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PREFACE

This 1988 Annual Report from Pacific Northwest Laboratory (PNL) to the U.S. Department of Energy
{DOE) describes research in environment, safety and health conducted during fiscal year 1988. The
report again consists of five parts, each in a separate volume.

The five parts of the report are oriented to particular segments of the PNL program. Parts 1 to 4 report
on research performed for the DOE Office of Mealth and Environmental Research in the Office of Energy
Research. Part 5 reports progress on all research performed for the Assistant Secretary for Environment,
Safety and Health. In some instances, the volumes report on research funded by other DOE components
or by other governmental entities under interagency agreements. Each part consists of project reports
authored by scientists from several PNL research departments, reflecting the multidisciplinary nature of
the research effort.

The parts of the 1988 Annual Report are:

Parl 1: Biomedical Sciences
Program Manager: J. F. Park D. L. Felton, Report Coordinator and Editor

Part 2. Environmental Sciences
Program Manager: R. E. Wildung 5. G. Weiss, Report Coordinator and Editor
G. P. O’Connor, Editor

Part 3: Atmospheric Sciences
Program Manager: C. E. Elderkin C. E. Elderkin, Report Coordinator

. Owczarski, Editor

—m

Part 4: Physical Sciences
Program Manager: 1. H. Toburen L. H. Toburen, Report Coordinator
K. A. Parnell, Editor

Part 5. Environment, Safety, Health,
and Quality Assurance

Program Managers: L. G. Faust L. G. Faust and W. T. Pennell, Beport Coordinators
W. T. Pennell S. K Enncr, Editor
J. M. Selby

Activities of the scientists whose work is described in this annual report are broader in scope than the
articles indicate. PNL staff have responded to numerous requests from DOE during the year for planning,
for service on various task groups, and for special assistance.

Credit for this Annual Report goes to the many scientists who performed the research and wrote the
individual project repors, to the program managers who directed the research and coordinated the
technical process reports, to the editors who edited the individual project reports and assembled the five
parts, and to Ray Baalman, editor in chief, who directed the total effort.



Members of the Scientific Advisory Commitiee, established in 1985, are:

Dr. Franklin |. Badgley University of Washington

Dr. Leo K. Bustad Washington State University

Dr. Franklin Hutchinson  Yale University

Dr. Albert W. Johnson San Diego State University
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T. 3. Tenforde
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FOREWORD

Part 5 of the 1988 Annual Report to the U.S. Department of Energy's Assistant Secretary for Environment,
Safety, and Health presents Pacific Northwest Laboratory’s progress on work performed for the Office of
Environmental Guidance and Compliance, the Office of Environmental Audit, the Office of National
Environmental Policy Act Project Assistance, the Office of Nuclear Safety, the Office of Safety Compliance,
and the Office of Policy and Standards. For each project, as identified by the Field Work Proposal,
there is an article describing progress made during fiscal year 1988. Authors of these articles represent
a broad spectrum of capabilities derived from five of the seven technical centers of the Laboratory,
reflecting the interdisciplinary nature of the work.
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DEPUTY ASSISTANT SECRETARY FOR ENVIRONMENT

The U.S. Department of Energy {DOE) Deputy Assistant Secretary tor Environment ensures that activities
and installations of the DOE and its contractors are in full compliance with DOE environmental protection
policies and applicable federal, state, and local environmental standards and requlations. The Deputy
Assistant Secretary for Environment provides technical support and oversight to DOE programs and
ensures that all DOE-controlied activities are conducted in an environmentally responsible manner. Pacific
Northwest Laboratory (PNL) has established the following four projects in support of the Deputy Assistant
Secretary for Environment’s mission:

+ Environmental Protection, Suppont, and Assistance
+ Environmental/Hazardous Waste Risk Assessment
» National Environmental Policy Act Assistance

+ Long-Range Planning Assistance.






Environmental Protection, Support, and Assistance

Project Manager: W. E. Kennedy, Jr.

Pacific Northwest Laboratory (PNL) continued to provide technical assistance to the U.8. Department of
Energy (DOE) Deputy Assistant Secretary for Environment through a project with the Office of Environ-
mental Guidance and Compliance (OEG&C). Assistance from PNL included 1) the development and
revision of draft technical requirements to support the revised DOE orders concerning environmental
protection, 2) development of a final table of dose conversion factors for estimating public radiation expo-
sures, 3} calculation of final Derived Concentration Guides (DCGs) for establishing exposure limits for the
public to contaminated air or drinking water, 4) technical support during the development of a revised
DOE order for assessing atmospheric release consequences during emergencies at DOE nuclear facilities,
5) development of draft and final summaries of the reported radiation doses to the public from DOE
nuclear facilities, and 6) additional support efforts concerning technical reviews and comments on draft

public radiation exposure standards and regulations.

(FY) 1988 is discussed in the following sections.

Technical Support to Criteria Development

R. D. Stenner, J. Mishima, W. E. Kennedy, Jr.,
W. L Templeton, R. A. Peloquin, J. K Soldat, and
L. K. Grove

In support of DOE’'s development of revised en-
vironmental radiofogical protection order (DOE
5400.3, Radiation Protection of the Public and the
Environment [DOE 1988a]), PNL staff continued
to contribute by devetoping technical criteria in a
number of areas. Some of these criteria were
inciuded as draft requirements for effluent
monitoring and environmenta! surveillance in the
draft revised DOE environmental orders. The
technical criteria are those identified in other DOE
orders (for consistency within the DOE system),
or those identified in other established or pending
federal requlations, or those from other sources
that represent sound technical practice. In addi-
tion, PNL technical expets participated in criteria
development efforts with the International Atomic
Energy Agency (IAEA) concerning technologies for
cleanup activities faliowing nuclear accidents and
madel validation studies using the Chernobyi data.
These support efforts will continue through 1989

Internal Dose Conversion Tables

W. E. Kennedy, Jr., J. K. Soldat, R. A. Peloquin,
and L. K. Grove

The camera-ready text and tables for a document
for the DOE Office of Environmental, Health, and
Safety (EH} entitled internaf Dose Conversion Fac-
tors for Calculation of Dose to the Public
(DOE/EH-0071; DOE 1988b) were prepared and
delivered to OEGA&C for publication. These tables

Progress made in these areas during fiscal year

are intended to support the revised DOE orders
on public radiation protection and were published
and distributed to the DOE Operations and Pro-
grams Offices and key DOE contractor staff. The
dose conversion factors (DCFs) are based on the
recommendations of the International Commission
on Radiological Protection {ICRP) as found in their
Publications 26, 30, and 48 (ICRP 1977, 1979,
1986). The required use of these DCFs will help
assure that there is consistency among the re-
ported radiation doses estimated for all DOE sites
and facilities.

Derived Concentration Guides

W. E. Kennedy, Jr., R. A Peloguin, and
L. K. Grove

Final tables of DCGs, in units of pCi/mL, were
developed for public exposure to contaminated air
or drinking water. These tables were calculated
using the standardized DCFs found in DOE/EH-
0071. The tables of DCGs and supporting meta-
bolic data were included as a chapter in
DOE 5400.3 (DOE 198Ba). For consistency,
Derived Air Concentrations (DACs) were calcu-
lated in a similar manner for protecting workers
during expaosure tc contaminated air. Tables of
these DAC values will be included in the revised
DOE order on occupational radiation protection
(i.e., proposed DOE 5480.11).

Envircnmental Emergency Response
J. V. Ramsdell, J. Mishima, and W. D. McCormack

Technical assistance was provided to DOE Head-
quarters {HQ)} during the revision of the



environmental consequence assessment methods
supporting the DOE environmental emergency
response orders. The methods focus on meteoro-
fogical monitoring and prediction  foliowing
accident situations,  Contributors from PNL
worked closely with DOE representatives from
three separate organizations in developing the
initial review draft information. This task is
scheduled to be completed during 1989,

Public Dose Evaluation from Operating DOE
Nuclear Facilities

E. E. Hickey, K. A. Higley, and W, E. Kennedy, Jr.

Draft summaries of the reported public radiation
doses from operating DOE nuclear facilities for
the years 1985 and 1986 were prepared. The in-
formation included the reported maximum indivi-
duai and population doses from 29 DCE sites.
This information will be published in final form
during 1989. A summary paper on public expo-
sures from DOE facilities was presented at an
American Nuclear Society meeting on "Population
Exposure from the Nuclear Fuel Cycie" held in
Oak Ridge, Tennessee, during late 1987. The full
paper was published in the meeting proceedings
during 1988. Additional efforts to prepare annual
dose summary reports will continue during 1989,

Exemption Criteria for Recycle or Reuse
W. E. Kennedy, Jr., and R. A. Peloguin

The recycle or reuse of equipment and materials
with trace levels of radionuclide contaminants for
unrestricted public use is of concern to DOE
because of the growing stockpiles at its defense
sites. Through this task, PNL was able to provide
a technical consultant to the AEA during the
development of draft international exemption cri-
teria for the recycle or reuse of radioactively
contaminated materials. The categories of equip-
ment or materials considered included recycle of
concrete, aluminum, and steel, and reuse of con-
crete buildings, tools, or equipment. As part of
this task, summary papers were presented at the
Seventh Internaticnal Congress of the International
Radiation Protection Association {IRPA} held in
Sydney, Austraiia, and at the 10th Annual DOE
Low-Level Radioactive Waste Management Confer-
ence in Denver, Colorado. This task is expected
to be completed during 1989.

Public and Environmental ALARA and "Best
Available Technolegy" Guidance

. C. Nelsor, R. D. Stenner, and J. K. Soldat

Because of recent changes in the DOE policies
on public and environmental radiation protection,
there is a need for uniform guidance in specific
areas. Two such areas concern maintaining
public and environmental radiation doses as low
as reasonably achievable (ALARA) and applying
the "Best Available Technology" (BAT) for con-
trolling liquid effluents. Through this effort, PNL
was able to begin initial preparation of technical
guidance documents on these subjects. These
documents will be distributed in draft form for
comment 1o the DOE Operations and Programs
Offices and published during 1989.

Other Technical Assistance

W. E. Kennedy, Jr., R. D. Stenner, J. K. Soldat,
P. E. Bramson, and |. C. Nelson

Through a technical assistance task, PNL further
suppotts OEG&C by providing rapid-turnaround
technical responses or reviews to priority
requests. These requests typically are in areas
ihat fail outside the scope of the identified tasks
but have an urgency to DOE and its operations.
During 1988, these special assistance tasks in-
cluded: 1) participation in a special Technical
Resource Group (TRG) to evaluaie potential revi-
sions to 40 CFR 191, the U.S. Environmental Pro-
tection Agency (EPA) high-level radioactive waste
regulations, 2) panicipaticn in a TRG to evaluate
draft 40 CFR 193, the draft EPA low-level waste
regulations, 3) participation in a DOE task force
to consider uranium waste management, 4) sup-
port to individuals contributing to the development
of a new lung model for the ICRP, and 5) prepa-
ration of review comments on various draft or final
technical reports and standards from national and
internatioral authorities.
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Environmental/Hazardous Waste Risk Assessment

Project Manager: J. G. Droppo

Pacific Northwest Laboratory (PNL) continues o provide technical guidance and support to the U.S,
Department of Energy (DOE) in the envircnmental /hazardous waste risk assessment area. During fiscal
year (FY) 1988, PNL worked with the Office of Environmental Guidance and Compliance (OEG&C) and
the Office of Environmental Audit (OEA) in the area of environmental risk assessment, surveys, and
evaluations of environmental problems related to hazardous and radicactive materials. The overall ob-
jective of PNL's efforts was to assist DOE in developing technical tools in support of guidance for its
operations and to ensure compliance of these operations with applicable environmental regulations and
standards. Major efforts during FY 1988 included 1) for OEG&C, enhancement of the Remedial Action
Priority System (RAPS) for ranking inactive waste sites; 2) for OEA, development of the Multimedia
Environmental Pollutant Assessment System (MEPAS) for use in ranking issues identified by the DOE
Environmental Survey; and 3) for OEA, technical support to the DOE Environmental Survey. Progress

made in these areas during FY 1988 is discussed in the following sections.

Enhancement of the Remedial Action Priority
System

J. G. Droppo, G. Whelan, D. L. Strenge, K. A
Higley, J. S. Wilbur, P. G. Doctor, T. B. Miley, and
P. L Obertander

The Remedial Action Priority System {RAPS) was
developed for DOE’s Office of Environment,
Safety, and Heaith. In response to the environ-
mental survey need for a ranking tool that could
evaluate releases from active as well as inactive
sites, the RAPS methodology was expanded to
include active sites and called the Multimedia
Environmental Pollutant Assessment System
(MEPAS) methodology. The more descriptive
acronym, MEPAS refers to the methodology that
is applicable to both active and inactive sites.
Because the work reported here was aimed
mainly at developing a methodology for inactive
sites, the RAPS acronym is used.

During the year, PNL completed and delivered a
new version of the BAPS code and supporting
documentation that included a number of new
transport and exposure components. New trans-
port components were groundwater mounding,
groundwater as a source, groundwater decay at
the source, atmospheric complex terrain, atmos-
pheric back-caiculation, air as a scurce, transient
atmospheric releases, atmospheric decay at the
source and in the environment, and atmospheric
mass budget; and indcor air concentration
components were added during FY 1988. Work
continued on the development of an open-water
component, sediment transpont, and groundwater
back-calculation components.

Two new exposure pathways were added 1o con-
sider volatilization/intake from bathing and direct
radiation exposure using measured radiation field
information. A new component was added for
estimation of fish production rates. An improved
transport-to-exposure linkage was added for air-
to-crops deposition.

The constituent database contains physical, chem-
ical, and toxicological parameters required by the
RAPS code for wvarious release, transport, and
exposure computations. During FY 1988 approxi-
mately 90 new chemicals were added to this data-
base bringing the total number to 351, Sources
of data inputs are mainly IRIS and GEMS, and
other available databases and data compilations.

A sensitivity study on the MEPAS code was com-
pleted during FY 1988 and a draft report on the
study was submitted to DOE in September 1988.
This study quantified the sensitivity of MEPAS
output, ranking parameter values to variations in
the input parameters.

During FY 1989, further enhancements will be
made to the MEPAS code and training sessions
will be conducted for DOE. EHRorts will he started
to provide a frarnework for eflective application of
the MEPAS methodology in the Bl /FS /RA process
to potential problems at DOE facilities.

Althocugh MEPAS was developed mainly as a
ranking tool to compare different sites using a
relative health-based ranking index. MEPAS turns
out to be a very valuable tool for evaluation of
potential prablems at a single site. Often the list
of constituents of possible concern at a site can



be quite long. The relative merits of possible
remedial actions to deal with potential problems
can be difficult to assess. In both cases, the
MEPAS methodology provides a consistent
physics-based system for ranking potential
environmental problems using a health-based
approach.

Development of the Multimedia Environmental
Pollutant Assessment System Methodology

J. G. Droppo, J. W. Buck, B. L. Hoopes, M. B.
Walter, D. R. Friedrichs, G. Whelan, D. R. Roth,
and K. A, Higley

As stated previously, the MEPAS methodology
represents an expanded version of the RAPS and
is physics-based methodology that uses a relative
index of pctential health risks for prioritizing
potential environmental problems at DOE'’s
facilities. The methodology is based on appli-
cation of a multimedia environmental transport
code coupled with an exposure pathways code.
The first operational integrated MEPAS code was
delivered to DOE in September 1987.

Over the first half of FY 1988, a high level of
technical support was provided to DOE and DOE
contractors in the application of the MEPAS
methodology to 16 DOE defense program sites.
This application was completed in FY 1988.

In July 1988, a second version of interim
guidance was provided for use in the environ-
mental survey prioritization eflort.  Consisting of
faciity application summary, input parameter
worksheets, and input parameter guidelines, this
version of interim guidance updated the Sep-
tember 1987 version to include improved control
parameters, new and revised transport and expo-
sure pathways, and definiticn of the form and
format of screens for the userfriendly shell
currently under development.

A major efiort during FY 1988 was the develop-
ment of a user-friendly interface for data input and
execution of MEPAS runs. The interface was
needed to solve a number of problems encoun-
tered during the application of MEPAS to the first
16 DOE defense program sites. The intertace
provides automatic range checking for input
parameters, computation of certain reguired
parameters, access to a database of chemical and
physical constituent parameters, definition of the
environmental problems to be considered,
creation of labeled waorksheets of required inputs,
and running the selected environmental refeases.

In summary, the interface allows for more
accurate and timely completion of survey
activities.

A second version of an operational, integrated
MEPAS code with the user- friendly interface was
delivered in September 1988. This represented a
major milestone in the delivery of the products
needed by the environmental survey to conduct
the prioritization process for DOE sites with
potential environmental problems,

The major effort in FY 1989 will be in providing
technical support for the application of MEPAS to
15 additicnal DOE facilities during the first half of
FY 1989, and the reapplication of the method-
oiogy using environmental survey results in the
second half of FY 1989. This technical support
will include guidance in model applications,
resolution of any code application questions that
arise, and completion of the format documentation
of all components of the MEPAS methodology.
Training sessions will be provided to DOE and
DOE cortractors for different aspects of the
methodology application.

Technical Support for the Environmental
Survey

The purpuse of the DOE Environmental Survey is
to identifv and then prioritize, on a DOE-wide
basis, environmental issues that require further
attention. Three areas where PNL provided tech-
nical support to the Survey were; 1) technical
support to the field teams, 2} field sampling and
laboratory analysis efiorts, and 3) technical sup-
port to the Survey Pricritization Imptementation
Working (roup.

Envircnmental Survey  Sampling and Analysis
Program

J. L. Daniel, L. J. Kirby, R. A. Owens, 5. L.
Engltish, E. J. McCoy, G. A McAtee, J. L.
Latkovich D. E. Hilmas, J. E. Gebhart, D. W.
Raichart, M. S. Abashian, and L. H. Arnoid

Pacific Morthwest Laboratory is one of four
national laboratories collaborating on  the
Environmantal Survey Sampling and Analysis
(5&A) Program. The purpose of the S&A Pro-
gram is to collect field samples and provide
analytical data tc assist DOE in identifying
environmental problems and areas of environ-
mental risk at DOE facilities. The key activities of
the S&A Program are 1) collection of carefully
controlled quantitative laboratory analyses of the



samples, and 2) reporting of the resuits to DOE.
Work for which PNL is responsible is conducted
in Richland, Washington, and Columbus, Chio.

The program requires careful management and
coordination because of the broad diversity of
program activities, the requirement for a wide
variety of laboratory and field facilities and skills
at widespread geographic locations, stringent
interlaboratory and interagency regulations and
specifications, and the need for close cooperation
and responsiveness to the BOE Program Manager
and the other three participating DOE laboratories
(Argonne Nationhal Laboratory, Oak Ridge National
Laboratory, and Idaho National Engineering
Laboratory [INEL]).

Staff at PNL began work on the program in
January 1987. Ultimately, PNL will provide S&A
reports describing findings from each of the
assigned DOE sites on a schedule estabiished by
the DOE Program Manager. The program respon-
sibilities have been divided intc five major tasks:
Site Sampling, Sample Analysis, Special Analytical
Problems, Data Management, and Program Tech-
nical Assistance. Major accomplishments were
achieved during FY 1988.

Full site sampling work was conducted at cne
DOE site, the Nevada Test Site (NTS) near Las
Vegas. In addition, special assignments of well
drilling, sampling, and analysis were conducted at
the Brookhaven, Pantex, and Argonne sites in
support of the other participating laboratories.
Field sampling is a key activity. Samples, taken
from carefully selected site locations, must be
carefully collected, protected, preserved, and
transported to the analytical laboratories with
regard to stfrict safety and quality control {(QC)
considerations. Samptes collected at NTS were
distributed to Columbus, Oak Ridge, and Argonne
for analyses. Audits of the field work were
conducted for DOE by representatives of the
Environmental Protection Agency (EPA).

Complete laboratory analyses of samples col-
lected at ali sarnpling sites were conducted under
strict OC specifications established by DOE based
on the EPA Contract Laboratory Program (CLP).
Participating laboratories were reguired to main-
tain established CLP capabilities, demonstrate
continuing qualifications by analyses of EPA's
quarterly blind-test specimens, and successtully
undergo periodic laboratory audits by EPA teams.
Several hundred analyses were conducted for
specified radiochemical, inorganic, and organic
constituents in water, soil, and sediment samples.

Pacific Northwest Laboratory has the additional
programmatic responsibility for conducting special
analyses of samples posing unusual hazard con-
trol problems {e.g., dioxin and PCB analyses, and
high-explosive components). The laboratory also
provides backup analytical support to the other
program laboratories that need additional capacity
to meet required schedules. Thus, sample sets
from five sites (Sandia-Livermore, Pantex,
Portsmouth, INEL, and Kansas City) were ana-
lyzed for other participating laboratories under the
PNL. program.

The major activity of preparing the detailed final
reports and supporting analytical data packages
for the program was started in FY 1988, and will
comprise the primary activity during FY 1989,
The computerized data management system de-
veloped at Columbus specifically for this program
is providing a major contribution to completion of
the Survey Program deliverables. Sample reports
and analyticat data can be output in three differ-
ent forms for report use: as electronic data tabu-
lations for direct input to PNL’s or other partici-
pants’ data sets; as CLP-format analysis reports
directly comparable with manual or laboratory-
calculated cutput; and in final DOE report format.
The system is being used extensively in preparing
the voluminous final repcrts for each assigned
site, and for data transfer to and {rom other
participating laboratories.

Quality Assurance (QA) is playing a key role in
this phase of the program. Al report and data
packages are QA-reviewed in detail at several
stages of preparation, to assure completeness,
accuracy, and traceability of all information. The
computerized data management system at PNL
supports this effort; it is designed to prevent entry
errors or omissions from passing through un-
noticed into the reports.

The S&A Program activities will be completed
during FY 1989. An intensive effort will be
directed toward preparation of the final data
documents summarizing all work conducted for
the three DOE sites for which PNL has primary
responsibitity. During this period, special attention
must be given 1o optimizing interactions with the
other three participating program laboratories.
Much of the supporting data required for PNL's
three major documents comes from the other
participants' laboratories, while at the same lime
PNL is contributing significant analytical data on
eight other sites 10 the other participants.



Also, during FY 1989 a revision of the Environ-
mental Survey Manual will be completed. The
revision will be based on new contributions,
updates, and corrections to the first edition text
issued under PNL's program assignment during
FY 1987. Additional backup work may also be
assigned by DOE program management in sup-
port of preparation of other site data documents.

Technical Support to the Survey Prioritization
Implementation Working Group

K. A. Higley, B. L. Steelman,” and G. Whelan

Pacific Northwest Laboratory provided input to the
Survey Prioritization Implementation Working
Group (SPRIG). The purpose of SPRIG is to
provide technical guidance to the Survey Teams
regarding the collection, analysis, and inter-
pretation of data obtained during the Environ-
mental Survey. A key aspect of SPRIGC was to
provide guidance to the teams in coilecting data
for use with the MEPAS methodology and to in-
struct the teams in the approach needed in
defining the environmental problem for purposes
of applying MEPAS. As the developer of MEPAS,
PNL's role was to ensure that sufficient quidance
was provided tc the teams and the supporting
contractor so that the system would be accurately
and censistently applied. Staff at PNL partici-
pated in SPRIG meetings each month and took
part in discussions, prepared white papers on
implementation issues, and provided training for
MEPAS implementation.

{a) Current address: Ciba-Geigy Corporation, Tornsriver
Plant, P.O. Box 71, Tomsriver, New Jersey (08753
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Technical Support in Evaluation of Superfund
Sites Using the RAPS Methodology

G. Whelan, K. A. Higley, J. G. Droppo, D. L
Strenge, B. L. Steelman, M. B. Walter, J. W. Buck,
R. D. Brockhaus, and B. L. Hoopes

The EPA and DOE requested that PNL, using
RAPS, participate in an evaluation of inactive
waste site ranking systems that were being con-
sidered as potential replacements for the EPA’s
Hazard Ranking System (HRS). The other ranking
systems were the New York State Exposure
Model, the Hazardous Assessment Ranking
Model Il, the revised HRS, and an expert panel
selectec by EPA. RAPS was used to rank
20 sites that had been placed on the National
Priorities List (i.e., Superfund sites).

The results of the RAPS analysis of the 20 sites
ilfustrated the methodology's flexibility in handling
a wide variety of complex probtems and its ability
to provide a basis for comparison throughout the
assessment process. RAPS also provides a struc-
ture or tramework on which further investigations
at a site can be based, at which point it can be
used 1o help focus assessment exercises and indi-
cate where problems potentiaily exist, why they
are occurring, what effects changes can have on
the assessment, where to focus available re-
sources (i.e., time and money}, and what alter-
natives may be most effective.



National Environmental Policy Act Assistance

Project Manager: D. G. Huizenga

The National Environmental Policy Act (NEPA) Assistance Project provides onsite technical support for
several major projects being reviewed by the U.S. Department of Energy’s (DOE) Office of NEPA Project
Assistance. The projects under review are supported by the Office of Defense Programs and include the
Waste Isolation Pilot Plant in Carsbad, New Mexico; the proposed Special Isotope Separation Project at
the Idaho National Engineering Laboratory; the Plutonium Recovery Modification Project at Rocky Flats;
the Special Nuclear Materials Research and Development Laboratory at Los Alamos National Laboratory;,
and several other projects supporting the DOE plan to modemnize the nuclear weapons production com-
plex. Specific tasks incfude 1) providing guidance to DOE Program and Field Office personnet regarding
the interpretation and enforcement of the regulations for implementing the procedural provisions of NEPA
and 2) development of overall NEPA policy and guidance. The NEPA Office has requested a continuation
of the current support and additional support on an expanded scope of activities, including the New
Production Reactor Projects for fiscal year (FY) 1989. Progress made on the two tasks during FY 1988
fs discussed in the following sections.

Interpretation and Enforcement of NEPA and the Superfund Amendments and Reauthoriza-
Provision Regulations tion Act; 2} issuing guidance on the treatment of
occupational impacts in DOE’'s NEPA documents;
D. G. Huizenga and 3) developing guidance regarding the treat-
ment of accident analysis. Additicnally, project
Thrcugh an cnsite assignment to DOE- staff worked with other perscnnel in the Cffice of
Headquarters, PNL provided guidance to DOCE NEPA Project Assistance to develop and propose
Field Office personnel to better interpret and an expanded list of NEPA categorical exclusions
enforce regulations for implementing NEPA to be incorporated into the DOE NEPA guidelines.
procedural provisions. Guidance is based on This task is being accomplished through coor-
requlations issued by the Council on Environ- dination with DOE General Counsel, U.S. Environ-
mental Quality (CEQ), 40 CFR Parts 1500-1508 (as mental Protection Agency Headquarters, and
amended), the DOE NEPA guidelines {52 FR CEQ.
47662-47670), and legal case history. The project
staff work closety with personnel in the Office of Project staff prepared to participate in a national
General Counsel, the Office of Safety, Health, and DOE NEPA workshop on October 25-26, 1988.
Quality Assurance, and the Office of Environ- Presentations included guidance on occupational
mental Guidance and Compliance to ensure that impacts and analysis of severe accidents.
all applicable federal, state, and local regulations
are adequately addressed in the NEPA documen- References

tation under review.
40 CFR 1500-1508. 1986. Council on Environ-

NEPA Policy Development mental Quality, Executive Office of the President,
"Regulations for Implementing the Procedural
D. G. Huizenga Provisions of the National Environmental Policy

Act.” U.S. Code of Federal Reguiations.
In addition to providing technical review of special

projects, the NEPA Assistance Project staff sup- 52 FR 47662-47670. December 15, 1987. U.S.
port the development of DOE NEPA policy. Dur- Department of Energy, "Compliance with the
ing FY 1888, efforls were focused in several National Environmental Policy Act (NEPA);
areas: 1) developing a strategy to interface the Amendments to the DOE NEPA Guidelines.”
requirements of NEPA, the Resource Conservation Federal Register.

and Recovery Act, the Comprehensive Environ-
mental Response, Compensation, and Liability Act,
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Long-Range Planning Assistance

Project Manager: R. G. Schreckhise

Pacific Northwest Laboratory (PNL) continues to provide technical assistance to the U.S. Department of
Energy (DOE) Deputy Assistant Secretary for Environment through a project with the Office of Environ-
mental Guidance and Compliance (OEG&C). During FY 1988, DOE initiated development of an assess-
ment of the environment, safety, and health needs of all DOE facilities. Assistance from PNL includes
technical evaluation of the information provided by the DOE Field Operations Offices, consisting of
projections of resource needs and accompanying years to achieve compliance with appropriate environ-
ment, safety, and health requirements through the year 2010 and beyond, if additional time is projected.
Initial pregress made in this area during fiscal year 1988 is discussed below.

Technical Evaluation

R. G. Schreckhise, T. L. Anderson, D. A. Baker,
D. P. Higby, B. V. Johnston, D. A. Lamar, D. A.
McNeill, M. L. Rosbach, D. R. Simpson. R. D.
Stenner, L. M. Valdez, and W. G. Woodruff

Initial technical evaluation of the information
previded by the DOE Field Offices was compieted
in August 1988. This involved organizational,
logistical, editorial, and word processing support.
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A database system was developed to manage the
information that was provided by the Field Offices.
Argonne National Laboratory also provided techni-
cat supporl. The first draft of the associated
report entitled, Assessment of Environment, Safely,
and Health Needs of the U.S. Department of
Energy, will be released for comment in October
1988 and the second draff in November 1988.
The final version is scheduled to he presented to
Congress by DOE in December 1988.
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DEPUTY ASSISTANT SECRETARY FOR SAFETY, HEALTH,
AND QUALITY ASSURANCE

To establish and maintain an effective radiation protection program, the U.S. Department of Energy (DOE}
Deputy Assistant Secretary for Safety, Health, and Quality Assurance has assigned to the Office of
Nuclear Safety (ONS) the responsihility for developing an effective applied research and development
program and developing and promulgating nuclear safety policy, standards, and guidance. These func-
tions were reassigned during the year to the Office of Safety Compliance {OSC) and the Office of Safety
Policy and Standards (OSPS). These offices are also responsible for the conduct of DOE-wide inde-
pendent overview, support, and counsel in radiation protection. This was all accomplished by various
programs that collectively are called the Health Physics Outlay Program. The objectives of the Health
Physics Qutlay Program are to aid DOE in ensuring that the activities of DOE and its contractors are in
full compliance with applicable nuclear safety, health, and emergency preparedness standards and regula-
tions, and to provide technical support to the DOE Assistant Secretary for Environment, Safety, and
Health. To accomplish this, Pacific Northwest Laboratory (PNL) was established as a lead laboratory in
health physics to conduct the following five projects to assist DOE in achieving its radiation protection
mission:

+ Personnel Neutron Dosimeter Evaluation and Upgrade

- Beta Measurement Evaluation and Upgrade

+ Heaith Physics Support and Assistance to the Department of Energy

« Department of Energy Laboratory Accreditation Program Technical Development and Application
+ [Internal Dosimetry Evaluation and Upgrade.

The Personnel Neutron Dosimetry Evaluation and Upgrade Project was initiated in October 1980 with PNL
as the lead laboratory to: 1) assess current personnel neutron dosimeter capabilities at DOE laboratories,
2) develop improved neutron dosimeters and instrument systems, 3) provide technical coordination of
work being conducted by various laboratories, universities, and private companies, 4) maintain program
quality and timeliness, and 5) provide leadership in the cverall neutron dosimetry field. The short-term
goal of the project has been the development of an interim neutron dosimeter and a pottable neutron
spectrameter for use at DOE facilities. The long-term goal is to develop an effective dose equivalent
system for use at DOE laboratories.

The Beta Measurement Evaluation and Upgrade Project focuses on the resclution of problems associated
with field measurement of the beta dose at DOE facilities. The change in DOE programs, including
increased efforts in improved waste management and decontamination and decommissioning {D&DY of
faclities, coupled with beta measurement problems identified at Three Mile Island, have increased the
need to improve beta measurements. In fiscal year (FY) 1982, work was initiated 10 provide a continuing
efforl to identify problems associated with beta dose assessment at DOE facilities. The problems identi-
fied resuited in the development of this project. During FY 1988, project activities have included: 1) an
assessment of measurement systems now in use, 2) field measurements at DOE facilities, 3) the develop-
ment of improved calibration and evaluation procedures, 4) the application of innovative beta dosimetry
conceplts, 5) the investigation of new instruments or concepts for monitoring and spectroscopy, and
6) the preparation of a "manual of good practices” to ensure an adequate and uniform beta measurement
program at DOE facilities.

The Health Physics Supporl and Assistance Project provides health physics support and assistance to
the ONS {OSPS). Support and assistance has been provided for specific tasks or special studies that
have been identitied as high priorities by the DOE. The designation of PNL as the lead laboratory in
health physics, with an agreement and budget in place, has provided DOE with the additional expertise
necessary to respond 1o the many guestions and situations that arise during the operation of its numer-
ous nuclear energy research, devetfopment, and demonstration facilities.
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The Department of Energy Laboratory Accreditation Program Development and Application Project pro-
vides research support for the DOE Laboratory Accreditation Program (DOELAP) for perscnnel dosimetry
services. The research effort encompasses the development of improved calibration methods and the
operation of intercomparison and measurement assurance projects for DOE laboratories.  Major
accomplishments for FY 1988 include: 1) development of performance criteria for high-energy neutran
dosimeters, 2) investigation of the impact of International Commission on Radiation Units and Measure-
ments Report 39 on DOE calibrations (jointly funded by the Health Physics Support and Assistance
Project), 3) operation of a calibration intercomparison program for DOE laboratories, and 4) recommenda-
tion of a set of performance criteria for angular response of personnel dosimeters.

The Internal Dosimetry Evaluation and Upgrade Project is a nultilaboratory research project that was
established to improve internal dosimetry at DOE and DOE-cortractor laboratories. The project has six
principal objectives: 1) to identify current problems and deficiencies in dose-assessment practices, 2} to
recommend improved methods for caiculating doses to internal organs and tissues, 3} to recommend uni-
form methods for compliance with DOE orders, federal regulations, and international scientific guidance
for internal dose assessment, 4) to evaluate the accuracy and precision of bicassay laboratory measure-
ments and the appropriateness of draft ANSI Standard N13.30, Performance Criteria for Radiobioassay,
5} to assist DOE in the establishment of a bioassay laboratory accreditation program, and 6) to develop
improved analytical techniques for in vitro and in vivo bioassay measurements.

As indicated by the scope of the Health Physics Outlay Program projects, the major emphasis at PNL
continues to be the development of operaticnal health physics criteria, instruments, and methods to
ensure that radiation exposure to occupational personne!l and to people in the environs of nuclear facilities
is maintained as low as reasonably achievable. Particular emprasis has been placed on improving basic
perscnnel radiation exposure measurement and recarding programs.

{n addition to the Health Physics Outlay Program projects, FNL staff provide technical assistance to
DOE under the Environment, Safety, and Health Technical Support Program, which is concerned with
facility safety, response to congressional committee inquiries, and the development of safety policy and
standards.
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energy dependence. Apfel redesigned the SDD
and produced a second prototype to improve or
eliminate the difficulties of the first prototype. This
second prototype may be evaluated by PNL dur-
ing FY 1989. While these devices have some use
in personnel dosimetry, any large-scale use will
be limited unless most, if not alf, of the above
problems are eliminated.

Optical Track Detector for Neutron Dosimetry

J. E. Turner (ORNL), L. W. Brackenbush, and
C. M. Stroud

Oak Ridge National Laboratory (ORNL) initiated
efforts to build an optical track detector 10 be
used as an area monitor for directly determining
neutron dose and linear energy transfer (LET)
gistributions by optically measuring individual
charged-particle tracks in an ionization chamber.
Algorithms will be developed 1o relate the track
data to the neutron energy spectrum.

When a charged paricle enters a chamber, it
electronically excites the gas molecutes, which
emit light. This optical radiation is used to trigger
a high-voitage, damped radiofrequency generator,
which is applied across the electrodes of the
chamber. The electrons in the particle track
excite and ionize the surrounding gas. The light
emitted by the gas molecules is imaged
simultaneously by two cameras scanning across
two perpendicidar planes. The images are stored
and analyzed in a computer for three-dimensional
reconstruction of the track and direct refationship
to dose and LET distributions.

During FY 1988, ORNL designed an ionization
chamber with quariz cylindrical walls for optical
transmission and purchased a proton-counting
systemn, a pulsed radiofrequency voltage supply,
and cameras. They investigated pulsed voltage
sources, but found that the pulses were shorter
than required. Modeling was also performed to
determine the expected light output and track
resolution, which in turn assists in the final design
of the prototype instrurnent.

Neutron Depth-Dose Characterization
R. I. Scherpelz

The neutron depth-dose characterization report
was wrilten and entered into the PNL editing and
clearance process. |t will be published during the
first quarter of FY 1989. This report describes
calculations and experiments that determined
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neutron depth-dose profiles in a cylindrical tissue-
equivalent phantom. The comparison of the cal-
culations and experiments showed good agree-
ment and both techniques can be applied to the
determination of doses to internal organs resulting
from external neutron radiations.

Personnel Neutron Dosimetry Assessment

D. E. Hadlock, L. W. Brackenbush, L. G. Faust,
M. A. Parkhurst, and C. M. Stroud

Personne! Neutron Dose Assessment Upgrade,
Volume 1: Personnel Neutron Dosimetry Assess-
ment {Hadlock et al. 1988) was completed and
published. It provides guidance on the charac-
teristics, use, and calibration of personnel neutron
dosimeters with emphasis on new dosimetry
development. It is applicable to neutrons ranging
from thermal to less than 20 MeV. It provides
background for general neutron dosimetry and
relevant federal regulations and other standards.
It also compares available neutron dosimeters and
instruments,

Accelerator Health Physics

R. C. McCall (SLAC), L. M. Coulson {Fermi), H. J.
Moe (ANL), and C. M. Stroud

Stanford Linear Accelerator (SLAC) staff devel-
oped and published a manual of good practices
for health physics programs at DOE accelerator
facilities. The manual presents guidance tc be
used in the development and conduct of radiation
protection programs at DOE accelerator facitities.
It provides greater emphasis on the unique char-
acteristics from the radiation safety viewpoint of
the various accelerators and less emphasis on
those radiation safety aspects that are common
to all accelerators.

Fermilab was designated as the lead laboratory
for accelerator health physics and worked toward
developing a report characterizing the heaith
physics problems at accelerators, developing a list
of health physics research requirements at accel-
erators, and establishing a means of communicat-
ing among DOE acceleratar facilities.

Argonne National Laboratory is developing a sys-
tematic methodology for the assay of induced
radicactivity in accelerator components and is
preparing a report cavering this subject.



References
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Beta Measurement Evaluation and Upgrade

Project Managers: L. G. Faust and K. L. Swinth

The Beta Measurement Evaluation and Upgrade Project is designed to provide continuing identification
and resolution of significant problems that affect field measurement of beta dose and to ensure that DOE
facilities can comply with applicable standards. The objective of this project is to investigate and upgrade
beta radiation measurements by developing improved personnel beta dosimeters and instruments used

in U.S. Department of Energy (DOE) facilities.

The work performed during fiscal year (FY) 1988 can be classified into four major areas: 1) dosimeter
development, 2) instrument development, 3) beta calibrations, and 4) theoretical considerations. Contrib-
utors to the total effort included universities, private companies, and other DOE laboratories in addition
to the Pacific Northwest Laboratory (PNL) staff. Progress made in these four areas during FY 1988 is

discussed in the following sections.

Beta Dosimeter Development

S. D. Miller, 8. E. Merwin, J. 8. Durham, and
K. L. Swinth

The objectives of this task are to identify and
develop new and innovative beta dosimeters for
assessing beta dose and for estimating beta
spectra. Four types of dosimetry being further
developed, tested, and evaluated are discussed
in the following subsections.

Thermoluminescent Dosimetry. Perscnnel do-
simetry that uses thin thermoluminescent chip
technology can achieve an acceptable accuracy
for determining shallow (7 mg/cm®) dose from
radiation fields with mixed energies and of mixed
radiation types. This was shown during earlier
laboratery evaluation of the thin {approximately
17 mg/em?) LiF chip backed by graphite, which
was developed by Kansas State University (KSU)
under subcontract to PNL. [n order to evaluate
this chip in an automated dosimetry system, a
"KSU" chip was inserted into the “open® position
of several personnel dosimeters and the dosime-
ters were irradiated using photon and Dbeta
sources specified by the DOE Laboratory Accredi-
tation Program (DOELAP). The responses of both
the thin and thick thermoluminescent dosimeters
(TLDs) were anaiyzed using a non-linear least-
squares technique toc determine the optimum
shallow-dose algorithm. That algorithm was then
used to evaluate the shallow-dose performance of
dosimeters irradiated in mixed radiation fields,
which included mixiure categories of *Sr/'¥'Cs
and 'Cs/16-keV (k-fluorescence) x rays. The
results indicated that the dosimeters incorporating
the thin "KSU" chip would pass the DOELAP
shallow  beta/photon  perscnnel  exposure
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categories (including the *‘Ti category) without

special modification to the algorithm and without
the use of chip ratios. The results also indicated
that, as tested, the thin chip was not useful in
determining the deep dose.

Laser-Thermoluminescent Dosimetry. The con-
cept of using an infrared laser to provide the
necessary heating for readout of TLDs was evalu-
ated by testing the response of five different TLD
designs to laser heating. The TLDs were irra-
diated by four beta sources and one gamma
source and the response of the dosimeters was
evaluated based on accuracy, reproducibility,
lower limit of detectability, and energy response.
The results showed that the use of the laser-
heating concept is superior to conventional tech-
niques when used with a thin TLD design.

The advantages inherent in the laser-TLD concept
are its ability to obtain a signal that is ingicative
of the beta dose in mixed beta-gamma fields and
its rapid readout of dosimeters. In practice, the
total time to read out a TLD and anneal it in the
laser-TLD reader is 20 seconds, including handling
time, The typical readout time for a conductive
heating system is about 30 seconds for dose
readout and over 2 hours for annealing.

A major physical problem in using a laser-TLD
reader occurs when the thermoluminescent mate-
rial is transparent to infrared (IR} radiation and a
substrate must be used, which acts as the pri-
mary IR absorber and heat source. When a sub-
strate is used behind the thermoluminescent
material, the energy absorbed next to the
substrate is no longer indicative of the beta dose
unless the TLD is extremely thin. A more serious
problem occurs when a binder must be used to



attach the thermoluminescent material to the
substrate. Most binders or glues are highly
absorbing in the IR region. If the substrate does
not rapidly conduct heat away from a strongly
absorbing binder, the binder will heat up to its
melting point and may destroy the TLD. For beta
dosimetry, a thin TLD on a substrate with a low
thermal mass was tound to avoid the pitfalls
inherent in the use of an IR laser-heating source.

For the laser-TLD evaluation of thin TLDs,
18 dosimeters containing 3 CaSO,.Dy TLDs, 2 Lif
(TLD 700) TLDs, and 2 MgB,0,:Dy TLDs were
irradiated and read out. The thickness of the
CaS0,:Dy TLD, TLD 700, and MgB,0.:Dy TLD
was 96 mg/cm’, 85 mg/cm®, and 7.8 mg/cm

respectively. Al were mounted on a Kapton
backing that was chosen for its low thermal mass.
The badges were irradiated by four different
sources (Q’Sr/gc"( "“7pm, *Kr, and depleted urani-
um) to doses that ranged from 10 to 500 mrad.
The sensitivity correctlon factor was obtained for
a 1-rad dose from a *Co gamma source and ap-
plied to the readings to correct for variations in
element sensitivity.

The measured response of the three thin TLDs is
presented in Table 1. The poor response of the
tissue-equivalent TLD-700 dosimeters is easily
explained based on the thickness of the material.
The TLD-700 chips were much thicker than the
range of low-energy beta particles but thin
enolgh to be uniformly irradiated by the gamma
calibration source.  The amount of energy
deposited within the TLD by beta particles will
therefore be smaller when averaged throughout
the entire volume of the TLD than the amount of
energy deposited by a gamma source. Thus, the
TLD-700 dosimeters show an increasing response
with increasing beta energy, as well as a lower
response than the CaSO, Dy TLDs at lower
energies.

TABLE 1. Response of the Thin TLDs Compared to 'Co
Mean Deta

Energy, Response for Dosimeters

MeV CaS0, TLD 700 MaB.O,
0.06 101 £003 014 2001 0.85+003
0.23 101 005 0661059 0851005
0.8 (DW®  poos too04 0781046 088 F0.04
08 067 £007 087 £0.14 087 £0.11
COverall 1.00 +005 0651030 086008

fa) DU = depleted uranium.
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The difference in response between the CaSO,:Dy
and the MgB,0,Dy dosimeters is difficult to
understand. Because both types of dosimeters
were calibrated in the same manner and both of
the TLDs are thin, the response of the two TLDs
was expected to be similar. It is possible that the
heating cycle for the MgB,0.:Dy TLDs was not
optimized as well as that for the CaS80,:Dy TLDs.
This difference in response will be investigated
when testing is resumed. From the data collected
in the laser-TLD evaluation, the minimum level of
detection for the CaSO,:Dy TLDs was found to be
approximately 1 mrad.

Two additional TLD designs were evaluated using
the laser-TLD reader. The TLD developed by KSU
{using a thin [17 mg/cm?] LiF TLD bonded to a
thick graphite backing) was tested for its appli-
cability in a laser-TLD reader. The other TLD that
was evaluated was designed by VINTEN Corpor-
ation. 1 the VINTEN design small LiF crystals
are distributed throughout a graphite matrix. Both
the KSU and VINTEN dosimeters are designed for
sturdiness in handling, and both are intended for
use with conventional readers. The TLDs were
irradiated by gamma radiation to levels of 1, 5,
and 10 1ad. It was found that the binder on the
KSU dosimeter was strongly absorbing in the IR
range and consequently melted during readout.
Because the metting destroyed the dosimeter, it
was determined that the KSU dosimeter is not a
goad candidate for laser readout. The lower limit
of detection for the VINTEN dosimeter was just
below 1 rad, too restrictive for use as a personnel
dosimeter with the laser-TLD reader.

Based on the studies conducted in this evaluaticn
(with the exception of the KSU case discussed
previously), it is apparent the faser-TLD reader
concept is fast, accurate, reproducible, and highly
sensitive when used with a thin TLD design. The
results cbtained by using IR laser heating of thin
TLDs can be expected to be superior to the re-
sults cbiained by conventional readout methods.
Laser heating of thin TLDs can previde the ability
1o measure very low doses, even in a high-
background environment. Of the three thin TLD
designs evaluated, CaSO,:Dy appears to be the
best, followed closely by MgB,0,:Dy. Both of
these th n TLDs have a very flat energy response
and becth have the potential to measure doses on
the order of 1 mrad. The thickness of the LiF
TLDs tested does not appear to be conducive to
accurate measurement of beta dose.

Exoelectron Dosimetry. In November, a letter
report entitled "Preliminary Investigation of the



Suitability of Exoslectron Dosimeters for Personnel
Beta Dosimetry" was prepared for DOE. The
report described the results of initial testing of the
dosimeters, including the results of thermal fading,
optical fading, normal fading, gamma energy
dependence, beta energy dependence, dose re-
sponse, reproducibility, and sensitivity. From the
favorable results of these tests, it is concluded
that exoelectron dosimeters may have potential for
use as personnel beta dosimeters.

During FY 1988, 210 new exoelectron dosimeters
were received from the German supplier for test-
ing. Testing indicated that the first 10 dosimeters
were approximately 10% as sensitive as the pre-
vious 53 dosimeters purchased in FY 1987. The
remaining 200 dosimeters were approximately
60% as sensitive as the initial 53 dosimeters;
however, the element correction factors in this
batch of 200 varied by as much as a factor of 4.
It appears that the production of these dosiineters
has not yet been perfected, although even the
least sensitive dosimeters produced can detect a
dose of 1 mrem, A new reader was ordered with
a multianode counter. This will improve the
dynamic range and the precision of the readout.

Efforts during FY 1988 focused on the develop-
ment of a personnel dosimeter that can meet
DOELAP criteria for both beta and photon radi-
ation. The first dosimeter design contained only
two elements, one to measure the shallow dose
at a depth of 7 mg/cm® and one to measure the
deep dose at a depth of 1000 mg/cm®. Although
this dosimeter easily met DOELAP criteria for both
beta and gamma radiation, it underresponded to
low-energy x rays. As a result, a third element
was added to the dosimeter. This element was
similar to the deep-dose element except for a thin
layer of aluminum between the dosimeter and the
1000 mg/cm’ Teflon= cover. The presence of the
aluminum causes an overresponse to low-energy
photons, which allows for the determination of the
low-energy photon component of the incident
radiation and a correction of the response of the
shallow- and deep-dose elements. Testing of
several designs of this third element resuited in
an exoelectron dosimeter that can meet DOELAP
criteria for all beta energies and other photons,
with a maximum 23% error for the worst-case
mixiure. Testing of new designs is continuing to
further improve measurement accuracy.

& Teflon is a registered trademark of E. L du Pont de
Nemours and Company, Wilmington, Delaware.
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The three-element dosimeters described above
were used for measurements at a production
facility. In general, the dosimeters performed well,
although the precision was not as good as ex-
pected. Field evaluations will continue. It was
also determined that exoelectron dosimeters are
excellent devices for measuring dose rates from
so-called “hot particles.” The dosimeters are ideal
for these measurements because of their flat beta
response and extremely thin sensitive layer, which
makes it possibie to determine the dose at a
depth of 7 mg/em® using a 7-mg/cm’ cover.
Only occasional "hot particles” are found in DOE
facilities, but implementation of highly sensitive
contamination measurement techniques at li-
censed facilities has shown that these highly
active particles are a larger problem than
generally expected.

Optically Stimulated Luminescence Dosimetry.
Work continues on a study of the optically stimu-
lated luminescence (OSL) of materials for applica-
tions in dosimetry. Light offers the advantage of
interrogating a dosimeter without the harmful
effects of the high-temperature characteristic of
thermoluminescent dosimetry.  This will reduce
the time for analysis of the dosimeters compared
with current thermoluminescent systems. Because
the OSL systems do not require the high tempera-
tures encountered in conventional thermolumines-
cent dosimetry, thin layers can be made of the
OSL materials in a plastic binder. The thin layer
will provide a flat response to a wide range of
beta energies. In tests performed with plastics
to determine their suitability as binders, phos-
pharescence was observed, which interferes with
dosimeter readout. Changes in plastic formulation
were made and tested in order to find a suitable
method to avoid this interference.

A new readout process was developed called
"cooled optically stimulated luminescence," which
provides ultrasensitivity to the complete system.
A patent application has been filed and is cur-
rently under consideration. A paper describing
this process was prepared and submitted to Radi-
ation Protection Dosimetry. A laser lab was
designed and completed this fiscal year, which
wili provide the toocls for developing the readout
technologies and evaiuating future OSL applica-
tions. The [aboratory has advanced laser sys-
tems, a computing station, and opticat hardware.
Three materials (NaCi[Aq]), LiF, CaF,[Mn]} have
been identified, tested, and found to be strong
candidates for an OSL beta dosimeter.



Beta Instrument Development
D. R. Sisk and K. L. Swinth

This task is dedicated to the development of
instrumentation to enable the accurate measure-
ment of radiations, both penetrating and
nonpenetrating.

Analysis of the source geometry dependence of
survey meters continued. Measurements were
performed with the scanning system using addi-
tiona! thin (i-cm) ionization chambers of various
diameters. Correction factors determined for the
thin chambers are relatively small and typically
decrease with decreasing chamber diameter.
These resuits reflect the reduced source geometry
dependence of small thin detectors, which can be
irradiated more uniformly.  Additional measure-
ment results and analyses have been incorporated
into the draft repert on the source geometry
dependence studies.

Informaticn on ion chamber response calculations
was presented at the 33rd Annual Meeting of the
Health Physics Society in Boston, Massachusetts,
in July 1988 (Sisk and Swinth 1988). A paper will
be submitted for pubfication describing the tech-
nigue and presenting an analysis. The calcula-
tional technique provides a relatively simple and
instructional means for evaluating survey meters.
Prototype survey meter chamber designs can now
be easily analyzed by computer, which facilitates
development of techniques ieading to the reduc-
tion of geometry dependence.

Information from the study has been used to de-
velop specifications for a prototype beta survey
instrument. The instrument will employ a thin
(1.5 cm) chamber with low-density (7-mg/cm’)
walls and window. The thin chamber volume will
reduce the instrument’s geometric sensitivity. (n
addition, the instrument will be microprocessor-
based and be capable of storing and retrieving
geometry cotrection factors fream its own memory
and applying them to the readings. The proper
coarrection factor will be selected based on geo-
metric information supplied by the operater via
keypad. This will allow the operator to quickly,
easily, and accurately correct instrument readings
in the field.

Optimization, fine tuning, and field testing of the
beta/gamma field spectrometer continues. The
spectrometer uses a coincidence technique
employing two detectors to separate the beta and
gamma cemponents from a mixed radiation field.
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The instrument consists of a gas-low proportional
counter attached to the front of a plastic scin-
tillator detector, Beta particles entering the
system ¢enerate a signal as they pass through
the proportional counter and deposit their remain-
ing energy in the scintillator. Conversely, the low
thickness density of the proportional counter pre-
vents gamma detection. Gamma radiation is de-
tected solely by interactions in the plastic scin-
tillator. Gating circuitry selectively routes a beta
or gamma scintillator pulse to a muitichannel
analyzer that collects the energy pulses to pro-
duce a spectrum. A computer is used to calcu-
late dose rates from spectra collected using the
spectrometer system.

Field measurements have been made with the
system and it has democnstrated good perform-
ance. Outdoor measurements initiated in January
1988 are continuing because the cold ambient
temperature seemed to distort the spectra.
Measurements performed in the laboratory on
microscopic parlicles of activated reactor fuel or
activated metal ("hot particles”) consistently
produced good results. The system was also
used at 2 DOE production facility to collect beta
spectra.

Recent improvements in the detector system have
resulted in a tenfald impravement in efficiency in
the laboratory. In addition, a new multichannel
analyzer (MCA) has been purchased, which incor-
porates gating circuitry and high-voltage power
supplies. Software can easily be installed in this
MCA to calculate dose rates from the spectra.
This wil} significantly reduce sysiem volume and
increase portability. In the future, emphasis will
be placed on reducing ncise in the proporional
counter circuitry, miniaturization of the system,
increasing portability, and decreasing gamma
sensitivity.

Presently, a new beta spectrometer system, which
will have improved efficiency and noise charac-
teristics, is being purchased 1o PNL specifications.

Theoretical Considerations

K. L. Swinth and W. D. Reece

The purpose of this task is to conduct basic
studies that affect beta dosimetry and to develop
methods of calculating energy deposition from

beta radiation.

Calculational studies are under way ai KSU to
study ihe beta emission characteristics of the



PTB®™ source set, to intercompare codes, and to
study the responses of various TLD materials.
The computer code EGS4 (three-dimensional cou-
pled electro-photon transport) was placed into
operation and test resuits for three-dimensional
problems agreed well with those reported by
Berger and Seltzer in NBS Report NBSIR 82-2451
(1982).

The Integrated TIGER Series (ITS) code was also
installed on the KSU mainframe computer. This
code package incorporates one-dimensional
(T'GERY}, two-dimensional (CYLTRAN), and three-
dimensional (ACCEPT) codes for coupled electron
and photon transport.  Calculations were under-
taken to intercompare the CYLTRAN and EGS4
codes, which identified an effort in the "user code”
required to supplement the EGS4 code.

Work has been completed on the comparison of
skin dose and TLD response for calcium-ftuoride
TLD devices under a previous contract. Work is
in progress on the comparison of skin dose and
TLD response for lithium-tetraborate TLD devices.

Calculations were made of the bsta particles
emitted from the PTB sources as a function of
angle. Results are in the form of electron
angular-energy spectra, namely the fractions of
electrons emerging per unit energy per steradian,
averaged over the polar-angle ranges 0 to 30°,
30 to 80°, and 60 to 90° measured from a polar
axis normai to the source window. Comparison

{ay FTB stands for Physikalish-Technische Bundesanstait
{Physical Technical Institute [West German equivalent of the
Nationa! Bureau of Standards]).

27

with the isotropic spectra from a pure unencapsu-
lated source shows that low-energy beta particles
are absent due to the encapsulation. Attenuation
becomes significant below about 50 keV for
“Pm, 200 keV for ®*Ti, and 500 keV for *Y /*Sr.
Also evident is an apparent backscatter eftect for
N and *8r/*Y sources. There are two goals:
1) examination of the effects of the beam-
flattening filters; and 2) determination of calibration
factors relating TLD dose to skin dose.

A draft report on hiclogical considerations for
proper depth and methods for assessing dose to
the skin was completed. Under uniform irradi-
ation, the dose rate at 4 mg/cm® versus
7 mg/cm?® increases by 15 to 20%, but for point
sources the dose rate is driven by gecmetry and
increases by nearly a factor of 2.
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Health Physics Support and Assistance to the Department of Energy

Project Managers: J. M. Selby, J. G. Stephan, and J. B. Martin

This project focuses on identifying needed improvements in occupational radiation programs and
measurement technologies and on analyzing the applicability and impact of standards, regulations, and
engineering or administrative actions on the U.S. Department of Energy’s (DOE's) accupational radiation
protection programs. This is accomplished by means of special technical studies. Technical assistance
is provided in developing guidelines for implementing standards and regulations and in conducting and
preparing technical reports as requested by the sponsor. This assistance also includes transferring
laboratory-developed techniques to the field by means of DOE-sponsored workshops. Project objectives
are achieved using the capabilities and expertise of Pacific Northwest Laboratory (PNL}, other DOE
laboratories, universities, and private industry. Progress made during fiscal year (FY} 1988 on the Health
Physics Support and Assistance (HPS&A) tasks is discussed in the following sections.

Neutron Quality Factor ALARA Engineering
L. G. Faust J. W. Baum (BNL)
The International Commission on Radiological The ALARA (as low as reascnably achievable}
Protection (ICRP) and the National Council on Engineering Project was initiated by Brookhaven
Radiation Protection and Measurements {(NCRP) National Laboratory (BNL) during the second
have proposed changes to the quality factors, Q, quarter of FY 1988 to provide DOE with radiation
associated with high linear energy transfer (LET) exposure oversight. A system was developed 1o
radiations; e.g., protons, neutrons, and alpha link the BNL ALARA Center with the DOE RECON
particles. Because of the absence of spectral database. A customized search routine was de-
data, the currently accepted values for Q will veloped to select those abstracts that are of
essentially be doubled if average values are used. particular interest to the DOE ALARA Engineering
For neutrons, the average values would be 5 for Project. Several hundred abstracts are being
thermal and 20 for fast neutrons. The DOE Ad reviewed to determine if additional selectivity is
Hoc Committee on Neutron Quality Factor re- required in the search process. Abstracts selec-
viewed a large amount of data that was used to ted for the final biblicgraphy will be processed
support ICRP and NCRP recommendations and using the special software and procedures de-
issued their own report, which suppored the scribed in the manuat for the ALARA hibliography
suggested changes. However, the repor indi- system.
cated that, in the case of neutrons, spectral data
should be used wherever and whenever possible, A data-gathering trip was made tc Los Alamos
rather than using an average value of 20. National Laboratory. A trip (separately funded)
was alsc made to attend an Nuclear Energy
Subsequently, the Ad Hoc Committee report has Agency (NEA) rneeting where a similar center is
undergone a peer review, which supponred its being developed. The Third European Scientific
findings. The Committee on interagency Radiation Seminar on Radiation Protection Optimizaticn held
Research and Policy Coordination (CIRRPC) has in Madrid, Spain, was also attended. Information
performed at least two reviews, both of which from these two meetings will be valuable in the
suggested no change in Q. Neither CIRRPC conduct of the DOE ALARA Engineering Project.
report was, or is likely to be, released.
Regardless of the CIRRPC review, the Ad Hoc Annual Radiation Exposure Report
Committee members maintained their original con-
clusion; i.e., to double O for fast neutrons if S. E. Merwin
spectral data are available and, if not, to use an
average Q of 20, consistent with the statement of The nineteenth annual report on "DOE Radiation
the 1985 Paris meeting of the ICRP (ICRP 1985} Exposure for DOE and DOE Contractor Employ-
and NCRP Report 91 (NCRP 1987). ees” for the year 1986 was prepared and provided
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to the sponsor for publication (Patridge and
Merwin 1988). This report is one of a series of
annual reports provided by DOE summarizing
occupational radiation exposure received by DOE
and DOE-contractor personnel. The report
refiects data on a total of 94,040 DOE and DOE-
contractor employees monitored for radiation
exposure. Additionally, data on 63,463 monitored
visitors are presented. Thirty-four charts and
twenty-two tables are provided in the report indi-
cating exposure trends for the years 1978 through
1986.

Brazilian Cesium Irradiator Accident
R. J. Traub, J. M. Selby, and D. R. Fisher

Assistance was provided in the assessment of the
consequences of the Brazilian accident involving
a cesium irradiator. A cesium therapy source was
found by members of a Braziitan family and taken
to their home. Subsequently, the source contain-
ment was breached and part of the contents was
ingested by a young female and others in the
family. An initial measurement of the activity
inside the young female consisted of a survey
meter reading taken at her anterior medial sur-
face; the reading was 130 mrem/h. To estimate
the activity inside the individual a radiation
shielding code was used. The computer code
estimated the dose rate to a point in front of a
mathematical model of the young female. Adjust-
ment of the data supplied to the code allowed for
an estimate of the activity taken into the body of
the individual. The estimated "’Cs content of the
female ranged from 7 to 13 mCi at the time of the
reading. Several runs of the comPuter code
indicated that the estimate of the 'Cs content
would vary dramatically depending on the
assumed locaticn of the survey meter and
especially the distance between the female and
the detector.

Report on Missed Dose
B. J. Traub

Effort was begun to summarize and document in
a report the current status of internal and external
dosimetry.  The report will place particular
emphasis on "missed dose.” Missed dose is the
radiation dose that individuals may have received
but that was not recorded in their permanent
occupational exposure histories. [n the report, an
attempt is made to identify the sources of missed
dose, quantify the significance of each source,
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and identify other problems that may affect the
validity of the recorded dose.

The report divides missed dose into four major
categories: 1) true missed dose, 2) unnoticed
dose, 3) underrecorded dose, and 4) unreliable
dose. One basis for this report is the results of
intercomparison studies that have been performed
by PNL and other laboratories. These include
studies of bioassay measurements, health physics
survey instruments, extremity dosimeters, and
perscnnel (work badge) dosimeters. The parti-
cipants in these studies have included most DOE
facilities and several U.S. Nuclear Regulatory
Commission (NRC) licensees. These intercom-
parison studies help to determine the bias, pre-
cision, and minimum detectable level for dosim-
etry systems under strictly defined laboratory
conditions. Another basis for the report on
missed dose is the radiation measurements that
PNL has made in the workplace at both DOE and
NRC-licensee facilities. These measurements have
inciuded measurements of beta, gamma, and neu-
tron dose and spectra.

Work or. this task was discontinued because of
lack of available funding.

Health Physics Manuals of Good Practice
J. M. Selby, L. G. Faust, and J. G. Stephan

The objective of this project was to identify and
develop health physics manuals of good practices
to be used by the DOE facilities to enhance radi-
ation practices in the workplace. Changes in
technology, orders, standards, and regulations
played a key role in the development process.
Because of the value of these guidelines, the
manuals received wide UC-41 distribution. The
manuals were prepared by a working group of
technical experts and were exiensively reviewed
within the DOE community. The DQOE Expert
Group on internal Dosimetry participated in prepa-
ration of the plutonium and uranium manuals.
Technical experts from the following organizations
participated in the preparation and/or review of
the man.als: DOE Office of Nuclear Safety, Oak
Ridge National Labcratery, Savannah River Plant,
Argonne National Laboratory, Rocky Flats Flant,
PNL, Martin Marietta Energy Systems, Los Alamos
National Laboratory, Brookhaven Nationa! Labora-
tory, EG&G ldaho, Rockwell Hanford Operations,
Lawrence Livermacre National Laboratory, Westing-
house Icaho Nuclear Company, Science Applica-
tions International Corporation, Stanford Linear



Accelerator Facility, and Sandia National
Laboratories, The following manuals were
completed and published during 1988:

« Health Physics Manual of Good Practices at
DOE Uranium Facilities, EG&G Idaho, lead
organization (Rich et al. 1988)

+ Health Physics Manual of Good Practices for
the Prompt Detection of Airborne Plutonium in
the Workplace, PNL, lead organization
(Mishima et al. 1988)

« Health Physics Manual of Good Practices for
Reducing Radiation Exposure tc Levels that
are As Low As Reasonably Achievable
(ALARA), PNL, lead organization (Munson et al.
1988)

Health Physics Manual of Good Practices at
DOE Piutonium Facilities, PNL, lead organiza-
tion {Faust et al. 1988)

+ Health Physics Manual of Good Practices for
Accelerator Facilities, Stanford Linear Acceler-
ator Facility, lead organization (McCall et al.
1948).

The Health Physics Manual of Good Practices for
Radiation Protection Training (Westinghouse ldaho
Nuclear Company, iead organization) and the
Health Physics Manual of Good Practices for
Radiation Safety Technician Training (Argonne
National Laboratory, lead crganization) have been
completed and will be printed and distributed in
garly FY 1989,

The first draft of the Health Physics Manual of
Good Practices for X-Ray Devices and Sources at
DOE Facifities (PNL, lead organization) is being
reviewed by the technical working group. This
manual will be completed in FY 1989

Technical Evaluation of the Capability of
Present instrumentation to Meet the Require-
ments of Draft ANSI Standard N42.17

E. E. Hickey, K. L. Swinth, G. A. Stoetzel, D. R.
Sisk, and M. R. Tinker

The objectives of this task are: 1) to evaluate the
applicability and practicality of the proposed
American Naticnal Standards Institute (ANSI) Stan-
dards N42.17A, B, and C regarding performance
specitication for health physics instrumentation;
2) to determine the degree of conformance to the
proposed  standards of selected, currently
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available commercial instruments, 3) to develop
a formal test, evaluation protocol, and specific
procedures, and 4) to lay the groundwork for
establishing a permanent testing and certification
laboratory.

The processor for the automated data-acquisition
system was tested and found to operate satis-
factorily. Two remote data-entry terminals were
specified for the system and purchased. A papet,
titled "Computer Controlled Testing and Calibration
of Health Physics Instruments" (Swinth and Sisk
1987), was presented at the fall Institute of
Electrical and Electronics Engineers, Inc., Nuclear
Science Symposium. The paper discussed the
value of automatfon in testing and calibration.

ANS| N42 17A was revised and sent to DOE-
Headquarters (HQ) for distribution to the ANSI
N42.1 committee for balloting. Work continued
on the final documentation for Parts 1 and 2
reports on instrument testing against ANS!
N42.17B and C. The repors are close to com-
pletion but still require peer review and editing.

Work continued on air-monitoring testing. The
aeroscl generator and associated equipment
needed for deposition testing has been set up
and tested. Solutions were made tc generate 2-,
8-, and 10-um particles using flucrescein and
isopropyl alcohol. Particles were generated, col-
lected, and sized. However, the particles were
much smaller than expected and it was deter-
mined that the solutions were too dilute. When
a more concentrated soclution was prepared, the
fluorescein would not dissolve in the isopropyl
alcohol. Particles in the appropriate size range
are now being generated using uranin and methyl
alcohol.  Refining the procedure and trouble-
shooting the problems will continue as the air
monitors are tested.

Air Sampling and Monitoring

E. E. Hickey, J. Mishima, J. M. Selby, and
K. L. Swinth

The objective of this task is to develop techniques
for measuring and interpreting levels of radioactive
materials present within DOE facilities. Tech-
niques for contro! of radioactive material in the air
and calibration of systems will also be studied
and improved.

The working group established for preparing guid-
ance for the prompt detection of plutonium in the
workplace met September 30 to October 1, 1987,



at Rocky Flats to review and coordinate the guid-
ance document. Subsequently, a draft document
was prepared and reviewed. A paper, partially
based on this work, entitled "Airflow Patterns in
Complex Workplaces,” was presented at the win-
ter American Nuclear Society (ANS) meeting in
Los Angeles (Mishima et al. 1987). Another
paper, entitled "New Developments in Continuous
Monitoring of Airborne Activity,” was presented at
the same meeting (Swinth et al. 1987).

In January 1988, the Workplace Transuranic Aero-
sol Measurement System (WOTAMS), which was
designed for prompt detection of airborne plu-
tonium, was received from Lawrence Livermore
Naticnal Laboratory (LLNL), which developed
WOTAMS under subcontract to PNL. The system,
which uses two detectors, represents a substantial
improvement in detection capability. The detec-
tion capability is calculated to be less than
5 maximum permissible concentration  hours
(MPC-h} for the first detector and below
0.5 MPC-h for the second detector.

The WQOTAMS unit, which was scheduled to be
shipped to PNL at the end of FY 1987, was de-
layed because of scftware problems. During the
first quarter of FY 1988, development continued
on the computer code for the system and minor
electronics and mechanical debugging was com-
pleted. Personnel from LLNL presented an oper-
ational review of the system at the end of January
1988. At that time it was discovered that the data
link did not work. The new board needed to
correct the problem with the data link for the
WOTAMS air monitor was received from LLNL.
The board has been instalied and testing against
draft ANSI N42.17B has bequn.

The Rocky Flats air monitor, which consists of a
filter media and detector, is being maodified for
production of large quantities of sampling heads
and instruments. The estimated sensitivity of this
system is between 1.5 to 2 MPC-h. The air moni-
tor detector/collector is currently under evajuation
at Rocky Flats.

Work by Rocky Flats on the upgrade of their air
monitor continued during the second guarter.
Testing of the air monitor revealed radio fre-
guency problems that are currently being cor-
rected. Furlher testing will be perlormed on the
instrument during the next fiscal year.

A 2-hour shor course on air sampling and air
monitoring standards and methodology was pre-
pared and presented as a continuing educaticn
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topic at the annual Health Physics Society
meeting in July 1988 (Selby, Mishima, and Swinth
1988).

Evaluation and Upgrade of Extremity Dose
Measurement at DOE Facilities

R. Harty and W. D. Reece

The objective of this task is to evaluate and
resolve problems associated with the use of
extremity dosimetry at DOE facilities. During
FY 1988, the major emphasis of this subtask was
to test the performance of extremity dosimeters
in order to meet two goals: 1) to ensure that
accurate results are obtained from extremity
dosimeters irradiated in a calibration facility, and
2) to evaluate the response of DOE extremity
dosimeters, as compared with criteria presented
in the extremity dosimetry standard under devel-
opment by the Health Physics Society Standards
Committee (HPSSC).

The first round of irradiations of extremity
dosimeters was completed in late July for the
performance-testing study of extremity dosimeters.
The dosimeters were returned to the facilities.
The facilittes were asked to assess the dose on
the dosimeters, knowing only which dosimeters
were irraciated in accident dosimetry ang neutron
dosimetry categories 1, 2, and 6. The {acilities
were not aware of which dosimeters were irra-
diated in afl other irradiation categories, including
photon, beta radiation, and radiation mixtures.
After PNL receives the results, a list of the dosim-
eters that were irradiated in each of the categories
will be sent to the facility. The facilities will then
be asked to reassess the results based on the
informaticn provided. Initial results have been
received from four of the nine facilities
participating in the study. In several of the
categories, the laboratories experienced consider-
able difficulty in the initial assessment of doses.

Extremity dosimeters have been received for the
second round of testing from seven of the nine
facilities participating in this study. Although one
of the facilities has indicated that their dosimeters
will be arriving late, we will be able to include
these dosimeters after their arrival. The other
facility has indicated that they will be unable to
participate in the second round of testing due to
eqguipment complications.



Technical Evaluation of National and Inter-
national Occupational Radiation Exposure
Recommendations, Standards, and Regulations

J. M. Selby and J. G. Stephan

The objective of this task is to provide a timely,
technical evaluation of national and international
occupational radiation exposure recommendations,
standards, and regulations to determine their
technical applicability, compatibility with DOE
operations and orders, and their impact on DOE
operations. As appropriate, technical expertise is
drawn from other DOE-contractor laboratories 1o
assist in the evaluations.

Staff evaluated and commented on 10 standards
for the following organizations:

+ International Standards Organization -
5 standards

« Internationat Electrotechnical Commission -
4 standards

American National Standards Institute -
1 standard

Staff members also commented on the U.S. Vote
on Proposal for New Work Item I1SO/TC
85/5C2, '"Wide Spectra for  Calibrating
Radioprotection Equipment,” and an IAEA report
on radiation protection principles. Comments
were also provided on two draft NCRP documents
and on changes proposed in draft 10 CFR 20.®

Accreditation of Instrument Performance and
Calibration

K. L. Swinth

The purpose of this task is to establish guidelines
for accreditation of instrument performance and
calibration for DOE facilities. A series of docu-
ments will be issued to control the use of instru-
ments in terms of qualification, acceptance test-
ing, calibration, calibration traceability, retesting,
and source checking in the field. A commitiee of
experts will be established to review these
documents,

Concurrence on the review group was received
from DOE-HQ, which recommended that PNL

{a} Draft 10 CFR 20. U.S. Nuclear Regulatory Commission
(NRC}. 1988, Standards for Protection Against Radiation.
.S, Code of Federal Regulations.
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prepare and mail the questionnaire on instruments
in use at DOE facilities.

Calculation of spectral degradation in calibration
geometries is compiete and documentation is
under way. Calibration wells, collimated sources,
and free-in-air sources were considered. Data
from a survey of instruments in use at DOE facili-
ties were collected and compiled. A few facilities
have yet to respond to the surveys. A statistician
reviewed methods for testing calibration capability
with instruments, calibration of go/no go instru-
ments, methods of determining calibration fre-
guency, and metheds of combining errors.
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Department of Energy Laboratory Accreditation Program
Technical Development and Application

Project Manager: J. C. McDonald

A national approach to quality assurance and accreditation of personnel dosimetry services for U.S.
Department of Energy (DOE) laboratories is being implemented through the DOE Laboratory Accreditation
Program (DOELAP). The program involves operating a performance-testing laboratery located at the
Radiological and Environmental Sciences Laboratory (RESL} in ldaho Falls and conducting a technical
application program at the Pacific Northwest Laboratory (PNL). The total effort encompasses 1) develop-
ment of improved accreditation methods, 2} intercomparison of DOE radiclogical calibration standards
using round-robin exchanges of instruments and sources, and 3) determination of the impact of new
regulations and standards, including the development of calibration technigques that are needed to meet
such standards.

The fiscal year (FY) 1988 effort included 1) development of a performance criteria for high-energy neutron
dosimeters, 2) investigation of the impact of the recommendations of Report 39 of the International Com-
mission on Radiation Units and Measurements (fCRU 1985) on DOE calibrations, 3) operation of a cali-
bration intercomparison program for DOE laboratories, and 4) the recommendation of a set of perform-
ance criteria for angular response of personnel dosimeters. Progress made on these tasks during
FY 1988 is discussed in the iollowing sections.

High-Energy Neutron Category discussions will continue on the topic of a suitable
source for accelerator personnel neutron
J. C. McDonald and K. L. Jones™ dosimeters.
Current DOELAP standards do not include a cate- ICRU 39 Impact Studies
gory for high-energy neutrons. Such a category
is needed for evaluating performance of personnel J. C. McDonald
dosimeters in high-energy environments such as
might be encountered at accelerators. in 1985, ICRU issued a new ICRU Report 39
(ICRU 1985). This report includes defiritions of
A first draft of a DOELAP category for high-energy four new quantities for monitoring radiation to the
heutrons was prepared and sent to several repre- trunk of the bedy. These quantities are meant to
sentatives of DOE accelerator facilities asking for supersede and replace the previously employed
their written comments. Subseguently, a revised guantities, dose equivalent index, shallow- and
version was assembled and distributed in deep-dose equivalent index, and shallow- and
February. Discussions were also held with the deep-dose equivalent, some of which are used in
RESL perormance-testing laboratory staff about the current or draft DOE crders. The new guan-
plans for the DOE standard for performance test- tities refer to the two basic measurement situ-
ing of personnel dosimetry systems (DOE 1986). ations in radiation protection: environmental area
monitoring and individual monitoring. These
The consensus viewggfnt of the respondents was measurements are carried out by instruments and
that the use of an ““Am-Be neutron source for dosimeters, respectively, and will require extensive
the DOELAP neutron-testing category would not changes in the radiaticn measurement program in
be desirable. It was their opinion that the addition to possible changes in the units of
spectrum would not be sufficiently different from occupational radiation measurement used by
*2Cf, and that difficuities encountered with DOE.
“'amBe, such as low dose rate, would present
practical problems. A letter report was prepared Basically, all occupational radiation measurements
suggesting that the existing DOELAP neutron are to be made using one of the four units,
calegories remain unchanged, but informal depending on whether the measuring device is a
_ dosimeter or an instrument and whether the pur-
{a) Current address: 10865-B Chase Park Lane, St. Louis. pose of the measurement is to determine the

Miszouri 63141,

35



penetrating or nonpenetrating components of
dose equivalent.

The previous dose equivalent unit for photons was
related to exposure in air and corrected to dose
equivalent on a phantom using correction factors
called C, values. The new units are based on air
kerma and different C, values to compute dose
equivalent in the ICRU sphere.

The radiation units previously recommended by
the ICRU and currently used by DOE included the
Roentgen, the rad, and the rem. !n the old
system, these units were used interchangeably,
because they were ali approximately equai for
X rays and gamma rays. In the new system, this
is no longer true because of the conversion
factors necessary to calculate dose equivalent
from exposure (C, factors). Although the new
units are somewhat more complex, they are more
accurate because they take into account the
radiation that is backscattered from a person’s
body.

investigations will be conducted in FY 1989 to
determine the potential impacts of ICRU 39 on
dosimeter and instrument designs, on develop-
ment of correction factors 1o ensure continued
use of a standard slab phantom at DOE, on
changing the standardization of all instrument and
dosimeter calibration procedures, and on prepara-
tion of documentation such as manuals of good
practices and handbooks.

To determine the effect of the changes in applying
the new units to phantom radiation, the C,_ values
used in the DOELAP manual must be compared
with the "unified conversion factors" reported by
the Federal Republic of Germany and the United
Kingdom (Wagner et al. 1985). These measure-
ments will allow for determination of the differ-
ences between the slab and sphere geometries.
This comparison shows a difference of 10 to 25%,
with the greatest difference associated with low-
energy photons. Preliminary measurements of
shallow C, factors for a phantom simulating the
ICRU sphere show good agreement with the val-
ues of Wagner et al. (1985). Similar measure-
ments are planned for the DOELAP slab phantom.

Recammendations and conclusions have been
summarized in the draft report for this project.
The draft report was delayed to include additional
calcuiations that were necessary to relate expo-
sures on DOELAP phantoms to the ICRU sphere.
A complete draft repont was sent to DOE Head-
quarters for review.
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intercomparison Progress
F. M. Cummings® and J. C. McDonald

A program was initiated in FY 1986 under
DOELAP to routinely compare radiation cali-
brations. The objectives of the intercomparison
program were to: provide standard measurement
techniques that allow DOE laboratories 10 assess
and improve the accuracy of radiation calibration
sources, provide a database for recommending
improvernents in calibration technigues and units
generally applicable to all DOE facilities, and
provide a forum for addressing problems and
potential problems relating to radiation calibra-
tions. During FY 1988, the intercomparison of
radiation calibration standards in DOE facilities
continued with the shipment of radiation-
measuring instruments and a beta calibration
source set,

During FY 1988, there were 10 requests for the
instrument sets and 2 for the beta set. (Use of
the sets is scheduled up tc a year in advance.)
Of the laboratories that requested the inter-
comparison sets, results were reported for five
that used the instruments and for one that used
the beta set. The participants who did not report
results failed to do so because of last-minute
problems in scheduling personnel and facilities for
conducting the intercomparison.

Angular-Dependence Category

K. L. Jones, R. A. Fox, F. M. Cummings, and
J. C. McDonald

Performance criteria for angular response of
personnel dosimeters were developed to supple-
ment DOE/EH-0027, the DOE standard for per-
formance testing of personnel dosimetry systems
(DOE 1486). The recommended criteria will be
subject o peer review and pilot testing befora
their inclusion in the standard (DOE 1986).

Specifications of the DOE standard (DOE 198€)
include the requirement to measure the angular
response of personnel dosimeters relative 1o
deliverec! dose equivalent at perpendicular inc-
dence for angles between 0° and 85°. No per-
formance criteria are currently specified.  To
establist performance criteria, it is necessary to
determire the appropriate dose equivalent as-
signed as a funciicn of incident angle. The

{a) Current address: U.5. Department of Energy, Radic-
logical and Environmental Sciences Laboratory—CF&9C,
785 DOE 2lace, 1daho Falls, |daho 83402



operational quantities used to assign delivered
dose equivalent will significantly impact the design
of future dosimetry systems.

Traditionally, dosimeter response at non-zero
angles has been compared with delivered dose
equivalent at perpendicular incidence.  This
approach results in extreme conservatism when
estimating the dose equivalent in an isotropic
environment. In most cases, movement of a
worker within the radiation environment results in
a field impinging on the worker from many direc-
tions relative to the dosimeter position. The ICRU
recommends measuring individual dose equivalent
below a specified point on the body at the appro-
priate measurement depth. If the specified point
on the body is understood to be the location of
the dosimeter, then a new set of dose equivalent
quantities must be determined. The directional
dose equivalent is an appropriate model for
assigning dose equivalent at non-zero angles of
incidence.

Criteria are required to determine whether dosim-
eter performance is acceptable at non-zero
angles. These criteria can be applied regardless
of the model chosen to assign dose equivalent.
The international Commission on Radiclogical
Protection {{CRP} recommends accuracy within
a factor of 1.5 {ICRP 1982). Although this factor
seems large, it must encompass uncertainties due
to energy response, angular response, and ran-
dom system variability.  Criteria for angular
response can be developed, consistent with exist-
ing DOE criteria for response at perpendicular
incidence and with [CRP recommendations (ICRP
1982},

Two algorithms were proposed to meet the ICRP
recommendations for accuracy. Each included a
weighted bias representing the difference between
reported dose equivalent and delivered directional
dose equivalent. Weighting factors were applied
to compensate for the reduction in delivered dose
equivalent at angles near 90°. Dosimeters from
five laboratories were evaluated using the pro-
posed criteria. For photons, the weighted bias
and standard deviation were determined using
directional dose equivalent in the ICRU sphere.
Available data were too limited to assign direc-
tional dose equivalent for neutrons and beta
particles. Calculating and measuring directional
dose equivalent have been proposed as part of
future research eflorts to supplement existing
data.
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The findings, recommendaticns, and conclusions
were published as Performance Criteria for
Dosimeter Anguiar Response (Jones et al. 1988),

Supplemental Tasks

R. A Fox, J. C. McDonald, F. M. Cummings,
F. N. Eichner, R. T. Hogan, C. D. Hooker,
K. L. Jones, and J. A. Leonowich

The PNL calibration facilities were upgraded with
several improvements including a new k-fluore-
scence x-ray-generating assembly. This new x-ray
source is expected to increase the dose equiv-
alent rate capability and provide a cleaner x-ray
spectrum. Additionally, the beta irradiation facility
was expanded to allow for simultanecus irradi-
ations at two stations.
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Internal Dosimetry Evaluation and Upgrade

Project Managers: L. G. Faust and D. R. Fisher

The Internal Dosimetry Evaluation and Upgrade Project is a multilaboratory research effort to improve
internal dosimetry at U.S. Department of Energy (DOE) and DOE-contractor laboratories. Internal dosim-
etry is the science of determining radiation doses to organs and tissues from internally deposited radio-
active materials. This includes the analysis of the intake of radioactive materials, their redistribution in
body fluids, tissues, and organs, and their rate of excretion from the body. Estimating intake alsc in-
volves measurement of radionuclides in the body by external counting and measurement of radionuclides

in bioassay samples.

Studies to improve internal dose assessment are in progress at the Pacific Northwest Laboratory (PNL)
and at several other supporting DOE laboratories and universities. The following sections describe prog-
ress made during fiscal year (FY) 1988 on selected tasks.

Guide to Implementation of DOE Orders for
Internal Dosimetry

R. M. Hall and T. R. LaBone {SRP), D. R. Fisher
and M. J. Sula (PNL}, J. S. Bogard (ORNL}, W. D.
Fairman (ANL), R. B. Falk (RFP), J. D. Foulke
(DOE), J. N. P. Lawrence (LANL), E. T. Lessard
(BNL), and A. N. Tschaeche (WINCO}

An Internal Dosimetry Expert Group was formed
in 1987 to develop guidance for implementation
of draft DOE 5480.11 internal dosimetry program
requirements. The Expert Group studied draffs of
DOE 5480.11 {unpublished) and recommended
suitable methods for implementation of the
requirements.

The Expert Group prepared a guide to provide
uniform methods for assessing and limiting the
occupational effective dose equivalent received by
radiation workers from internally deposited radio-
nuclides. One of the major issues addressed
was the performance capability required for pro-
spective monitoring of the workplace. The Expert
Group determined that an internal exposure
monitoring program should be capable of identify-
ing the occurrence of exposures during a year
that could result in an annual effective dose
equivalent in excess of 2% of the exposure limits
specified in RL 5480.1A (DOE-RL 1981).

The Experl Group recommended that all con-
firmed intakes of radionuclides, regardliess of
magnitude, shouid be evaluated, and that results
ot all bicassay and other measurements used to
document occupational exposure should bhe re-
corded and maintained for future inspection.
Prompt follow-up actions are necessary to confirm
the initial indication of an internal exposure, to
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ascertain the significance of the exposure, and
to provide sufficient data for dose assessment.
However, committed dose equivalent values less
than 2 mrem were not considered tc be important
for record-Keeping purposes.

The recommendations of the Expert Group were
not finalized during FY 1988 because the draft
DOE 5480.11 was still undergoing revision. A final
report will be completed during FY 1989.
Chemical Toxicities of
Uranium

and Radiological

K. F. Eckerman {ORNL)

The toxicity and biokinetics of uranium were
studied under a task at Oak Ridge National Labe-
ratory (ORNL). It involved review of recent data
and potential changes in guidelines for occupa-
tional exposure implied by those data.

Two final reports were completed by ORNL during
FY 1988. The first report, The Behavior and
Chemical Toxicity of Uranium in the Kidney: A
Reassessment,” reviewed the biochemical toxi-
cology of uranium at the membrane of kidney
epithelial cells and provided estimates of minimum
concentrations of uranium associated with func-
tional damage. It also provided a mathematical
model for the transporl and behavior of uranium
in the kidneys.

The second report, Limits for Occupational Expo-
sures to Uranium: A Comparison of Chemical and

ta) leggett, B. W, 1988, “The Behavior and Chemical
Toxicity of Uranium in the Kidney: A Reassessment." Heaith
Physics {in press).



Radiological® proposed new annual limits on
intake ({ALls) for occupational exposure to
uranium. It indicated that previously published
AlLls for inhaled soluble forms of uranium may
need to be reduced. Both reports were submitted
for journal publication.

Reference Man Database
M. Cristy (ORNL)

A task is in progress at ORNL to revise the Ref-
erence Man (ICRP 1975} database. The Reter-
ence Man database is a fundamental starting
point for internal dose calculations; it contains
generic anatomical and physiological data on the
human species.

The task group at ORNL collected and compiled
1175 documents from which the database was
organized. The gross and elemental composition
of the body received considerable emphasis.
The concentrations of major (and trace) elements,
as related to the amount of protein, water, and fat
in various organs and tissues, were compiled.
Work also proceeded on the anatcmy and
physiology of the gastrointestinal tract, including
age-dependent definitions for transit times through
various parts of the tract. Progress was also
made on the skeleton, integumentary system
(skin), skeletal muscles, urogenital system, and
endocrine system.

The task group plans to complete the first draft
of the Reference Man revision during calendar
year 1989, after which it will be forwarded to the
International Commission on Radiological Protec-
tion {ICRP) for review and approval.

Ultrasound Measurement Techniques
A. L. Anderson (LLNL})

New ultrasound methods are being developed at
Lawrence Livermore National Laboratory (LLNL}
to precisely determine the chest-wall thickness
and fat content of subjects counted for plutonium
and other transuranics in the lung. The task
involves generating Uultrasonic images followed
by computer image processing and tissue
characterization.

Most of the wark at LLNL during the past year
was directed toward evaluation and selection of

{a) Leggett, R. W. 1988, “Hecormmendations to the
Departrment of Energy on Uranium Toxicity." Heailth Physics
{in press).

40

improved hardware and software for acquisition
and processing of computer-enhanced sonic
images. Notable progress was made in the appli-
cation of pseudocolor as a means of improved
tissue boundary definition, and in the measure-
ment of fat content in the human chest wall. A
special material, used as a stand-off pad when
acquiring the sonic image, offers significant
improvement in the accuracy of measurements of
internal body structures, and wil be recom-
mended for future use at ali DOE laboratories.
Work on technigques for semiautomatic data reduc-
tion using computer graphics also showed prom-
ise. A complete data-reduction software package,
suitable for distribution to other laboratories will
be developed in eary 1989.
Re-Evaluation of the Human Plutonium
Injection Data of 1945-1946

W. D. Moss (LANL)

The Langham power-function model appears to
overestimate workers’ plutonium depositions. A
task continued this year at Los Atamos Nationa!
Laboratory (LANL) to review, interpret, and correct
notebook records of the original Langham plu-
tonium injection data on human subjects. The
purpose of this work is to develop an improved
excretion model for plutonium that will permit
better estimates of workers’ plutonium depositions
based on bioassay excretion data and better
correlation between human and animal excretion
data.

Technical Evaluation of Praft ANS| Standard
N13.30 (Radiobiocassay)

J. A MacLellan and R. J. Traub

The proposed American National Standards
institute (ANSI) Standard N13.30, "Performance
Criteria for Radiobioassay"™ provides minimum
criteria for bias, accuracy, precision, and minimum
detectable amount (MDA) for measurements of
radioactivity in bicassay samples. The purpose
of this task was to determine whether the criteria
are adequate for DOE and NRC-licensee labora-
tories and consisted of two rounds of bioassay
laboratory performance testing.  Participants
included both in vitro (excreta analysis) and in
vivo {extarnal counting) measurements and evalu-
ations.  Analytical measurement results were

(b} Copies of Draft ANSE N13.30 are awvailable from the
Health Physics Society, 8000 Westpark Drive, Suite 40g,
Mclean, VA 22102,
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ENVIRONMENT, SAFETY, AND TECHNICAL SUPPORT

Project Manager: W. B. Scott

Under the Environment, Safety, and Health (ES&H) Technical Suppont Project, Pacific Northwest Labo-
ratory (PNL) provides the U.S. Department of Energy (DOE)} ES&H with technical support to 1) prepare
technical information for responses to the Advisory Committee on Facility Safety (ACFS) and maintain a
technical information interface, 2) prepare responses to congressicnal technical inquiries and requests for
technical information from congressional committees, and 3) provide technical assistance to DOE ES&H
staff for the development of policy guides and safety standards.

Techniecal Support
A. S. Tabatabai
During FY 10988, PNL staff attended the ACFS

meetings and assisted in the preparation of
several draft policy statements, including the

45

Safety Policy Statement, the Safety Analysis Policy
Statement, the Performance Policy Statement, the
Safety Objectives Policy Statement, and the
Backfit Policy Statement. Support was also
provided in the preparation of the Human Factors
Program Plan.
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