1949, the apparent year of peak emissions. That assessment is
described in Chapter 18. In Level | screening, the release of 86.6 g of 2*°Pu from the Building 12 stacks
in 1949 was converted to an average stack concentration based on documented annual exhaust volume.
Level I screening uses the simplest approach and incorporates a high degree of conservatism to avoid
underestimating doses to people. Based on the assumption made in Level | screening that the wind blew
toward the closest potentially exposed individual (a resident at the trailer park located 1 km west of the
stacks) 25% of the time, concentrations at that point were estimated as one-quarter of that stack
concentration. The exposure point concentration (Bq m™®) was multiplied by the all-pathways screening
factor (Sv per Bq m™®) from Table 1.1 of NCRP Report No. 123 to yield a screening value that was
compared to a limiting value. The limiting value was set at 1.67x10* Sv y™* based on 1 in 100,000 added

risk of fatal or non-fatal cancer using a risk factor of 6.0x10% Sv™.

Level |1 screening as proceduralized by the NCRP accounts for dispersion in the atmosphere and
combines all significant pathways into a single screening factor. The atmospheric concentration at the
exposure point was estimated using a straight-line Gaussian dispersion model, and the resulting
concentration was multiplied by the atmospheric screening factor from Table 1.1 of NCRP Report No.
123 to obtain the Level 1l screening value. In accordance with NCRP recommendations, that screening
value was compared to 10% of the limiting value in recognition of uncertainties inherent within the

calculations and associated assumptions.

In Level 111 screening, which includes more definitive pathways analysis, the exposure point air
concentration from Level Il screening was multiplied by a screening factor for inhalation and external
sources/submersion from Table 1.1 of NCRP Report No. 123 and by a second screening factor for
vegetable consumption from the same table to obtain screening values for inhalation and external
exposure as well as for consumption of home grown vegetables. Historical documents and interviews
with residents of Los Alamos indicate that residents were allowed to maintain vegetable gardens after
World War 11, including at the trailer park west of DP Site, but no evidence has been found of production
of animal food products within the townsite. The two screening values were summed and compared to
the screening limit (i.e., the limiting value divided by 10 as in Level Il) to determine whether further

evaluation of historical exposures is warranted.
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The results of preliminary screening of airborne *°Pu releases from DP West site Building 12 stacks
during 1949 are presented in ES-5. In Level | and Level Il screening, the screening value exceeded the
limiting value by at least four orders of magnitude, prompting application of the screening methodology
at the next highest level. It is important to emphasize that the results of the screening calculations are
strictly for comparison with an environmental standard (limiting value), to determine if compliance with
that standard is assured or further investigation is warranted. The screening values are not intended to
represent estimates of actual doses to individuals. The results of Level Il screening, which again
exceeded the limiting value by over four orders of magnitude, indicate that airborne ?°Pu releases from
Building 12 stacks— as represented by estimated releases during 1949— warrant further evaluation by

experts in environmental radiological assessment.

Table ES-5. Summary of the preliminary screening of airborne 2°Pu releases from DP West Site
Building 12 stacks during 1949

Screening  Screening
Value Limit NCRP Guidance
(Svy')  exceeded?

Level of Features of Screening
Screening Methodology

Vent air, all pathways,
concentration at exposure point set

| equal to 25% of stack 313 Yes Proceed to Level Il
concentration.
Vent air, all pathways, Gaussian
plume modeling to exposure point
1 outside near-wake region, wind 0.367 Yes Proceed to Level 11
blows toward exposure point 25%
of the time.
Vent air, specific pathways "Seek assistance from
(inhalation, external exposure, experts in environ-
Il : 0.367 Yes ; ;
consumption of vegetables), same mental radiological
dispersion assumptions as Level II. assessment”

Screening-Level Assessment of Airborne Beryllium Releases

A screening assessment of beryllium concentrations in public areas was performed based on information
from historical documents and the atmospheric dispersion screening methods of NCRP Report No. 123.

That assessment is described in Chapter 20. Peak releases of airborne beryllium from the “new” SM-39
Shops at TA-3 for years after 1963 were estimated based on documented annual releases for 1964-1966

and 1968-1970, within which the highest value was for 1970. Peak SM-39 Shop releases representative
of 1953-1963, before high efficiency particulate air (HEPA) filters of nominal 99.97% efficiency were

added, were estimated based on 1970 releases multiplied times a factor of 167. That value is the ratio of
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the effluent reduction factor for HEPA filters to the reduction factor for the filters (of assumed 95%
efficiency) that were in place before HEPA filters were installed. Because of similarity of operations,
peak release rates of airborne beryllium from V Shop at TA-1 for 1943 to 1953 were assumed to be equal
to those from the SM-39 shop before HEPA filters were added.

Releases from the hot pressing of beryllium oxide (BeO) powder in Q Building at TA-1 were estimated
based on a document that indicates that 6,100 Ibs of BeO was obtained during 1944 for production of
reactor components. Based on an assumed release fraction of 0.25%, it was estimated that 6,900 g of
BeO (containing 2,500 g of beryllium) was released over 1,600 working hours in 1944. Releases from
the testing of beryllium-containing atomic weapon components fired from a cannon in an annex to B
Building at TA-1 were estimated based on a frequency of 1 shot per day, 7 d per week. LAHDRA team
members estimated that each 20-mm diameter projectile contained 120 g of beryllium, of which 10% was
aerosolized, yielding a release of 12 g per test over a 6-minute period. Peak beryllium releases from
explosive testing at the Pulsed High Energy Radiographic Machine Emitting X-rays (PHERMEX) facility
at TA-15 were estimated based on a report that beryllium use in explosive tests peaked at 106 kg in 1964.
The calculation assumed that 100 shots occurred in 1964, of which 80% did not involve beryllium and
20% did. Of the 20 shots that used beryllium, it was assumed that 16 used 3.31 kg beryllium and four
used 13.25 kg. If 10% of the beryllium in one of the larger shots was aerosolized, 1.325 kg would have

been released over 15 min.

For the beryllium shops and oxide pressing operations, release or usage estimates were found only in the
form of annual totals. In order to estimate how high release rates could have been over shorter periods,
detailed monitoring data that are available for airborne plutonium releases from DP West site stacks for
1956 and 1957 were analyzed. The relationships between daily concentrations and weekly, monthly, and
annual average concentrations were characterized, and a table of multipliers was generated that can be
applied to annual data to estimate peak releases over a series of shorter durations. To support preliminary
screening, airborne beryllium releases were assumed to vary over time like the measured airborne
plutonium releases, and annual beryllium releases were converted to release rates over shorter durations

so that airborne concentrations could be compared to occupational and ambient exposure limits.

For each beryllium emission source, the distance to the nearest residential area was estimated, and
dilution factors were estimated using the method of NCRP Report No. 123’s Gaussian plume modeling of
releases to the atmosphere. The estimated exposure point concentrations were compared to occupational

and ambient concentration limits.

The results of screening of airborne releases from the beryllium operations are presented in Table ES-6.

The release rate and concentration values for BeO powder pressing, V Shop, and SM-39 Shop releases are
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presented as 6-min, 30-min, and 8-h average values that would be expected to be reached or exceeded
once per year and monthly average concentrations that would be expected to be reached or exceeded 5%
of the time. For the explosive tests at TA-15, the results in Table ES-6 for periods longer than a week are
average values over the periods shown based on 100 shots/y, each with 0.25-h duration, that together
released 10% of the total beryllium reported expended in 1964. For periods shorter than a month, the
results are average values over the periods shown based on one shot, with 0.25-h duration of exposure,

occurring during the period and releasing 1.25% of the total beryllium reported expended in 1964.

The screening results indicate that the 8-h time weighted average permissible exposure limit of 2 ug m*
for beryllium adopted for workers by the Occupational Health and Safety Administration (OSHA) and the
AEC could have been exceeded in residential areas by releases from the B-Building gun tests. The
OSHA/AEC ceiling limit of 25 ug m for workers could also have been exceeded for releases from those
tests based on concentrations estimated for 0.5-h and 0.1-h averaging periods. The USEPA reference
concentration of 0.02 ug m™ could have been exceeded in residential areas by releases from B-Building
gun testing, BeO powder pressing, V-Shop machining, and tests at PHERMEX. The National Emission
Standard of 0.01 ug m™for beryllium in ambient air averaged over a 30-d period could have been

exceeded in residential areas from the B-Building gun tests and BeO powder pressing.

The importance of the early beryllium releases is again heightened by the fact that residential areas were
unusually close to the original Technical Area, with the nearest residences roughly 50 m from B Building,
which was literally across Trinity Drive from numerous Sundt apartments. Sigma, Q, and V Buildings—
which all housed beryllium operations— were all within 170 m or less of the nearest residences. While it
is clear that beryllium was viewed as an occupational hazard after 1947, it appears that the potential for

public exposure has not been fully evaluated.
Screening-Level Assessment of Airborne Tritium Releases

The benefits of incorporating tritium into nuclear weapons design was recognized early in the Manhattan
Project. Information regarding tritium uses is summarized in Chapter 7. Project Y personnel requested
tritium from Oak Ridge, TN in the spring of 1944. While LASL received tritium in increasing quantities
over the decades for use at 10 or more TAs, no airborne tritium effluent data were included in LANL
compilations of effluent data for years prior to 1967. Tritium was released to the air at TAs 3, 21, 33, 35,
and 41. In addition, tritium was used in firing site (explosive testing) activities, at TA-15 for example.
Between 1967 and 1995, annual airborne tritium releases reported by LANL were never lower than
10,700 Ci and peaked at 38,600 Ci in 1977. Scattered incident reports located by LAHDRA analysts

describe episodic releases of tritium that total as much as 64,890 Ci in 1965 and 39,000 Ci as early as
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1958, each from within the 22-y period of tritium usage for which official reports of LANL releases
include no data for the radionuclide. LANL did not begin monitoring tritium stack releases until 1971. In
1973, the Lab prepared estimates of atmospheric releases for 1967 through 1970 based on accountability
data. There are no formal estimates of total tritium releases prior to 1967, though the LAHDRA
document collection contains effluent monitoring and other tritium release data for some tritium facilities
prior to 1967. How complete a picture this information might represent with regard to LANL’s total
atmospheric tritium releases for the pre-1967 period is currently unknown. Mid-way through the project,
the LAHDRA team made a limited effort to compile tritium effluent data from its document collection
into a database. Specifically, the focus was on the Lab’s formally reported tritium releases for the period
from 1967 forward. These data were entered into a database known as the Off-Site Releases (OSR)
database as an internal tool used by the LAHDRA team to support prioritization of historical radionuclide

releases from LANL.

One of the most important factors to consider in evaluating atmospheric releases of tritium for potential
health risks is the chemical composition of the release. The difference between tritium gas and tritium
oxide is enormous in terms of radiation dose to a human receiver. If inhaled, tritium gas is not
incorporated into the body to any appreciable degree, and the only dose consequence is the direct
exposure to lung tissue. Tritium oxide, in contrast, behaves as water and is readily incorporated into body
tissues. In terms of radiation dose per unit intake, the dose from tritium oxide exceeds that from tritium
gas by four orders of magnitude (ICRP 1996).

Given its application in the weapons program and accelerator operations, tritium at Los Alamos has
primarily been used in the form of tritium gas. However, there are some circumstances where an
assumption of the oxide form is appropriate, at least for purposes of initial screening. Examples would
include the use of tritium in explosive testing and operations involving water reactions with tritium-

bearing salts resulting in oxide formation.

The NCRP Report No. 123 screening method for radionuclide releases to the environment was used to
evaluate atmospheric tritium releases from LANL in terms of their potential risk to local residents. That
assessment is described in Chapter 7. The source term used was the maximum release reported for each
of the six TAs that represented the largest contributors to LANL’s atmospheric tritium releases. To
ensure a meaningful screening result, these release totals were re-stated in terms of the corresponding
tritium oxide activity for each total value. The upper bound for the fraction of a tritium gas source that

has converted to an oxide form was taken to be 1% based on published studies (see Chapter 7).

Screening was performed against a criterion of a 1 in 100,000 added risk of fatal or non-fatal cancer,

assuming a risk factor of 6% per sievert (Sv). This corresponds to a dose equivalent of 1.67x10™ Sv. The
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exposed population selected for each screening assessment was the residential population nearest each
release point. The pathways considered for each residential location were inhalation of contaminated air
and consumption of contaminated soil and vegetables. Consumption of locally raised meat or milk were

not considered.

A Level I screen was performed for the TA-3 release first, since it was the smallest contributor to the
tritium oxide source term. The Level | screening evaluation for the TA-3 tritium releases exceeded the

screening criterion by a substantial margin. Screening therefore proceeded to Level I1/111.

In the Level Il screening process, the estimated distances from the release points to the nearest residential
locations were used to determine a plume diffusion factor from plots provided in NCRP Report No. 123.
The Level 11 screening evaluations showed that only in the case of TA-35, for which the maximum

release was treated as 100% HTO, was the adjusted screening criterion exceeded.

The screening-level evaluation suggests that airborne tritium releases from LANL after 1966 were
unlikely to have been a source of health risks to local residents around Los Alamos that warrants high
priority in any assessment of historical releases from LANL. The possibility cannot be ruled out entirely,
however, in light of the screening result for TA-35. The situation could change if releases consisted of a
greater fraction as tritium oxide than has been considered here. However, given the degree of
conservatism used in application of the NCRP screening method, it appears the impacts of such effects
would have to have been substantial before atmospheric tritium releases after 1966 would have posed a
significant health risk. Tritium releases events before 1967 are described in numerous scattered
documents found by the LAHDRA team, but release totals have not been compiled that would support an
evaluation of potential off-site exposures. Airborne tritium releases before 1967 represent a notable data

gap in what is known about historical releases from Los Alamos operations.
Screening-Level Assessment of Airborne Uranium Releases

Uranium, at various levels of ?*U enrichment, has been used in a wide variety of applications at Los
Alamos. Information about uranium use is summarized as part of Chapter 9. Uranium was used as a
fissile material in atomic weapons and in “tampers” that confined the explosion, reflected some neutrons
that would otherwise escape, and thereby decreased the critical mass of fissile material required to
achieve an atomic explosion. Uranium was also used in liquid and solid forms as fuel in various forms of
nuclear reactors developed and tested at Los Alamos. Some LASL facilities, including DP East Site,
produced fuel for reactors operated elsewhere, such as those in the Rover program. DP West Site’s
Building 4 housed laboratories for production of enriched uranium hydride, then was converted to a hot

cell facility for examination of irradiated plutonium and enriched uranium fuel elements. Uranium was
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also used in explosive testing at Los Alamos— LASL staff estimated in 1971 that between 75,000 and
95,000 kg of uranium had been expended in experimental shots at the Lab from 1949 through 1970.

In the Original Technical Area (TA-1), uranium was processed in a "normal” uranium machine shop in C
Building’s southeast section, in chemistry and metallurgical experiments in D Building, in the HT (Heat
Treatment) Building. Enriched uranium processing, metallurgy, and recovery were conducted in M
Building, while normal and enriched uranium were cast and machined in Sigma Building; the eastern
portion of the building processed normal uranium while the western portion processed enriched uranium.
TU Building housed machining of normal uranium (“tuballoy”), while TU-1 Building housed recovery of

enriched uranium. The original machine shop in V Building machined uranium and beryllium.

The Sigma Complex in TA-3, built in the 1950s and 1960s, has housed extensive laboratory areas for
materials synthesis, and processing, characterization, and fabrication of materials such as beryllium,
uranium, thallium, and aluminum alloys. These activities have included large-scale metallurgy and
fabrication of normal and fully enriched uranium. As of 1969, the CMR Bldg, except for its Wing 9, was
used for laboratory work on small quantities of uranium and plutonium. Wing 9 contained hot cells for

handling of irradiated uranium and plutonium (see Chapter 8).

To gauge what impact LANL’s atmospheric uranium releases may have had in terms of human health
risk, the NCRP Report No. 123 screening model was applied to airborne uranium source term information
for 1972, for which LANL reported a relatively large release of 1,200 uCi of 2*U/?**U from TA-21. The
1972 uranium release was screened against a criterion of a 1 in 100,000 added risk of fatal or non-fatal
cancer, assuming a risk factor of 6% per sievert (Sv). This corresponds to a dose equivalent of 1.67x10™
Sv (16.7 mrem). The exposed population selected was the residential area nearest the release point,
apartments within the townsite at an estimated distance of 1,460 m. The pathways considered for the
residential location were inhalation of contaminated air, plume immersion, irradiation from contaminated
ground, and consumption of contaminated soil and vegetables. The calculation gave a screening value of
1.7x10° Sv (0.17 mrem), much smaller than the screening criterion. The screening dose was also
compared against screening criterion reduced by a factor of ten, as recommended by NCRP Report No.
123 for Level Il screening to account for uncertainties. This gives an adjusted screening value of
1.67x107 Sv (1.67 mrem), still much larger than the screening dose. Thus, a significant human health

risk (relative to the risk criterion) is not indicated for the uranium release reported for TA-21 for 1972.

A screening evaluation was also performed for depleted uranium (DU). The effluent data for 1973 were
used, with a release of 640 kg of DU from TA-3. On an activity basis, this equates to a release of
2.11x10° uCi, assuming the material was 100% 2*®U (specific activity = 0.33 uCi g™*). The airborne DU

release reported for TA-3 was assumed to have originated from the Sigma Complex. The nearest
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residential area was determined to be the Western Area at a distance of about 1,040 m. The screening
evaluation for the 1973 DU releases from TA-3 gave a screening value of 4.4x10™ Sv (44 mrem). This
value exceeds the unadjusted screening criterion, indicating further investigation into potential health
risks is warranted. As with the evaluation for TA-21, the release value was used as reported by LANL

and has not been adjusted in any way or independently verified.

It seems counterintuitive that DU releases would screen so much higher than 235U, but that result reflects
the large quantities of DU processed at Los Alamos over its history. DU was also expended in substantial

guantities in dynamic experiments at firing sites such as TA-15 and TA-36.

To follow-up on the result of the DU screening, the maximum average air concentration values reported
by LANL’s ambient environmental air monitoring network for 1973 were evaluated in terms of the
screening dose they represented. Assuming the measured air concentration values reflected **°U activity
(the conservative choice), applying the NCRP Report No. 123 screening factor for 2°U to the maximum
offsite average for 1973 (in consistent units) gave a screening dose of 5.4x10° Sv (0.54 mrem). This is
well below the screening criterion of 1.67x10™ Sv even if the order of magnitude adjustment is applied to

account for uncertainties. Treating the measured concentration as **U would yield an even lower dose.

The above evaluations do not paint a clear picture of the potential for health risks to Los Alamos residents
from historical atmospheric releases of uranium. NCRP Report No. 123 screening evaluations have
indicated enriched uranium releases were not significant in terms of potential risk relative to the limiting
value selected, and showed releases of depleted uranium warranted further investigation. The ambient air
monitoring data for 1973 did not suggest significant risk. None of these evaluations, however, consider
releases from earlier in LANL’s history. Earlier releases may have been much larger than those from the

1970s forward for which atmospheric effluent data have been conveniently summarized.
Potential Doses to Members of the Public from the Trinity Test

During World War 11, two atomic weapon concepts were carried through to production at Los Alamos.
The implosion-assembled plutonium-based design was by far the more complicated. A test of that device
was considered necessary because of the “enormous step” from theory and experiments to production of a
combat weapon and realization that, if the device failed over enemy territory, “the surprise factor would
be lost and the enemy would be presented with a large amount of active material in recoverable form.” A
“Fat Man” device was successfully tested at the Trinity Site near Socorro, New Mexico on 16 July 1945
and another was dropped over Japan 24 d later. Seen by some as one of the most significant events in
world history, the Trinity test fell within the scope of the LAHDRA investigation. Information about the
Trinity test that was gathered by the LAHDRA team is summarized in Chapter 10 of this report.
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To preserve the secrecy of the atomic bomb mission, residents of New Mexico were not warned before
the 16 July 1945 Trinity blast or informed of residual health hazards afterward, and no residents were
evacuated. Exposure rates on the day of the world’s first nuclear explosion measured up to 15 or 20 R h™
in public areas northeast of ground zero at distances around 20 miles, near Hoot Owl Canyon. These
critical measurements were made using instruments that were crude, ill suited to field use, and incapable
of effectively measuring alpha contamination from about 4.8 kg of unfissioned plutonium that was
dispersed. Vehicle shielding and contamination were recognized but not corrected for. The terrain and
air flow patterns caused the highest levels of fallout to occur in areas in and around what became known
to MED and Army personnel as “Hot Canyon.” The residential areas where highest exposure rates were
measured on the day following the test were unknown to monitoring teams and were not even visited on
16 July 1945, so exposure rates there on test day could have been even higher. Ranchers reported that
fallout “snowed down” on local surfaces for days after the blast. A rancher whose house was 20 mi
northeast of Trinity, reported that “for four or five days after [the blast], a white substance like flour
settled on everything.” Because local ground water was not palatable to humans, many local residents
collected rain water off their metal roofs into cisterns and used it for drinking water. It is documented that
it rained the night after the test, so fresh fallout was likely consumed in collected water. Livestock were
raised in the area, with most ranches having one or more dairy cows and a ranch near Hot Canyon

maintaining a herd of 200 goats.

Fallout from the world’s first nuclear test was measured in cardboard used by Kodak after they observed
spotting on their film. The contamination was traced back to contaminated cardboard that had been
caused by an Indiana paper mill’s use of river water that had been contaminated by the Trinity fallout.
Airplanes equipped with filters followed the Trinity cloud across Kansas, lowa, Indiana, upstate New
York, New England, and out to sea. With modern monitoring methods, the contamination would likely

have been detectable worldwide.

All evaluations of public exposures from the Trinity blast that have been published to date have been
incomplete in that they have not reflected the internal doses that were received by residents from intakes
of airborne radioactivity and contaminated water and foods. Some unique characteristics of the Trinity
event amplified the significance of those omissions. Because the Fat Man device was detonated so close
to the ground, members of the public lived less than 20 mi downwind and were not relocated, terrain
features and wind patterns caused “hot spots” of radioactive fallout, and lifestyles of local ranchers led to
intakes of radioactivity via consumption of water, milk, and homegrown vegetables, it appears that

internal radiation doses could have posed significant health risks for individuals exposed after the blast.

The young health physics community had never faced the challenge of monitoring such an extensive

environmental release of fission products, activation products, and unfissioned plutonium, and wartime
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pressures to maintain secrecy and minimize legal claims led to decisions that would not likely have been
made in later tests. Different standards of safety were applied to informed project workers than to
uninformed members of the public. Project workers knew enough to evacuate areas when high exposure
rates were measured, to wear respirators, to close their windows and breathe through a slice of bread, and
to bury their contaminated food rather than eat it. But members of the public did not realize that changes
in their behavior were prudent, and project staff did not call for evacuations or protective measures even

though predetermined tolerances for exposure rate and projected total exposure had been exceeded.

Too much remains undetermined about exposures from the Trinity test to put the event in perspective as a
source of public radiation exposure or to defensibly address the extent to which people were harmed.
Beyond omission of internal doses, all assessments released to date are based on monitoring data that
have not been subjected to the processes used in modern dose reconstruction studies that include quality
checking, cross-checking against other data sources, application of appropriate adjustments or corrections,

and uncertainty analysis.
Findings of the LAHDRA Project

The LAHDRA project has significantly expanded the quantity of original documentation that is publicly
available relevant to past operations at Los Alamos, activities by LANL personnel within New Mexico,

and the potential for public health effects from past environmental releases.

The gathered set of information is not perfect or complete. Some documents that were generated will
never be found due to their loss or destruction, others are difficult to read because of their age and
repeated photocopying, and most of the authors and participants from the periods of highest releases have
passed away. In spite of these factors, the members of the LAHDRA study team believe that enough
information exists to reconstruct public exposures from the most significant of LANL’s releases to a
degree of certainty sufficient to allow health professionals to judge if significant elevations of health
effects should be expected or measurable. For the latter part of the project, some documents containing
certain categories of sensitive information were withheld from review by LAHDRA analysts. Because
documents in these categories included nuclear weapon design details, foreign intelligence, and other
types of information that are truly not relevant to studies of off-site releases or health effects, it does not
appear that any information needed for dose reconstruction was withheld. And while text was redacted
from many selected documents prior to public release, LAHDRA analysts had access to original and
redacted copies and could verify that the redacted text did not contain information that would be needed

for dose reconstruction.

The information gathered by the LAHDRA team indicates that airborne releases to the environment from

Los Alamos operations were significantly greater than has been officially reported or published to the
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scientific community. The preliminary prioritization steps that have been performed within the LAHDRA
project, while they have been quite simple, have provided information regarding the relative importance
of past releases of airborne radionuclides, waterborne radionuclides, and chemicals. In general, it has
been shown that early releases (1940s-1960s) were most important than those that followed, and that
plutonium was the most important radionuclide in those early years. Airborne activation products from
accelerator operations were most important after the mid-1970s, and gross alpha-emitting radioactivity
was important for waterborne releases from the mid-1950s to the mid-1970s. Among chemicals, organic

solvents as a class were likely most important, followed by TNT and uranium as a heavy metal.

While prioritization analyses have provided relative rankings of contaminants within categories, the
preliminary analyses described herein provided no estimates of concentrations to which members of the
public were exposed, resulting intakes, or doses to members of the public that could be converted to
estimated health risks or compared to toxicologic benchmarks or decision criteria. Priority Indices based
on dilution volumes required to be in compliance with maximum allowable effluent concentrations do not
reflect how uptake factors vary between radionuclides or the decay that occurs between release point and
the location of potential public exposure. And because of the paucity of details regarding uses and
releases of chemicals before the 1970s, the preliminary ranking process used for toxic chemicals did not
incorporate estimates of the fractions of quantities of chemicals that were on-hand or used were available

for release to the environment or were likely released.

LAHDRA has been almost exclusively an information gathering effort. If estimates of historical
exposures to members of the public are desired for the releases that have been identified and prioritized
by the LAHDRA team, it will be necessary to delineate pathways of human exposure that were complete,
to characterize environmental fate and transport, and to calculate doses and the subsequent health risks to
groups who were exposed. Methods to perform these steps have been developed and applied for
numerous other atomic weapons complex sites, but would have added dimensions to properly reflect the
effects of the complex terrain in which LANL is set and to represent the transport of waterborne releases
that often soak into dry stream beds before they travel very far, to be transported to a large part by

occasional high flow events that wash contaminants toward the Rio Grande.

A number of historical operations have been identified by LAHDRA analysts as areas that might have
been particularly important in terms of off-site exposures. In addition, critical information gaps have

been identified in several areas.

e Early airborne releases of plutonium. Plutonium was processed in crude facilities in D Building
during World War 11, and many roof-top vents were unfiltered and unmonitored. After DP West Site

took over production late in 1945, there was some filtering of releases, but poor monitoring practices
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caused releases to be underestimated. DP West releases for 1948-1955 alone were over 100-times the
total reported by the Lab for operations before 1973. A screening assessment of public exposures
from peak releases from DP West Site in 1949 showed that airborne plutonium releases warrant

further evaluation.

Airborne beryllium releases. Los Alamos used significant quantities of beryllium before the health
hazards of the material were fully appreciated, and it was processed very close to residential areas.
Preliminary screening indicated that early beryllium processing could have resulted in concentrations
in residential areas that exceeded worker exposure limits, the USEPA reference concentration, and the

National Emission Standard for beryllium.

Public exposures from the Trinity test. Residents of New Mexico were not warned before the 1945
Trinity blast or informed of health hazards afterward, and no residents were evacuated. Exposure
rates in public areas from the world’s first nuclear explosion were measured at levels 10,000-times
higher than currently allowed. Residents reported that fallout “snowed down” for days after the blast,
most had dairy cows, and most collected rain water off their roofs for drinking. All assessments of
doses from the Trinity test issued to date have been incomplete in that they have not addressed
internal doses received after intakes of radioactivity through inhalation or consumption of

contaminated water or food products.

Airborne uranium releases. LANL has used uranium since its beginnings in enrichments ranging
from depleted to highly enriched. It has been machined and fabricated into weapon and reactor
components and large quantities have been expended in explosive testing. Preliminary screening
assessments indicate that enriched uranium releases do not warrant high priority in terms of potential
health risk, but show that releases of depleted uranium warrant further investigation. None of these
evaluations, however, consider releases from LANL’s early operations. Early releases could have
been much larger than those from the 1970s forward, for which effluent data have been summarized.
Further investigation is needed before a conclusive assessment can be made of potential health risks

from LANL’s airborne uranium releases.

Tritium releases before 1967. Los Alamos used tritium as early as 1944, and received it in
increasing quantities in the decades that followed for use at ten or more areas of the Lab. In spite of
this, LANL compilations of effluent data include no tritium releases before 1967. LAHDRA team
members located scattered documents that describe numerous episodic releases within the 22-y period
of tritium usage for which official reports of LANL releases include no data for the radionuclide.

These documents call into question the release estimates reported by LANL for 1967 forward and
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indicate that releases before 1967 constitute a data gap that must be addressed if the health

significance of LANL tritium releases is to be evaluated.

Based upon the findings of the LAHDRA project, CDC and other interested parties will judge if the
available information indicates that past releases of any materials could have been sufficiently high that
detailed investigation of past releases and public exposures is warranted, and if it appears that sufficient

information exists to support detailed investigation if the requisite funding could be made available.

Potential further investigations that could be undertaken for one or more contaminants of highest priority
could range from screening level assessments of potential public exposures to more rigorous exposure
assessments like those that have been conducted for other MED/AEC/DOE sites and have become known
as dose reconstructions. Unlike the prioritization analyses performed to date, these assessments, if they
are undertaken, would likely incorporate modeling of environmental transport, exposure pathway
analysis, and reflection of the uncertainties and variability associated with input data, assumptions, and
models so that the ranges of exposures received by likely members of the public can be specified at a
stated level of confidence. Assessments of that type are often performed in an iterative fashion, with
uncertainty analyses focusing research on components of the assessment that are contributing most to the
overall uncertainty of results. Further refinement can be directed to those elements, and the process

repeated until the uncertainty of results is acceptable or cannot be further reduced.
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Chapter 1: Introduction to the LAHDRA Project

The Los Alamos Historical Document Retrieval and Assessment (LAHDRA) project began in early 1999.
It is being conducted by the Centers for Disease Control and Prevention (CDC), National Center for
Environmental Health. Much of the work of the project was conducted by contractors to CDC, namely
ChemRisk Inc. and subcontractors Shonka Research Associates Inc., ENSR Corporation, and Advanced

Technologies and Laboratories International, Inc.

Shortly after the Manhattan Engineer District (MED) was formed in 1942 to develop the world’s first
atomic bombs, construction of major research and production facilities began near secret areas that are
now known as Oak Ridge, Tennessee; Los Alamos, New Mexico; and Richland, Washington. After the
Atomic Energy Commission (AEC) was established in 1947, a second wave of construction added
facilities in Idaho, South Carolina, and Colorado. Starting with one uranium bomb and approximately
four plutonium bombs produced at Los Alamos in 1945 (Wahl 1947) the nation’s nuclear warhead
stockpile grew to a total explosive yield equivalent to approximately 20 billion tons of TNT by 1959
(USDOE 1997). Because facilities of the nuclear weapons complex used a wide variety of toxic materials
and operated for decades behind a “cloak of secrecy,” public concern about potential health risks from

their operations grew as more was learned about past activities and events.

Between 1979 and 1992, retrospective evaluations of historical releases and potential health effects were
initiated for each of the major early MED/AEC sites except Los Alamos (Church et al. 1990, Ripple et al.
1994, Shipler et al. 1996, HAP/CDPHE 1999, McGavran and Case 1999, Devine et al. 2000, Meyer et al.
2002, Widner and Flack 2002, ATL International 2006). Because the first several assessments were
carried out by the U.S. Department of Energy (DOE) or contractors closely associated with nuclear
weapon production efforts, and many documents upon which these studies were based were classified or
considered proprietary, a general distrust of the results of the studies developed (National Research
Council 2006). Under a Memorandum of Understanding signed with DOE in December 1990 and
updated in 1996 and 2000, the Department of Health and Human Services (HHS) accepted the
responsibility for conducting analytic epidemiologic investigations of residents of communities in the
vicinity of DOE facilities (National Research Council 2006). HHS delegated program responsibility to
the Centers for Disease Control and Prevention (CDC). In response to requests from elected officials in
New Mexico, CDC began exploratory investigations at Los Alamos National Laboratory (LANL) in
1994. These investigations indicated that off-site releases had occurred and large repositories of records
existed at the facility, many of which were classified. CDC noted major uncertainties at the time

regarding the number of records requiring review at LANL and the extent to which they could be
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effectively reviewed by outside investigators. CDC awarded a contract that allowed work to begin on the
Los Alamos Historical Document Retrieval and Assessment (LAHDRA) project early in 1999, with a
focus on identifying the information that is available concerning past releases of radionuclides and

chemicals from the government complex at Los Alamos.
The stated goals of the LAHDRA project were to:

1) retrieve historical documents and evaluate their usefulness for off-site dose assessment,
2) declassify (as necessary) relevant documents and release them to the public,
3) enter relevant documents into a project information database, and

4) develop a prioritized list of contaminant releases from the LANL site.

The primary purpose of the LAHDRA project is to identify the information that is available concerning
past releases of radionuclides and chemicals from the government complex at Los Alamos, New Mexico.
Sited in northern New Mexico and owned by the Department of Energy, the Los Alamos facilities were
managed by the University of California from 1943, when “Project Y” was born as part of the Manhattan
Project to create the first atomic weapons, until a new team was put in a management role within the last
several years. Project Y became known as Los Alamos Laboratory, and its name changed to Los Alamos
Scientific Laboratory in 1947 and then to Los Alamos National Laboratory in 1981. For sake of
simplicity in this document, we will in some cases refer to LANL for all time periods. LANL’s
responsibilities have expanded since the wartime years, to include thermonuclear weapon design, high
explosives and ordnance development and testing, weapons safety, nuclear reactor research, waste
disposal or incineration, chemistry, criticality experimentation, tritium handling, biophysics, and

radiobiology.

LANL operations have not proceeded without health hazards or environmental impacts. Approximately
30 people have been killed in incidents including criticality experiments and accidents with high
explosives. Significant quantities of plutonium, uranium, and a wide variety of other toxic substances
have been processed and released to the environment in quantities that in some cases are not well known.
The project team investigated the materials used throughout LANL’s history of operations to identify and
prioritize releases in terms of their apparent relative importance from the standpoint of potential off-site
health effects. Based on the project’s findings, CDC will work with stakeholders to determine if more-
detailed assessments of past releases are warranted. Should additional investigations be warranted, they
might be in the form of screening-level evaluations, or could progress to detailed dose reconstruction for

those releases of highest priority.
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In more specific terms, CDC’s model of dose reconstruction involves a process that can be broken up into

as many as five phases:

. Retrieval and Assessment of Data

. Initial Source Term Development and Pathway Analysis

. Screening Dose and Exposure Calculations

. Development of Methods for Assessing Environmental Doses
. Calculation of Environmental Exposures, Doses, and Risks

CDC has completed various stages of this process at INEEL, Savannah River, and Los Alamos. Various
stages of the process may overlap in time, and stages may be performed iteratively. All stages may not be
necessary at all sites. Each stage involves CDC staff, contractors, and the public. While CDC’s
LAHDRA represented the information-gathering phase, some work advanced into prioritization of
releases and simple, screening-level assessment of potential exposures for several operations that

appeared to have been particularly important.
The Products of the LAHDRA Project

The products of the LAHDRA project include:

e This Draft Final Report

e A database that contains bibliographic information and summaries of the content of relevant
documents that were located by the project team.

e Sets of copies of the most relevant documents, to be made available by DOE in a reading room in
Albuquerque.

o A collection of electronic document images, as Portable Document Format (PDF) files, of all
documents for which paper copies or electronic files were obtained.

e A chronology of incidents and off-normal events identified in review of reports prepared by Los

Alamos’ Health Division.

The Project Information Database

A Microsoft® Access database was created to store the information reviewed and collected during this
project. The CDC defined the basic database structure and values of many of the fields at the onset of the
project. A user-friendly front-end was developed for use by the project analysts for reviewing the
information collected. The database includes a form created for entering the information from the

document summary forms (DSFs) filled out by document analysts in the field, and also a form to perform

DRAFT FINAL REPORT OF CDC’S LAHDRA PROJECT - Chapter 1 1-3



searches on all the information that has been entered. In
the search form, users can search on every field on the
DSF.

As each DSF was entered into the project database, it
was assigned a unique sequential Repository Number.
This designation was used to track the information

throughout the remainder of the project. Most of the

reference citations in this report include repository

numbers, often abbreviated “Repos. No.” Note that a Fig. 1-1. One of several sets of copies of
repository number may represent a number of related, documents selected by the LAHDRA team

individual documents.

The project database has been made available to the public by placing it in three regional libraries: the
Zimmerman Library at the University of New Mexico in Albuquerque, the Mesa Public Library in Los

Alamos, and the Northern New Mexico Community College library in Espafiola.

The project repository contains paper copies of documents selected as relevant by the project team and
released by LANL (see Fig. 1-1). This repository currently contains over 264,000 pages of documents.
These documents, or sets of documents, are arranged sequentially under 8,372 Repository Numbers. A
duplicate set of the project’s document repository is maintained at the Zimmerman Library at the
University of New Mexico in Albuquerque. This location was selected by the U.S. Department of Energy
as the official Public Reading Room for this Project. The Zimmerman Library is located on the
University of New Mexico's (UNM's) main campus. The library’s Government Information Department is
a regional depository for government documents. Documents can be requested at the information desk,

and photocopies can be made at a nominal cost using copy machines in the immediate area.

Document Images

As the number of paper copies grew and scanning technology matured, it was decided that a better way
to preserve and present the reference material being collected by the LAHDRA team would be as scanned
images. Ultimately, all of the information was scanned in as PDF files and an Adobe Acrobat full text
search capability was developed. A controlled-access, Internet-based application called DocSleuth was
developed by the LAHDRA team to make the information collected for the project available to the project
team, libraries, and trusted researchers. As described in Chapter 3, DocSleuth offers capabilities for

filtered, full-text searching of bibliographic information and scanned text from collected documents.
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Chronology of Incidents and Off-Normal Events

As described in Chapter 13, progress reports issues by the Los Alamos Health Division (H Division) are
particularly useful sources of information about operations, releases, episodic events, and accidents
involving radionuclides and other toxic materials. The LAHDRA team made a concerted effort to obtain
as many H-Division progress reports as possible. The project information database currently contains
summary data for hundreds of Health Group and H-Division progress reports. At present, these reports
cover a date range from 1943 to 1990. Most of the reports cover a one month period, though there are
also annual reports and, in later years, quarterly reports. The monthly reports were discontinued around

early 1965 in favor of quarterly reports.

A chronology of episodic or off-normal events described in these reports will be a valuable resource for
depicting historical release pathways, particularly in describing mechanisms for fugitive emissions and
other unmonitored pathways that might otherwise go unaccounted for. And for hazardous chemicals, the
anecdotal information contained in many H-Division reports makes up a large part of what we know
about historical usage and actual or potential releases. The latest available version of a chronology of
episodic or off-normal events, based on reports that have been reviewed as of the date of release of this
report, is presented in Chapter 16. Each event is described briefly, and Repository Number and page

number references are provided.

The H-Division progress reports were compiled by the Division Leader and contained information
submitted by the leaders of the individual groups that made up the Health Division at a given time. While
the material they provide is largely of a summary nature, the reports are nonetheless detailed and provide
an array of information. Collectively, the reports provide a chronology of laboratory operations with an
emphasis on experience with hazardous materials. They cover the breadth of what are now known as
health physics and industrial hygiene, and provide information in a number of areas of interest to the
LAHDRA Project, including:

e materials (contaminants) of concern (radionuclides, chemicals, and explosives)
e instrumentation issues

e monitoring/sampling of waste streams/effluents

e monitoring of special (short-duration) programs and experiments

e unmonitored releases and fugitive emissions

e environmental monitoring

e episodic events and incidents involving spread of materials to private property or residences
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o facility operations (including ventilation system issues, modifications, etc.)

o waste disposal practices and issues

Of particular note is the fact the reports provide information on various chemicals and compounds that
were being utilized at various times, where the materials were being used, and what they were being used
for. While this information is largely qualitative, it still provides a valuable resource for prioritization of
non-radioactive hazardous materials for time periods for which such information is scarce. The reports
also yield valuable information regarding sources of unmonitored releases and fugitive emissions that are

always difficult to evaluate in retrospective assessments.

Beyond the specific information contained in the individual H-division progress reports, the continuity of
the information they provide collectively (the monthly reports in particular) gives insight into chronic and
recurring concerns that may not have been apparent at the time. Applied retrospectively, this information
can be used to advance both the document search tasks and the evaluation of information obtained relative

to off-site releases and potential effects.

The Contents of this Report

This report represents a summary of information that has been obtained by the LAHDRA project team

regarding:

e historical operations at Los Alamos,

e the materials that were used,

o the materials that were likely released off site,

o development of residential areas around Los Alamos, and

o the relative importance of identified releases in terms of potential health risks.

The information in this report was obtained from records reviewed at Los Alamos by the project team,
information from several off-site collections, some books and reports that are publicly available, and
some interviews with past and current Los Alamos workers and members of the public. Preparation of
LAHDRA project reports has been an open and iterative process. Interim reports have been issued at
approximate one-year intervals so that interested parties could see the types of information the LAHDRA
team was finding, be introduced to the approaches being taken to interpret the information that was found,
and offer comments and criticism as to how the information gathering process and the report could be

improved as work progressed.
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Based on the findings of the ongoing information

gathering process, which are summarized in this report and | \ 05 ALRHOS '!
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evidenced in the project information database, CDC will ¥ MAIN GATE L
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work with stake holders to evaluate whether historical

releases for radionuclides or other toxic materials from Los

Alamos operations warrant more detailed evaluation.

Fig. 1-2. An early photo of the main gate
into Los Alamos
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Chapter 2: Overview of Historical Operations
at Los Alamos

When the Los Alamos facility was initiated, it had a single mission— perfection of the design and
manufacture of the first atomic bombs. The initial plan for the first atomic weapon was for a “gun
assembled” device that would use slow-burning propellants, as shown in concept in Fig. 2-1 (LANL
1983). Gun-assembled weapons may be designed on the principle of using a propellant to drive a mass of
fissile material at a target of the same material to attain a supercritical assembly. To develop and build
gun-assembled weapons, Los Alamos personnel initially experimented with use of enriched uranium
(**U) and plutonium as the fissionable material. Other materials that were needed included the explosive
propellant, a detonator to set off that propellant, and precision machined housings to support assembly of
the critical mass in the necessary configuration within the required time frame. Part of the housings were
cases of heavy metal (such as uranium), called “tampers,” that confined the explosion, reflected some
neutrons that would otherwise escape, and thereby decreased the “critical mass” of fissile material

required to give rise to an atomic explosion (Serber et al., 1992).

Subcritical Masses Supercritical Mass
éé/ \ if::.. \
Explosive
Propellant
IMMEDIATELY

BEFORE FIRING AETER FIRING
THEN EXPLODES

Fig. 2-1. Concepts of a gun-assembled atomic weapon

Early development work centered on potential use of *°U or ?°Pu in gun-assembled devices. Top
priority was given to development of a plutonium-projectile gun device, with posed more problems than
the uranium design due to tighter purity specifications and the need for a faster assembly velocity. In July
1944, it was found that the plutonium that was being received at Los Alamos would not work in gun-
assembled weapons due to the presence of more of the *°Pu isotope than expected amidst the desired
%py. The spontaneous neutron emission rate from that plutonium was several hundred times greater than
allowable. As a result, while research on the “certain to work” uranium gun device continued,

development of a plutonium device shifted to an implosion-assembled design. A second design was
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needed because the delivery rate for enriched uranium would only support production of a single uranium
weapon within the imposed schedule, and it was thought that more than one weapon would be necessary.
Implosion-assembled weapons may be designed on the principle of squeezing (compressing) the fissile
material to super-criticality by detonation of a high-explosive implosion system. The implosion type
bomb is depicted conceptually in Fig. 2-2 (LANL 1983).

Chemical Subcritical Mass

; Compressed
Explosive

Supercritical Mass
Implosion

BEFORE FIRING IMMEDIATELY
AFTER FIRING

THEN EXPLODES

Fig. 2-2. Concepts of the implosion-assembled atomic weapon

To develop and build implosion-assembled devices, much experimentation had to be done with getting
chemical high explosives to precisely assemble something with great symmetry, in contrast to their
typical uses in blowing things up. Work on high explosives centered on achieving precise timing of
detonations at the surface of the explosive and use of “lenses” of a different explosive to focus the
resulting shock waves on the metal sphere in the center of the device (Serber et al. 1992). In addition to
fissionable material, high explosives, detonators, and tamper material, work on implosion-assembled
devices included development of “initiators” that acted as strong sources of neutrons at the precise time
that the supercritical masses came into position, to make sure that the fission chain reaction started when

it had to. These initiators used materials including radium, beryllium, and polonium (Serber et al. 1992).

With the successful demonstration of fission devices, scientists were able to achieve the high
temperatures necessary to bring about fusion of hydrogen nuclei for use in the “Super” bomb that had
been studied for years as a theoretical possibility. Viewed by some as Los Alamos’ second historic
mission, development of thermonuclear or “hydrogen” devices led to the first full-scale testing in the
Mike shot in the Pacific in late 1952. Thermonuclear devices rely on a two-staged process, in which
energy from a fission “primary” is contained and used to trigger a fusion or fusion-fission reaction in a
physically-separate “secondary” portion of the device. These concepts of a staged thermonuclear weapon
are shown in Fig. 2-3 (LANL, 1983).
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Materials needed for thermonuclear devices included many of those needed for a gun-assembled or
implosion-assembled device, plus fuel for the fusion reaction. The first thermonuclear devices used liquid
fuel, such as deuterium, that required significant developments in cryogenics in order to keep the fuel
below its boiling point of —250 Celsius. Later devices used lithium deuteride fuel, in solid form, which

“breeds” tritium when exposed to neutrons.

Radiation Case

Reentry Body

Fig. 2-3. Concepts of a staged nuclear weapon

After World War 1, Los Alamos scientists and engineers were involved in development and testing of
numerous designs of nuclear devices that were more and more powerful, compact, reliable, dependably
deployable in the field, and contained in a variety of delivery vehicles suited to various combat objectives.
They were involved in many tests of nuclear devices within the continental United States, in the Pacific,
and in Alaska, including some that were part of the Plowshare program that aimed to develop peaceful

applications for nuclear explosives.

Los Alamos was the lead site for U.S. nuclear component fabrication until 1949, when the Hanford
Plutonium Finishing Plant in Washington began making “pits,” the central cores of the primary stages of
nuclear devices (USDOE 1997). In 1952, the Rocky Flats Plant near Denver began making pit
components. After 1949, Los Alamos was a backup production facility and designed, developed, and
fabricated nuclear components for test devices. Pit production stopped at the Hanford facility in 1965,
and the Rocky Flats Plant ceased operations in 1989. From time to time, Los Alamos was called upon to
perform special functions in its backup role. For example, because of an accident at the Hanford
Plutonium Finishing Plant in 1984, plutonium was sent in oxide form to Los Alamos for conversion to
metal (USDOE 1997). Special activity at Los Alamos might also have occurred after major fires in
plutonium facilities at Rocky Flats in 1957 and 19609.
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Operations, facilities, and capabilities that were needed to support development and production of the
various types of nuclear devices expanded in many cases to support other missions after World War I1.
Programs in chemistry, metallurgy, and low temperature physics expanded into nonmilitary development
and fundamental research. For example, Los Alamos developed one of the largest experimental machine
shops in the country. The Health Division grew significantly and expanded into many areas of health
physics, industrial hygiene, medicine, safety, and biomedical research regarding people and radiation.
Early reactors that were built to confirm critical masses for fissionable materials and to study properties of
fission and the behavior of resulting neutrons, were the forerunners of a variety of reactors that were
designed and in some cases built and operated at Los Alamos. While some of these reactors served as
sources of neutrons for various types of nuclear research or for materials testing, other designs were
pursued for potential applications in power generation and propulsion of nuclear rockets into deep space.
Some of the first significant steps towards controlled nuclear fusion as a power source were taken at Los
Alamos, and the plasma thermocouple program explored methods for direct conversion of fission energy

to electricity for potential application in propulsion of spacecraft.

Operations at Los Alamos have taken place in land divisions called Technical Areas, or TAs. Table 2-1
contains a listing of these Technical Areas, including some that have been abandoned, some that were

combined with other TAs, and some that were cancelled before they ever became operational. Table 2-1
also contains listings of some of the various radioactive materials that are documented to have been used
at each technical area, based on information reviewed to date. A similar tabulation of chemicals used at

each technical area has not yet been compiled.

Figures 2-4 and 2-5 show the location of LANL within New Mexico and the layout of the modern-day
Technical Areas, while Fig. 2-6 presents a timeline of some selected operations and activities at (or

related to) Los Alamos.
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Table 2-1. Los Alamos Technical Areas past and present

TA Name and Description Materials Involved®

TA-0 Los Alamos Townsite: leased space in Los Alamos and White Rock for training, None
support, unclassified research and development, community outreach, museum

TA-1 Original Main Technical Area (inactive): 1943-65 active; turned over to Los EU, DU, %%y, *Am,
Alamos County or private interest in 1966; all contamination removed by 1975 210pg, 10Bg, 10 4

TA-2 a.k.a.” Omega Site: Early critical assembly experiments. Water Boilers (1944- 25U; #%pu; BU; ®Rb;
1974); Pu Fast Reactor, a.k.a. Clementine (1946-1950); and Omega West Reactor  |**¥Cs; ®*'Xe; '®I; “Ar,
(1956-1992); reactors used for critical experiments up until 1946 when experiments |°H
were moved to TA-18. Omega Site reactors operations were then centered around
neutron experiments and isotope production

TA-3 Core Area (a.k.a. South Mesa Site; active 1949 to present): detonator 28239y, 238y, pu,
manufacturing, metallurgy burn pit, firing sites from 1943-49, Listed below are NU, ?°Po
brief descriptions of key TA-3 operations.

TA-3-29 |Chemistry and Metallurgy Research: actinide chemistry and metallurgy research  |**°Pu; Z°Pu; *°U; ***u,
since 1952 to present DU

TA-3-66 |Sigma: materials fabrication since 1958; also —141 Rolling Mill, -35 Press Bldg,  |[*°U; DU
-159 thorium storage

TA-3- Materials Science Laboratory: processing, mechanical research DU

1698

TA-3- Machine shops: since 1953; Be in Bldg 39, DU in Bldg 102 DU

39,102

TA-4 Alpha Site: firing site until 1956; Material Disposal Area C DU

TA-5 Beta Site: former firing site used extensively in 1945 DU

TA-6 Two-Mile Mesa Site: mostly undeveloped; detonator manufacturing and testing DU
1944-50

TA-7 Gomez Ranch Site: former firing site used from 1944-47 for small explosive DU; unknown
experiments with short-lived radionuclides

TA-8 GT Site (a.k.a. Anchor Site West): gun firing sites 1943-45; explosives processing | *°Pu; “**Pu; *°U; DU;
1945-50; nondestructive X-ray testing 1950-present 0Co; Ir; ¥*'Cs; X-rays

TA-9 Anchor Site East (a.k.a. Anchor Ranch): firing areas; explosives research (active) |DU; °*H

TA-10  |Bayo Canyon: Radioactive lanthanum test shots 1944-61; Radioactive lanthanum  |*°Sr; DU; NU; **La
radiochemistry 1944-50; site removed in 1963

TA-11 K Site (active): implosion studies; later drop and vibration tests, dates unknown at |DU; **Ra, betatron
this time

TA-12 L Site: explosives testing (1945-46); abandoned in mid-1950s DU

TA-13 P Site: X-ray studies of explosives; later incorporated with TA-16, status unknown | X-rays, DU, *°Po

TA-14 Q Site (active): explosives testing 1944-present DU

TA-15 |R Site: explosives testing; eight inactive firing sites (A-H, R44, R45): Pulsed *%py; DU; *H; X-rays
High-Energy Radiation Machine Emitting X-Rays (PHERMEX) 1962-present;
Dual-Axis Radiographic Hydrodynamics Test (DARHT) Facility

TA-16  |S Site (active): former explosives casting/machining operations; burning ground;  |[**Pu; DU; *H; X-rays
Weapons Engineering Tritium Facility. Began in the 1950s

TA-17 X Site (canceled) None

TA-18  |Pajarito Laboratory: criticality testing 1946-present; Rover 1955-73; Hydro 25Y; #9py; #pu; U,
assembly 1957 MFP; 211; polonium;

neutron
TA-19 East Gate Laboratory: released to U.S. Atomic Energy Commission in 1962 None
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Table 2-1: Los Alamos Technical Areas Past and Present (Continued)

TA Name and Description Materials Involved®

TA-20 Sandia Canyon Site: former firing site abandoned in 1957 DU

TA-21  |DP Site: former plutonium operations (DP West); uranium/polonium operations (DP | *°Pu; Z®Pu; **°Pu; *!pu;
East); Material Disposal Areas A,B,T,U,V; Tritium Systems Test Assembly, 2Am; 2°U; 28y 2opo;
Tritium Science and Fabrication Facility (1945 to 1978) 2IAc; °H

TA-22 TD (Trap Door) Site: detonator development; shops; disposal pits DU

TA-23 NU Site: reduced firing load at TA-9 1945-50 Unknown

TA-24 T Site: X-ray studies of explosives; later incorporated with TA-16 X-rays, DU

TA-25 V Site: explosives assembly; later incorporated with TA-16 DU

TA-26  |D Site: storage vault and guard building 1946-48; removed in 1966 *H, *°U; U

TA-27  |Gamma Site: plutonium gun assembly 1945-47 ?pu, DU, thorium

TA-28 Magazine Area A (active): firing site 1979; explosives storage area DU

TA-29 Magazine Area B: explosives storage area; abandoned in 1957 DU

TA-30 Electronics Test Area: electronics testing 1945-48 Unknown

TA-31 East Receiving Yard: 1948-54 warehouses W of airport; removed 1954 Unknown

TA-32 Medical Research Laboratory: bio-research facility; 1943-54; removed in 1954; Unknown
incinerator use included

TA-33 HP (Hot Point) Site: 1948-56 shaft experiments; High Pressure Tritium Laboratory |°*H
1970s; Material Disposal Areas D, E, K

TA-34 New Laboratory Warehouse Area (canceled) None

TA-35 |Ten Site: Radioactive lanthanum 1951-63; Los Alamos Power Reactor Experiment |*H; ©Sr; 1*°Ba; 1*’La;
(LAPRE) 1/11 1950s; Los Alamos Molten Plutonium Reactor Experiment 25Y: DU; #®'Np; Pu; Po;
(LAMPRE) | 1960s; laser fusion research 1974 Co; VFP

TA-36 Kappa Site: replaced TAs-9, 23, 12 in 1950; four active firing sites; nonnuclear DU
ordnance and armor

TA-37 Magazine Area C (active): explosives storage area DU

TA-38 Monterey Site (canceled) None

TA-39 Ancho Canyon Site: five firing points; incinerator 1955-60; photographic study of |NU; DU; thorium
the behavior of nonnuclear weapons

TA-40 DF (Detonator Firing) Site: six firing points; detonator development °*H

TA-41 W (Weapons Group WX) Site: engineering of nuclear components; fabrication of |°H; plutonium; uranium;
test materials americium

TA-42 Incinerator Site: for low-level Pu contaminated waste; abandoned 1970 All

TA-43 Health Research Laboratory: biological research 1953-70; replaced TA-32 All

TA-44 Los Angeles Shop: experimental machine shop in Los Angeles, CA 1949-58; Unknown
abandoned in 1958

TA-45  |Radioactive Liquid Waste Treatment Plant (inactive): removed majority of 2381239p 230238
plutonium before discharge to Acid Canyon

TA-46  |WA Site: Rover batteries 1950-74; U isotope separation 1976-early 1980s; 25U, *¥U thorium
photochemistry research; lasers

TA-47 BR Site (Bruns Railhead): shipped materials via a railhead near Bruns Hospital in | DU; unknown
Santa Fe, 1943-58; abandoned in 1958

TA-48 Radiochemistry Site: actinide chemistry and hot cell isotope production, area used |U; TRU; MAP; MFP
for analyzing samples from weapon test shots, 1950s to present

TA-49 Frijoles Mesa Site: underground hydronuclear experiments 1960-61; now *H; plutonium; uranium
Hazardous Devices Team Training

TA-50 Waste Management Site: treated liquid wastes before discharge to Mortandad All
Canyon; replaced TA-45,-35; controlled air incinerator 1976

TA-51 Environmental Research Site: animal exposure facility 1962; now studies of impact |*°Co, strontium
of waste and waste storage on the environment

TA-52  |Reactor Development: Ultra-High Temperature Reactor Experiment (UHTREX)  |**U; %*Pu; °H; VFP; Kr;

Xe
2-6 DRAFT FINAL REPORT OF CDC’S LAHDRA PROJECT - Chapter 2




Table 2-1: Los Alamos Technical Areas Past and Present (Continued)

Radioactive Materials

TA Name and Description a
Involved
TA-53  |Los Alamos Neutron Science Center (LANSCE) 1—| “Ar: 'Be; M'C; BN;
o; U
TA-54 Waste Disposal Site: solid wastes; Materials Disposal Areas G, H, J, L All
TA-55  |Plutonium Facility Site (active): replaced TA-21; SNM storage, 1978 to present 29py: 3H
TA-56 Subterrene Basalt Site: melting basalt with electrically heated penetrator; Unknown
abandoned in 1976
TA-57 Fenton Hill Site: Hot Dry Rock geothermal project (inactive) Unknown
TA-58 Two-Mile North Site: experimental sciences for TA-3 programs Unknown
TA-59 Occupational Health Site: Office of Environment, Safety, and Health offices, None
emergency management
TA-60 Sigma Mesa: Test Fabrication Facility and Rack Assembly; Alignment Complex Unknown
TA-61 East Jemez Road: physical support and sanitary landfill Unknown
TA-62 Northwest Site: reserved for experiments, research, buffer zones Unknown
TA-63 Pajarito Service Area: environmental and waste management functions Unknown
TA-64 Central Guard Facility, Hazardous Materials Response Team None
TA-65 Not currently active or never assigned None
TA-66 Central Technical Support Site: industrial partnership activities Unknown
TA-67 Pajarito Mesa: former TA-12; dynamic testing area; archeological sites DU
TA-68 Water Canyon Site: dynamic testing area with study areas DU
TA-69 Anchor North Site: undeveloped; buffer for the dynamic testing area Unknown
TA-70 Rio Grande Site: undeveloped; buffer for the high-explosives test area Unknown
TA-71 Southeast Site: undeveloped; buffer for the high-explosives test area Unknown
TA-72 East Entry Site: Protective Forces Training Facility Unknown
TA-73 Los Alamos Airport: on-site disposal area; incinerator 1950s All
TA-74 Otowi Tract: water wells, archeological sites, endangered breeding area None
Miscellaneous Locations of Activities that Involved Los Alamos Personnel
Pacific Nuclear tests: Marshall Islands (1945-51) All
AK Nuclear tests: Amchitka (Long Shot, Milrow, Cannikin) 1965,1969,1971 All
NV Nevada Test Site: nuclear tests, Rover nuclear rocket engine program All
Nuclear tests, non-NTS: Fallon (Shoal); Tonopah (Faultless) 1968
co Nuclear tests: Grand Valley (Rulison) 1970; Rifle (Rio Blanco) 1973 All esp. °H; ®Kr
NM Nuclear tests: White Sands (Trinity) 1945; All esp. *3; 138, 1%
Carlsbad (Gnome) 1961; Farmington (Gasbuggy) 1967 1¥7cs; 19Ba/*’La
MS Nuclear tests: Hattiesburg (Salmon and Sterling) Unknown

4 Key for table entries:

All = 239Pu; 24°Pu; 238Pu; 241Am; 235U; DU: 3H; 210P0; 227AC; 226Ra;
DU = depleted uranium- 8U;

MAP = mixed activation products (e.g., “*Ar; 'Be; ''C; *N; *0);

MFP = mixed fission products;

NU = natural uranium;

VFP = volatile fission products.

Element names without number (e.g., plutonium, uranium) indicate isotope not specified.
a.k.a. = also known as.

SNM = Special Nuclear Material.
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Figure 2-6: Timeline of Selected Los Alamos Operations and Activities

1943 1945 1947 1949 1951 1953 1955 1957 1959 1961 1963 1965 1969 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2004
RV R IR
D Building opens for use
|:|Main Pu processing performed in D Building (mg quantities at first)
A First gram-scale quantities of Pu arrived
AZ,SOO experiments had been completed with 51 g of Pu D Building in original
AFireinCShop atTA-1 Technical Area
A First large quantity Pu shipment arrived
A Pu for Trinity test purified
A Pu for Nagasaki bomb purified
APU for second combat weapon purified
ATrinityTest
ANagasaki bombing
A Pu for first composite weapon core purified
| |D Building remained in use for metallurgical R & D, analytical work, etc. I:ITA-SS authorized Pu processed at TA-55 |
| Pu production conducted at DP Site (TA-21)
| CMR Building operational at TA-3, including Pu metallurgy work |
|:|Water Boiler operated in LOPO mode at TA-2, Omega Site
| Water Boiler operated in HYPO mode | Water Boiler operated in SUPO mode
I:I LAPRE | operated I:ILAMPRE I reactor operated
| Omega West reactor operated
|:|Anchor Site West casting room operational I:I LAPRE Il reactor operated
A Firing Sites A & B operational
AR Site becomes main site for HE experiments
I:I Firing Sites C, D, E, F added
|:|Firing Sites G & H added
| S Site operational (high explosives casting and machining, burning ground) |
| L Site operational (explosives testing) | | PHERMEX operational (explosives testing at TA-15) |
| Radioactive Lanthanum (RalLa) implosion tests in Bayo Canyon |
| |Radioactive Lanthanum source preparation at TA-10 Bayo Canyon site . K -;M"g:Site "_ _
| RaLa Source prep at TA-35, "Ten Site" | I ; l' high_explosives
| |Untreated liquid radioactive waste discharged to Acid Canyon 2 '4; :
| Polonium contaminated liquid wastes to Area U beds
| Area T adsorption beds used
I:I"General's Tanks" used e,
| TA-45 liquid waste plant operated, released to Acid Canyon | ;;'_Amsztanyon
| TA-21-35 treatment plant into operation
Area G disposal ground used |
| TA-50 liquid waste treatment plant operated
ATA-21-257 treatment plant into operation
TA-33 tritium handling facility operational |
| Rover program active | | TSTA operational at DP East |
| TANL Rover oo in Novada | | "WETF" tritium facility operational at TA-16 |
cevr b b v b b P b B b b v b b b b b b b b b P B B e b b B b b b b L v
1943 1945 1947 1949 1951 1953 1955 1957 1959 1961 1963 1965 1967 1969 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2009




2-12 DRAFT FINAL REPORT OF CDC’S LAHDRA PROJECT - Chapter 2



	Cover
	Title Page
	Table of Contents
	Acronyms / Useful Info
	Executive Summary
	Chap. 1: Intro to LAHDRA
	Chap. 2: Overview LANL Ops.


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




