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Abstract

At Los Alamos National Laboratory, radiation protection services are
provided by HS-1, -4, and -12, and technical support is provided to
Laboratory groups that work with significant quantities of fissile material
by HS-6. The mission of all these groups is to protect Laboratory work-
ers, the public, and the environment from radiation associated with
Laboratory operations.

In this report, 1991 radiation protection performance trends are
presented. These data show that, in general, the collective external dose
equivalent quantities from penetrating (gamma, x-ray, and neutron)
radiation and from nonpenetrating (beta and low-energy photon) radia-
tion decreased over most of 1991. In general, the number of confirmed
contaminations of skin and personal clothing increased in the first quarter
of 1991 but decreased markedly in subsequent quarters. Finally, there
were no confirmed intakes (through ingestion or inhalation) of radioac-
tive material at eight facilities in all of 1991.

The 1991 radiation protection activities of the Laboratory, conducted
at both the Nevada Test Site and at Los Alamos, are presented and
discussed. These activities include external dosimetry, internal dosim-
etry, radiation-monitoring instrumentation, sample analyses, workplace
monitoring, radioactive air emissions management, nuclear criticality
safety, radiological emergency response, radiological training, radiologi-
cal audits and investigations, and radiological records. This report details
routine activities, including any significant changes and improvements in
1991; additional activities, including special investigations, studies, and
reviews; publications and presentations; and professional activities,
including professional memberships, training received, and conferences
attended.
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At Los Alamos National Laboratory, radiation protection services are
provided by three groups within the Health and Safety {HS) Division:
Health Physics Operations (HS-1), Health Physics Measurements
(HS-4), and Health Physics Policy and Programs (HS-12). In addition,
technical support is provided by Nuclear Criticality Safety (HS-6) to
Laboratory groups that work with significant quantities of fissile
material. The mission of all these groups is to protect Laboratory
workers, the public, and the environment from radiation associated
with Laboratory operations.

This report provides an overview of the Laboratory's radiation protec-
tion performance in 1991. It summarizes the radiation protection activi-
ties of the Laboratory, conducted at both Los Alamos and the Nevada
Test Site, for 1991. At Los A'amos, these activities were conducted in
the following areas.

• external dosimetry

• internal dosimetry

• radiation-monitoring instrumentation

• sample analyses

• workplace monitoring

• radioactive air emissions management

• nuclear criticality safety

• radiological emergency response

• radiological training

• radiological audits and investigations

• radiological records

Each area is presented in a separate section of this report. Each section
details the routine activities of the program, including any significant
changes and improvements in 1991; additional activities conducted in
support of the routine program, including special investigations, studies,
and reviews; publications produced and presentations given in support of
the program; and professional activities related to the program, including
professional memberships, training received, and conferences attended.

Also included in this report is a list of acronyms used throughout
this report.





Summary of Performance Indicators

PERFORMANCE

OVERVIEW

Introduvtum

The Laboratory Assessment Office
(LAO) collects and publishes a quarterly
report of performance indicators, which
are parameters that indicate how well the
Laboratory has performed in general
representative areas. These performance
indicators are used to identify trends,
evaluate performance, allocate resources,
change and enhance programs, assess
conduct of operations, communicate
lessons learned, and facilitate continuous
improvement.

Among the performance indicators
reported by LAO are those reflecting
health physics activities. For each quarter
of I yy 1. penetrating radiation doses,
nonpenetrating radiation doses, skin and
clothing contaminations, and internal
contaminations were analyzed as perfor-
mance indicators for various facilities.
The data were provided by the health
physics groups (HS-1. -4. and -12) and
Laboratory operating groups and were
coordinated bv HS-12.

Trends

In general, for the eight facilities
considered, the collective external dose
equivalent quantities from penetrating
(gamma, x-ray, and neutron) radiation
and from nonpenetrating (beta and low-
energy photon) radiation decreased over
most of 1991.

In general, the number of confirmed
contaminations of skin and personal
clothing for nine facilities increased in
the first quarter of 1991 but decreased
markedly in subsequent quarters.

Finally, there were no continued
intakes (through ingestion or inhalation)
of radioactive material at eight facilities
in all of 1991. At LAMPF. there were
two intakes in the second quarter of 1991
but none in the other reporting periods.

Charts of these trends and detailed
discussions of the data are available in
quarterly reports prepared by the LAO
Performance Indicator Program.
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EXTERNAL DOSIMETRY

Introduction

The Laboratory's External Dosimetiy
Program resides in HS-4 and provides
whole-bods, extremity, and eritieality
accident dosimetry to the Laboratory.
HS-4 is also responsible for quality
assurance programs lor these dosimelry
systems and technical excellence in
dosimetry methods.

In addition to routine production
dosinietry. major efforts in 1991 included
moving from the Administration Building
(SM-43) to a dedicated facility at SM-
2006-2010: restructuring the
Laboratory 's Radiation Protection
Program, which created H.S-4: and
responding to the DOE Tiger Team
investigation.

Routine Activities

II'holc-Hinl\ Dusimcti' v

Dosimetry services were provided in
IWI to the Laboratory. Johnson Controls
World Services, the DOF. Los Alamos
Area Office (DOE/LAAO). Mason Hi
Hanger. EG&G. the Los Alamos Count}
Fire Department, and other contractors
and visitors. Approximately 7000
regular-issue dosimeters were routinely
processed each month. In addition,
approximately 1000 temporary dosim-
eters were issued monthly to visitors,
students, subcontractors, vendors, and
workers »vho forgot or lost thcii dosim-
eters or were performing transient
radiation work.

In 1991. 6916 Laboratory- employees
were monitored through dosimelry for
external exposure to gamma radiation
fields. These employees received a total
of 71 person-rem in 1991. and I9X
employees received doses greater than
100 mrem. The highest annual effective
dose equivalent of those monitored was
2000 mrem. (Effective dose equivalent is

defined in the I)()i: Kiiilmlniiii ii! ('milnil
MiiiHii.il as dose equivalent to each organ
or tissue multiplied by the weighting
factor for that organ or tissue and
summed for all organs.)

The same Laboratory employees were
also monitored through dosimetry in 1991
for external exposure to neutron radiation
fields. These employees received 99
person-rem in 1991. and 247 employees
received doses greater than 100 mrem.
The highest annual effective dose
equivalent from external exposure to
neutron fields of those monitored was
1500 mrem.

The results of these dosimetry services
for all of 1991 are summarized in "fable 1.
The trends in dosimetry results for
Laborator, employees (not including
employees of Laboratory contractors)
from 19X4 through 1991 are summarized
in Figure 1.

Note that in these and subsequent
tables and figures, tritium dosimetry data
are included w ith external dosimeiry data
(which measures gamma and neutron
radiation). The contribution to effective
dose equivalent from internal tritium is
not significant: tritium analyses are
discussed further in Section B. Internal
Dosimetn.

Table I. Total Effective Dose Equivalent to All Laboratory Workers from External Radiation and Tritium

Number of Workers in Each Range

Employer

LANL

Johnson

DOE

Mason & Hanger

EG&G

Other3

0

mrem

6052

1474

320

438

11

2571

>0
10

mrem

228

50

4

6

0

64

>10-
25

mrem

127

26

2

0

0

37

>25-
50

mrem

123

23

0

1

0

44

>50-
75

mrem

52

11

0

0

0

8

>75-
100

mrem

40

16

1

0

0

10

>100-
250

mrem

118

21

0

0

0

10

>250-
500

mrem

76

10

1

0

0

0

>500-
750

mrem

50

0

0

0

0

0

>750-
1000

mrem

31

0

0

0

0

1

>1000-
2000

mrem

19

0

0

0

0

0

>2000

mrem

0

0

0

0

0

0

Number
Monitored

6916

1631

328

445

11

2745

''Other includes anyone who doesn't work lor one nt the above employers: tor example, employees of subcontractors \ucli as Butler. KirK-Mayei.
and Salem.
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Figure 2 shows the number of Labora-
tory employees monitored from 1978
through 1991 tor external radiation and
tritium and shows the number of employ-
ees with measurable effective dose
equivalents (that is. dosimetry results
greater than background).

The collective annual effective dose
equivalent received by Laboratory
employees from external radiation and
tritium from 1978 through 1991 is shown
in Figure 3. Figure 4 displays the average
nonzero effective dose equivalent to
Laboratory employees from external
radiation and tritium.

Figure 1. Total Effective Dose Equivalents to Laboratory Employees from External
Radiation and Tritium

8000

£ 6000o

"5. 4000

2000

j_ j Number Monitored

Number With Measurable Dose

78 79 80 81 82 83 84 85 86 87

Year

89 90 91

Figure 2. Laboratory Employees Monitored for External Radiation and Tritium
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Figure 3. Collective Dose to Laboratory Employees from External Radiation
and Tritium

IwlrcminDusiineli \

Approximately 400 thcrmoluminc-
scenl dosimeter (TLD) finger rings were
issued each month during 1991. Al the
TA-55 Plutonium Facility, where most
extremity doses are incurred, the highest
recorded annual total extremity dose wa\
6.8 rein (the dose limit is 50 rein). A tola
of 267 employees were monitored al TA
55 lor extremity doses, and the collective
exlremily dose was ) 77 persoo-rem—an
average of 0.66 rein per person.

Personal Sin tear At < •idem i)<> >imctr\

Approximately 400 personal nuclear
accident dosimeters (PNADs) an:
permanently issued to Laboratory and
subcontractor personnel who have access
to crilicality-alarmed facilities. There
were no criticality accidents or events
during 1991; thus no routine activities
were performed with these dosimeters.

o S

|
™ O
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<U CD
03 £

0.2

0.1

78 79 80 81 82 83 84 85 86 87 88 89 90 91

Figure 4. Average Nonzero Effective Dose Equivalent to Laboratory Employees
from External Radiation and Tritium

Quality Assurance

Procedures in all dosimetry programs
were reviewed and updated as necessary
to accommodate the move of dosimetry
operations to a new location and the
reorganization that created HS-4. In
addition, the DOE Laboratory Accredita-
tion Program (DOELAP) site visit was
completed on December 14. 1990. and
the whole-body dosimetry program was
reaccredited for the next two years
effective September 1. 1991. This
accreditation is based on performance
testing in multiple radiation categories:
on-site assessment of the qualiij vsur-
ance program: adequacy ol personnel,
facilities, equipment: and dosimetrv
records.

10
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Additional Activities

U hi>lc~Bt)d\ Dosimetry

New dosimeter readers bused on gas-
jet heating (rather than "hot-finger"
heating) were acquired in 1991. and an
effort w as begun to completely redesign
the Laboratory s dosimeter. This project
will require significant monetary re-
sources, which were detailed in an action
plan written in response to the DOE Tiger
Team investigation.

Because neutrons account for about
60% of the external collective dose
incurred at the Laboratory, significant
resources were spent in 1991 to improve
the accuracy of neutron dose measure-
ments. In 1991. the energy-dependent
nature of the Laboratory's current
neutron dosimetry methods were the
focus of a two-part upgrade program to

1) understand the neutron spectra
encountered at the Laboratory and
the resulting dosimeter response, and

2) implement the best available
neutron dosimetry technology for
Laboratory workers with the highest
potential for exposure to neutron
radiation fields.

Preliminary field spectral studies were
completed in 1991 at TA-55 in prepara-
tion for detailed spectroscopy studies
scheduled for 1992. HS-4 personnel
pursued the possibility of consulting with
neutron spectroscopy experts at the DOE
Environmental Measurements Labora-
tory. They also began reassessing the
current personnel dosimeter (TLD badge)
and survey meter (neutron rem dosimeter
(NRD-1 rem meter|) and considering the
new technologies described below.

Track-etch dosimetry. based on
previous studies and work at Lawrence
Livermore National Laboratory, was
proposed for implementation by the
Laboratory and received funding for
fiscal year 1992. HS-4 personnel contin-
ued examining both work-intensive
electrochemical etching and a much
simpler (but less tested) chemical etching
system available commercially from NE
Technologies. Acquisitions will be
completed during fiscal year 1992.

From June through September 1991.
personnel at LAMPF were badged with
both TLDs and nuclear track emulsion
(NTA) film dosimeters. About 200 NTA
film dosimeters per month were issued
and evaluated during this period. The
results were incorporated into the
dosimetry database and were reported to
the appropriate LAMPF operating groups
by HS-1.

Super-heated drop ("bubble") dosim-
etry for neutrons was implemented in
1991 using pocket chambers available
commercially from Bubble Technologies.
These dosimeters were used in a pilot
study to monitor neutron doses to
personnel involved in plutonium-23K heal
source projects in NMT Division. These
dosimeters provide near real-time
monitoring and improve the Laboratory's
ability to provide feedback to operators
and supervisors. With NMT support, a
supply of dosimeters and an automated
read-out system was acquired and pilot
tested. The system shows great promise,
and implementation will be completed in
1992.

Extremity Dosiinetry

In 1991. complete replacement of the
Laboratory's extremity dosimetry system
was begun. The HS-4 self-assessment,
the DOE Tiger Team investigation, and
preliminary testing through DOELAP
indicated that the existing system w<as
wholly inadequate.

Tests were performed in 1991 to
compare extremity dosimetry systems
from two major suppliers. Harshaw and
Panasonic. Based on system performance
and compatibility with the Laboratory's
w hole-body dosimetry system, the
riarshaw Model 6600 Extremity Dosim-
eter Reader was chosen and acquired.
Issues associated with this system,
including thermoluminescent elements,
finger rings, and data management
concerns, will be resolved in 1992. and
the system should be fully implemented
bv January I. 1993.

Personal Nuclear Accident Dusiinetry

Jn 1991. radiation dosimetry proce-
dures for screening nuclear accident
victims in the field and for evaluating
both personal and fixed (area) dosimetry
packets were reviewed. Significant
documentation and performance testing,
needed to upgrade this program, will
begin in 1992.

Miscellaneous Activities

High-energy neutron dosimetry
studies were performed in 1991 at the
Weapons Neutron Research Facility in
collaboration with LS-I radiohiologists
and P-17 neutron physicists. This work
was sponsored under the Exploratory
Research and Development Initiative
(ERD1) for the Space Exploration
Initiative managed by SST Division but
also benefited the LAMPF personnel
dosimetry program. At neutron energies
greater than 20 MeV. dosimeter re-
sponses and fluence-to-dose-equivalent
conversion factors were of concern.
Preliminary results indicate excellent
potential for the track-etch material CR-
39 at these high neutron energies. At
neutron energies important in space travel
and of possible significance at LAMPF
and other current and future DOE
accelerators, a survey of the literature
indicated at least three-fold uncertainties
in the quality factor and thus in fluence-
to-dose-equivalent conversion factors.
Collaboration between HS-4 and P-17
was initiated to develop a directly funded
program to address these problems.

A project to develop a room-tempera-
ture semiconductor photon spectrometer
from bulk gallium arsenide (GaAsi was
completed through a contract with the
University of Michigan. The work was
presented at the IEEE Nuclear Science
Symposium and at an invited lecture to
an international congress. The potential
application of this technology in health
physics, medical physics, and nuclear
safeguards is widely recognized. The
project will continue with funding from
the DOE Office of Anns Control, and
detectors will he tested for health ph\sics
applications during 1992.
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Publications and Presentations

Eisen, Y.. W. F. Harvey, and M. R.
Raju. "Radiobiology of Alpha-Particles,
If. Dosimetry of Low Energy Alpha-
Particles Using Parallel Plate lonization
Chamber and a Surface Barrier Detec-
tor." Radiation Research. 128. 197-203,
1991.

Harvey. W. F.. "A Review of Person-
nel Neutron Dosimeters and Rem Meters
lor Use in Monitoring Specific Weapon
Accidents." Los Alamos National
Laboratory internal document HS-1-91-
451.

Harvey. W. F., "Calculated Source
Strength and Detector Response Prob-
ability Distributions fora Variety of
Neutron Spectra." Los Alamos National
Laboratory internal document HS4-MTS-
015.

Harvey. W. F.. "Conduct Policies for
Consideration in Measurements Technol-
ogy Support." Los Alamos National
Laboratory internal document HSE-1 -9',
663.

Harvey. W. F.. "Conservative Mea-
surement of the Dose Equivalent ajid
Estimated Risks—Can Los Alamos
Afford Either?" Los Alamos National
Laboratory internal document HSE-4-
MTS-591.

Harvey. W. F.. "Detection oiPu
Oxide Contamination in Ducts." Los
Alamos National Laboratory internal
document HSE-1-91-681.

Harvey. W. F.. "Neutron Shielding
Analysis at TA-55. Ector. and Phermex
Sites." Los Alamos National Laboratory
internal document HPM-91-MTS/I&C-
876.

Hsu, H. H. "Intense Proton Beam
Heating of On-Line Thick Targets,"
presented at the 12th International
Conference on Electromagnetic Isotope

Separators and Techniques Related to
Their Applications. Japan, September 2—
6. 1991.

Hsu. H. H., "Radiation Dose Calcula-
tions with the Monte Carlo Method,"
presented at the 2nd Environmental
Radiation Monitoring Technology
Symposium. Kaohsiung, Taiwan, China.
March I 1-14. 1991. Published as Los
Alamos National Laboratory report LA-
UR-91-468, March 1991.

Hsu, H. H., R. C. Gooley. and D. G.
Vasilik, "Monte Carlo Simulations of the
Low-Energy Photon Response for the
Los Alamos TLD Badge." presented at
the 3rd Conference on Radiation Protec-
tion and Dosimetry. Orlando, Florida,
October 21-24, 1991.

Hsu, H. H., and D. G. Vasilik. """Co
Micron Sphere Dose Calculations,"
presented at the 36th Annual Meeting of
the Health Physics Society, Washington,
D.C.. July 21-26. 1991.

McGregor, D. S.. G. F. Knoll, T.
Eisen, and R. Brake. "Development of
Bulk GaAs Room Temperature Radiation
Detectors," presented at the 7th Interna-
tional Workshop on Semiconductor
Detectors. Ravello, Italy, September 1991.

McGregor, D. S., G. F. Knoll, T.
Eisen, and R. Brake, "Bulk GaAs Room
Temperature Radiation Detectors,"
presented at the IEEE Nuclear Science
Symposium, Santa Fe, New Mexico,
November 1991.

Talbert, W. L., H. H. Hsu, and F. C.
Prenger. "Beam Heating and Cooling of
Thick Targets for On-Line Production of
Exotic Nuclei," presented at the Ameri-
can Physical Society, Division of Nuclear
Physics, East Lansing, Michigan, October
23-26, 1991. Published in Bulletin of the
American Physical Society, 36. 2145,
1991.

Related Professional Activities

In 1991, health physics personnel
participated in the following professional
activities related to the External Dosim-
etry Program.

• Served on the Oak Ridge K-25 DOE
Tiger Team from November 12-22. 1991

• Served on the writing task group for
the DOELAP standard for extremity
dosimetry programs

• Served as DOELAP assessor for
external dosimetry programs

12



INTERNAL DOSIMETRY

Introduction

The internal Dosimetry Program at the
Laboratory, administered by HS-12 and
coordinated with HS-4. estimates doses
from intakes of radioactive material.
Personnel permanently assigned to areas
where they could accidentally inhale or
ingest radionuclides or absorb them
through the skin or through cuts are
required to have routine urinalyses, chest
or whole-body counts, or both. Wound
couiiis are performed when a cut or
abrasion may be contaminated with
radioactive material. Personnel who have
had a confirmed intake of radioactive
material are required to participate in
diagnostic monitoring programs.

In addition, internal dosimetiy
evaluations are performed on radiation
workers at several points in their careers:
when new employees are hired at the
Laboratory (based on information
obtained through the Health Physics
Checklist), when females notify their
supervisors that they are pregnant, and
when employees terminate their employ-
ment at the Laboratorv.

Routine Activities

In 1991. radionuclides routinely
measured by urinalysis. wound counts,
nose swipes, and whole-body/chest
counts included plutonium. americium,
uranium, tritium, :'.id various gamma-
emitting radionuclides. In addition, a
number of dosimetry and work restriction
requirements were evaluated in 1991:
1178 Health Physics Checklists were
reviewed. 22 pregnancy evaluations were
performed, and 433 terminations were
processed.

I'lmoniwii.Aincru itiin Analyses

In 1991, 1700 Laboratory employees
were monitored through urinalysis for
piulonium either once or twice. Of these.
588 employees had positive results (a
total of 53 person-rem): two of these
positive results (0.5 person-rem) were
from plutonium intakes occurring in
1991; the other positive results were from
intakes in previous years (52.5 person-
rem). The highest annual dose of those
monitored w as 6000 mrem.

In 1991, 52 wound counts were
performed on 24 employees with one
positive result. More than 26,000 nose
swipes were analyzed in 1991. The
numbers of wound counts and nose swipe
analyses performed in the past three years
are shown in Figures 5 and 6.
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90 91
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Figure 5. Wound Samples Analyzed
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l.ns Alamos Activities

In 1991. 1574 Laboratory employees
were monitored through chest counts for
americium-241. Of these. 23 employees
had positive results (a total of 3.5 person-
rem). The highest estimated annual dose
of those monitored was 920 mrem. None
of the chest counts indicated an intake of
americiuni-241 in 1991: all positive
results were due to intakes of americium-
241 or plutonium-241 in previous years.

Lhuniitin Analyses

in 1991. 70 Laboratory employees
were Hi mitored through urinalysis for
uranium once every two weeks. Of these,
eight employees had positive results
(a total of 0.16 per.son-rem). The highest
annual dose of those monitored was 78
mrem.

Tritium Analyses

In 1991. 120 Laboratory employees
were monitored through urinalysis for
tritium once every two weeks. Of these,
25 employees had 64 positive monthly
results (a total of 0.31 person-rem). The
highest individual annual dose of those
monitored w;is 86 mrem; the highest
individual monthly dose was 30 mrem.

89 90
Year

91

Figure 6. Nose Swipes Analyzed
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Estimates of internal doses from
gamma-emitting radionuclides (including
phitonium and americium) were based on
vvhole-body/ehest counts. Whole body/
chest counts of radionuclides were
performed on 1574 Laboratory employ-
ees in 199 i. Of these. 37 employees had
positive results, 23 of which were due to
americium-241 and 14 to other rudionu-
clides. In addition, records of 54 whole-
bodv/chest counts were evaluated by HS-
12 personnel.

A comparison of whole-body counts
performed for the years 1986 through
1991 is provided in Figure 7.

The minimum committed effective
dose equivalent that will result, at a 95%
confidence level, in a positive measure-
ment by annual, whole-body counting
and the recommended counting interval
for various radionuclides are provided in
Table II.

120
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^ H Americium-241

20 ! B I
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Figure 7. Summary of Whole-Body/Chest Counts Performed

1990
e
1991

Table II. Minimum Committed Effective Dose Equivalent Detectable by
Whole-Body Counting3

Nuclide

Minimum Detectable
Committed Effective

Oose Equivalent (mrem)

7Be
2 2Na
46Sc
4 8Va
51Cr
5 i M n
5 6Co
57Co
58Co
59Fe
60Co
65Zn
6 7Cu
75Se
77Br
«Z r

'? 4Sb
134Cs
137Cs
l 4 1Ce
147Nd
'5 2Eu
' 8 5Os
201TI
20?J|

203Ha

25
7

80
600

30
20

200
22
90
15

250
2

150
1

300
25

800
2
1

500
3000

30
10

110
370

2

Counting
Interval
(days)"

365
365
365
180
180
365
365
365
365
365
365
365

30
365

30
365
365
365
365
365
90

365
365

30
90

365

Counting Interval
to Detect an Intake
of 2% of ALI (days)'

365
365
365
90

130
365

90
365
365
365

14
365

14
365

14
365
90

365
365
180

14
365
365

30
60

365

Based on ICRP 30 biokinetic models, in vivo measurements laboratory (IVMl.i minimum
detectable activities, and inhalation intakes (equal mixture of all lung classes I.

' When the minimum detectable committed dose equivalent based on an annual count is \er\
large, more frequent counts are recommended.

1 Represents the average counting dequeues needed to obtain a positive result »>5'» of the time
from an intake of 1(10 mrem.
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Additional Activities

In 1991. HS-12 personnel began
implementing a chain of custody program
for bioassay samples. Two other pro-
gram.-,, the Health Physics Checklist
program and a program to evaluate the
dosimetry needs of pregnant workers,
were designed and implemented in 1991.
HS-12 personnel provided general
dosimetry support to HS-2 epidemiology
activities and provided dosimetry support
and training to members of the DOE
Tiger Team.

Publications and Presentations

Miller. G. "Equivalence of Resistive
Evolution and Kinetic Dynamo Models
for Stochastic Magnetic Fields." Phys.
Fluids B.. 3. 1182. 1991.

Nagasawa. H.. J. B. Little. W. C.
lnkrei, S. Carpenter. M. R. Raju, D. J.
Chen, and G. F. Strnisle. "Response of X-
Ray-Sensitive CHO Mutant Cells (xrs-
6c) to Radiation. II. Relationship Be-
tween Cell Survival and the Induction of
Chromosomal Damage with Low Doses
of Alpha-Particles." Radiation Research.
126.280-288. 1991.

Raju. M. R.. Y. Eisen. S. Carpenter,
and W. C. Inkrel. "Radiobiology of
Alpha-Particles. III. Cell lnactivation by
Alpha-Particle Traversal* of the Cell
Nucleus," Radiation Research, 128, 204-
209. 1991.

Tsui. H. Y. W.. C. P. Ritz, G. Miller,
J. C. Ingraham. C. D. Munsen, K. F.
Schoenberg. and P. G. Weber. "Fluctua-
tions and Transport in a Reversed Field
Pinch Edge Plasma," Nuclear Fusion,
31 .237M991.

Related Professional Activities

In 1991, health physics personnel
participated in the following professional
activities related to the Internal Dosim-
etry Program.

• Attended "Advanced RaJiobiologi-
cal Health Physics" taught by K.
Skrable in Nashua, New Hampshire,
on June 3-7. 1991

• Chaired the ANSI N13.14 Tritium
Internal Dosimetry Standard Com-
mittee, which drafted a standard and
submitted it to the Health Physics
Society Standards Committee

• Reviewed 15 scientific papers
submitted for publication in the
f tea 111: Physics Journal. Inter na-
tional Journal of Radiation Biology.
and Radiation Rcsean li

• Attended "Biological Basis for
Health Physics" at Georgetown
University. Washington. D.C.. in
June 1991

• Attended the DOE/CDC Radiation
Worker Dosimetry meeting in
Atlanta. Georgia, in December 1991

• Attended several presentations on
internal dosimetry at the Health
Physics Society Meeting in Wash-
ington. D.C.. June 22-26. 1991

IS
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RADIATION
INSTRUMENTATION

Introduction

The HS-4 staff administers the
Radiation Instrumentation Program,
providing radiation instrumentation and
measurement services to ensure that
high-qualit} devices are used to measure
ionizing radiation and radioactive
material levels for health physics
purposes. The group

• maintains a Laboratory-wide
radial ion-monitoring instrument
pool:

• maintains, repairs, and calibrates
instruments; and

• develops and implements new and
improved radiation-monitoring
instruments.

The Radiation Instrumentation
Program strives to meet the requirements
of ANSI N323 and DOE Order 54X0.11.

Routine Activities

In 1991. more than 340 new radialion-
monitoring instruments, were registered
with the HS-4 health physics instrument
pool. L'sers ol these instruments included
HS. N. INC. NMT. OS. VVX. P. and EM
Divisions. In some cases. HS-4 purchased
these instruments for users: in other
cases, the instruments were purchased by
other HS groups or by operating groups.

Procedure A/'/inna/s

In 1991. 14 procedures were approved
lor use b\ the Instrumentation and
Calibration Section of HS-4. Of these,
half were new procedures and half were
revisions of existing procedures.

Instrument Maintcmun e

During 1991. the following mainte-
nance activities were performed on
radiation-monitoring instruments.

• 6224 instruments were processed
through the HS-4 health physics
instrument pool.

• 381 instruments were serviced in
the field.

• Of the 6605 instruments processed
through the pool and serviced in the
field. 4656 were worked on and
returned to service.

• 1310 instruments required repair and
maintenance other than batten
changes.

• 1750 alpha probes and 20 floor
monitor pmhes were sent to United
Nuclear Corporation for refurbish-
ment. When the probes were
returned, they were checked Im-
proper operation.

Table III. Calibrations of Instruments for Monitoring Tritium, Beta/Gamma
Radiation, and Neutron Radiation

Cutihi'tilioin

In 1991. 23 IX alpha and 514 beta
contamination instruments were cali-
brated with National Institute of Stan-
dards and Technology (NISTl-tracvable
sources. In addition, a wide variety of
tritium-, beta/gamm;,-. and neutron-
measuring instruments were calibrated ir
1991. Table III summarizes these
calibrations.

Period Number Certified Number Rejected

January-March
April-June
July-September
October-December
1991 Total

January-March
April-June
July-September
October-December
1991 Total

January-March
April-June
July-September
October-December
1991 Total

Tritium-Measuring Instruments

101 18

52 3

76 5

68 2

297 28

Beta/Gamrro-Measuring Instruments

494

508

508

408

1918

Neutron-Measuring Instruments

199 28

117 11

no 12
118 10

544 61

Total

119

55

81

70

325

19
18

47

19

103

513
526

555

427

2021

227

128

122

128

605

16
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Dunns; 1991. the following ca libra-
lions were performed on various tvpes of
dosimeters used al the Laboratory.

• (o2 pocket chamber dosimeters were
calibrated al SM-130.

»I12 seis ol thermolumineseeni
dosimeter iTLDl quality assurance
cards were exposed to a known
amount ol cesium-137 radiation in
support of the US-12 External
Dosimetrv Section.

• 139 boxes of TLD quality assurance
cards were exposed to 200 mR of
radiation, also in support ol the HS-
12 External Dosimeiry Section.

• Several exposures were performed
for EM-K dosimeters and for
experimental dosimeters.

The HS-4 staff calibrated 11 neutron
sources in the standard graphite pile al
TA-3 during 1991. These sources included

• :4iAmF.

• -'4lAmLi.

• : j ;AmBe.

• :i:Ci\ and

• "PuBe.

Additional Activities

In August 1991. 10 samples of
ceramic material were exposed to cobalt-
60 in the Gammacell 220 Irradiator. In
addition, an experiment begun in 1990 to
expose samples of concrete materials was
continued in 1991.

Several studies were performed in
1991. An extensive neutron shielding
study was completed for group M-4. The
neutron scalier environment was charac-
terized for several neutron sources in the
Neutron Annex. More than \5 health
physics instruments used at the Labora-
tory were studied for their responses to
various x-rav energies. A study of

noninvasive methods for detecting
plutonium oxide contamination in ducts
was completed. Al the request of the
Laboratory Emergency Management
Office (EV1O). a study was conducted to
determine the optimum instrument and
operating mode for delecting surface
depleted uranium contamination and
spent munitions buried in sand.

A series of Monte Carlo simulations
were performed to determine the geom-
etry correction factor for the Eberline
neutron rem detector (NRD). During
November 1991. a cobalt-60 source of
gamma radiation was installed in Well 3
at TA-3. increasing the loial activity >f
the well to approximately 147 Ci.

In 1991. several groups used the
Instrument Calibration Facility at SM-40
for other than routine calibrations. These
uses are summarized in Table IV.

Publications crul Presentations

Olsher. R. H.. "Calibration Correction
Factors for the Los Alamos Neutron
Well." Los Alamos National Laboratory
report LA-12127-MS. August 1991. Also
presented at the DOE Radiation Proiec-
lion and Dosimelry Conference. Orlando.
Florida. October 1991.

Olsher. R. H.. "Monitoring for DOE
Alpha Contamination Limits." presented
al the DOE Radiation Protection Confer-
ence. Knoxville. Tennessee. August
1991.

Olsher. R. H.. "Portable Radiation
Instruments." presented al the Profes-
sional Enrichment Program of the Health
Physics Society Meeting. Washington.
D.C.. June 1991.

Table IV. Use of the Instrument Calibration Facility

Using Group Time
(minutes)

Maximum Exposure Rate
(R/h)

Gamma Range Use

LANL/TSTA (consultant)

SST-11

MEE-3

M-4

HS-1

HS-4

HS-4

90

125

510

176

90

480

3600

400

20

715

60

286

10

500

OS-2

M-7

Neutron Range Use

50

184

Standard Graphite Pile Use

SST-8

X-6

2070a

60a

"'Standard source ID M237 lor instrument or deteclor check-oiil oiih.
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Related Professional Activities

In 1M9I. HS-4 personnel participated
in the follow ing professional aetiviiies
related to the Radiation Instrumentation
Program.

• Attended "Basic Electronics."
""Electronics Troubleshooting." and
"Digital Troubleshooting." courses
ottered at the University of New
\1e\ico

• Attended meetings held by OS-2 on
selt-in\entor\ requirements and on
procedures lor conducting self-
ins enlories of Category IV accounts

• Attended a two-part short course on
statistics sponsored b\ the Labora-
tory Applied Science Proficiency
Program

• Attended Laboratory -sponsored
courses in industrial x-ruy safety,
hazardous materials, and electrical
safety

• Provided training in radiological
protection, including radiation and
radioactivity, external and internal
radiaiion hazards, basic principles ot
radiological protection, procedures
for handling potentially contami-
nated instruments, and emergencv
response procedures
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SAMPLE ANALYSES

Introduction

In 1991. three health physics analyti-
cal laboratories analyzed various types of
samples for radiation.The laboratories are
located at TA-3. TA-50. and TA-55. and
in 1991 their activities were under the
direction of HS-4. They provided support
to health physics operations as well as to
operating groups throughout the Labora-
tory .

Routine Activities

In 1991. routine activities of the health
physics analytical laboratories supported
every aspect of the radiological protec-
tion program by analyzing nearly
452.000 samples of various types. The
total number of analyses, hoys ever. was
down from the previous year (more lhan
487.000 analyses) because of Laboratory-
wide preparations for the DOE Tiger
Team visit. The total numberol analyses
performed from 1981 through 1991 is
shown in Fisiure 8.

500.000

400.000 •

300.000 •

In support of internal dosimetry. 52
wound counts were performed by the
health physics analytical laboratories in
19)1. These analyses used a photon
defector to measure low-energy x-rays
(such as those emitted by plutonium) in
24 employees' wounds. The number of
wound counts performed from 19X1
through 1991 is displayed in Figure 9.

200

150-

E iOO"

81 82 83 84 65 86 87 88 89 90 91

Year

Figure 9. Wound Counts Performed by
Health Physics Analytical Laboratories

The health physics analytical laborato-
ries also supported internal dosimetry
efforts by analyzing more than 26.000
nose swipes by liquid scintillation in
1991. These samples were taken to
determine whether workers' nasal
passages were contaminated by alpha or
beta radiation. The number of nose
swipes analyzed from 1981 ihrough 1991
is displayed in Figure 10.

35.000

30.000

< 25.00C

20.000

15.000
81 82 83 84 85 86 87 8B £9 90 91

Year

Figure 10. Nose Sw>pes Analyzed by
Health Physics Analytical Laboratories

In support of external dosimetry
activities, the health physics analytical
laboratories analyzed about 12.400
thermoluminesceni dosimeters (TLDs) in
1991. These devices were used to
measure dose equivalents to workers"
extremities (hands and feet) to external
gamma radiation and x-rays. They were
also used to survey work areas for these
types of radiation.

The number of TLDs processed from
1981 to 1991 is displayed in Figure 1 1.
In 1984. there was a marked increase in
the number of TLDs processed, which
reflects tests run on 6000 new TLDs by
the health physics analysis laboratory

20.000 ••

15.000'

200.000 - • •
81 82 83 84 85 86 87 88 89 90 91

Year

Figure 8. Total Analyses Performed by
Health Physics Analytical Laboratories

5000
81 82 83 84 85 86 87 88 89 90 91

Year

Figure 11. Thermoluminescent Dosim-
eters Processed by Health Physics
Analytical Laboratories
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In 199!. the health physics analytical

laboratories supported workplace

monitoring by performing more than

185.000 routine analyses for contamina-

tion by alpha and beta radiation in

samples such as surface sw ipes. filters

I m m continuous air monitors, and other

materials from special air tests. They also

analyzed more than 40.000 swipes taken

of shipping containers for these ty pes of

radiation. In support of both workplace

monitoring and the Radioactive A i r

Emissions Management (RAEM)

Program, the health physics analytical

laboratories analyzed nearly 138.000

workplace air- and stack-monitoring

filters in 1991 for alpha contamination.

The numbers of routine (as described

abovei. shipping container, and air and

stack filter analyses performed from 1981

through 1991 are displayed in Figures 12.

13. and 14. respectively. Note that

beginning in I9XX there was an increase

in the number of routine analyses

performed as the Laboratory began to

come into compliance lvith new DOE

orders and as the decontamination of the

C.V1R Building progressed. In addition, in

1984 there was a marked increase in

shipping container analyses: this was due

to increased requirements for monitoring

local shipments of radioactive materials.

250 000

200.000 •

•
"S 1 50 000

| 100 000- •
5
z

50 000 •

• • " • • "
o

81 82 83 84 85 86 87 88 89 90 91

Year

Figure 12. Routine Analyses for Alpha
and Beta Contamination Performed by
Health Physics Analytical Laboratories

60.000

50 000

room, offices, floors, and equipment: for

shipments ol material, both in and out:

and for analysis ol soil core samples at

varying depths and locations.

10.000

81 82 83 84 85 86 87 88 89 90 91

Year

Figure 13. Shipping Container Analy-
ses by Health Physics Analytical
Laboratories

150.000

120.000
81 82 83 84 85 86 87 88 89 90 91

Year

Figure 14. Analyses of Air- and Stack-

Monitoring Filters by Health Physics

Analytical Laboratories

Various other Laboratory activities

were supported in 1991 by analyses done

by the health physics analytical laborato-

ries. For example, the liquid scintillation

technique was used to determine alpha

and beta contamination in approximately

38.000 samples, which included swipes

(taken specifically to identity tritium

contamination), oil samples, and water

samples. As illustrated in Figure I?, this

number decreased in 1991. The decrease

was due to shutdown of TA-33. where

tritium swipes were taken for routine

surveys of main work areas, the hood

50.000

40.000

81 82 83 84 85 86 87 88 89 90 91

Year

Figure 15. Liquid Scintillation Analyses
by Health Physics Analytical Laborato-
ries

In addition, speclroscopy was used to

identify all types of radiation in various

types of samples: in 1991. more than

11.000 spectroscopy samples were

analyzed. The numbers of these analyses

for 1981 through 1991 are displayed in

Fisuire 16.

15.000

12.000'

>• 9000 -

5 6000•

3000

81 82 83 84 85 86 87 88 89 90 91

Year

Figure 16. Spectroscopy Analyses by

Health Physics Analytical Laboratories
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WORKPI \CE

RADIOLOGICAL

MONITORING

Introduction

At ihe Laboratory, general radiologi-
cal monitoring is provided in direct
support of individual jobs: lor example,
in situations where external radiation
fields are present, workplace surveillance
is used to minimize exposure of person-
nel to radiation fields as well as to control
the spread of contamination. In addition,
workplace air is monitored at various
Laboratory locations that have a potential
for radiological contamination, and
surface radiological contamination is
monitored throughout the Laboratory
wherever radioactive materials are
handled or activation is possible. Other
activities lo monitor and control work-
place contamination and radiation fields
include registration of x-ray-producing
devices and radioactive sources.

The Workplace Monitoring Program
provides general radiological monitoring,
surface monitoring (through smears and
instrument surveys) and air monitoring,
evaluation of survey results, and as.si.s-
uv.ce in establishing contamination
controls and implementing Laboratory
contamination control procedures. This
program is being consolidated to provide
consistent workplace air monitoring
throughout the Laboratory. It also
provides registration, monitoring, and
annual surveys of x-ray devices anil
registration and control of radioactive
sources.

Before July 1991. this program was
the responsibility of the three health
physics groups (HSE-1. -10. and -II). In
July I991.HSE-1.-H). and-II were
reorganized (and in August 1991. HSE
Division was reorganized) to form HS-I.
-4. and -1 2. and the Radiological Moni-
toring Program was centralized in HS-I.
Source and x-ray device control are the
responsibility of HS-1 2. The program is
being improved to meet the requirements
of DOE Order 5480.1 1.

Routine Activities

(icncml Ktitlicli'tiictil Moniioi mi;

In 1991. HS-1 pro\ ided general
radiological monitoring for various
accelerator and associated experimental
activities. Table V sumn.ari/es HS-1
support for these activities.

II HI kpliH <• An Mmiiloriiiti

111 1991. workplace air samples were
taken at various locations throughout the
Laboratory and analyses were performed
at three Health Physics Analysis Labora-
tories at TA-3. TA-50. and TA-55. A
graph comparing these tests for 19X9
through 1991 is provided in Figure 17.

Table V. Responses to Requests for Radiological Surveillance

Total

responses

Responses/

day

January-
March

3080

50

April-
June

3759

45

July-
September

4463

48

October-
December

1610

29

1991
Total

12912

4^

150,000

120.000

f 90.000
Q-

£ 60.000

t
z

30.000

Routine

Special Continuous
Air Monitor Alarm

89 90 91 89 90 91
Year

Figure 17. Workplace Air Radiological Tests Performed

89 90 91
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SurjiiiC ConHuiiiiuition Mi>iit'fiiin^

In 1991. samples to deiermine
contamination were taken throughout the
laboratory and analyzed at three health
physics analysis laboratories at TA-3.
TA-50. and FA-55. Figures IX and 19
compare the number of samples analyzed
(rum 19X9 through 1991 to determine
contamination.

In addition, in 1991 HS-I and HS-4
purchased several automatic smear
counters of three different types to more
quickly survey equipment being removed
from radiological areas and other selected
locutions, such as lunchrooms and exits
from work areas. These counters wore
installed throughout the Laboratory and
radiation protection technicians were
trained to use them.

By evaluating the results of smear and
instrument surveys. HS-I personnel were
able to suggest improvements in surface
contamination control at several specific
areas throughout the Laboratory, includ-
ing TA-18. -35. -46. -48. -50. -54. -55.
CMR Building, and Sigma Building.
These improvements included installation
of the smear counters discussed above,
changes in area designations as controlled
or contaminated, and increased survey
requirements.

X-Rux and Siwrcv Council

X-ray-producing devices are located in
most technical areas of the Laboratory. In
1991. there were almost 250 registered x-
ray devices at the Laboratory under the
direct control of approximately 125
registered x-ray device custodians and
operated by numerous trained operators.
Both custodians and operators receive
training every two years in x-ray safely:
details are provided in "Radiological
Training." In 1991. each x-ray device-
was visited at least annually to document
proper operation in accordance with
applicable standards and operating
procedures.

In 1991. the HS-1 2 registrar received
copies of all purchase requests for
radioactive material. About 160 radioac-
tive sources used at the Laboratory were
registered with the HS-I2 registrar in
1991. and the HS 12 records for these

200.000

150.000

Routine Swipes

TO

<

I" 100,000
CO

CD

50.000
Shipping Container Swipes Tritium Swipes

09 90 91

Figure 18. Swipe Samples Analyzed
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o 6000 -
CD

3000 •

I
89 90 91

Year

Spectroscopy Samples

r

Oil Samples Water Samples

I I
89 90 91 89 90 91

Year

Figure 19. Oil, Water, and Spectroscopy Samples Analyzed

89 90 91
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registrable sources included source
control numbers, inventory lists, and tiles
on sources that had been disposed of.
Four registered sources were disposed of
in 1991. In I 991. the HS-12 source
registrar also maintained files on all
nonregistrable sources that had been
disposed of. Ensuring that sources UK
leak-tested twice a year and radiographed
every three to five years (depending on
the activity of the source) is the responsi-
bilitv of the source custodian.

Additional Activities

(jcncral Radiological Monitoring

During 1991. HS-I supported the
LANSCE 1L target change project. HS-I
monitored for contamination as various
components ot the target were handled:
for example, the area was monitored
while the radioactive cooling water
system was removed. Several contamina-
tion control n-;'asures were implemented:
a tent was built around the door to the
cell containing the target to provide an
airlock, respiratory protective equipment
and multiple layers of anti-C clothing
were worn inside the cell, strippable paint
was used for decontamination in the cell,
a personnel contamination monitor and a
continuous beta-gamma air monitor were
installed, real-lime personnel dosimeters
were used for entry into areas with high
radiation levels, and routine swipes were
taken to assess contamination after each
entry.

At LAMPF. HS-1 supported all the
major accelerator maintenance, repair,
and modification activities. Support for
the A-6 beam stop removal and replace-
ment included estimating the induced
activity in the old beam stop, calculating
the expected radiation intensity, and
evaluating the effectiveness of the
transport cask shielding. Other major
efforts included monitoring and surveil-
lance support for the following: repairs to
a vacuum leak in the A-2 target box.
removal of several isotope production
target stringers, repairs and modifications
to the low-energy pioti (LEP) beam
channel, and several beam spill tests for
the neutron time-of-flight (NTOF) and
Line B areas.

Also in 1991. HS-I provided general
radiological monitoring support during
the LAMPF beam line D shielding
modifications. This support included
analyzing samples of the concrete inside
the beam channel to assess the level of
induced activity that could be expected in
the soil beneath the beam. The results
indicated that there would be essentially
no activation in the soil and thus no
radioactive waste. In addition, an
extensive series o\ measurements was
made to evaluate the effectiveness of the
added shielding, neutron and gamma
radiation levels above the shield were
measured, and neutron spectra were
determined at various locations.

Workplace Air Monitoring

In 1991. the fixed and continuous air
sampling needs of the CMR Building
were assessed in light of improvements
that had been made to the building. It was
found that the number of incidents
involving radioactive materials varied
greatly from room to room at the CMR
building and the variation affected air
sampling needs. Based on this and other
factors, recommendations were made for
the types, locations, and numbers of
monitors needed to improve the CMR
Building air sampling system.

Air sampling needs at TA-55 were
also assessed in 1991. A description of
and technical basis for the air monitoring
system was assembled, and computer
analysis was used to produce isocontour
plots of sampling results in relation to
time and space. These plots indicated the
ratio of normal lo abnormal releases,
which were used to identify problem
areas where sampling frequency should
be increased. In addition, a study was
done of radon daughters at Ihe TA-55
plutonium facility (PF-4) lo determine the
level of the radon there.

An air sampling database was estab-
lished to allow access to historical
information and to provide information
on trends in radiological contamination of
workplace air at all Laboratory locations.
This database improves the Laboratory's

ability to comply with posting and
monitoring requirements of DOE Order
54S0.I1.

A state-of-the-art continuous air
monitor (CAM) was developed by HS-4
personnel in collaboration with Texas A
and M University and Canberra Indus-
tries. The improved CAM has two main
advantages over conventional instru-
ments: it is more sensitive to low-level
releases of hazardous radionuclides while
maintaining a low rate of false alarms,
and it costs less. The improvement in
sensitivity is obtained by adding a
diffusion screen to physically remove
more than 90 percent of the unattached
background radon daughters that interfere
with the identification of other radionu-
ciides. In addition, enhanced data
processing components allow the CAM
lo adapt to changing conditions as du:.!
particles accumulate, and a unique self-
calibration technique allows long-term
detection stability. These improved data
processing features also result in im-
proved sensitivity. Cost savings are
possible because the CAM can keep track
of eight sampling head units simulta-
neously. Large-scale networking is
possible as well. In i992. this monitor
will be manufactured by private industry
as a result of a Cooperative Research and
Development Agreement (CRADAl
signed with Canberra Nuclear. It is slated
to become the new Laboratory standard
alpha CAM.

Siirfiit c Contamination Monitoring

In 1991. HS-I adapted a technique
used by the nuclear power industry for
conducting large-area smear surveys.
The technique uses an oil-treated cloth
to collect low levels of contamination
spread over large areas. The technique
was evaluated in trials, a procedure was
written, and the technique was pul into
use at the CMR Building. Use of this
technique will be expanded lo other
Laboratory sites in 1992.
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To improve Mirlace contamination
control, a long-range alpha detector was
developed in 1991 by HS-I and N-2. The
detector pro\ ides improved detection of
alpha particles at distances greater than
0.5 in., reduces problems in detecting
alpha contamination on irregular sur-
faces, alkms automation and thus
decreases the potential for worker
contamination, and is cost effective. In
I992. this detector will be transferred for
further development b\ private industry
in accordance with a C'RADA being
developed with Eberline Corporation.

An investigation was begun into the
use of robotics for quantitative monitor-
in;; of surface contamination. While still
in the initial stages, the investigation
suggests that robotics may reduce costs
b> freeing workers and equipment lor
monitoring tasks that cannot be auto-
mated. Inquiries begun in 1991 will be
continued in 1992.

X-KUY ami Source Coutrnl

111 I99I. HS- i 2 conducted thermolu-
minescent dosimeter (TLDl surveys for
group M-4 personnel at the new TA-15
Radiographic Support Laboratory/
Integrated Test Stand (RSL/ITS) facility.
In consultation with HS-12. lights,
fences, temporary shielding, and a
standard operating procedure (SOPl
were put in place. At TA-3-316. the
Anaconda (a pulsed x-ray unit I was
reviewed by HS-!2. safety features
were discussed, and an SOP was
prepared before the unit was brought
back into operation by group P-I.

Publications aiul Presentations

MacArlhur. D. W.. K. S. Allander. J.
A. Bounds. K. B. Butlerfield. and J. L.
McAlee. "Long-Range Alpha Detector."'
Los Alamos National Laboratory report
LA-UR-91-3636. submitted for publica-
tion in Health Physics.

MacArlhur. D. W.. K. S. Allander. J.
A. Bounds. M. M. Calielt. and J. L.
MeAtee. "Long-Range Alpha Detector
(LRAD) for Contamination Monitoring."
Los Alamos National Laboratory report
LA-UR-91-3397. submitted for publica-
tion in IEEE Transactions on Nuclear
Scieiici'.

McAtee. J. L.. "Experience with
Continuous Air Monitors at the Los
Alamos Plutonium Facility," presented at
the First Annual Continuous Air Moni-
toring Symposium sponsored by Eberline
Instrument Corporation. Santa Fe. New
Mexico. May 1991.

McAtee, J. L.. "Long-Range Alpha
Detectors." presented at the Health
Physics Society Meeting. Washington.
D.C.. June 22-26. 199L

MeAtee. J. L.. "Workplace Air
Monitoring."" presented at the DOE
Radiation Protection Contractor's
Conference. Knoxville. Tennessee.
August 8-10. 1991.

McAtee. J. L.. and D. W. Mat-Arthur,
"Long-Range Alpha Detectors." Los
Alamos National Laboratory report LA-
I2O73-MS. July 1991.

McAtee. J. L., M. Wolff. A. L.
Cucchiara. R. L. Huchton. and H.
Aranda. "Long-Range Alpha Particle
Detector." patent applied for. June 3.
1991.

McFarland. A. K.. J. C. Rodgers. C.
Ortiz, and M. Moore. "A Continuous
Sampler with Background Suppression
for Monitoring Alpha Emitting Aerosol
Particles." Los Alamos National Labora-
tory report LA-UR-9I-295X. November
1991. Submitted for publication to Health
Physics.

McFarland. A. R.. J. C. Rodgers. C.
Ortiz, and D. Nelson. "Continuous
Monitor for Alpha-Emitting Aerosol
Particles." in Proceedings of the 21 si
DOENRC Nuclear Air Cleaning Confer-
ence. NUREG/CP-01 16. February 1991.

Norton. A.. "Sampling Frequency
Strategy for Sampling Airborne Radioac-
tivity at the TA-55 Plutonium Facility."
Los Alamos National Laboratory internal
document, September 1991.

Rodgers, J. C . and A. R. McFarland.
"Reducing Radon Daughler Background
in Alpha Continuous Air Monitors."" Los
Alamos National Laboratory report LA-
UR-91-2959. September 1991.

Rodgers. J. C . D. Nelson. A. R.
McFarland. and C. Ortiz. "Diffusion
Screen Removal of Radon Progeny from
Continuous Air Monitoring Samples,""
presented at the IEEE 1991 Nuclear
Science Symposium. Santa Fe. New
Mexico. November 1991.

Whicker. J.. "Continuous Air Monitor
Design: A Users Perspective." presented
at Texas A and M University. College
Station. Texas. March 1991.

Whicker. J.. "Evaluation of Air
Sampling/Monitoring at CMR Building."
Los Alamos National Laboratory internal
document HSE-10-91 -213. June 11.
1991.

Whicker. J.. "Size Characterization of
Airborne Plutonium Particles." presented
to the Fine Particle Society. San Diego.
California.
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Related Professional Activities

In 1991. health physics personnel
participated in the following professional
activities related to the Workplace
Radiological Monitoring Program.

• Served on the DOE Contractor
Continuous Air Monitor Working
Group, which met twice in 1991

• Served on the Expert Peer Review
Committee for review of air sam-
pling at the Waste Isolation Pilot
Plant in Carlsbad. New Mexico

• Attended "General Air Sampling." a
course presented by J. Alvarez. IT
Corporation, at the Health Physics
Society Meeting in Washington.
D.C.. June 22-26

• Attended "Characteristics of Filter
Collection." presented ..-.i the Health
Physics Society Meeting in Wash-
ington. D.C.. June 22-26

• Attended "Radiation Safety Aspects
of Isotope Radiography." a course
presented by Amersham Corp..
Houston. Texas. November 3-8,
1991

• Attended "Medical X-Ray Survey
Techniques." a course presented in
San Antonio. Texas. April 1991

• Attended "Comprehensive Seminar
in Industrial Radiography." a course
presented by Kodak. Rochester. New
York. March 4-15. 1991

• Submitted an entry to the R&D 100
Award competition based on the
development of a state-of-the-art
continuous air monitor

• Participated in meetings of the
5480.1 1 Working Group

• Participated in meetings of the
Accelerator Interlock Policy Com-
mittee

• Served as ES&H Officer with CLS
Division

• Chaired the HS-I Radiological
Posting Committee

• Served on Ihe "Handling Directives"
Continuous Quality Improvement
(CQI)Team
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RADIOACTIVE AIR

EMISSIONS MANAGEMENT

Introduction

The Laboratory has always monitored
the radioactive components emitted from
its stacks (chimneys) and has continually
worked to improve its sampling tech-
niques. In response to new regulations
requiring stricter quality assurance and
verification procedures, the Radioactive
Air Emissions Management (RAEM)
Program was established in late 1991.

The goal of the RAEM Program is to
centralize the Laboratory's efforts in
complying with the National Emission
Standard for Hazardous Air Pollutants for
Radioactive Emissions (40 CFR 61,
Subpart H). This regulation is promul-
gated by the U.S. Environmental Protec-
tion Agency (EPA).

The HS Division Office administers
the RAEM Program Office (HS-DO/
RAEM); program activities are coordi-
nated with HS-l. HS-4, HS-5, HS-12,
EM-8, and Johnson Controls World
Services.

Routine Activities

In 1991. radioactive air emissions data
were obtained from 89 stacks; these data
are presented in Table VI.

The 1991 radioactive air emissions are
compared to the previous year's emis-
sions in Table VII.

Additional Activities

When the RAEM Program was
established, several preliminary docu-
ments were prepared for the EPA,
including a remedial action plan, a
program plan, and a quality assurance
(QA) action plan.

In August 1991, a special study was
conducted of the CMR Building (TA-3-
29. FE-19) to verify data on its emissions.
This study found that CMR emissions
data were within expected limits, which
indicates that sampling methods are
adequate.

Table VI. Radioactive Air Emissions Results

Radionuclide Monitored
Number of Stacks

Monitored
Total Radioactivity

Released (uCi)

Plutoniuma 51
Uranium-235 12
Uranium-238 10
Mixed fission products 20
Gaseous mixed activation productsb 3
Particulate/vapor activation productsc 2
Argon-41 " 1
Hydrogen-3e 12
Phosphorus-32 4

36.9
256
79.8

1100
5.72x10'°
3.55 x 104

4.60 x 10°
4.72 x109

17

"' Includes indeterminate traces of '4I Am, a decay product of 24lPu.
b Gaseous mixed activation products include "'N, '"C, I4O, I5O. "N, "C, and 4lAr.
c Particulate/vapor activation products comprise 19 distinct nuclides, dominated by 7:As, "Se. and

7 Be.
d Includes 41Ar from gaseous mixed activation products produced al LAMPF and Omega West

reactor.
e Includes elemental gas and vapor forms of tritium.

Table VII. Comparison of 1990 and 1991

Radionuclide Monitored

Plutoniuma

Uranium (total)
Mixed fission products
Gaseous mixed activation products6

Particulate/vapor activation productsc

Argon-41
Hydrogen-3'
Phosphorus-32

Radioactive Air Emissions

1990
Total Radioactivity

Released (uCi)

25.6
239

1080
1.23x10"
7.85x10"
1.63 x1080

6.40 x109

9.03

1991
Total Radioactivity

Released (|iCi)

36.9
336

1100
5.72 x1010

3.55x10"
4.60x108e

4.72 X109

17.0

a Includes indeterminate traces of !4'Am, a decay product of-41Pu.

" Includes I6N, "'C, I4O, l5O, "N, "C, and4lAr.
c Particulate/vapor activation products include 19 distinct nuclides.
d Includes only 4lAr from gaseous mixed activation products produced at Omega West reactor;

does not include 4lAr from gaseous mixed activation products produced at LAMPF.
e includes i ! Ar from gaseous mixed activation products produced at LAMPF and Omega West

reactor.
1 Includes elemental gas and vapor forms of tritium.

In September 1991, eight teams
assessed the radioactive air emissions
from all Los Alamos stacks and recom-
mended several actions that will improve
the effectiveness of the RAEM program.
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NUCLEAR

CRITICALITY SAFETY

Introduction

The Nuclear Criiieality Safely
Program provides technical support to
Laboratory groups that work with
significant quantities of fissile material.
The program is administered by HS-6
following Laboratory requirements
(Administrative Requirement 4-1), DOE
orders (particularly DOE Order 5480.5).
and by reference, the guidance of me
American Nalional Standards Institute
(ANSI) covering nuclear criticality
.safely.

Routine Activities

Evaluation of Fissile Material Operations

Through informal site visits and
formal computer analyses, HS-6 person-
nel provided design guidance and
evaluated existing operations to ensure
that safety is built into every operation
that involves significant quantities of
fissile materials. For example, in 1991
the PF-41 vault at TA-55 was analyzed
against criticality safety standards. Also
at TA-55, a series of glove box opera-
tions were assessed to determine appro-
priate criticality limits and controls. At
TA-54, the arrangement of 55-gallon
drums used to store fissile material was
analyzed lo ensure criticality .safety.

Monitoring Operations

To maintain familiarity with opera-
tions that involve fissile materials, HS-6
personnel reviewed written procedures
and observed their performance. In this
way HS-6 was able to ensure that DOE
regulations and ANSI guidance were
incorporated into operations and that any
changes in operations met such guidance.
HS-6 also supported the Laboratory's
Nuclear Criticality Safety Committee by
assisting with criticality safety reviews of
various Laboratory operations.

Training

By request, HS-6 personnel provided
training in criticality to workers at the
Laboratory and at Nevada Test Site. In
1991, HS-6 provided annual refresher
training in criticalily safety to Laboralory
workers, mainly from CLS, MST, N, OS,
and WX Divisions.

Facility Design

HS-6 personnel assisted with facility
design for several new operations in
1991. HS-6 provided input on criticality
concerns to the safety analysis report
(SAR) for the CMR Building and assisted
in analyzing alarm systems, evacuation
routes, and process layouts for the
proposed Special Nuclear Materials
Laboralory (SNML) facility.

Review of Criticalily Orders, Guides,
and Standards

In 1991. HS-6 worked with the HS-3
Facility and Safety Analysis Section to
coordinate the review of applicable DOE
orders and the draft version of 10 CFR
830.320, "Technical Safety Require-
ments." HS-6 personnel also reviewed
several draft DOE orders for criticalily
concerns and were active in the genera-
tion and review of standards for the
American Nuclear Society (ANS). This
included ANSI/ANS 8.20, "Criticality
Safety Training," prepared by a commit-
tee on which HS-6 personnel served. In
accordance with a contract between the
DOE and the U. S. Nuclear Regulatory
Commission (NRC), HS-6 continued
updating the 1978 version of "The
Nuclear Safety Guide" (TID-7016,
Revision 2).

Additional Activities

In September 1991. several HS-6
personnel worked closely with counter-
parts at the AWE Aldermaston Facility in
England, exchanging criticality safety
information, sharing computer codes, and
demonstrating new criticality technology.
Criticality safety in packaging and
transportation of weapons feed material
and components was assessed by HS-6
for HS-3 and WX-11 in a project to
modify the SAFKEG packaging for use
by the DOE. Safety of workers evacuated
to muster locations during eriticulity
emergencies was evaluated and docu-
mented for TA-55, the only place at the
Laboratory where a credible criticalily
threat exists. Various other criticality
safety projects were coordinated by HS-6
with the nuclear engineering departments
of the University of New Mexico and the
University of Arizona at Tucson.

In 1991, HS-6 personnel provided
criticality guidance to Nevada Test Site
personnel on weapons tests and to
Department of Defense (DOD) personnel
on one-of-a-kind weapons systems. They
also provided consultation services to
DOE contractors other than the Labora-
tory. One HS-6 person was assigned full-
time to EG&G Rocky Flats, and several
others assisted as needed to provide
independent review of that facility's
crilicality accident alarm system and
various process operations. For example,
HS-6 assessed the criticality safety
aspects of large process tanks at Rocky
Flats that held uranium-bearing liquids.
Assistance with criticality concerns was
also provided in 1991 to Oak Ridge
Nalional Laboralory, Lawrence
Livennore National Laboratory, Sandia
Nalional Laboratory. Mason & Hanger-
Silas Mason Paniex Plant, and EG&G
Mound Applied Technologies. In
addition, support was provided to
accident response groups (ARGs) and
nuclear emergency search teams (NESTs)
throughout the DOE complex.
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Publications and Presentations

Busch. R. D.. and R D. O'Dell.
"Validils ol Hansen-Roach Cross
Sections in Lou-Enriched Uranium
S\ stems," presented al Ihc inlernalional
Conference on Nuclear Crilicalily Safety.
Christ Church. Oxford. England.
September 9-13. 1991.

McLaughlin. T. P., "American
National Standard ANSI/ANS-K.6: Safety
in Conducting Subcriiical Neutron
Multiplication Measurements in Sim,"
Transactions of the American Nuclear
Society. Vol. 64. American Nuclear
Society. La Orange Park. Illinois. 1991.

McLuughlin. T. P.. "Material Loading
Analysis foi SAFKEG Packaging
2863B," Transactions of the American
Nuclear Society. Vol. 63. American
Nuclear Society. La Grange Park.
Illinois. 1991.

O'Dell. R. IX. and J. A. Schlesscr.
"L.'nit Cell Simulation for Cylinders in an
Infinite Triangular-Pitch Array." Trans-
actions of the American NIK tear Society.
Vol. 64. American Nuclear Society. La
Cirange Park. Illinois. 1991.

Pruvo.si. N. L.. "ANS-X.23: Criticality
Accident Emergency Planning and
Response." Transactions of the Anvrican
Nuclear Society. Vol. 64. American
Nuclear Society, La Grange Park.
Illinois. 1991.

Schlesser, J. A., and T. P.
McLaughlin. "Transport Index Evalua-
tion for Low Neutron Leakage Arrays—
The Sphere and Shell Model." presented
at the International Conference on
Nuclear Criticality Safety, Christ Church,
Oxford. England. September 9-13. 1991.

Related Professional Activities

In 1991. HS-6 personnel participated
in the follow ing professional activities
related to the Nuclear Crilicalily Safely
Program.

• Served on the Laboratory's Nuclear
Criticalily Safety Committee

• Served as members of the ANSI/
ANS-S Standards Writing Group

• Served on the executive committee
ot the Crilicalily Safety Division of
I he American Nuclear Society

• Participated in monthly meetings
of the LANL Safeguards Policy
Council

• Served on I he AL Weapons Critical-
ity Committee

McLaughlin. T. P.. "Process Critical-
ity Accident Likelihoods. Consequences
and Emergency Planning." presented at
the International Conference on Nuclear
Criticiility Safety. Christ Church. Oxford,
England. September 9-13.1991.
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RADIOLOGICAL

EMERGENCY RESPONSE

Introduction

The Laboratory's Radiological
Emergency Response Program oversees
and implements the full range of activi-
ties associated with both on-site (Los
Alamos) and off-site (world-wide)
radiological emergency response.
The HS Division Office administers the
Laboratory's Radiological Emergency
Response Program (HS-DO/RERP):
program activities are coordinated with
the Radiological Emergency Assistance
function of HS-12. the HS-5 Hazardous
Materials (HAZMAT) Team, and the
Laboratory Emergency Management
Office. The program manager reports to
the Deputy HS Division Leader for
Health Physics.

Several DOE orders direct the
activities of the Radiological Emergency
Response Program, including DOE
Orders 5500.3A. 5530.3. 5530.1 A.
5530.2. and 5530.6 (draft).

Routine Activities

In 1991. the Laboratory's Radiological
Emergency Response Program activities
included on-site activities, such as

• maintaining equipment and vehicles
in preparation for emergencies.

• training personnel in response
procedures.

• interfacing with the Laboratory's
Emergency Management Office, and

• cooperating with and supporting the
Laboratory HAZMAT team.

Program activities also included
supporting the

• DOE Accident Response Group
(ARG).

• DOE Nuclear Emergency Search
Team (NEST),

• DOE Radiological Assistance
Program (RAP), and

• DOE Federal Radiological Monitor-
ing and Assessment Center
(FRMAC).

On-Sitc Rinlii>loti y p

In November and December of
action plans were prepareil in response to
the DOE Tiger Team, and a plan to
improve on-site emergency responses
was prepared. In addition, various
emergency response training courses
were provided and exercises were held.
as summarized in Table VIII.

ARC! Pai'iicipulion

During April. May. and June 1991,
Radiological Emergency Response
personnel planned a major ARG exercise
outside the continental United States
(OCONUS). The five-day exercise was
held in July, and five Laboratory person-
nel participated as players, controllers,
and evaluators.

In August 1991. the Radiological
Emergency Response Program provided
major support to a 10-day safe, secure
transport (SST) event held at the Mason
& Hanger-Silas Mason Pan'.ex Plant.

NEST Parlii -ipuliim

In February 1991. Radiological
Emergency Response Program personnel
participated in two days of briefings and
demonstrations of environment, safety,
and health NEST support for DOE
Defense Programs personnel.

Table VIII. Radiological Emergency Response Training and Exercises

RAP Purtii ipciiinn

In May 1991. Radiological Emergency
Response Program personnel assisted in
preparing two documents for the DOE/
AL: "Radiological Assistance Team
(RAT) Procedures lor TRIPACT-N
Transportation Incidents'" and "Emer-
gency Response and Recovery Roles and
Responsibilities for TRUPACT-1I
Transportation Incidents." These docu-
ments were used in support of the
technical safety appraisal of the Waste
Isolation Pilot Plant (VVIPP) by the DOE
Headquarters (DOE/HQ).

In addition, various RAP training
courses were provided and exercises were
held, as summarized in Table IX.

FRMAC Piirticiputitiii

In August 1991. the Radiological
Emergency Response Program was
represented at a meeting with personnel
from ihe Nuclear Regulatory Commis-
sion (NRC) to plan a two-day conference
on FRMAC at the DOE Nevada Office
(DOE/NV).

Month
Participating
LANL Personnel Activity

June

August

September

October

•HAZMAT
• Emergency Operations
Center

• Radiological Staff

Field exercise in support of DOE
Albuquerque Office (DOE/AL) appraisal

• ES&H Hot Line One-day training for 10 on-site
• Decontamination Station radiological emergency responders

•Emergency Responders One-day training for 20 RAP radiological
emergency responders

1 DOE Tiger Team Two-day exercise to support DOE
Tiger Team
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Table IX. 1991 RAP Training and Exercises

Month

Participating

Personnel Activity

September

October

•WIPP
•LANL
•State of NM
•Eddy County. NM

•LANL
•DOE RAP Teams

"Tabletop" exercise, preexercise training, and
full-field exercise in Artesia, New Mexico, with
four LANL controllers/evaluators

Five-day RAP responders course sponsored
by REECo at Nevada Test Site; one LANL
instructor, three LANL participants

Public at ions and Presentations

"•Emergency Response and Recovery
Roles and Responsibilities for
TRUPACT-II Transportation Incidents."
DOE/AL document. June ft. 1991.

"Radiological Assistance Team (RAT)
Procedures for TRUPACT-ll Transporta-
tion Incidents." DOE/AL document. May
31. 1991.

Groves. K. L.. •"Comparison of US/
L!K Plutonium-Detecting Instruments."
presented at SUBWOG-29C: Joint US/
UK Meeting on NEST Radiation Issues.
AWE Aldennaston. England. October
1991.

Groves. K. L.. "Emergency Response
Equipment," presented at JOWOG-41:
Joint US/UK Meeting on Weapons
Accidents. Sandia National Laboratory.
Albuquerque. New Mexico. August 1991.

Groves. K. L... ""Foam Reentry
Techniques." presented at SUtSWOG-
29C: Joint US/UK Meeting on NEST
Radiation Issues. AWE Aldermaston.
England. October 1991.

Groves. K. L.. "Joint Hazards Evalua-
tions Center Operations." presented at the
Joint Nuclear Weapons Accident/
Exercise Steering Group Meeting.
Washington. D.C.. May 1991.

Groves. K. L.. and J. S. Haynie. ""Los
Alamos RAP." presented at the RAP
Regional Coordinators Meeting spon-
sored by DOE/AL. Albuquerque. New
Mexico. March 1991.

Haynie. J. S.. "Comparison of US/UK
Plutonium-Detecting Instruments."
presented at JOWOG-41: Joint US/UK
Meeting on Weapons Accidents, Sandia
National Laboratory. Albuquerque, New
Mexico. August 1991.

Knoell. C. L.. "Los Alamos RAP,"
presented at the FRMAC Training/
Exercise Working Group Meeting. Las
Vegas. Nevada. August 1991.

VanEtten. D. M., "Ranger/RASCAL."
presented at the RAP Regional Coordina-
tors Meeting sponsored by DOE/AL,
Albuquerque, New Mexico. March 1991.

Related Professional Activities

In 1991. HS personnel participated in
the following professional activities
related to the Radiological Emergency
Response Program.

ARC Activities

• Attended a one-day seminar by
lnterservicc Nuclear Weapons
School on DOE and Department
of Defense (DOD) hot line issues
at Kirtland Air Force Base.
Albuquerque

• Participated in meetings to discuss
the cleanup after Operation Desert
Storm and produced a white paper
from these meetings for the DOE
and DOD

• Participated in a three-day Joint
Applications Development (JAD)
meeting on a Joint Hazards Evalua-
tion Information Center and assisted
in the preparation of the JAD
documentation, which resulted in a
$700,000 Laboratory-lead project

• Participated in quarterly meetings of
the DOE Accident Response
Capability Coordinating Committee
for DOE/AL

• Participated in semiannual meetings
of the Accident Response Capabili-
ties Coordinating Committee
(ARCCC) Health and Safety
Working Group

• Attended a one-day ARG media
training course at the University of
New Mexico/Los Alamos for senior
health and safety advisors

RAP Activities

• Presented two one-day training
sessions for responding to WIPP
transportation accidents: 28 people
were trained and received DOE/AL
certificates

• Attended a three-day training course
in environmental laws and regula-
tions

FRMAC Activities

• Participated in the FRMAC Opera-
tions Working Group Meeting at Las
Vegas. Nevada. December 1991
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RADIOLOGICAL TRAINING

Introduction

During the first half of 1991. the goal
of the Laboratory's Radiological Training
Program (administered by HSE-I. -10.
and -11) was to train radiation workers
throughout the Laboratory. In July 1991.
HSE-I. -10. and -1 I were reorganized
(and in August 1991. HSE Division was
reorganized) to form HS-I. -4. and -12.
Within a few months. HS-12 assumed
responsibility for training radiation
protection technicians (a special category
of radiation worker) and the Policy and
Guidance Section of HS-3 assumed
responsibility for training all other
radiation workers. The Radiological
Training Program is responsive lo the
requirements of DOE Orders 5480.1 1.
5480.ISA. and 5480.20.

Routine Activities

'Iraiiiiiiii fur Rcnliulimi Pron't linn 'I echnicians

This training was presented in two
segments, which cover

• basic radiation theory and

• specific procedures for working with
radiation and radiation-producing
equipment.

There are about 100 radiation protec-
tion technicians at the Laboratory, each
of whom must be trained every two
years. During 1991. radiation protection
technicians were taught basic radiation
theory using one of two methods: by
health physics personnel and invited
lecturers and by a commercially devel-
oped, computer-based training program.
In 1991. about 30 radiation protection
technicians were taught basic radiation
theory using a lecture format. More than
20 radiation protection technicians
(including all radiation protection
technicians at TA-53) learned basic
radiation theory through computer-based
training.

When fully implemented, (raining on
procedures will cover core procedures
(about 75 procedures that are common to
the three health physics groups) and site-
specific procedures (between 10 and 30
procedures per site). This is perfor-
mance-based training and at most sites, it
will follow these steps:

• the instructor directs the trainee's
performance and initials a checklist
as each step is completed;

• the instructor and trainee sign the
checklist, signifying that the trainee
has adequately performed each step:
and

• the trainee performs the procedure
again while a radiation protection
technician supervisor or lead
radiation protection technician
observes. The observer then signs the
checklist, thereby certifying the
performance.

Tnihtiiii; for Rtiditilitm Workers

From July 1989 to June 1991. 1905
radiation workers received basic radiation
training, which comprised six to seven
hours of lectures and video presentations.

X-Ru\ Safely I raining

Classes in analytical x-ray safety were
held five times during 1991: 82 employ-
ees were trained. Classes in industrial x-
ray safety were held eight times during
1991: 140 employees were trained.
Students in these courses represented
more than 20 divisions across the
Laboratory.

Additional Activities

Employees of the health physics
groups served as health physics subject-
matter experts for training presented by
the HS-3 Policy and Guidance Section
and by contractors such as General
Physics. Inc. When HS-3 assumed
responsibility for radiation worker
training. HS-I and HS-12 personnel
assisted by

• presenting videotaped lectures on
health physics topics.

• reviewing the new radiation worker
training materials, and

• serving as subject matter experts,
answering students" questions. To
develop performance-based training
for radiation protection technicians,
health physics personnel performed
250 job task analyses and prepared
learning objectives based on those
analyses.

Health physics personnel also pro-
vided site-specific training in radiation
safety and health physics principles to
appropriate employees throughout the
Laboratory.

Several health physics personnel
formed a working group that met weekly
through July 1991 to coordinate training
between the three health physics groups.
This working group disbanded when the
health physics groups were reorganized
and the Radiological Training Program
was centralized in HS-12.

In addition, personnel from the three
health physics groups presented material
and provided tours of health physics
facilities to participants in Science Youth
Days and Los Alamos Students in
Science Program (LASSP). health
physics students from Colorado State
University, and icsidenls of several
northern New Mexico communities.

In 1991. HS-12 personnel began
revising radiation protection technician
training to ensure that it meets all
requirements of DOE Order 54SO. I 1.
This order requires training in I ft
different subject areas, which will be
covered by the combination of computer-
based and performance-based training.
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Publications and Presentations

Clark. J. VI.. "Summarv Report on the
Project to Develop Radiation Protection
Training for DOE Headquarters Person-
nel." presented to the steering committee
ot the Radiation Protection Special
Interest Group of Training Resources and
Data Exchange (TRADE) at the 15th
Annual TRADE Conference. St. Peters-
burg. Florida. November 21. 1991.

Somers. W.. and R. P. Johnson. HS
Division Radiation Protection Training
Manual. Los Alamos National Labora-
tory internal document HS-12-PNP-QP-
01-R0. October 1991.

Related Professional Activities

In 1991. health physics personnel
participated in the following professional
activities related to the Radii logical
Training Program.

• Elected to the steering committee of
the Radiation Protection Special
Interest Group of TRADE

• Chaired and served on the Los
Alamos Radiation Protection
Trainers Working Group

• Served on a special task force of the
steering committee of the Radiation
Protection Special Interest Group of
TRADE to develop radiation
protection training for DOE Head-
quarters personnel

• Chaired and served on the Los
Alamos HSE Trainers Working
Group

• Attended "Training of Nuclear
Facility Personnel." a conference
sponsored by Oak Ridge National
Laboratory. Denver. Colorado. April
14-17. 1991

• Attended the 15th Annual TRADE
Conference. St. Petersburg. Florida.
November 1991
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RADIOLOGICAL AUDITS

AND INVESTIGATIONS

Introduction

The goal of !he Radiological Audits
and Investigations Program is to

• serve as a point of contact for
internal and external radiological
audits and for tracking and trending
of radiological incidents.

• coordinate the resolution of findings
arising from such audits and investi-
gations.

• assess compliance with health
physics requirements by the health
physics groups (HS-i, -4. and -12)
and line organizations, and

• evaluate on-site contractor health

physics programs.

Several organizations contribute to the

Radiological Audits and Investigations

Program, including the health physics

groups and the Laboratory Assessment

Office (LAO).

Routine Activities

In 19° I. several routine audits and

investigations were performed, as

outlined in Table X.

Table X. Audits end investigations Performed

Date Subject of Audit/Investigation Organization Performing
Health
Physics Group

Monthly

12/3/90-1/18/91

3/4/91-3/9/91

4/1/91-4/30/91

4/15/91-4/29/91

4/22/91-4/26/91

4/16/91

6/7/91 and
10/10/91

8/91

8/6/91-8/8/91

8/1/91

8/21/91

9/23/91-11/8/91

11/19/91-11/20/91

Accuracy of neutron and gamma measurements
using thermoluminescent dosimeter (TLD) badges

Elevated exposure to an extremity at TA-48

Health physics and industrial hygiene at TA-53

Operational readiness review at GTA Facility

Safety appraisal of TSTA

Health physics analysis laboratories
at TA-50 and TA-55

Radioactive materials registered to HSE-1
source registrar

Cost plus award fee evaluation of health physics
activities at Johnson Controls World Services

Pre-DOE Tiger Team self-assessment

Radioactive air emissions from CMR building

Cost plus award fee evaluation of health
physics activities at Mason & Hanger

Safety walk-through of HS-1 spaces at TA-53

ES&H throughout LANL

Radioactive stack emissions at LAMPF

DOE Laboratory
Accreditation Program

LANL

DOE Albuquerque Office (DOE/AL)

LANL

DOE/AL

WIPP Waste Acceptance
Criteria Certification Committee

LANL

LANL

LANL

DOE Headquarters (DOE/HQ)

LANL DOE/AL

LANL

DOE Tiger Team

New IVIexico Environment
Department

HS-4

HSE-10

HSE-11

HSE-11

HSE-10

HSE-1

HSE-1

HS-12

HS-1,-4,-12

HS-12

HS-12

HS-1

HS-1.-4.-12

HS-1

'' I n J u l y I W I . H S E - I . - I t ) , a n d - I I w o r e r e o r g a n i z e d ( a n d i n A u g u s t I W I , U S E D i v i s i o n w a s r e o r g a n i z e d ) t o f o r m H S - I . - 4 . a i u l - 1 2 .
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A del it'tonal A c ti i vV/V.v

In May 1991. revision 4 of the
Laboratory-wide plan to implement DOE
Order 5480.1 1 was sent to the DOE/AL.
Each line organization was then asked to
submit an individual implementation plan
by August. They were provided with a
suggested format, the Laboratory-wide
plan, and an annotated version of DOE
Order 5480.11 to indicate the priority of
each requirement, responsibility for
implementing each requirement, and
existence of corresponding Laboratory
documents.

In preparation for the DOE Tiger
Team visit, between August and October
1991 personnel from the health physics
groups reviewed all areas of the Labora-
tory for health physics concerns; identi-
fied areas of noncompliance with the
DOE document. "DOE Technical Safety
Appraisal Criteria for Radiological
Protection": prepared group self-assess-
ment reports based on this review; and
assisted in the preparation of the HS
Division self-assessment report. Health
physics personnel also assisted operating
groups in preparing their self-assessments
and reviewed them for accuracy.

Before the DOE Tiger Team arrived,
health physics personnel prepared 14
draft action plans to propose solutions to
the health physics problems identified in
the self-assessment report. In addition,
goals and strategies were developed for
the health physics groups.

While the DOE Tiger Team was at the
Laboratory, several health physics
personnel served as counterparts to the
Tiger Team members, providing support
and responding to observations. Many
other health physics personnel supported
the Tiger Team during this time by
providing information, conducting tours,
and responding to observations.

In the DOE Tiger Team's report. 1007
findings and concerns were identified in
all subject areas. Of these, about 85
concerns were directly related to radio-
logical protection; only 3 of the 85 were
sufficiently urgent to require immediate
action (Category 11 concerns). In re-
sponse to the DOE Tiger Team's report,
the health physics groups assigned offices
of primary responsibility (OPRs) and
associated offices of responsibility
(AOPRs) for each concern that addressed
radiological protection. Action plans for
addressing these concerns were sched-
uled for preparation in 1992.

Publications ami Presentations

"HS-1 Self-Assessment." Los Alumo
National Laboratory internal document.
September 1991.

"HS-4 Self-Assessment." Los Alamo
National Laboratory internal document.
September 1991.

"HS-12 Self-Assessment." Los
Alamos National Laboratory internal
document. September 1991.

Eisele, W.. "Implementing DOE
5480.11 at Los Alamos National Labora
tory." presented at the DOE Radiation
Protection Contractor's Conference.
Knoxville. Tennessee. August 27-29.
1991.
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RADIOLOGICAL RECORDS

Introduction

The Radiological Records Program
was established in response to uudits and
investigations that found thai (he
Laboratory's radiological records were
not kept in a single location. Although all
elements of the program were in place,
they were not centralized. Thus the goal
of the program is to design, develop,
implement, and maintain a centralized
radiological protection record system,
which includes records of internal and
external dosimetry and of routine
workplace monitoring.

HS-12 is responsible for administering
the Radiological Records Program as part
of its data management effort. The
program follows the requirements of
DOE Orders 5480.11 and 5484.1 and the
guidance of ANSI N13.6.

Routine Activities

Among the routine activities of the
program are the maintenance of dosim-
etry records, the production of four types
of reports, and the review of standard
operating procedures (SOPs) for activi-
ties that involve radiation and special
work permiis for radiation work (SWP/
RWs).

In 1991. radiological incidents and
accidents were reported at TA-55 using a
computerized reporting system; else-
where, such events were reported using
the Radiological Occurrence Reporting
(RORI System.

Records Miiintenunce

For mosl of 1991. dosimetry records
for individual employees were main-
tained in various locations throughout the
Laboratory. In fall 1991. the effort began
to centralize these records. Toward this
end. dosimetry records from 1980
through 1989 were reviewed and pre-

pared for entry into a centralized data-
base. Such a database will allow studies
(such as studies of effects of background
radiation on Ihermoluminesceni dosim-
etry and trend analyses) that support the
Laboratory's Radiological Protection
Program.

In addition, plans were made to begin
centralizing records of

• the external dosimetry badge system.

• in vivo measurements labs.

• the urinalysis scheduling and
tracking system.

• the health physics checklist.

• routine area surveys.

• relationships between workplace
and personnel dosimelry results,
and

• radiological occurrence reports.

Reports

Table XI summarizes the reports
prepared in 1991.

Table XI. 1991 Radiological Protection Reports

Title Frequency Recipient Information Provided

External
Exposure Report

Report to the
Radiation Exposure
Information Reporting
System (REIRS)

Radiation Report
Card

Exposure History

Monthly

Annually

Annually

Upon
request

Group leaders

DOE Idaho
Office

Employees

Current and former
Laboratory personnel and
current employers of former
Laboratory personnel

External skin dose equivalent penetrating effective
dose equivalent from gamma and neutron radiation,
and effective dose equivalent from tritium intakes

External and internal dosimetry results for all types of
radiation as measured by TLDs, bioassay, and in vivo
testing

External and internal dosimetry results for all types
of radiation as measured by TLDs, bioassay, and in
vivo monitoiing

Summary of external and internal dosimetry results
for all types of radiation monitored while working at
the Laboratory

Performance
Indicators Program
Report

Quarterly DOE Headquarters, DOE
Albuquerque Office, and
Laboratory Assessment
Office(LAO)

Penetrating and nonpenetrating radiation dosimetry
results listed by Laboratory facility
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Standard Opcalinu Procedures and Special

Work Permits for Radiation Work

In 1991. the health physics groups
(HS-1. -4. and -12) reviewed 447 SOPs
tor radiation protection concerns. In
addition. HS-I issued SWP/RWs in 1991
as follows.

• Operational health physics
locations: 1396 permits

• TA-53: 749 permits

• TA-55: 665 permits

• CMR Building: 400 permits

• TA-50: 225 permits

• Machine shops: 191 permits

• Sigma Building: 101 permits

• TA-54: 31 permits

Additional Activities

In preparing to implement the
Radiological Records Program. HS-12
data management staff took on several
projects in 1991. The External Dosimetry
Badge System (EDBS). ut.e'er design and
development since 1988. was imple-
mented in 1991. The EDBS was devel-
oped to support the radiological protec-
tion program, which is responsible for
monitoring exposure to external radiation
for approximately 8000 Laboratory
employees, visitors, and contractors each
month. External radiation fields are
monitored using thermolumineseent
dosimeters (TLDs). The EDBS controls
the assembly, distribution, return,
disassembly, and analysis of TLDs each
month to determine individual effective
dose equivalents. The system reports
results and stores them in a database
designed to maintain detailed individual
dosimetry data and complete histories of
annual external dosimetry data. The data-
base allows HS-12 to respond to various
requests for dosimetry information and to
identify trends in the data. This system is
expected to serve as a model for automat-
ing radiological protection records
throughout HS Division.

Additionally during 1991. the Urinaly-
sis Tracking and Scheduling (UTSI
system was developed and implemented.
This systems allows HS-12 to schedule
and track urinalysis kits for workers
participating in the bioassay program,
which monitors internal radiation from
intake of irilium, uranium, americium,
and plutonium. The UTS system assigns
individual kits and tracks them from
issuance through sample analysis, thus
ensuring a documented chain of custody.
The system maintains results in a data-
base and provides records of individual
bioassay results, which are used for
internal dose assessments.

In an effort to centralize radiological
protection records. HS-12 began in 1991
to assume some of the responsibility for
maintaining and reporting dosimetry
results previously performed by HS-4.
These responsibilities include reporting
external and internal dosimetry results to
Laboratory and non-Laboratory personnel
both inside and outside the Laboratory,
preparing and reporting dosimetry
histories for former Laboratory workers
at the request of their current employers,
and requesting dosimetry histories for
current Laboratory workers from their
former employers and maintaining those
histories.

Publications and Presentations

Voliin. M. J.. and A. K. Martin,
"Radiation Dosimetry Data Management
Using VAXC. FMS. RMS. DCL. and
Oracle." presented at the U.S. Digital
Equipment Corporation Users Society
(DECUS) Spring 1991 Symposium.
Atlanta, Georgia, May 6-10, 1991.

Vohin, M. J., A. K. Martin, and W. C.
lnkret, "Using VAX/VMS and Oracle to
Support an External Dosimetry Pro-
gram." presented at the Health Physics
Society Meeting in Washington, D.C.,
June 22-26, 1991.
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NEVADA TEST SITE

Introduction

The Nevada Test Site/Off-Sile
Operations Section of HS-12 provides
health physics support for all operations
at the Nevada Test Site (NTS) that
involve Laboratory personnel. As the
only Laboratory ES&H professionals
permanently stationed at the Nevada Test
Site. HS-12 health physics personnel
serve as liaisons to the NTS Test Group
Director. They are responsible to the Test
Group Director for interpreting and
providing compliance direction and
guidance on applicable Laboratory. DOE.
DOE Nevada Office, and other policies,
rules, and regulations.

Routine Activities

In 1991. health physics personnel at
Nevada Test Site participated in several
routine activities. Support was provided
for shipments of radioactive materials,
which included calculations and consulta-
tion for departing shipments and monitor-
ing for arriving shipments. Support
during assembly of test devices included
monitoring assembly operations (using
air samples and surface swipes) and
packaging and on-site transportation of
completed assemblies. Test support was
provided, including analyzing radioactive
tracers installed when test devices were
inserted into racks, analyzing drilling
fluids when emplacement holes were
drilled, installing radiation detectors
when racks were lowered into emplace-
ment holes, maintaining and operating a
radiation telemetry system for 24 hours
after each test to confirm containment,
and providing radiation information for
data recovery teams that entered test
areas when tests were complete.

After each test was complete, core
samples were taken, and sampling
support was provided during these
operations. This support included
monitoring for radiation, explosive
mixtures, and noxious gases during
drilling: monitoring equipment and tools
used to drill: monitoring near drilling
operations for airborne radioactivity and

scheduling bioassays. based on monitor-
ing results, to assess internal doses:
monitoring the radioactivity of core
samples: and supervising the packaging,
loading, and documentation of samples
being sent back to Los Alamos for
analysis.

Support provided when a test area was
cleaned up included monitoring for
radiation and explosive mixtures while
emplacement holes were being plugged,
sampling to ensure that plugs were
effective, and certifying that lest areas
were at or below radiation limits and
ready for release. Radiation protection
training was provided for Laboratory

Table XII. Samples Analyzed at the Nevada Test Site

Type of Sample

radiation workers and those who used thi
HS-12 Health Physics Checklist. Special
dosimetry support was provided for
nonroutine projects, to follow up on
unexplained dosimetry results, and to
assist the Reynolds Electrical and
Engineering Company (REECo) dosim-
etry section.

The health physics analysis laboratory
at the Nevada Test Site performed
various analyses in 1991 in support of
routine activities. These analyses are
summarized in Tables XII and XIII.

Period

January-March

April-June

July-September

October-December

1991 Total

Air

82

276

220

207

785

Swipes

448

121

150

214

933

Dulling Fluid

48

64

54

57

223

Other

199=

4D

156=

33=

392

Total

111

465

580

511

2333

a Mostly thermoluminescent (TL) chips.
Consists of two soil samples and two waste samples.

Table XIII. Analyses Performed at the Nevada Test Site

Type of Radiation Analyzed

Period

January-March

April-June

July-September

October-December

1991 Total

Alpha

151

540

265

575

1531

Beta

151

540

265

575

1531

Gamma

228

672

457

617

1974

Tritium

533

214

249

133

1129

Gamma
Spectroscopy

125

343

150

244

862

Total

1188

2309

1386

2144

7027
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A dditional A cti\ vies

The practice of allow ing drinking
water in a controlled area was investi-
gated in 1991. and health physics
personnel recommended the establish-
ment of a special break area tor employ-
ees wearing anti-C clothing. This would
allow workers in anti-C clothing to be
monitored as they move from the
controlled area to the break area without
requiring them to pass through a portal
monitor.

The Off-Site Radiation Exposure
Review Project was continued, which
involved collecting and correcting data
that will be used to estimate population
and environmental doses in the South-
west from atmospheric testing.

Several documents were prepared in
1991 by Nevada Test Site health physics
personnel, including

• a draft environmental monitoring
plan for the Effluent and Environ-
mental Monitoring Working Group.

• an annual report on effluent
information and on-site discharge
information (an environmental
impact statement) for EG&G Idaho.

• an annual report on the Solid Waste
Information Management System
(SWIMS) for EG&G Idaho.

• an annual report on ionizing
radiation-producing equipment
surveillance for REECo. and

• seven completion reports certifying
that testing areas were ready to be
returned to DOE control.

Automation of the Nevada Test Site
system for counting alpha and beta
radiation continued in 1991. and efforts
began toward replacing the gamma pulse
height analysis system. A tritium stan-
dard was received from the National
Institute of Standards and Technology
(NJST) and was put into routine use as
the standard for the liquid scintillation
counter. In addition, the analysis of
cuttings from emplacement holes
continued: no holes were found to be
contaminated with either tritium or
fission products.

Publications and Presentations

Henderson. R. W.. "Approximation of
the Decay of Fission and Activation
Product Mixtures." Los Alamos National
Laboratory document LA-1 I96K-MS.
January 1991.

Related Professional Activities

In 1991. Nevada Test Site health
physics personnel participated in the
following professional activities related
to Nevada Test Site operations.

• Served on the Health Physics
Community Committee

• Served on the Site-Wide ALARA
Committee

• Served on the Effluent and Environ-
mental Monitoring Group

• Served on the Device Assembly
Facility Safety Analysis Report
(SAR) Working Group

• Participated in the Test Operations
Review Team and co-chaired the
Test Operations Rad-Safe Team
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Acronyms and Abbreviations

ALARA

ANS

ANSI

AOPR

ARCCC

ARG

CAM

CDC

CFR

CLS

CMR

CRADA

DECUS

DOD

DOE

DOE/AL

DOE/HQ

DOE/LAAO

DOE/NV

DOELAP

EG&G

EM

EM-X

EMO

EPA

ERDI

ES&H

As Low As Reasonably
Achievable

American Nuclear Society

American National
Standards Institute

Associated Office of
Responsibility

Accident Response
Capabilities Coordinating

V UlllllllltCL.

Accident Response Group

Continuous Air Monitor

Centers for Disease Control

Code of Federal
Regulations

Chemical and Laser
Sciences Division

Chemistry Metallurgy
Research

Cooperative Research and
Development Agreement

Digital Equipment
Corporation Users Society

Department of Defense

Department of Energy

Department of Energy
Albuquerque Office

Department of Energy
Headquarters

Department of Energy Los
Alamos Area Office

Department of Energy

Nevada Office

Department of Energy
Laboratory Accreditation
Program

Contractor to the Depart-
ment of Energy

Environmental Manage-
ment Division (after August
1991)

Environmental Protection
Group (after August 1991)

Emergency Management
Office

Environmental Protection
Agency

Exploratory Research and
Development Initiative

Environment. Safely, and
Health

FRMAC

GaAs

GTA

HAZMAT

HPAL

HS

HS-DO

HS-1

HS-2

HS-3

HS-4

HS-5

HS-6

HS-12

HSE

HSE-1

HSE-10

HSE-11

IEEE

INC

IVML

JAD

JOWOG

LAMPF

Federal Radiological
Monitoring and Assessment

Center

Gallium Arsenide

Ground Test Accelerator

Hazardous Materials Team

Health Physics Analysis

Laboratory

Health and Safety Division
(after August 1991)

Health and Safety Division
Office

Health Physics Operations
Group (after August 1991)

Occupational Medicine
Group (after August 1991)

Risk Management Support
Group (after August 1991)

Health Physics Measure-
ments Group (after August
1991)

Industrial Safety and
Hygiene (after August
1991)

Nuclear Criticality Safety
(after August 1991)

Health Physics Policy and
Programs (after August
1991)

Health, Safely, and
Environment Division
(before August 1991)

Radiation Protection Group
(before July 1991)

Chemistry Health Protec-
tion Group (before July
1991)

Accelerator Health
Protection Group (before
July 1991)

Institute of Electrical and
Electronics Engineers

Isotope and Nuclear
Chemistry Division

In Vivo Measurements
Laboratory

Joint Applications Develop-
ment

Joint United States/United
Kingdom Working Group

Los Alamos Meson Physics
Facility

LANL

LANSCE

LAO

LASSP

LEP

LS-i

M-4

M-7

MEE-3

MST

N

NESHAP

NEST

NIST

NMT

NRC

NRD

NTOF

NTS

OCONUS

OPR

OS

OS-2

P

P-l

P-17

PF-4

PF-41

Los Alamos National
Laboratory

Manuel Lujan Jr. Neutron
Scattering Center

Laboratory Assessment

Office

Los Alamos Students in
Science Program

Low-Energy Pion

Cell Growth. Damage, anc
Repair Group

Hydrodynamics Group

Detonation Systems Group

Instrumentation Group

Materials Science and
Technology Division

Nuclear Technology and
Engineering Division

National Emission Siandar
for Hazardous Air
Pollutants

Nuclear Emergency Search
Team

National Institute of
Standards and Technology

Nuclear Materials
Technology Division

Nuclear Regulatory
Commission

Neutron Rem Detector

Neutron Time-of-FlighJ

Nevada Test Site

Outside the Continental
United Sates

Office of Primary 1 .espon-
sibility

Operational Security and
Safeguards Division

Material Control and
Accountability Group

Physics Division

High-Energy Density

r IIVSILS vilOUp

Weapons Neuiron Research
CJVOUD

Plutonium Facility
(Technical Area 55).
Builditi" 4

Plutonium Facility
(Technical Area 55).
Bui!dinc41
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Acronyms anil Abbreviations

PNAD Personal Nuclear Accident

Dosimeter

QA Quality Assurance

RAEM Radioactive Air Emissions
Management

RAP Radiological Assistance
Program

RASCAL Radiological Air Sample
Counting and Analysis
Laboratory

RAT Radiological Assistance
Team

REECo Reynolds Electrical and
Engineering Company, a
contractor to the Depart-
ment of Energy

REIRS Radiation Exposure
Information Reporting
System

RERP Radiological Emergency
Response Program

ROR Radiological Occurrence
Reporting

RSL/ITS Radiographic Support
Laboratory /Integrated
Test Stand

SAFKEG Packaging for Radioactive

Materials

SAR Safely Analysis Report

SM-40 South Mesa (Technical
Area 3). Building 40

SM-43 South Mesa (Technical
Area 3). Building 43 (the
Administration Building)

SM-130

SM-2OO6-2OK)

SNML

SOP

SST

SST-X

SST-I I

SUBWOG

South Mesa (Technical
Area 3). Building 130

South Mesa (Technical
Area 3). Buildings 2006
through 2010

Special Nuclear Materials
Laboratory

Standard Operating
Procedure

Safe Secure Transport
Space Science and
Technology Division

Space Plasma Physics
Group

Space Engineering Group

I'niled States/United King-
dom Subworkimz Group

SWMU

SVVP/RW

TA-3

TA-15

TA-1X

TA-3?

TA-46

TA-48

TA-50

TA-53

TA-54

TA-55

TL

TLD

TRADE

TRUPACT-ll

TSTA

UK

US

WIPP

WX

WX-11

X-6

Solid Waste Management
Unit

Special Work Permit for
Radiation Work

Technical Area 3

Technical Area 15

Technical Area IS

Technical Area 35

Technical Area 46

Technical Area 48

Technical Area 50

Technical Area 53

Technical Area 54

Technical Area 55 (the
Plutonium Facility)

Thermolumineseent

Thennoluminesceni
Dosimeter

Training Resources and
Data Exchange

Packaging for Radioactive
Materials

Tritium System Test
Assembly

United Kingdom

United States

Waste Isolation Pilot Plant

Design Engineering
Division

Analysis and Testing Group

Radiation Transport Group

SWIMS Solid Waste Information
Management System
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