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Briefing on Cleanup of TRU Contaminated Soil
January 17, 1984
Planning Phase
Enewetak Atoll Cleanup
T. McCraw

This summary reviews actions during the period 1972-77 by AEC-ERDA-DOE to
conduct radiological surveys, to develop radiological cleanup criteria, and
to assist in obtaining approval and funding for cleanup and rehabilitation
of Enewetak, an Atoll used for U.S. nuclear tests from 1948 to 1958. These
criteria are compared with current EPA draft criteria. Mr. Bruce Church
will cover Enewetak cleanup field operations. This presentation highlights
those aspects of criteria development and planning that are different from
and/or incompatible with EPA's draft criteria.

Figure 1 is a chronological outline of the events leading to cleanup field
operations at Enewetak. Following the announcement of the U.S. commitment
to return this Atoll to the Trust Territory, and without waiting for a final
agreement on AEC, DOD, and DOl responsibilities, an AEC task group began
development of recommendations on cleanup concurrently with the radiological
survey phase of the project. The first draft dose estimates from the 1972-
73 radiological survey of Enewetak began to be available during the period
of task group deliberations.

As the task group members formed their opinions, a number of ijdeas were
considered and rejected that might have misdirected cleanup planning. Among
these were proposals that radiological criteria were not needed and that the
amount of cleanup performed would automatically be determined by the amount
of funding provided by Congress, or that cleanup criteria should be derived
through a consideration of risk estimates, or that dose criteria should be
equivalent to the highest doses being received by any population such as
those living in high natural radiation areas in Brazil. There was also the
idea that the benefits to the Enewetak people of return to their homeland
transcended any risk from radiation. The task group chose instead to derive
its recommendations on cleanup criteria through a conservative application
of current national and international standards for individuals in the
population, and considering a wide range of land use and soil cleanup
options.

The task group sought to recommend soil criteria that were practical in
their application and expressed as a flexible guideline, not a limit. Its
recommendations were considered to be site-specific for Enewetak. There was
a consensus within the group that if its recommendations were to be
technically defensible and useful, site-specific soil cleanup criteria must
be developed that were related to current radiation standards, and expressed
in units that could be compared with measurements made in the field. The
task group recommended use of 50 percent of the annual doses for individuals
and 80 percent of the 30 year dose for populations issued by the FRC, for
cleanup and resettlement planning for fission product doses. Soil cleanup



was recommended for TRU contamination only. The soil levels recommended
were associated with 10 percent to 100 percent of the ICRP lung values for
individuals. Enjebi Island was to be cleaned up for TRU but not resettled
at this time due to high fission product doses. Runit, the island for
disposal of contaminated soil and debris, was to remain quarantined.

From the outset, the task group's recommendations were the subject of
controversy. On occasion, a strong technical defense of their validity was
needed. Agreement on the final draft criteria was a fragile product. Some
NV staff did not support the recommendations. DNA staff preferred to
establish their own cleanup criteria. EPA staff agreed that they would not
disagree, but were looking toward developing their own TRU cleanup criteria.
The Enewetak people and their legal council sought cleanup that would
achieve zero risk for their return. The task group's recommendations were
the subject of an AEC staff paper that was approved by the Commission.

The remaining figures identify agency responsibilities, the task group
members, the basis for their judgments and recommendations, options
considered, their conclusions, the position taken on risk, the features of
the EIS related to Task Group recommendations, and some of the obvious
differences between the Enewetak criteria and current EPA draft dose limits.

The role of those who performed the early work to develop Enewetak cleanup
criteria largely ended with the issuance of the task group's report.
Cleanup planning, field operations, and participants were documented in DOE
and DNA reports. However, no overall post-mortem evaluation of this project
has been conducted and little effort made to learn from all aspects of this
unique experience. So far as I know, this meeting is the first time that
the Enewetak project has been reviewed since DOE's report on field
operations was issued. In that context I would like to acknowledge the
important contributions made toward the success of this effort by the task
group members and particularly Walter Nervik of LLNL. Jack Healy of LANL
and Lyn Anspaugh of LLNL provided the critical relationship between TRU soil
concentrations, air concentrations, and dose to lung. Harold Beck and Jim
McLaughlin of HASL, Paul Gudiksen of LLNL, and Oliver Lynch of NVO provided
input for external doses. Vic Nelson of the University of Washington and
Vic Noshkin of LLNL provided marine data. Bill Robinson of LLNL provided
the many dose estimates needed for a matrix of land use and cleanup
alternatives.

The reason for citing these contributions is to emphasize that development
of site-specific criteria and options for cleanup of a contaminated
environment requires a large amount of detailed environmental information
that has been evaluated for use in cleanup planning. Mandatory cleanup dose
limits derived from extremely low risk values such as those in the EPA
draft, had they been in existence in 1973, may well have made Enewetak
cleanup appear to be an impossible task with a price tag that was out of the



question, and with so much soil requiring disposal that the only option
would have been ocean disposal, an action EPA advised was not acceptable.
The removal of soil from much larger land areas,an action that would have
been required by the EPA limits, would have accomplished only a small
increment of additional dose and risk reduction. How the EPA screening
level would have been interpreted in planning Enewetak cleanup is a matter
for guesswork. It may have been a liability because of the potential for
misuse and misinterpretation.

I do recall several matters that may be relevant. The task group had little
faith in use of air sampling data to determine that significant levels of
TRU contamination were not present in the soil. Also, they considered but
did not recommend plowing to dilute TRU concentrations below the levels to
be considered for soil removal. In retrospect, use of EPA dose limits to
plan soil cleanup at Enewetak appears incompatible with the need to prepare
a complete spectrum of cleanup alternatives that would give OMB and Congress
some choice as to the magnitude of the Enewetak cleanup effort.

The task group recommended a conservative application of existing standards
for use at Enewetak. In recommending use of dose limits based upon an
extremely conservative risk value, EPA ignores these standards. Viewed from
the prospective of the Enewetak experience, EPA's development of yet another
set of numerical dose values significantly lower than Federal standards and
described as limits, restricts rather than promotes flexibility in cleanup
decision-making.

For Enewetak there where significant areas of land contaminated with TRU
elements and fission products, high visibility and public interest and
concern, the involvement of land owners and their legal advisors, and
concern for the cost of cleanup. Under such circumstances, AEC acting on
its own judgment may have found it impossible to justify conduct of soil
cleanup not meeting Federal dose limits even with advice from EPA that these
limits are not to be interpreted as absolute values to be met in every
instance. If available in 1973, dose limits that need not always be applied
as absolute values, would have been a new and confusing concept in radiation
prediction and I suggest this is true today as well.

Though permitted by the EPA criteria, development of cleanup recommendations
that present a justification for exceeding a dose limit that is some
fraction of the FRC standards for use at Enewetak, would have created a
problem for those planning cleanup. Almost any advice that was not
supported by existing standards would have resulted in disagreement on
technical and legal issues. This could have made cleanup a more
controversal political issue than it was.

A justification for exceeding EPA's dose limits would have focussed
attention away from the fact that basic radiation standards could be (and
were) met at Enewetak through a combination of cleanup actions and land
restrictions.



In terms of the total cleanup effort, 1 year was required to develop
Enewetak cleanup criteria, the time from the announcement until funding was
more than 4 years, and the time from the announcement until the end of
cleanup was 8 years. Since the fission product doses on some cleaned-up
islands are likely to be higher than the EPA draft dose limits for TRU
elements in soil for a number of years, one could now argue that Enewetak
cleanup was not adequate. This is one of the problems avoided by use of a
conservative application of basic standards for both fission products and
TRU contamination.

Enewetak planning experience would seem to support the idea that as much
advice and as many recommendations on soil cleanup as can be agreed upon
should be issued as Federal criteria. However, such guidance must not close
off the possibility for consideration of a range of cleanup options wherein
dose to the public is only one of several considerations.

One final point, compared to the task group's recommendations, EPA's draft
criteria commit that agency to very little in terms of agreements on
acceptable methods for dealing with the practical problems incurred in
planning and conduct of soil cleanup, many of which are ameniable to generic
guidelines. The possibilities for such guidelines can be derived from the
published records of Enewetak cleanup.



AGENCY RESPONSIBILITIES
ENEWETAK CLEANUP AND REHABILITATION

DOD — Precleanup Engineering Survey
Monitoring to Insure Safety of Cleanup Personnel
Radiological and Nonradiological Cleanup
Reimburse AEC Support of Cleanup in Field

AEC — Precleanup Radiological Survey

Development of Radiological Criteria and
Recommendations

Monitoring Support for Cleanup Field Operations
Certification of Completion
Followup Radiological Monitoring After Cleanup

DOl — Rehabilitation
Resettlement
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ALTERNATIVES CONSIDERED

The Task Group Evaluated:

e A Five by Six Matrix of Cleanup Degrees and Food
Production Locations vs Living Patterns

¢ Five Cleanup Options Ranging from no Radiological
Cleanup and no Return, to Extensive Soil Removal and
Some Soil Replacement on Certain Northern Islands

¢ Six Options for Disposal of TRU Contaminated Soil and
Scrap ~



TASK GROUP POSITION ON RISK

“Most of the exposure to whole body, at Enewetak, and in
fact to all organs will come from internal emitters. The shape
of the dose-effect curve for exposure from internal emitters
is most uncertain because of lack of experience and lack of
confidence in extrapolation of high dose and dose rate
effects into the very low dose and low dose rate situation. A
lack of confidence in the statistic and risk estimate drawn
therefrom has therefore led the Task Group to have serious
reservations about their validity. The Task Group holds the
opinion that such estimates cannot be used in any definitive
way to draw conclusions on whether current radiation
standards are too high or too low or as a basis for decision-
making relative to resettiement of Enewetak Atoll.”"*

*Report by AEC Task Group on recommendations for cleanup and
rehabilitation of Enewetak Atoll, June 18, 1974



TASK GROUP CONCLUSIONS

Cleanup and Rehabilitation of Enewetak Atoll is Feasible
Doses from Fission Products will Predominate

The Degree of Cleanup of the Atoll Should be Dictated
by the Requirement to Keep Exposure within Acceptable
Standards

National and International Standards Apply

A Fraction of FRC’s, RPG’s for Individuals Should be
Utilized to Evaluate Cleanup and Land Use Options
Involving Fission Product Doses

A Fraction of ICRP Standards for Lung for Individuals
Should be Utilized to Develop Flexible Soil Cleanup
Criteria Expressed as a Concentration of TRU Elements
in Soil, i.e., pCi/gm*
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TASK GROUP CONCLUSIONS
(CONT'D)

e A Group of Experts Should Support Cleanup Operations
with Advice on Application of Task Group Criteria to
Specific Situations

¢ Land Use Restrictions, as Opposed to Soil Removal, are
the Recommended Method for Controlling Exposure from
Fission Products

¢ Removal and Disposal of Soil, or a Permanent Quarantive,
are the Only Effective Measure Against Soil TRU
Concentrations Exceeding Task Group Criteria

*The Task Group believed that site-specific criteria could be developed on a
case-by-case basis using conservative assumptions and a safety factor, but
that biological and environmental information is not adequate to establish
general cleanup guidance.



TASK GROUP JUDGEMENTS
AND RECOMMENDATIONS

- "The Task Group approach for development of judgements

and recommendations for the radiological cleanup and

rehabilitation of Enewetak was to consider a number of

alternatives for exposure reduction that may be feasible.
Basically the procedure involved four steps.”’

e Assessment of doses for current conditions

e Assessment of dose reductions by modifying the diet

e Assessment of dose reductions by removing contaminated |
soil ‘

e Comparison of dose assessment matrices with Task
Group guidelines



TASK GROUP CRITERIA AND THEIR CONTEXT

TRU IN SOIL

>400 pCi/g, Corrective Action Required
1,500 m Rem/yr, Lung (150 m Rad/yr)

<40 pCi/g, Corrective Action Not Required
150 m Rem/yr, Lung (15 m Rad/yr)

40 to 400 pCi/g, Corrective Action Determined on
Case-by-Case Basis

FISSION PRODUCTS*

250 m Rem/yr, Whole Body and Bone Marrow
750 m Rem/yr, Thyroid
750 m Rem/yr, Bone
4,000 m Rem/30 yrs, Gonads
*50% of Federal Radiation Council (FRC) Radiation Protections Enider

(RPG’s) for Annual Doses for Individuals and 80% of the 30-year Criterion for
a Population



ENEWETAK CLEANUP EIS

Presents AEC Task Group Recommendations as
- Conservative Guidelines that are Necessary Because of
Uncertainties in Exposure Predictions

For TRU Contaminated Soil Removal Stresses Need fora
Team of Experts to Advise on Cleanup Actions

Presents Five Cases (Options) for Land Use and Degree of
Cleanup and a Matrix Showing a Range of Alternatives
Detailing Dose Reduction, Health Effects, Cost, and
General Acceptability

Recommends Case 3 as Offering the Best Combination of
Features



EPA DOSE LIMITS AND THEIR CONTEXT

1 Millirad Per Year to Lung*
3 Millirad Per Year to Bone*

...... while the recommendations are expressed in terms of
numerical limits...... these are not to be interpreted as
absolute values which must be met in every instance.
Rather, Federal Radiation Guidance relies on the judgement
of the implementing agency, and only specifies that the

- general objectives are to be met and deviations must be
justified.”’

““Suggestions that higher dose rate limits should be used .

were rejected because the Agency had shown that the
proposed limits were reasonable and achievable.’’

*Risk is less than 10-6 per year to critical segment of population.



GUIDANCE RECOMMENDATIONS (REVISED)

In order to assure the protection of persons in the general
population by limiting the radiation doses that an individual in a
oritical segment of the population may receive from concentrations of
transuranius elements present above average background levels in the
general environment, the following recomsendations ahall apply for the
guidance of Federal agencies:

l. Dose rates to persons in the general population for continuing
exposure to transuranium elements should not excced the recosmendations
provided in Federal Radiation Guidance No. 1, and reasonable efforts
should be made to keep all exposures as low as reasonably achievable.

2. Contamination levels in the general environment should be
limited to assure that the annual alpha radiation dose rate to members of
the critical segment of the exposed population as the result of exposure
to transuranium elements not exceed either:

‘a. ‘1 millirad per year to the pulmonary lung, or
b. 3 millirad per year to the bone or 40 millirad per year
to the bone surfaces.

3. For newly contaminated areas, the Federal agency responsible for
implementation of these recommendations should take immediate acotion to
minimize both the residual levels of transuranium elements in the general
environment and the radiation exposure of the general public.
Determination and implementation of further appropriate measures, to
ensure that projected dose rates to persons in the general population are
as low as reasonably achievable and in full compliance with the above
recommendations, should begin as promptly as possible and should be

completed within a reasonable period of time.
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4. The recommendations are to be used only as radiation protection
guidance for presently existing cases of environmental contamination by
transuraniua elements and for possible future cases of environmental
contamination from unplanned releases of transuranium elements. Federal
agencies are not to use them as limits for planned releases of

transuranium elements into the general environaent.

5. Remedial actions for contaminated sites should be planned to
provide maximum protection of the public health at reasonable cost, and
should be implemented with the objective of -1n1n1zin¢ adverse impacts on
the environment.

6. The relationship between the projected dose rates to persons in
a "critical segment of the population” and the ambient concentration of
transuranius elements in air, soil and food is to be determined on a
site~specific basis, taking into account all poasible environmental
pathways. For purposes only of eliminating certain lands froa further
more detailed evaluation, a soil "screening level® of 0.2 uCi/m? of
alpha-emitting transuranium elements, for samples collected at the™
surface to a depth of 1 cm and for particle sizes less than 2 mm, may be
used under post circumstances. Areas which do not exceed the "screening
level™ generally may be considered in compliance with the
recommendations; those that exceed it would require further evaluation to
determine the actual dose rates to exposed persons. The "screening
level®™ i3 not to be used by Federal agencies as a 30il concentration
limit for purposes of implementing these recommendations.



DOSE COMPARISONS

EPA Dose Limit is:

1 Enewetak Level where
15 No Action Required

1 Enewetak Level where
150 Action Required



COMPARISON OF MAJOR FEATURES

AEC Task Group

Site-specific Soil Criteria Recommen-
dations Developed with Knowledge
of Rad Survey Data Base

Conservative Application of Existing
Radiation Standards

Cleanup and Land Use Options

Evaluated Against Dose and Soil TRU

Concentration Criteria

Anticipates Need for Full Spectrum of
Cleanup Options in EIS and that Final
Decisions on Cleanup to be Made at
Higher Level Such as OMB and
Congress

No Equivalent

EPA Draft

General Criteria to be Applied to
Current Situations or Future Accidents
on Site-specific Basis

Selection of 10-5 Risk, Derivation of
Associated Doses Expressed as Limits
not to Interpret as Absolute Values,
Limits Shown by EPA to be Reasonable
and Achievable.

Dose Limits to be Applied on
Site-specific Basis, Explicit Guidance
not Given in Order to Allow Flexibility,
No Examples Cited

Recommendations Anticipate Decision
Point for Flexible Implementation of
Dose Limit Lies within Implementing
Agency, Application Relies on
Judgement of this Agency

Screening Levels



DATA FOR ENJEBI ISLAND*

Maximum Annual Dose

m Rem/y
Bone Marrow 293/718**
Whole Body 245/540**

Transuranium Soil Contamination
pCi/g Top 15 cm

0.08 to 170

* AEC Task Group Report, June 19, 1974. Note: The Task Group
recommended Enjebi not be resettled until test food crops showed
acceptable low levels.

** Imports available/Imports unavailable average dose primary from Cs-137,
Sn-90, and external radiation. TRU dose smaller by comparison.
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Technical Evaluation of the Proposed "Screening" Level Using

the Critical Organ Methodology and ICRP-26

J. W. Healy

Los Alamos National Laboratory

The EPA provides two screening levels, one for soil and one for air. We
will discuss the soil screening level first then the air screening level and

finally some perceived problems in the application of the EPA Guidance.

A mass loading approach is used to define the resuspension leading to
inhalation. The EPA first refers to a study by Anspaugh in which concentra-
tion data for various radionuclides was compared with air concentrations.
(Slide 1.) 1In this comparison he used an air concentration of 100 ug/m3 for‘
the dust. It may be noted that the agreement is good for resuspension data
and covers a wide variety of areas. This method seems to be more a
correlation using a fixed value of the mass loading in the air than a true
mass loading approach. The EPA, however, seemed to be enamoured with some
correction for particle size and derived the method for correcting for
particle size in the soil and air given in the next slide (Slide 2) even
though the Anspaugh correlation provided conservative results for the variety
of areas included. It should be noted that the EPA approach requires
considerable additional measurements on size fractions in the soil and air.
Although they claim that representative areas could be used, they do not
indicate how these are selected nor how many are required so that a true
estimate of the increased costs cannot be made. However, it is important to
note that this method has never been tested to prove its applicability to
estimating resuspension, The assumptions used in calculating the soil

-1-



screening Tevel are given in the next slide (Slide 3). They claim that the
use of the dust storm data is appropriate because two other studies gave the

same results. .

In estimating doses to the lung and bone they used the organ weights in
the next slide (Slide 4). The chief discrepancy is in the lung weight where
the EPA tried to describe the tissues irradiated more closely than most. Of
course, the new ICRP calculations used the dose to the bone surface assumed to
weigh 120 grams rather than the average bone dose. These ICRP bone surface
calculations are given in the next slide (Slide 5). It is of some interest
that this calculation gives a factor of 10 over the average bone dose while
the older calculation uses a factor of 5 as derived from early animal

experiments. ‘

The air screening level is given in the next s]idé (Slide 6). It is
based on a particle size of 0.1 um presumably because it is intended to apply
to effluents from a facility. As such, it does not really apply to the
resuspended component where particle sizes are typically on the order of a few
micrometers. However, the difference between the EPA air value and that for

several micrometers is only about a factor of two to three.

The EPA insists that the primary guidance of 1 mrad/yr to the lungs and
3 mrads/yr to the bone should take precedent. However, there are problems
with this in terms of the data needed to predict the dose and the need to use
models to determine the dose. The next slide (Slide 7) shows the distribution
of plutonium in the bone and liver as obtained from the autopsy data of both
public and workers. The wide distribution is apparent so that it will be
-2-



difficult to assure that any guidance is met for an individual or a group of
fndividuals. The ICRP cautions on the use of their models for an individual
because a number of uncertainties are present. A1l of this leads tothe
conclusion that it will be difficult to obtain a calculation that will be
acceptable to all parties, particularly if opposition groups develop. For
these reasons, it is my belief that the screening levels may play a large role
in any future accident cleanup and may, in fact, become the de facto standard.
If an accident occurs in a foreign country, there is 1ittle doubt in my mind

that they will consider the screening level as the primary standard.



. ANSPAUGH MASS LOADING PREDICTIONS - lOO,,g/M3 DUST

LOCATION, ETC.
X SIT )

NE, 1971-1972
Cl, 1972, 2 weeks

g

1971
1972
1973
1973

ARGON

1972
1972

SUTTON, ENGLAND
1967-1968

RADIONUCLIDE

239Py
239PU

238,
238,
238,

40y

2321,

NATU

NATU

AIR CONCENTRATION

PREDICTED

7200 AC1/M>
120 FCI/M3

150 PG/M3
150 pa/M>
150 PG/M3
1000 AC1/M>

320 PG/M3
215 pa/M

110 PG/M3

MEASURED

6600 AC1/M>
23 £C1/m0

52 PG/M3
100 po/m>
86 PG/M3
980 AC1/M

240 PG/M3
170PG/M3

62 PG/M3

RATIO

2.88
1.50
1.74
1.02

1.33
1.26

1.77



EPA "ENRICHMENT FACTOR”
C= AML x SC x X F6
AML - AIR MASS LOADING
SC - SOIL CONCENTRATION
Fy - FRACT. AIRBORNE MASS IN EACH SIZE INCREMENT
Gy - RATIO OF TOTAL ACTIVITY IN EACH SOIL PARTICLE SIZE

INCREMENT TO FRACTION OF TOTAL MASS WITHIN THE
INCREMENT .
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SOIL SCREENING LEVEL ASSUMPTIONS
MASS LOADING - 100 yg/m

PARTICLE SIZE DISTRIBUTION IN AIR
- CHEPIL DATA FROM DUST STORMS

SOIL ENRICHMENT - ROCKY FLATS DATA
(LF[G) = 1.06 - 2.34)

INFINITE AREA
NO RESTRICTIONS ON LAND USE

CONC. ~ 1 MRAD/YR = 2.6 x 10°1° Ci/m



ORGAN WEIGHTS

LUNG
EPA 530 g
ICRP-2 1000 g
ICRP-30 1000 g

(PUL, LYMPH, TB CONTENTS)

BONES
EPA 5000 g
ICRP-2 7000 g
ICRP-30 5000 g

(BONE SURFACES - 120 g)



BONE WEIGHT 5000 g
BONE SURFACE WEIGHT 120
25% ENERGY ABSORBED IN SURFACE

ICRP-2 N FACTOR =5
RATIO = 0.2



AIR SCREENING LEVEL

ASSIMPTION |
0.1um  AMAD PARTICLE

LEVEL
1t (1070 cun)

ICRP-2 (PUBLIC) 6 x 1073 Ci/ne



(SKELETON Pu) / (SKELETON Pu +LIVER Pu )

T T T T T T T T T T ]

1.07
COMBINED OCCUPATIONAL (59)
. PLUS NON-OCCUPATIONAL (110) °® -
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0-8 = —
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0.4} () -
ARITHMETIC MEAN = 0.74
STANDARD DEVIATION =0.2!
0.2r -
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CUMULATIVE PERCENT LESS THAN VALUE




Department of Energy
Nevada Operations Office
P. O. Box 14100 '
Las Vegas, NV 89114-4100

JAN 1 3 1984

T. D. Pflaum, HQ, Chief of Envir., Safety & Health (DP-226.1) GTN

COMMENTS ON EPA-PROPOSED "DOSE LIMITS FOR PERSONS EXPOSED TO TRANSURANIUM
ELEMENTS IN THE GENERAL ENVIRONMENT*®

The Nevada Operations Office (NV) submitted comments on the subject dose
limits via our letter, Church to Pflaum, dated October 19, 1983. For
convenience a copy is enclosed.

Although much can be said on this subject I wish to take this opportunity to
discuss the following points.

1. EPA Objective of Reducing Risk to 1075 Uitra Conservative ‘

EPA states that they believe it appropriate to 1imit the risk for a cancgr
fatality from a single radiation source to a person in the population to 10
per year. We contend that the proposed standards in rgg]ity impose a risk

~1imit much more conservative and ¢ould be as low as 10 .

There is considerable uncertainty in developing risk estimates from observable
health effect data, and there is considerable uncertainty in estimating
environmental organ doses through pathway modeling because of the assumptions
made and variability of individuals (i.e., lifestyles, ingestion, uptake and
growth rates, etc.).

If the maximizing assumptions are always taken, the predicted risk to a
population for leaving a contaminated area undisturbed could be several orders
of magnitude less than the real risk encountered during cleanup operations.

One risk not considered by EPA 1s_§he risk benefit to personnel involved in
the cleanup which approximates 10 . The criteria and consideration for
cleanups should include the risk of death and injury resulting from the
cleanup itself.

During the course of the Enewetak cleanup, two men died in work-related
accidents; six others died from a varfety of causes. It is well documented
that construction activities have higher fatality rates than most industries.



T. D. Pflaum -2

The following table summarizes some selected fatality rates and risks.

Activity Fatality Rate* Risk

ANl industries (1976) 14 1.4 x 107*
Construction (1976) 57 5.7 x 107%
At work (1980) 5

State of Nevada ' 4.9 4,9 x 10
DOE & Contractors -5

(1978-82 average) 5.6 5.6 x 10
NTS (1965-1981 average) - 27 2.7 x 1074
Enewetak cleanup | 70 7.0 x 107

*Per 100,000 worker-years.

Because of the great variability in the data, and the requirement to
interpolate and extrapolate, it is essential that a careful uncertainty
analysis be made by EPA. This analysis is necessary to ensure confidence that
the risk of cleanup does not exceed theprisk from Teaving the contamination
undisturbed; which may be as low as 10 ~ or lower.

2. Imaginary Versus Real Deaths!

The models used to assess the health effects (i.e. radiation-induced
cancer fatalities) on the Enewetak people during the planning phase estimated
< 3 health effects (cancer deaths) over 30 years with no cleanup and no
restrictions on island or food usage.

An analysis of the total radiation dose to the returning people of Enewetak
after the cleanup leads to the conclusion that there might be an additional
0.026 deaths in 30 years from cancer caused by radiation. This is compared to
the two persons who died in course of the three-year cleanup.

The uncertainty which is inherent in cancer-risk estimates is graphically
illustrated in Table V-4, page 147 in the 1980 BEIR report in which the
expected number from continuous exposure of one rad per year to a population
of 1,000,000 ranges from zero to 568,

The risk estimates of cancer deaths as required by the proposed EPA standard
(maximizing risk estimates) give hypothetical, or imaginary deaths as compared
to the real deaths which do occur in construction projects. The fact is that
no increase in cancer rate has been, nor can be, identified at the dose levels
comparable to background radiation levels.
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Therefore, until the technology is developed to perform TRU cleanups where
workers do not take substantially higher risks (which are real) to achieve

a condition where the risks (which are hypothetical) are substantially lower
than daily risks, guidance should be limited to reflect the greatest savings
of life.

The Enewetak cleanup, which was designed to conform with the proposed EPA
guidance is the epitome of the above discussion. According to risk analyses
published in the planning documents, the islands could have been turned over
to the people without a radiological TRU cleanup and saved lives.
Ultraconservatism costs more than just time and dollars, it can cost real
lives.

3. Cost Versus Benefit

Reasonable alternatives should be evaluated when decisions are made
affecting the expenditure of resources. The radiological cleanup at Enewetak
cost approximately $100 million and resulted in the potential of averting less
than one cancer death from radiation in 30 years in the Enewetak population.
How many premature deaths from disease and illness might have been averted in
the Enewetak population by directing $100 million into improving health care
knowledge, facilities, and capability? We may not have the information
available to answer this question, but it is not unreasonable to consider this
alternative. Similar logic should be applied in considering any radiological

c¢leanup.
ZEEZZZ;CQJCZAL
. Bridce W. Church, Director
HPD: DLW : Health Physics Division
cc:
L. J. Deal, HQ (EP-342) GTN
T. F. McCraw, HQ (EP-32) GTN
A. B, Siebert, Jr., HQ (DP-3.1) GTN
P, J. Mudra, Dir., OD, NV
Roger Ray, DPO, NV
J. D. Stewart, OD, NV
E. D. Campbell, NSD, NV
D. R. Martin, SHD, NV
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COMMENTS ON EPA-PROPOSED "NCSE LIMITS FNR PERSONS CYPOSED TO TRAMSURANTIM
ELEMENTS I THE GENERAL ENVIROMMEHT®

The Nevada Opserations Office (NV), Health Physics Mivision (HPD), has ohtained
corments from the scientific laborataries, anpropriate contractors, and staff
on the suhinct documant, A brief surmary of those camments is providad helow.

Pacausa tha maximum measured Py concentration outside of the flellis Borhinrg
and Gunnery Range {abservead Auring sampiino anpraximately 10 vaars agn) is
l2ss than a half oF the screening Tevel, e heliaya the recommendations of the
report probably will not impact significantly on MTS activities, Even so, the
racormandations ara nnt considared reasonahie, !'nuevar, hocause thera is
qreat variability between Incations of samples and aliqunts of the same soil
sample (i.2., the hot particle prablam}, it is concrivanle that someone could
find orf-sit2 locations which would excred the scroening leval, In additinn,
un naye suhstantial areas contaminated above thnse 1imits nn tha i811is ranga,
hut, off tae MTS, a3s well as substantial areas above the Timits an the NTS,

It appaars +hat the real hasis fnr these recommendations is "as lnw as can bhe
trlorated without heavily consuming agency hudgots,” and is not hasad on any
cest-hennfit analysis. Any number of. apprnaches cnuld he used to assign a
valux to a life and thereby calculate a dellar valua far dose reduction vhich
conld ha halanced against c1=anup costs. Instead, the report lists an
Ahsaiute risk of 107 *o 107" daaths, er year as, roasnnanlp and then turns
arnuni and selects 167 (not 5 x 107 ar 3 x10° ) without cnansidering cost or
hon=tit, : -

Th» ouidanea Tavels of 1 mMR/yr to the pulimonary ling, 3 m2/yr to hone, or 4N
mR/yr to the hane surface are not directly measurahlo quantitios and tharefore
are nt littla practical use. Complax and aquestionable calculatians vould be
reaqiuired to fraaciarm mnasurad contamination levels tn dnses.  Anv siuch
calculaticns contain iwdgmantal factars concerning dietary hahits and personal
prafarancas unich conld he challonged and the ragpansihla agency could find
iterlf in nndlass court Hattl-s renarding compliancoe.  Tha enly certain uay to
assure compliance wonul-t ba nropihitive far rautiﬂ?;opérations.

o
Cacts o7 c1ﬂenup. i€ it should ha poquirsd, ars astimatad in the EPA document
At unvards af 4N LCN ner acra, which excoeds tha intrinsic land value arnund
the UTS by eapa than tan tines, This Yind ar eost relativa fo tho wstimatod
POLANTIz1 nanaFit af auch 10ss than one onn-nillionth af a "health offect”
SPens arnssly oxer-ssive,
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ta wngld Re oyapy happy ta wark with ilitary dpsiicatinn in davelaning 2y
furthnr responsa to FPA an this qatter,
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ENEWETAK CLEANUP PROJECT
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e UNITED STATES BORROWED ENEWETAK ATOLL IN 1947 FOR NUCLEAR
TESTING.

e NATIVE POPULATION DISPLACED TO SMALLER ATOLL.

* TESTING PROGRAM:
— DESTROYED VEGETATION VITAL TO SUSTENANCE OF NATIVE
INHABITANTS.
— GENERATED THOUSANDS OF TONS OF DEBRIS WHICH WAS LEFT IN
PLACE.
— INTRODUCED RADIOACTIVE CONTAMINATION TO NORTHERN HALF
OF ATOLL.

* UNITED STATES PROMISED IN 1972 RETURN OF THE ATOLL TODISPLACED
OWNERS.

e CLEANUP AND REHABILITATION WAS ACCOMPLISHED DURING 1977-80.

e ENTIRE PROJECT INVOLVED:
— REMOVAL OF DEBRIS FROM ISLANDS.
— CONSOLIDATION OF SOIL CONTAMINATED ABOVE CLEANUP
CRITERIA.
— RESTORATION OF VEGETATION FOR AGRICULTURAL PURPOSES.
— CONSTRUCTION OF 116 NEW DWELLINGS AND TWO COMMUNITY
CENTERS.

* DNA WAS RESPONSIBLE FOR CLEANUP WITH DOE IN ADVISORY AND
SUPPORT ROLES. CLEANUP WORK DONE BY MILITARY PERSONNEL.



TABLE 5-6:

ESTIMATED 30-YEAR INTEGRATED DOSES TO INDIVIDUALS @

(REM)

HABITATION PLANS

NO RESTRICTION ON ISLAND

LIVE ON SOUTHERN ISLANDS AND
ENJEBL VISIT NORTHERN ISLANDS;
FOOD FROM SOUTHERN I1SLANDS OR
ENJESBI PLUS COCONUT FROM 12
N.E. ISLANDS AND PANDANUS AND
BREADFAUIT FROM ENJEBI FARM

LIVE ON SOUTHERN ISLANDS;
VISIT NORTHERN ISLANDS; FOOD
FROM SOUTHERN ISLANDS PLUS

LIVE ON SOUTHERN ISLANDS:
VISIT ON SOUTHERN ISLANDS; USE
FOOD GROWN ON ONLY SOUTHERN

RESIDENCE AND AGRICULTURE
ISLANDS -

L : BACKGROUND

L = BACKGROUND

L - BACKGROUND

CLEANUP ACTIONS FOOD USAGE. PLOTS OR IMPORTED? COCONUT £ROM 12 N.E. ISLANDS © ISLANDS.
1. NO .
CLEANUP CASE 1 CASE 2
T wB-§ W8 = 3 (6 ON ENJEBI) wa -1 w8 - BACKGROUNDY
e B - 10 (20 ON ENJEBI) n-s B : BACKGROUND
L-01 L - 0.06 (0.1 ON ENJEBI) L:0.04 L - BACKGROUND
. REMOVAL OF ALL SCRAP AND CASE 4 CASE 3
Pu CONCENTRATION GREATER we-s WB - 3(6 ON ENJEBI) we -1
THAN 40pCi/g FROM o 00 ® - 10 {20 ON ENJEBY) B-s SAME AS CASE 2

. TOTAL CLEANUP OF RESIDENCE
AND AGRICULTURE ISLANDS.

CASE S

WB : BACKGROUND
B - BACKGROUND
L . BACKGROUND

HABITATION RESTRICTION NOY
REQWHRED. SEE CASE S

HABITATION RESTRICTIONS NOT
REQUIRED. SEE CASES

HABITATION RESTRICTIONS NOT
REQUIRED. SEE CASE S

LEGEND

We = WHOLE BODY DOSE
8 - BONE DOSE
L = LUNG DOSE

8 DOSES CALCULATED TO ONE SIGNIFICANT FIGURE BASED ON DATA FROM NVO-140 AND AEC TASK GROUP REPORT.

® DOSES CALCULATED FROM AN ASSUMED POPULATION DISTRIBUTION OF 44 PERCENT OF THE ATOLL POPULATION ON ENJEBI AND THE BALANCE OF
THE POPULATION ON THE SOUTHERN ISLANDS.

€ DOSES CALCULATED FROM ISLAND AREA WEIGHTED DISTRIBUTION OF COCONUTS: 40 PERCENT FAOM MIJIKADREK TO BILLAE AND BIKEN, AND
__ SO PERCENT FROM THE SOUTHERN ISLANDS.

¢ BACKGROUND MEANS THAT THE DOSE IS ESTIMATED TO 8E NO GREATER THAN WOULD BE ABSORBED FROM NATURALLY OCCURRING SOURCES,
EITHER EXTERNALLY OR iINTEANALLY. ESTIMATES FOR BACKGROUND 30-YEAR DOSES ARE:
W8 =1 rem, B = & rem, AND L » 0.0009 rem.

FROM ENVIRONMENTAL IMPACT STATEMENT CLEANUP,REHABILITATION,RESETTLEMENT OF ENEWETAK

ATOLL, MARSHALL ISLANDS. DNA, APRIL 1975 VOL \.

e




TABLE 5-7: ESTIMATED MAXIMUM ANNUAL DOSES TO INDIVIDUALS3

(REM)

HABITATION PLANS

NO RESTRICTION ON ISLAND
FOOD USAGE.

LIVE ON SOUTHERN ISLANDS AND
ENJEBL VISIT NORTHERN ISLANDS;
FOOD FROM SOUTHERN ISLANDS OR
ENJES) PLUS COCONUT FROM 12
N.E. ISLANDS AND PANDANUS AND
BREADFAUIT FROM ENJEBI FARM
PLOTS OR IMPORTED.

LIVE ON SOUTHERN ISLANDS;

VISIT NORTHERN ISLANDS; FOOD
FROM SOUTHEAN ISLANDS PLUS
COCONUTY FROM 12 N.E. ISLANDS

LIVE ON SOUTHERN ISLANDS;

VISIT ON SOUTHERN ISLANDS; USE
FOOD GROWN ON ONLY SOUTHERN
1SLANDS.

ISLANDS.

L - BACKGROUND

L = BACKGAOUND

L - BACKGROUND

. NO CLEANUP. _
CASE 1 CASE 2
WB - 03 w8 - 0.1 (0.3 ON ENJEBI) we - 0.05 ) wB BACKGROUNDb
8-2 B - 05 (1 ON ENJEBI) 8-02 8 - BACKGROUND
L - 0.004 L = 0.002 (0.004 ON ENJEBI) L - 0.001 L BACKGAOUND
H.  REMOVAL OF ALL SCRAP AND CASE 4 CASE 3
Pu CONCENTRATION GREATER - R 3 ON ENJEB! W5 - 0,05
THAN 40pCirg FROM wb =03 we - 01 (0. ) * 0
: ® - 0.5 (1 ON ENJEB! 8-02 SAME AS CASE 2
RESIDENCE AND AGRICULTURE 8-2 =05 ) - 0.

.

TOTAL CLEANUP OF RESIDENCE
AND AGRICULTURE ISLANDS.

CasEs
" WB : BACKGROUND
8 - BACKGROUND

L - BACKGROUND

HABITATION RESTRICTIONS NOT
REQUIRED. SEE CASES

HABITATION RESTRICTIONS NOT .
REQUIRED. SEE CASE S

HABITATION RESTRICTIONS NOT
REQUIRED. SEE CASES

LEGEND

W8 - WHOLE BODY DOSE

B = BONE DOSE
L = LUNG DOSE

® DOSES CALCULATED TO ONE SIGNIFICANT FIGURE BASED ON DATA FROM NVO-140 AND AEC TASK GROUP REPORT. AEC GUIDELINES FOR
MAXIMUM ANNUAL DOSE ARE: WB = 0.25, B - 0.75. SEE TABLE 5-6 FOR ASSUMPTIONS USED IN DOSE CALCULATIONS FOR COLUMNS B AND C.

b BACKGROUND MEANS THAT THE DOSE 1S ESTIMATED TO BE NO GREATER THAN WOULD BE ABSORBED FAOM NATURALLY OCCURRING
SOURCES, EITHER EXTERNALLY OR INTERNALLY. ESTIMATES FOR ANNUAL BACKGROUND DOSE ARE:
WB -004rem, B-0.trem endl - 3 x 10 %rem.

FROM ENVIRONMENTAL IMPACT STATEMENT CLEANUP, REHABILITATION, RESETTLEMENT OF ENEWETAK
ATOLL, MARSHALL ISLANDS. DNA, APRIL 1975, VOL. L.



TABLE 5-8:

RATIOS OF ESTIMATED MAXIMUM ANNUAL DOSES TO

RECOMMENDED ANNUAL DOSE GUIDELINES FOR INDIVIDUALS?

HABITATION PLANS A ] [ ]
LIVE ON SOUTHERN ISLANDS AND
ENJEBL VISIT NORTHERN ISLANDS;
FOOD FROM SOUTHERN ISLANDS bR
ENJEBI PLUS COCONUT FROM 12 LIVE ON SOUTHERN ISLANDS; LIVE ON SOUTHERN ISLANDS;
N.E. ISLANDS AND PANDANUS AND VISIT NORTHERN ISLANDS: FOOD VISIT ON SOUTHERN ISLANDS; USE
NO RESTRICTION ON ISLAND BREADFRUIT FROM ENJEBI FARM FROM SOUTHERN ISLANDS PLUS FOOD GROWN ON ONLY SOUTHERN
CLEANUP ATTIONS FOOD USAGE. PLOTS OR IMPORTED ® COCONUY FROM 12 N.E. ISLANDS ISLANDS
\ NO CLEANUP. CASE 1 CASE 7
AWB - 1.2 RWB = 0.4 (1.2 ON ENJEBI) RWB - 0.2 b
RB - 2.7 RB - 0.7 (1.3 ON ENJEBY) RS - 0.3
H.  REMOVAL OF ALL SCRAP AND CASE 4 CASE 3
Pu CONCENTRATION GREATER
THAN 40pCi/g FROM RWSB - 1.2 AWS - 0.4 (1.2 ON ENJEBI) RWS - 0.2 v
RESIDENCE AND AGRICULTURE RB - 2.7 RB - 0.7 (1.3 ON ENJEBI) RS - 0.3
ISLANDS.
#Wl. TOTAL CLEANUP OF RESIDENCE CASE §
AND AGRICULTURE ISLANDS.
» b b b

LEGEND

AWS - RATIO OF MAXIMUM ANNUAL DOSE TO RECOMMENDED LIMIT FOR WHOLE BODY DOSE (0.25 rem/yr).
RS = RATIO OF MAXIMUM ANNUAL DOSE TO RECOMMENDED LIMIT FOR BONE DOSE (0.75 rem/yr).

® APPLICABLE TO AVERAGE INDIVID! ‘AL ON ENTIRE ATOLL, EXCEPT WHERE NOTED. PEOPLE SHOULD NOT RETURN IF THE RATIO 1S GREATER THAN UNITY.

® THE RATIOB ARE EFFECTIVELY LESS THAN OR EQUAL TO THE RATIO OF BACKGROUND DOSE TO RECOMMENDED GUIDELINE WHERE AWB 50.16 AND RB<0.13.

FROM ENVIRONMENTAL IMPACT STATEMENT CLEANUP, REHABILITATION, RESETTLEMENT OF ENEWETAK
ATOLL, MARSHALL ISLANDS. DNA, APRIL 1975, VOL. I.




" TABLE 5-12: ESTIMATED NUMBER OF HEALTH EFFECTS?

FROM 30-YEAR DOSES TO POPULATION OF 1,000

HABITATION PLANS

CLEANUP ACTIONS

NO RESTRICTION ON ISLAND
FOOD USAGE.

LIVE ON SOUTHERN ISLANDS AND
ENJEBI; VISIT NORTHERN ISLANDS;
FOOD FROM SOUTHERN ISLANDS OR
ENJESI PLUS COCONUT FROM 12
N.E. ISLANDS AND PANDANUS AND
BREADFAUIT FROM ENJEBI FARM
PLOTS OR IMPORTED.

LIVE ON SOUTHERN ISLANDS;

VISIT NORTHERN ISLANDS; FOOD
FROM SOUTHERN ISLANDS PLUS
COCONUT FROM 12 N.E. ISLANDS

LIVE ON SOUTHERN ISLANDS;

VISIT ON SOUTHERN ISLANDS: USE
FOOD GROWN ON ONLY SOUTHERN
ISLANDS.

. NO CLEANUP. CASE 2
H(WB)< 0.3 TO 1 H{WB)S 0.2 TO 0.5 H(WB)g 0.05 TO 0.2
H®S 2 H(B)S 0.3 H(B)g 0.1 b
ND
H{L)g 0.003 H(L)< 0.002 H(L)< 0.001 BACXGROU
H{TOTAL)K 3 H(TOTAL)C 0.8 H(TOTAL)C 0.3
.  REMOVAL OF ALL SCRAP AND . CASE ¢ CASE 3
Pu CONCENTRATION GREATER H(WB)< 0.3 TO 1 HIWB) 0270 05 H(WB)< 0.05 7O 0.2
THAN 40nCi/g FROM HiB)e 2 b " H®)K03 H(B)< 0.1 SAME AS CASE 2
RESIDENCE AND AGRICULTURE H(L)S BACKGROUND H(L)< BACKGROUND b H{L)< BACKGROUND
ISLANDS. HTOTALIS 3 H(TOTALIS 0.9 H(TOTAL)C 0.3
W. TOTAL CLEANUP OF RESIDENCE
AND AGRICULTURE ISLANDS. : .
BACKGROUND® SAME AS CASE § SAME AS CASE § SAME AS CASE §

T Lecenn

TH(WB) = MAXIMUM EXPECTED WHOLE BODY HEALTH EFFECTS
H(B) = MAXIMUM EXPECTED BONE HEALTH EFFECTS
H(L) = MAXIMUM EXPECTED LUNG HEALTH EFFECTS
“HTOTAL) = MAXIMUM EXPECTED TOTAL HEALTH EFFECTS

b “!ALT{! EFFECTS MEAN SOMATIC CANCER lNDUCﬁle THAT RESULT IN FAYAL!I;V, CALCULATED TO ONE SIONIFlCANf Fiﬁﬁﬂt. THE NUMBER OF FATAL AND NONFATAL
CASES IS ESTIMATED TO BE TWICE THE NUMBER OF FATAL CASES. SEE TABLE 5-1 FORDOSE RESPONSE RATES USED TO ESTIMATE HEALTH EFFECTS. THESE EFFECTS WOULD
. BE IN AODITION TO THOSE FROM BACKGROUND RADIATION.

b HEALTH EFFECTS FOR 30-YEAR BACKGROUND DOSES OF WB = 1 rem, B - 4 rem, and L - 0.0009 rem ARE: H(WB)< 0.05 T0 0.2

H(B)S 0.1

H(L)C 0.00002

H(TOTAL)S 0.3

'FROM ENVIRONMENTAL IMPACT STATEMENT CLEANUP, REHABILITATION, RESETTLEMENT OF ENEWETAK
ATOLL, MARSHALL ISLANDS. DNA, APRIL 1975, VOL. L.




DEVELOPMENT OF CLEANUP CRITERIA

1974 TASK GROUP REPORT

DOSE BASED ON FEDERAL RADIATION COUNCIL LIMITS
— TO INDIVIDUALS, 50 PERCENT OF FRC ANNUAL RATE LIMIT
— TO POPULATION, 80 PERCENT OF FRC 30-YEAR GENETIC LIMIT

RESULTING GUIDANCE APPLICABLE TO PLUTONIUM CONCENTRATION
IN SOIL:

— OVER 400 pCi/g, REMOVE SOIL

— UNDER 40 pCi/g, LEAVE IN PLACE

— BETWEEN 40 AND 400, CASE-BY-CASE DECISION

1977 SERIES OF FALL MEETINGS BETWEEN DOE AND DNA

~ — CRITERIA TO INCLUDE ALL TRANSURANICS, NOT JUST PLUTONIUM
— CLEANUP CRITERIA LINKED TO INTENDED ISLAND USE
— AGRICULTURAL ISLAND TO MEET CRITERIA OF 100 pCi/g
— CRITERIA INTENDED TO COMPLY WITH EPA PROPOSED GUIDELINES



DEVELOPMENT OF CLEANUP CRITERIA (CON'T)

——— -

1978 SERIES OF SPRING MEETINGS BETWEEN DOE AND DNA

"~ PRELIMINARY DOSE ESTIMATES BY LLL INDICATED CLEANUP SHOULD BE
ACCOMPLISHED TO THE FOLLOWING LEVELS TO MEET PROPOSED EPA
CRITERIA:

— RESIDENCE ISLAND 10 pCi/g
— AGRICULTURAL ISLAND 20 pCi/g
— FOOD GATHERING ISLAND 40 pCi/g

1978 BAIR COMMITTEE RECOMMENDATIONS:

" 1st PRIORITY - CLEANUP TRANSURANICS ON RESIDENTIAL ISLANDS TO
AVERAGE LESS THAN 40 pCi/g FOR EACH QUARTER-
- HECTARE AREA

2nd PRIORITY - CLEAN TRANSURANICS ON AGRICULTURAL ISLANDS TO

AVERAGE LESS THAN 80 pCi/g FOR EACH HALF-HECTARE
AREA

- T

3rd PRIORITY - CLEAN TRANSURANICS ON FOOD GATHERING ISLANDS TO

AVERAGE LESS THAN 160 pCi/g FOR EACH HALF-HECTARE
__AREA

1978 MAY DECISION CONFERENCE AT DNA/HQ

~ DIRECTOR, DNA, AGREED TO ACCEPT THE CRITERIA RECOMMENDED
BY THE BAIR COMMITTEE.

IN ALL OF THE ABOVE, DIFFERENT CRITERIA FOR lSLANDS OF DIFFERENT INTENDED USE WAS ABOVE
ON ESTIMATES OF THE TIME SPENT ON EACH ISLAND.
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COMMANDER
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PROVISIONAL, 6015

pm—

FIELD RADIATION
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amsssesssmsns COMMAND

esesasess COORDINATION
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FIGURE 3-12. JOINT TASK GROUP ORGANIZATION.




TYPICAL ATOLL POPULATION
DURING ENEWETAK CLEANUP

U.S. ARMY

NAVY

AIR FORCE
DOE & CONTRACTORS
DOE/TTPI
DNA/JTG
VISITORS/MARSHALLESE

TOTAL

270
220

75
130

100 -

25
75

900
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FIELD COMMAND/DNA
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PROJECT MANAGER STAFF

TECHNICAL ADVISORS

PROJECT MANAGER
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ENEWETAK

= DOE SLA

EPA PNL

LASL DRI

LLL REECO i
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_FIGURE 25_

ENEWETAK RADIOLOGICAL SUPPORT PROJECT (ERSP)




DOE/ERSP ON-ISLAND STAFF (NORMAL OPERATIONS)

- MANAGEMENT
PROJECT MANAGER OR DEPUTY 1
TECHNICAL ADVISOR 1
STAFE ASSISTANT 1

IN-SITU MEASUREMENT SYSTEMS
SCIENTIST
TECHNICIAN
DRIVER/MECHANIC (AIR FORCE)

NN -

RADIATION/SOILS LABORATORY
MANAGER
CHEMIST
ELECTRONIC TECHNICIAN
FIELD SUPERVISOR
SOIL SAMPLER (NAVY)

Nl-l-h—l-i

STATISTICS/DATA MANAGEMENT
STATISTICIAN
DATA TECH (NAVY)

TOTAL

dlﬂﬂ



VARIATIONS IN FIELD EXPERIENCE AT ENEWETAK

PRE- AND POST-CLEANUP DATA ARE NOT ABSOLUTELY COMPARABLE FOR
VARIOUS REASONS, BUT REPRESENT THE BEST ESTIMATES AVAILABLE
DURING CLEANUP.

IRENE CLEANUP WAS DIRECTED TOWARD REMOVAL OF SUBSURFACE
POCKETS OF TRU ABOVE CRITERIA, RATHER THAN REMOVAL TO MEET SUR-
FACE CRITERIA. THERE ARE NO COMPARABLE PRE- POST TRU DATA.

JANET CLEANUP WAS CONDUCTED IN 1/4 ha BLOCKS IN "WORST FIRST"
ORDER WHERE EVER THE BLOCKS OCCURED.

PEARL CLEANUP WAS DONE AS (ESSENTIALLY) ONE LARGE BLOCK WITH 2
SMALL AREAS REQUIRING A SECOND "LIFT".

SALLY CLEANUP CONSISTED OF 3 SMALL AREAS WHERE AS MANY AS 5
ITERATIONS OR "LIFTS"” WERE REQUIRED; ESSENTIALLY A COMBINATION
OF SURFACE AND SUBSURFACE EXCISION.

YVONNE CLEANUP WAS QUITE COMPLEX AND NO COMPARABLE DATA
EXIST FOR VALID PRE- AND POST-CLEANUP COMPARISON.



CLEANUP OF TRANSURANICS AT ENEWETAK ATOLL

Radiological Cleanup Project Final Surface Area Exceeding
Approx. Screening

Northern Island Soil Excision Bxcised Final Surface Level
Islands* Code Area, ha Area, ha Sojl*+, m3 TRU pCi/g 20 pCi/g, bha 40pCi/g, ha
ALICE FG 9 76 9 8.8
BELLE {FG 12 95 12 11.2
CLARA A 3 40 3 0.6
DAISY A 8.5 43 8.5 2,8
EDNA R 4 33 4 --
EDNA'S DAU FG 0.5 103 0.5 0.5
IRENE A 18 0.6 3775 32 11 3.3
JANET R 118 15.5 40525 20 36
KATE R 6.5 20 3.5 0.4
LUCY A 8 35 5.5 3
PERCY R 0.8 6 .- -
MARY R 5 19 1.5 0.1
MARY'S DAU FG 0.5 54 0.5 0.3
NANCY A 4.5 34 4 0.6
OLIVE A 16.5 20 4 1
PEARL A 22 9.7 11415 36 14 . 6.5
PEARL'S DAU FG 0.5 123 0.5 . 0.5
RUBY R 1.5 8 - -—
SALLY R 40 1.8 8100w+ 8 4 0.4
SALLY'S CHILD R 0.8 21 0.5 -
TILDA R 21 7 - -
URSULA R 16 2 - -
VERA R 15.5 7 - -
WILMA R 6.5 3 - -
SO. YVONNE Q 15.5 8 3.5 0.2
NO. YVONNE Q _21.5 5.0 8210 41 19.5 5.5

TOTALS 375.6 32.8 72025 145 49.7

Code: FG = Food Gathering; A = Agricultural; R = Residence; Q = Quarantined

*Northern Islands were more contaminated than Southern Islands, which had an average of less than
1 pCi TRU per gram of soil.

**Includes subsurface pockets excised to depths exceeding 1 meter.

**#poes not include 7500 m3 excised from subsurface repository to depth of 7 meters.



REDUCTION OF RADIOISOTOPES BY

REMOVAL OF SURFACE* SOIL

TRU = 238,239,240 Pu + 241 Am

ISLAND % OF ISLAND TRU pCi/g P Eggi‘:’gfs
CLEANED PRE- POST N CONG.

IRENE 3

JANET 13 26 20 24

PEARL a4 72 36 -50

SALLY 4.5 1 8 _27

* TOP 15 cm.



kland

"~ Alice
Belle
Clara
Daisy
Edna
irene
Janet
Kate

Lucy
Percy
Mary
Mary's Dau.
Nancy
Olive
Pearl
Pearl's Dau.
Ruby
Sally
Sally's Ch.
Tilda
Ursula
Vera
Wilma
Yvonne+

RESULTS BY ISLAND FOR FISSION PRODUCTS

~

~

137cs IN 0-15 em SOIL SAMPLES

1979 Fission Product Data Base Program

90

Sr IN 0-15 cm SOIL SAMPLES

1979 Fission Product Data Base Program

No. of Range of 0-15cm No. of Range of
Locations Activity, all Mean Locations Activity, all
Sampled  depths, (pCi/g) (pCi/g) Sampled  depths, (pCi/g)
26 <0.4 - 114 39.9 7 1.3 - 347
40 <0.4 - 204 61.0 11 3.5 - 339
8 0.3 - 105 22.4 4 1.4 - 243
26 <0.4 - 34 6.8 8 1.9 - 144
5 <04 - 17 2.9 3 4.3 - 48
53 <0.4 - 54 6.1 15 0.6 - 136
364 <0.4 - 142 16.4 99 <0.1 - 244
18 <0.4 - 35 7.8 6 1.0 - 31
22 <0.4 - 40 11.7 8 1.0 - 94
2 <0.4 - 2 0.6 2 2.0 - 7
12 <0.4 - 18 6.0 4 1.1 - 46
3 <04 - 72 12.3 1 52 - 107
11 <0.4 - 60 10.8 6 <0.15 - 82
50 <0.4 - 60 7.5 12 <0.12 - 83
72 <0.4 - 43 7.2 17 0.4 - 38
2 <0.4 - 7 5.6 1 1.3 - 28
3 1.1 - 11 2.0 1 55 - 9
137 <0.4 - 43 3.5 39 <0.10 - 25
4 <0.4 - 13 6.9 4 1.0 - 60
48 <0.4 - 20 3.2 15 <0.12 - 25
15 <0.4 - 4 1.2 15 <0.08 - 70
48 <0.4 - 20 3.0 13 0.2 29
17 <0.4 - 3 1.3 S 0.2 - 19
14 <0.4 - 11 1.5 S <0.13 - 5

0-15¢m
Mean
(pCi/g)
85.9
107.4
42.8
34.8
21.7
31.0
31.9
13.3
21.9
5.4
14.2
41.9
20.1
16.2
11.4
18.0
5.8



REDUCTION OF RADIOISOTOPES BY REMOVAL

OF SURFACE* SOIL

CS—137
PERCENTAGE

ISLAND % OF ISLAND __CS-137 pCilg CHANGE

CLEANED PRE- POST IN CONC.
IRENE 3 | 10 6 -40
JANET 13 31 16 -48
PEARL a4 15 7 53
SALLY 4.5 7 3.5 -50

*TOP 15 cm.




REDUCTION OF RADIOISOTOPES BY
REMOVAL OF SURFACE* SOIL

SR—90
IN CONC.
IRENE 3 47 31 -33
JANET 13 69 32 -54
PEARL 44 28 1 T -61
SALLY 4.5 12 4 -67

* TOP 15 cm.




ENEWETAK CLEANUP PROJECT COSTS (000)

DNA-MILCON $18,177.4
DNA-BASE CAMP EXPANSION 1,362.8
DNA-OPERATION & MAINTENANCE 19,692.0
SERVICES-AIR FORCE 3,877.1
-ARMY 33,797.5

-NAVY 7,863.8
DOE-RADIOLOGICAL SUPPORT* 3,371.0
DOI-REHABILITATION 14,100.0
$102,241.6

*AN ADDITIONAL $1.5 MILION DOE COST WAS REIMBURSED FROM DNA-MILCON FUNDS.



SOME COST RATIO APPROXIMATIONS

TOTAL COST OF CLEANUP AND REHABILITATION: $102,240,000. .

COST PER: UNITS
HECTARE* 33
ACRE* 81
CUBIC METER SOIL 79,500
CURIE f 14.7
FATALITY 2
LIFE SAVED 0.025

*INCLUDES ONLY THAT AREA FROM WHICH SOIL WAS REMOVED.

COST

$3,100,000
1,262,000
1,285
6,955,000
51,120,000

4,089,664,000



CLEANUP YARDSTICKS

SOIL MOVED TO CACTUS CRATER, yd*

TRU IN MOVED SOIL, CURIES

DEBRIS — UNCONTAMINATED - TO LAGOON, yd?
— UNCONTAMINATED - TO SALVAGE, yd®
— CONCRETE RUBBLE - SHORE PROTECTION, yd’
— CONTAMINATED - TO CACTUS CRATER, yd®

SOIL SAMPLES ARCHIVED
AIR SAMPLED, m?
AIR FILTERS ANALYZED
GAMMA SPECTROMETRY - IN LAB
o B - IN-SITU
~ COCONUT TREES PLANTED
DOCUMENTATION GENERATED, LINEAR FT

104,097
14.7
122,810
54,500
76,340
5,883

11,455

866,227

5,204

11,553
6,000 +

30,333
200 +



FATALITIES DURING ENEWETAK RADIOLOGICAL CLEANUP

MILITARY

19 AUG 77*
17 NOV 77 .
14 AUG 78*

29 DEC 78
29 DEC 78
06 JAN 80

USN WELDER, EXPLOSION WHILE WELDING ON LANDING CRAFT.

USA PVT, CARDIAC ARREST WHILE PLAYING BASKETBALL.

USA NCO, CARDIAC ARREST WHILE PINNED BETWEEN D8 DOZER
AND DUMP TRUCK.

USAF CPT, LOST WHILE SAILBOATING FOR RECREATION.

USA PFC, LOST WHILE SAILBOATING FOR RECREATION.

USA SPEC 4, ASPIRATION OF THE LUNGS ON HIS OWN VOMITUS,
THEN SUFFOCATION.

* SATISFIES NATIONAL SAFETY COUNCIL CRITERIA FOR INCLUSION IN DATA TABLES FOR REPORTING ACCIDENT STATISTICS

'DOE & CONTRACTORS

TJuL 79

79

EIC FIELD SUPERVISOR, DEPARTED ATOLL FOLLOWING INCIDENCE OF
CHEST PAINS, AND CHECKED INTO HOSPITAL IN HONOLULU, DIED
SEVERAL DAYS LATER OF HEART PROBLEMS.

H&N BARBER, DIED IN HIS SLEEP OF NATURAL CAUSES. (?)



"~ TOP CAUSES OF DEATH IN U.S. POPULATION, 1976

: DEATH EXPECTED DEATHS IN
CAUSE RATE* 30 YR IN POPULATION OF 500
ALL CAUSES 888 133
HEART DISEASE 336 50
CANCER 171 26
STROKE 91 14
ACCIDENTS 48 7

*DEATHS PER 100,000 POPULATION (FROM ACCIDENT FACTS, 1977)



INDUSTRY WORKERS e DEATH RATESP

GROUP (000)2 " DEATHS 1976 1981

~ ALL INDUSTRIES 87,800 12,500 14 12

TRADE 20,300 1,300 16 5

MANUF. & SERVICE | 39,800 3,500 19 7

~ GOVERNMENT 14,900 1,700 11 10

__TRANSP. & UTILITIES 4,800 1,500 31 31

AGRICULTURE 3,500 1,900 54 54

CONSTRUCTION | 3,700 2,100 57 40

MINING 800 500 63 55
ENEWETAK CLEANUP 1 | 0.7 | 70

2N 1e7e - - o

b PER 100,000 WORKERS IN EACH GROUP.

C TOTAL OF 8033 INDIVIDUALS INVOLVED IN 3 YEAR PROJECT WITH NO MORE
THAN 1000 INVOLVED AT ONE TIME.

BASIC DATA FROM ACCIDENT FACTS, 1977 AND 1982,



AT WORK

DEATHS RATE?
TOTALUS. 13,000 57
HIGHEST STATE - WYOMING 63 13.3
- - NEVADA 39 4.9
LOWEST STATE - NEW YORK 174 1.0
DOE & CONTRACTORS 5.6
NTS AVERAGE 1965-81 1.35 27.0°

a.DEATHS PER 100,000 WORKER YEARS. (FROM ACCIDENT FACTS, 1981)

b.1978-82 AVERAGE (FROM INJURY AND PROPERTY DAMAGE
__ SUMMARY, JAN-JUN 1983, USDOE)

C-BASED ON NTS AVERAGE MONTHLY WORK FORCE.



SUMMARY OF AT-WORK FATALITY RATES

ACTIVITY FATALITY RATE* RISK

ALL INDUSTRIES (1976) - 14 1.4 x 10-4
CONSTRUCTION (1976) 57 5.7 x 10-4
ALL AT WORK, STATE OF NEV. (1980) 4.9 : 4.9 x 10-5
DOE & CONTRACTORS (1978-82 AVG.) 5.6 5.6 x 10-5
NTS (1965-81 AVG.) ‘ 27 2.7 x 10-4

ENEWETAK CLEANUP 70 | 7.0 x 10-*

*DEATHS PER 100,000 WORKER YEARS



INFORMATION THAT HAS BEEN OBTAINED

~
~

IF PEOPLE WILL LIVE ON ENEWETAK, JAPTA':I, AND MEDREN;
IF THEY WILL EAT FOOD FROM THEIR ATOLL ALONG WITH FOOD FROM OUTSIDE;
IF THEY DO GATHER COCONUTS FROM BILLAE TO MIJIKADREK;

THE LARGEST AMOUNT OF RADIATION ONE PERSON MIGHT RECEIVE DURING 1 YEAR.

AVERAGE AMOUNT OF RADIATION A PERSON MIGHT RECEIVE DURING 30 YEARS. (WHOLE BODY)

(BONE MARROW)

THE INCREASE OF CANCERS THAT MIGHT OCCUR WITHIN THE NEXT 30 YEARS.

THE POSSIBLE INCREASE OF CHILDREN BORN WITHHEALTH DEFECTS WITHIN THE NEXT 30 YEARS.

THIS MEANS THAT IF THERE WOULD BE 10,000 PEOPLE DIE WITHIN THE NEXT 30 YEARS FROM ANY CANCER
OTHER THAN THAT CAUSED BY RADIAITON LEFT FROMATOMIC BOMBS, THERE MIGHT BE ANADDITIONAL
10 WHO DIE FROM CANCER THAT IS CAUSED BY RADIATION LEFT FROM ATOMIC BOMBS

THIS MEANS THAT IF THERE WERE 10,000 CHILDREN BORN WITH HEALTH DEFECTS OCCURING FROM ANY
CAUSE OTHER THAN RADIATION LEFT FROM ATOMIC BOMBS, WITHIN THE NEXT 30 YEARS, THERE MIGHT
BE AN ADDITIONAL 4 CHILDREN BORN WITHDEFECTS CAUSED BY RADIATION LEFT FROM ATOMIC BOMBS.

28 millirem
200 millirem
250 millirem

0.10%
0.04%



ESTIMATES OF TRU DOSE TO RETURNING
ENEWETAK PEOPLE

J0YEARS SO YVEARS AVERAGE"
BOSTIVATES OF POST-CLEANUP WORST CASE 7,800 mrem 13,000 mrem  13.0 mrad/yr.
ERNJESI ( 100% OF TINE, IMPORTS UNAVAILABLE) 394 mrem 1,080 mrem 1.0 mrad/yr.
SOUTMERN (SLANDS® ( 88% OF TIME, IMPORTS ) 60 mrem 163 mrem 0.2 mrad/yr.

*AVEHAGE AANUAL BUNE BOSE ( RAD ) USING 80 YEAR TOTAL AND ALPHA
AUALITY PACYOR OF 20.

TRU CONTHISUTION 18 A SMALL PARY OF TOTAL DOSE DURING WITIAL 30 YEARS.



RADIATION-INDUCED CANCER IN THE
ENEWETAK POPULATION

ENEWETAK PEOPLE WEHE TOLD IF THERE WERE 10 000 DEATHS FROM
CANCER NOT RELATED TO RADIATION, THERE MIGHT BE AN ADDITIONAL 10
PEOPLE DIE OF CANCER DURING THE NEXT 20 YEARS AS A RESULT OF THE
RADIATION REMAINING ON THE ISLANDS, ASSUMING LIVING AND EATING
PATTERNS IN CONFORMANCE WITH CASE 3 CLEANUP.

ASSUME THE FOLLOWING CONDITIONS:

— DURING THE NEXT 30 YEARS, AN AVERAGE OF 500 PEOPLE RESIDE ON
ATOLL, WITH THE HELP OF IMPORTED FOOD. (15,000 PERSON-YEARS)

—CAUSES OF DEATH ARE THE SAME AS FOR THE U.S. POPULATION IN
1976 (FOR LACK OF BETTER DATA). '

THEN, THERE MIGHT BE AN ADDITIONAL 0.026 DEATH FROM CANCER

'CAUSED BY THE RADIATION. ,
s

(NOTE: DOSE ESTIMATES INCLUDED INTAKE OF CESIUM AND STRONTIUM WHICH WERE EXCLUDED FROM
CONSIDERATION IN THE CLEANUP CRITERIA))



h e Ay

RISK OF RADIATION-INDUCED CANCER
DEATH AT ENEWETAK

'NUMBER RESIDENTS, AVERAGE/YEAR, 30 YEARS o 500

ADDITIONAL RADIATION-INDUCED CANCER DEATHS, 30 YEARS 0.026

ADDITIONAL CANCER DEATHS PER YEAR, PER 500 RESIDENTS 0.0009
RATE PER 1,000,000 1.7
APPROXIMATE RISK TO FUTURE RESIDENTS 1.7 x 107

4

APPROXIMATE RISK TO CLEANUP WORKERS . 10x10



THE GAME ISN'T-OVER 'TIL THE LAST OUT

- THE ENEWETAK CLEANUP PROJECT OFFICIALLY ENDED
APRIL 15, 1980. ACTIVITIES SINCE THEN INCLUDE:

__REPORT TO ENEWETAK PEOPLE, DOE 25 PGS

c — .

__ISLAND CERTIFICATION BY DOE - 92 PGS N
 DOSE ASSESSMENT LLNL - 92 PGS
PROJECT REPORT, DNA 700 PGS
PROJECT REPORT, DOE 712 PGS

SOIL SAMPLES IN ARCHIVE AT NTS UNTIL
MONITORING OF CACTUS DOME UNTIL

BEGIN RADIONUCLIDE MONITORING OF COCONUTS
MONITOR COCONUTS UNTIL

SAVE DATA BASE TAPES UNTIL
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OVERVIEW OF RADIATION
DOSE STANDARDS AND
RELEVANCE TO REMEDIAL
ACTION CRITERIA
(DOE/OMA)

PR

e

Batielle

JANUARY 1984

J.P. CORLEY
RADIOLOGICAL SCIENCES DEPARTMENT



RADIATION PROTECTION STANDARDS ORGANIZATIONS

ADV1SORY

. ICRP

. OTHERS
REGULATORY

. EPA

. NRC

. OSHA

. OTHERS

INTERNATIONAL CoMMiIssioN ON RADIOLOGICAL PROTECTION
NAT1oNAL CounciL oN RaDIATION PROTECTION AND MEASUREMENTS

NucLEAR ENERGY AGENCY
INTERNATIONAL ATOMIC ENERGY AGENCY

ENVIRONMENTAL ProTECTION AGENcY (SuperseDeED FRC-FEDERAL
Rapiation CounciL)

NucLearR RecuLATORY CoMMISSION

OCCUPATIONAL SAFETY AND HEALTH ADMINISTRATION
DEPARTMENT OF TRANSPORTATION

Bureau oF RapioLogicaL HeaLTH

AMERICAN NATIONAL STANDARDS INSTITUTE
AMERICAN SoCIETY FOR TESTING AND MATERIALS



BASES FOR RADIATION
LIMITS

e RISK

e DOSE LIMIT

e ALARA

e MULTIPLE OF “"BACKGROUND"

e MEASUREMENT CAPABILITY



RELATIONSHIPS OF STANDARDS CRITERIA

STAGE PERTINENT FACTORS STANDARDS CRITERIA
EFFLUENT RELEASE GUIDES, OPERATING
RELEASES LIMITS
(A) METEOROLOGY, BIOLOGY, HYDROL-

OGY, PHYSICAL AND CHEMICAL
FORMS, CONCENTRATION FACTORS

DISPERSION AND/OR CONCENTRATION GUIDES,
RECONCENTRATION CONTAMINATION LIMITS
(B) EXPOSURE PERIODS, CONSUMPTION

RATES
INTAKE AND INTAKE RANGES -- FRC;
EXPOSURE ANNUAL LIMITS OF INTAKE -- ICRP
(C) UPTAKE AND ABSORPTION FACTORS,

DISTRIBUTIONS IN BODY, BIO-
LOGICAL HALF-LIVES, BODY
DIMENSIONS, RADIATION TYPES
AND ENERGIES

DOSE DOSE LIMITS --ICRP AND NCRP
PUBLICATIONS
DOE ORDER 5480.1A
NRC (10 CFR 20 etc.)
EPA (40 CFR 190 etc.)

(D) DOSE/RESPONSE RELATIONSHIPS,
INDIVIDUAL VARIATIONS

HEALTH EFFECTS N RISK/PROBABILITY
(ICRP NO. 26)
(EPA - TRU IN SOIL)



'REVIEW OF STANDARDS

HISTORICAL

1. FRACTION OF DOSE FOR OBSERVABLE RESPONSE
(e.g. ERYTHEMA, BLOOD COUNTS)

e GENERALLY SHORT-TERM
e NON-STOCHASTIC

2. GENETIC EFFECTS
e AGE PRO-RATION: 5 (n-18)

3. ALARA (ALAP)
e JUSTIFICATION

4. TOTAL RISK OF HEALTH EFFECTS

e RISK=PROBABILITY
e STOCHASTIC RISKS CONTROLLING
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REVIEW OF TERMINOLOGY

DOSE (DOSE RATE)

UNIT CONCEPT

rad

rem
rem
rem

rem

ABSORBED" DOSE

DOSE EQUIVALENT

DOSE EQUIVALENT COMMITMENT (o)
COMMITTED DOSE EQUIVALENT (t)

COMMITTED EFFECTIVE (WHOLE BODY) DOSE
EQUIVALENT (WEIGHTING FACTORS
FOR RISK)



REVIEW OF TERMINOLOGY
EXPOSURE (EXPOSURE RATE)

UNIT CONCEPT
ROENTGEN EXTERNAL GAMMA OR X RADIATION
CURIES | | ) S
PER CUBIC METER| RADIONUCLIDE CONCENTRATION
CURIES IN AIR, WATER, FOOD

PER KILOGRAM |

CURIES PER CONTAMINATION OR EMANATION
SQUARE METER (RADON)

CURIES RADIONUCLIDE INTAKE QUANTITY
(PERUNITTIME)____



P

REVIEW OF TERMINOLOGY

REGULATION AND MANAGEMENT
e LIMITS

e ACTION (INTEREST) LEVELS/WORKING LIMITS
e SCREENING LEVELS

e ACCEPTABLE LEVELS

® ALARA

e LESS THAN REGULATORY CONCERN (de minimis)



DOSE COMMITMENT SCALE

1000 1

500 |- DOE ORDER 5480.1 LIMIT —_

100 +

ALARA

25 |- '
EPA LIMIT (40 CFR 190) FOR (DESIGN OBJECTIVES

LWR/U FUEL CYCLE

10—+ EPA PROPOSED (CLEAN AIR ACT)
LIMIT FOR DOE ATMOSPHERIC
RELEASES

ANNUAL WHOLE BODY DOSE COMMITMENT - mrem

1-— NRC PROPOSED (10 CFR 20) v
“DE MINIMIS" VALUE



MAJOR CHANGES Ii ENVIRONMENTAL RACIATION PROTECTICN CRITERIA

ICRP No. 26

COMMITTED VS. ANNUAL DOSE EQUIVALENT
SuMMATION OF Risk - Use ofF WEIGHTING FACTORS
AssuMPTIONS AS TO DisTrRIBUTION OF Dose (Risk) IN Exposep PoPuLATION

EPA

MuLtipLe TiMe Periobps - YEArRs oF CommiTTED Dose
YeEaRS OF CONTINUING EXPOSURE
YearRs OF ENVIRONMENTAL BuiLbpup

QuANTIFICATION OF ALARA



PROPOSED EPA REGULATIONS
WHOLE BODY (EFFECTIVE) RADIATION DOSE LIMITS

HicH LEVEL & TRU Waste DisposaL (40CFRIS1) 25 MREM/YR
DOE Facircities - CLeaN AIr Act (40CFR61) 10 MREM/YR

PHosPHORUS PLANTS - CLEAN AIR AcT 2 MREM/YR

. —— - - — i ———— g —t— ——— ——————

EXISTING EPA REGULATIONS
WHOLE BODY C(ANNUAL) RADIATION DOSE LIMITS

SAFE DRINKING WATER AcT (4OCFR141) 4 MREM/YR

NucLEAR Power OperaTions(40CFR190) 25 MREM/YR



ANNUAL DOSE SUMMARIES
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COMPAKISON OF LIMITING AIR CORCENTRATIONS (pCi/mi)
MAXIMUM INDIVIDUAL IN UNCOGNTROLLED AREA

DOE Orper 5480,1A

RaDIONUCLIDE InBLe 11 (Arr) CG ICRP Mo, 30¢A)
3H (as HTO) 21077 o
W 310" 11 2,10~ 11
By | 5x10712 7x10712

239y ex10714 7x10714



TABLE 1. Ratio of the Committed Dose Equivalent to the Annual Dose
Equivalent for Inhalation

Radionuclide Whole Body Bone Lung GI-LLI Thyroid

34 1.0 1.0 1.0 1.0 1.0
14¢ 1.0 1.0 1.0 1.0 1.0
65zn 1.2 1.2 1.1 0 1.0
85k 1.0 1.0 1.0 1.0 1.0
90sr+p 14 15 1.8 1.0 1.0

131y 1.0 1.0 1.0 1.0 1.0
1291 1.1 1.0 1.0 1.0 1.1
137¢s+p 1.0 1.1 1.1 1.0 1.0
226p,4 18 24 1.9 1.0 1.0
234y 7.6 15 4.6 1.2 1.0
238y 7.6 15 4.6 1.2 1.0°
239y 33 30 2.5 1.0 1.0

TABLE 2. Ratio of the Committed Dose Equivalent to the Annual Dose
Equivalent for Ingestion

Radionuclide Whole Body Bone Lung GI-LLI Thyroid

34 1.0 1.0 1.0 1.0 1.0
14¢ 1.0 1.0 1.0 1.0 - 1.0
657n 2.3 2.4 1.0 3.2 1.0
85¢ 1.0 1.0 1.0 1.0 1.0
90sr+D 40 45 1.0 1.0 1.0

1317 1.0 1.0 1.0 1.0 1.0
1291 1.6 1.1 1.0 1.0 1.6
137¢s+p 1.7 1.8 1.9 1.0 1.0
226R; 50 70 1.0 1.0 1.0
234y 1.6 3.2 1.0 1.0 1.0
238y 1.5 3.1 1.0 1.0

239, 90 90 1.0 1.0 1.0



Contamination Surface

PLUTONIUM ACTION LEVELS

Contamination of Liquids or Solids

Published Guidance Proposed Action Levels Published Guidance
., 2 .
1 Ci/m 1 mCi/g
100 4— -1 100
04— 410
1 mCi/m 1 pCi/g
CLEAN UP AND RETURN
10 USA . CATHREN . oo - ) 120 &————— ACTAVITY IN | LITER DRINKILG VIATER
THAT WOULD RESULT IN 5% DEPS 110N
1. (1L REMOTE AVE | “DHElE_y « 20CIm ReMOTE AREA MAXIMUM -
PLOW AND « g =| KATHREN 2 10-$- 20 YEAR RETENTION A0nCilg__ 410 4————— AEC MO511 PROPOSED
conriscate | |2 2| Z| nuraave | -ducim” 2 o 3utlinl_ [RURAL MAX (FRUIT, NUTS, EC) ncilg_ 20 YEAR RETRIEVABLE WASTE CRITERIA
CROPS 2 2|7} mum, N 1 uCi/m REMOTE AVE 1 nCi/ 42059 €A DEFINITION OF “RADIOACT IVE"
2 | 5 Zfg] xavmen lim? H 2 [RURAL MAX (EDIBLE CROP) nL\/g
e was?,
AT IOn E|7| RURALAVE B «- 20000 fgupaL AVE (FRUIT, MITS, E1C)
5 {o] URBAN MAX 100 - 2 (R —{-100  ¢—————— NCRP AND ICRP
Sl KAHREN | 40 nciimd JELC'E— DaBAl WA OCC. WATER ST0. SOL. Py
Bl usan avef-206l0 oncitn? s AVE RO rontum comammATED”
B p NATED" 10 pCilgm
GuTHRIE-NICHoLs Eacumt_ [S[poTVERIaE |} 0 0y 02 ] 2 “NON-CONTAMINATED" — T" 5 ol
A = CICONTAMINATION L 2 GANCHm_oaaN AVE 2P KCRP AND ICRP
MO RESTRICTION UM 1 nCi/m . 1 pCi/g NON OCC. WATER STD. SOL. Pu
g E————<¢coLonAVY Zd/‘v«/g
FALOUT ~————b |
- -}~ 100
ENV IRONMENTAL
. wviys =Soil
10—~ =)- -
2 «—41C9__ ACTIVITY IN URINE EQUIVALENT
1 pCi/m 1 {Ci/g 10 5% DEPOSITION
lOﬂ‘-L‘ -t 100
1o~ ) - 203G yopiaaL DEFECTION LEVEL IN
[‘ ) 1o ENVIRONMENTAL WATER SAMPLES
—2aClg
“ — DFIICTION LEVEL IN URINE
1 {Ci/m : t aCi/g {UASCD ON ) LITER SAMPLE AND
LLECIRODEPOSITIONIFILM
PIROCFOURCH
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- DRAFT
Low Alerrootitiund Latcratory | Jenuary M. 1908
Mr. Tomity Ne@raw
EP-842. §

U. S, UM'H“ Ew
Washington, ‘NC 20545

Dear :Mr., Cannon:

The Department of Ehergy has canducted the review of the propased
guidance for trangsuranium elements in the enviconment by a te'chnicﬂ committee
as promised in aur letter of November 15, 1983. The' following comswmnts and
recommendations arese fros this review..

In our letter of July 8, 1981, we indicated that we had no ohj«:tim%
the basic dose equivalent 1imits proposed as guidance. There were alse many
additidaal comments on the draft guidance as then proposed igcludiag a
refecence to the mearly 300 pages of technical comments provided earltier., In
our. gurrent review, we felt that there have been many developments since thix
letter was writtea which' caused us to change our position on these. numerical
values in the ju“na. Thase include the recemt developments in risk based
contral of anposure by the ICRP and, more recently, the proposed risk system
of ttie NCRR, The obsoleacence of the detafled guidance now proposed by the
EPA- 15 an faportant facter. This guidance was developed in accord with a
request from the Stste of Colorsdo to provide guidance for control of the
Rocky Flats contamination. This sftuation now seems to be under control and
other existing sites of contamination with transuranium elements appear to
present 1ittle or no problems. Thux, the primary use of the guidance appears

to be future weapons accidents or accidents in ltaunching a nu’élear pdwer

™
Ae Equal Oppeiuinity Empiuves/Oparsiog by Univeraity of Calfornia /



DRAFT

soures. . It ﬂ- thet tha information used in daveloping the guidanes’ was
primsily Pur ewisting sites of contamination and little real mttention has
been: paid te what new seems to be the primary usefdlness of the quidance.

This  guidance has been in preparation for about ten years and there have been -
changes in policy in tha EPA that should de considered before these nuabers
are accepted. A noteworthy example is the taik by Mr. Ruckelshaus before the
Natiocoal Academy of Sciencas proclsiwing the policy of the EPA tb use the best
scionce availsble {n providing their regulations. Ne do not believe that the -
preseat limiting numbers represent a truly scientific approach th gmnarally

“applicable standards. Ferfaps the results of the recently appointed

subcommittee of the EPA Scientific Advisory Board will be applicable ta this
wf“‘“- . l'l

We de have 3 nusber of objections te tnis dfoft guidance. The DOE
quesbions the wide range ef liaits in recently issued or proposed EPA
regulstions for the pretection of the public from radiation. This draft
guidance asdds anether sat of values to the ur!ou_s ones acceptad by the EPA,
In fact, the usa of arads rather than mrems, as in the other standards, sets

- this ose apaft from the ethers leading to inconsistency in units as well as in

risk valuep. Earlter wa referred te 2 shift in the probadle application of
this guidamce from present sites to future accidents. However, the hackground
studies leading teo this guidance have paid 1ittle attention to thie aspect of
its use. There are, for example, no analyses of the cost and practicality of
the vaives given. In particular, the potential political prodlems caused by
these low values 1f the accident occurs on foreign $0i11 have not been

addressed. The current guidance 13 now about seven years old. Much has

(2
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“happened in that time, including added experience in the cleanup of areas

contaminated with transuranium elements. Thus, we can only regard the present

drafb as obsolescent. Some of the later concepts and expertence should be

‘r‘ .

.ﬂbdiéd witn respect to this guidance. In parttcular, the question of

flexibtlity‘in application of the guidance should be considered. Since DOE
" will undoubtedly be a technical advisor to DOD or NASA in event of another

accident, we are coﬁéeénedlthat{many options will be foreclosed by the present

“Tack of flex{bmcy. In this respect, there are‘nords giving flexibility in

‘ the document but not 1in the recounnndations section. In fact, this section

i
|

‘ refiects the view that the guidanée must be followed. Since we do not know

what portion of this document nill be signed by the President if approved,
this lack of flexibiliby in the recommendations could lead to ser]ous problems
in implementation. Finally, a number of statements in the present (and past)
draft leads to belfef that EPA was attempting to incorporate ALARA into their
considerations but apﬁropriate analyses for the present use in fyture

accidents are not included.

As a2 result of this review, the DOE has several recommendations for the
revision of this guidance and for development of future regulatipns and

guidance.

(1) The EPA should issue generally applicable radiatfon standards tn the

form of a limiting.risk, |

(2) The scope of the generally applicable guidance should be broadened

to cover all radionuciides in the environment, Thjs would provide

&)
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(5)
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[

guidance applicable to present decontamination and cleanup work and

would not overemphasize the transuranium elements.

The guidance Should not be based on ALARA but rather on the EPA's
! ‘

version of a reasonable risk considering other risks. The use of.

|

ALARA should be tn aqditkon to meeting thé standards and an

'ipplicable lavel of ALARA should be defined by the responsible

agency that has knowledge of the details of the given situation.

DOE has changed their former position on having EPA provide a
screening level, We now béiieve-that the EPA should provide the

generally applicable guidance and that DOE, DOD.'NASA. and other

"Agenctes as needed, cooperate to produce any screening level

required. As we now envision it, there are two levels that need to
be defined: (a) a screening level below which action is not needed;
and (b) an actton level above which cleanup could be Qiarted without
further studies. This would satisfy the need of the operator who
needs a number to work with while other studies define the actiong

needed in the {ntermediate zoné.

The DOE recommends ‘that EPA take a consistent approach to the
setting of environmental standards and guidance so that these
standards represent a coherent whole rather than a fragmented group

of inconsistent standards.
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(6)' A general problem that has existed in the past, and' s stil)
present, 1s the lack of strong intaragency working greups thet allow
involved p.oﬂe ta talk to each other on policy, tachwical problems, -
and implementation., The DOE strongly recommends that EPA avail
themselves of the help that can be obtained from othar agencies ia
such working groups. The present system 1S not working because
prodblems of mutual interest do not seem to arise at the infrequant

meetings of the preseat interagency working grouwp.

Copies Faxed to the following:

Jack. Corlay, Battelle W
Ken Heid, Battelle W

8. Church, NYOO

Chet. Richmond, ORNL
Robert Yoder, Rocky Flats



Summary of
Radiological Guidelines for the
DOE FUSRAP Program
for
DOE Conference on EPA Transuranic Guides

Wayne R. Hansen
Los Alamos National Laboratory

The Department of Energy (DOE) programs for Surplus Facilities
and Formerly Utilized Sites Remedial Action Program (FUSRAP) has
prepared some draft criteria for residual radiation levels. This
paper summarizes a joint effort by Los Alamos National Laboratory,
Argonne National Laboratory, Oak Ridge Operations, and Bechtel

I3

National, Inc., to prepare a background document for such criteria.

The FUSRAP sites in the DOE program involve a wide range of
radioactive contamination in soils, building wastes, sludges, and
chemical residues. The majority of site contaminants involve
" higher than normal, naturally occurring radionuclides and three
sites involve fission products and transuranics. Before remedial
action decisions on these sites were possible, some basis for
decision regarding completion of remedial action was necessary.

In 1981, the DOE Inspector General stated that decisions
regarding the need for remedial actions should be based on site
specific health effects assessments and a cost/benefit analysis.

To meet the needs of the program, OR0-831 was prepared based on DOEL
Standards for Radiation Protection of the Public.



The methods of analysis and the source to dose conversion
factors needed to derive soil concentration guidelines from radia-
tion protection standards are presented; the health risk studies
that provide a basis for the radiation protection standards are
discussed; radiological guidelines for remedial action based on the
previous discussions are presented; and considerations in applica-
tions of the guides are presented.

The translation of the OR0-831 guidance into DOE criteria for
FUSRAP and Surplus Facility program guidance reflect some changes
due to EPA guides. Changes in the Ra-226 guidance reflect the
influence of the EPA standards for inactive uranium mill tailings.
The limits for transuranics in soil have not been changed to
reflect the EPA guidance.



Radiological Guidelines For
the DOE FUSRAP Program

for

DOE Conference on Transuranic Guidance
January 17-18, 1984

Wayne R. Hansen

Environmental Surveillance Group
Los Alamos National Laboratory

Los Alamoe
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James K. Alexander
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Inspector General, DOE, 1981

Questioned expenditures on Remedial
Actions Without

-Site—specific health effecls assessments..
.cost/benefit analyses..



Purpose

Provide Guidance for Estimates of:
o Health Effects

o Dose Assessment

o Methods for Field Use

Los Alamos



Approach

Attempt to provide brief guidance on:
o Environmental Pathways Methods
o Dose Estimation

o Health Effects Estimation

o Derived Clean-up Guides

o) Applications of Guides

Los Alamos



Starting Point

DOE Orders based on Acceptable Levels
of Risk as Stated By ICRP and NCRP

500 mrem/yr Maximum Individual Whole Body
1500 mrem/yr Maximum Individual Organ Dose

Assumption that ALARA Applied in
Field Implementation of Site Evaluation

Los Alamos



ORO — 831
Table of Contents

1. Document Purpose and Scope
2. Pathway Analysis for Radiation Dose Prediction
(Details of Analysis for U, Th, Ra in ORO-832)

3. Estimation of Health Effects

4. (aaidelines for Removal of Contamination

O. Applications

6, Preparers

Appendix A Example Assumptions and Calculations
for Modification of Subsurface
Guidelines

Appendix B Radiation Protection Standards and

Guidelines
Appendix C Sources and Evaluation of Radiation

Exposures
Los Alamos



Health Effects Estimators

Based on BIER |l

Exception — Radon + Daughters

Based on Value From International
Workshop on Radon Risks

Published by Evans et al

Los Alamos



Derived Guides

1. What is Acceptable Risk?

ICRP - 1 chance in 100,000 to
1,000,000 per year
EPA - 1chance in 1000,000 per year

2. What is Dose Limit Corresponding
to that Level of Risk?
500 mrem/yr to Max. Individual
170 mrem/yr to Segment of Population

3. What Levels of Contamination Corresponds
to Dose Limit ?

Los Alamos



Soil Remedial Action Guidelines

Surface Soil Guideline

Los Alamos

Radionuclide (pCi/g above background) Reference
Am—241 20 Healy 1977
Pu-241 800 Healy 1977
Pu-239,-240 100 Healy 1977

Pu -238 100 Healy 1977
Natural uranium (0] Gilbert et al. 1983
U-238 o) Gilbert et al. 1983
Th-230 300 Gilbert et al. 1983
Ra--226 g 15 Gilbert et al. 1983
Cs—-137 80 Healy et al. 1979
Sr—90 100 Healy et al. 1979
H-3 (pCi/ml Appendix B

Soil moisture) 5,200 OF ORO-831



RAD[UM—ZZG AND RADON-222 REMEDIAL ACTION GUIDES
(ABOVE BACKGROUND)

RADIONUCLIDE
RADON-222

~ +DAUGHTERS

Rapon-222

RAaD1UM-226

Gamma Dose

GUIDE
>0,03
<0.02
>3pC1/1
>30pC1/1
>15pC1/6

>5pC1/1

>0,02 MREM/HR

ACTION

~ Reaquirep AcTioN

No AcTioN

Requirep AcTioON
RequirRep AcCTION

ReQuIReED AcTION

RequiRep AcTioN

ReQuIReED ACTION

STRUCTURES

BouNDARY OF CONTROLLED
PROPERTY

OVErR SURFACE OF CONTROLLED
PrROPERTY

190 cM or LEss Soi1L
THICKNESS

SURFACE WATER OR GROUND
WATER

ExTeErRNAL RADIATION



Radon + Daughters
Lung Cancer Mortality

Inhaled D hi . P lati Risk Individ IB.t'I,

1 WLM 10 cancers 1 chance
in 100,000 in 10,000
BKG 1pCi/t. 2.5 cancers 2.5 chances
(0.25 WLM indoors) in 100,000 in 100,000
'(0.005—0.0_1 WL)
0.03 WL 7.5 cancers 7.5 chances
| in 100,000 in 100,000

Los Alamos



Approximate Absolute Risks of Cancer Mortality (BEIR III)

Percent of Normal

Dose Cancer Deaths Cancer Mortality
1 mrad/yr alpha to lung 0.1 in 100,000 003
3 mrad/yr alpha to bone 0.3 in 100,000 0.10
40 mrad/yr alpha to

bone surface 0.1 in 100,000 0.03
Normal Annual Risk

of Cancer Death 300 in 100,000
500 mrem/yr whole body |

(low LE | 4 in 100,000 1.3
170 mrem/yr whole bod ‘ B

y 1.5 in 100,000 05

low LET (0.02 mrem/hr)



Approximate Absolute Risks of Cancer Mortality (BEIR IIi)

Percent of Normal

Dose ' Cancer Deaths Cancer Mortality
1500 mrem/yr bone
~ surface (high LET) | 02 in 100,000 07
1500 mrem/yr lung .
(high LET) 7.5 in 100,000 25

Natural Background of 100
mrem/yr w body
(low LE 09 in 100,000

Congressional Aide's
Suggested Start of
Disability Payments Due
to Radiation Cause

03

10



Application of Guides

Derived guides based on maximum individual

Modify based on considering:

o present and future land use

o occupancy factors

o distribution of contamination |
o quantmes of contaminated material
o costs in dollars and health

o0 socioeconomics



Department of Energy
Nevada Operations Office
P. 0. Box 14100
Las Vegas, NV 89114-4100

JAN 1 3 1984

T. D. Pflaum, HQ, Chief of Envir., Safety & Health (DP-226.1) GTN

COMMENTS ON EPA-PROPOSED "DOSE LIMITS FOR PERSONS EXPOSED TO TRANSURANIUM
ELEMENTS IN THE GENERAL ENVIRONMENT" ‘

The Nevada Operations Office (NV) submitted comments on the subject dose
limits via our letter, Church to Pflaum, dated October 19, 1983, For
convenience a copy is enclosed.

A1thbugh much can be said on this subject I wish to take this opportunity to
discuss the following points. '

{

6

1. EPA Objective of Reducing Risk to 107" Ultra Conservative

EPA states that they believe it appropriate to limit the risk for a cancgr
fatality from a single radiation source to a person in the population to 10
per year. We contend that the proposed standards in rgg]ity impose a risk
1imit much more conservative and could be as low as 10 ~,

There is considerable uncertainty in developing risk estimates from observable
health effect data, and there is considerable uncertainty in estimating
environmental organ doses through pathway modeling because of the assumptions
made and variability of individuals (i.e., l1ifestyles, ingestion, uptake and
growth rates, etc.).

If the maximizing assumptions are always taken, the predicted risk to a
population for leaving a contaminated area undisturbed could be several orders
of magnitude less than the real risk encountered during cleanup operations.

One risk not considered by EPA is_&he risk benefit to personnel involved in
the cleanup which approximates 10 . The criteria and consideration for
cleanups should include the risk of death and injury resulting from the
cleanup itself.

During the course of the Enewetak cleanup, two men died in work-related

accidents; six others died from a variety of causes. It is well documented

that construction activities have higher fatality rate }gan ost industries.
(- Pl Pt
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The following table summarizes some selected fatality rates and risks.

Activity Fatality Rate* Risk

ANl industries (1976) 14 1.4 x 107%
Construction (1976) Y 5.7 x 107
At work (1980) ‘ -5

- State of Nevada 4.9 4.9 x 10
DOE & Contractors -5

(1978-82 average) 5.6 ‘ 5.6 x 10
NTS (1965-1981 average) | 27 2.7 x 107°
4

Enewetak cleanup 70 7.0 x 107

*Per 100,000 worker-years.,

4

Because of the great variability in the data; and the requirement to

interpolate and extrapolate, it is essentjgl that a careful unce;;%inﬁx_._ :
’gnalxﬁié_pe made by EPA. This analysis is nec®%: 0 ensure confidence that
the risk of cleanup does not exceed thesrisk from leaving the contamination
undisturbed; which may be as low as 10 = or lower.

2. Imaginary Versus Real Deaths!

The models used to assess the health effects (i.e. radiation-induced
cancer fatalities) on the Enewetak people during the planning phase estimated
< 3 health effects (cancer deaths) over 30 years with no cleanup and no
restrictions on island or food usage.

An analysis of the total radiation dose to the returning people of Enewetak
after the cleanup leads to the conclusion that there might be an additional
0.026 deaths in 30 years from cancer caused by radiation., This is compared to
the two persons who died in course of the three-year cleanup,

The uncertainty which is inherent in cancer-risk estimates is graphically
illustrated in Tahle V-4, page 147 in the 1980 BEIR report in which the
expected number from continuous exposure of one rad per year to a population
of 1,000,000 ranges from zero to 568. -

The risk estimates of cancer deaths as required by the proposed EPA standard
(maximizing risk estimates) give hypothetical, or imaginary deaths as compared
to the real deaths which do occur in construction projects. The fact is that
no increase in cancer rate has been, nor can be, identified at the dose levels
comparable to background radiation levels.
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Therefore, until the technology is developed to perform TRU cleanups where
workers do not take substantially higher risks (which are real) to achieve

a condition where the risks (which are hypothetical) are suhstantially lower
than daily risks, guidance should be limited to reflect the greatest savings
of 1ife.

The Enewetak cleanup, which was designed to conform with the proposed EPA
guidance is the epitome of the above discussion. According to risk analyses
published in the planning documents, the islands could have been turned over
to the people without a radiological TRU cleanup and saved lives.
Ultraconservatism costs more than just time and dollars, it can cost real
lives.

3. Cost Versus Benefit

Reasonable alternatives should be evaluated when decisions are made

" affecting the expenditure of resources. The radiological cleanup at Enewetak
cost approximately $100 million and resulted in the potential of averting less
than one cancer death from radiation in 30 years in the Enewetak population.
How many premature deaths from disease and illness might have been averted in
the Enewetak population by directing $100 million into improving health care
knowledge, facilities, and capability? We may not have the information
available to answer this question, but it is not unreasonable to consider this
alternative. Similar logic should be applied in considering any radiological
¢leanup.

Bruce W. Church, Director

HPD: DLW Health Physics Division
cc:
L. J. Deal, HO (EP-342) GTN | - Cm

T. F. McCraw, HQ (EP-32) GTN

A, B. Siebert, Jr., HQ (DP-3.1) GTN
P. J. Mudra, Dir., OD, NV

Roger Ray, DPO, NV

J. D. Stewart, OD, NV

E. D. Campbell, NSD, NV

D. R. Martin, SHD, NV
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REMEDIAL ACTIONS TAKEN AT PALOMARES FOLLOWING
ACCIDENT IN JANUARY 1966

PP E—— . S BURNED ON DEACHlegCR0PS 10 U.5.Avenenenene
' | IL PLOWED
IO e SLTOD e sy
-207 ECTARES P —17 HECTARES———P>——2.2 HECTARES----oo- cep
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wCifat = 32 | , 32 S
vg/nl .0 0.0 - 800
dpo/100c?  7000.0 70,000.0 700,000
" Som? RIROA Lexed 1.18 x 10¢

~ * EPA Screening Leve) of 0.2 ¥Ci Pu/mt & 4,400 w|ﬂ ot o !J nll'
"™ 1.3 0000 l va perticles/nt '




MEAN ANNUAL Pu-239 AND Pu-248 CCNCWI’RATIQ?S IN
BREATHABLE AIR DURING THE
. PERIOD 1966 - 1980

OONCENTRATIONS AT STATION

(pCi x m x 1870)

YEAR 2= 2-2 P 3-1
1966 1.13 1.2 | 0.4 0.74
1967 - 8.41 11.94 8.11 8.35
1968 8.19 .59 .07 8.09
1969 4.35 | 3.84 .07 .38
1979 | @.16 .96

1971 .96 | .09

1972 8.28 8.05

1973 9.08 9.06

1974 .22 8.11

1975 6.44 .05

1976 8.12 | @.05

1977 | .32 .15

1978 @.45 0.96

1979 .52 ' .15

1960 . 0.89 @.76




POPULATION GROUPS CONSIDERED FOR CALCULATING THE DOSE EQUIVALENT

(YEARS OF INHALATION)

'AGE AT THE TIME OF THE
" ACCIDENT

GROUP BABY CHILD YOUTH ADULT TOTAL

1

0

10

5

0

15

1

15

11

15

15

18




DOSE RECEIVED (REM) BY INHALING Pu—239 THRO“GH 12=—31—1980

STATION IN PALOMARES
GROUP  BODY BONE INTESTINE LIVER LUNG KIDNEY
1 | 1.926—04 4427—03 | 2806—08 | 2778—03 | 13%0—02 | 7.262—04
2 | 1503—04 | 3.456—03 | 2635—06 | 2654—03 | 1.280—02 | 7.208—04
3 | 181004 | 4.164—03 | 2614—08 | 3.188—03 | 1.254—02 | 8.679—04

Particle size: 0.3 micron



—~—

DOSE RECEIVED (REM) BY INMALING Pu-239 THROUGH 12-31-2015(")

STATION IN PALOMARES

GROUP BODY BONE INTESTINE LIVER LING KIDNEY
1 ' 6.870-04 1.591-92 | 2.900-06 1.940-02 2.350-02 3.785-03
2 9.620-04 2.232-92 2.639-06 1.501-02 2.508-92 4.592-93
4
3 1.089-93 2.528-02 ' 2.618-96 " 1.699-02 2.564-02 5.197-03

Particle size: #.3 micron

A(+)It is assumed that.the Pu-239 concentration is nil after 12-31-1988:



DOSE RECEIVED (REM) BY INHALING Pu-239 THROUGH 12-31-1980

STATION 2-2
3.632-03 8.352-02 | 2.974-05 5.101-92 2.036~01 1.319-82
2.540-93 5.844-02 2.562-85 4.450-02 1.868-81 1.218-92
3.260-03 7.502-02 2.513-85 5.701-82 1.831-81 1.563-92

Particle size:

#.3 micron



DOSE RECEIVED (REM) BY INHALING Pu-239 THROUGH 12-31-1960

STATION 2-2
3-532—03 - 8.352-92 2.974-05 5.101-02 2.036-01 1.319-92
2.540-03 5.6844-02 2.562-05 4.450-02 1.868-91 1.218-02
3.260-03 7.502-02 - 2.513-85 5.791-02 1.831-21 1.563-02

Particle size: @.3 micron



EXTREME POTENTIAL DOSE FQUIVALENT VALUES (MREM) FOR THE URBAN AREA
THROUGH THE YEAR 2015 AS A RESULT OF INHALATION DURING THE PERIOD
1966-1968¢, AS A FUNCTION OF AEROSOL SIZE

LUNGS LIVER BONE
GROUP MAXIMM MINIMOM MAXIMUM MINDMM MAXIMUM MINIMOM
1 23.5 :7.2_ 16.4 4.4 . 15.9 - 6.7
2 25.1 7. 15.9 6.4 22.3 9.5
3 25.6 7.9 16.9 7.2 25.3 10.7

KIDNEYS INTESTINES REMAINDER
GROUP MAXIMM  MINIMM MAXTMOM —— MAXIMM MINIMM
1 3.1 1.3 2.006 0.003 0.69 e
2 4.6 2.9 2.005 0.003 0.96 0.41
3 5.2 2.2 0.005 2.003 1.09 0.46
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EXTREME POTENTIAL DOSE PQUIVALENT VALUES (MREM) FOR THE URBAN AREA
DURING THE PERIOD 1966-1988 AS A FUNCTION OF AEROSOL, SIZE

LUNGS LIVER BONE

GROUP MAXIMUM MINIMM mxnm MINIMM MAXIMM MINIMM
1 13.9 4.2 2.8 1.2 4.4 1.9
2 12.9 3.9 2.7 L1 3.5 1.5
3 12.5 | 3.8 3.2 1.4 4.2 1.8

KIINEYS INTESTINES REMAINDER

1 9.73 8.31 0.006 8.993 9.19 0.8
2 8.72 .31 @.005 6.093 8.15 . 8.06
3 0.87 8.37 9.905 8.903 @.18 | 0.08




EXTREME POTENTIAL DOSE BQUIVALENT VALUES (MREM) FOR STATION 2-2
DURING THE PERIOD 1966-1980 AS A FUNCTION OF AEROSOL SIZE

LINGS LIVER * BONE
GROUP MAXTMIM MINIMM MAXIMUM MINIMM MAXIMUM MINIMIM
1 203.6 63.0 51.0 21.6 83.5 35.4
2 1686.8 ~ 57.6 4.5 18.9 - 58.4 24.8
3 183.1 56.9 57.8 24.1 75.8 31.8
KIDNEYS INTESTINES REMAINDER
GROUP MAXIMM MINIMIM MAXTMUM MINIMUM MAXIMIM MINIMUM
1 13.2 5,7 0.068 9.0930 3.6 1.5
2 12.2 5.2 3.952 8.926 2.5 1.1
3 15.6 6.7 3.851 8.925 3.3 1.4




EXTREME POTENTIAL DOSE PQUIVALENT VALUES (MREM) FOR STATION 2-2
UP TO THE YEAR 2015, FROM INHALATION DURING THE PERIOD 1966-1960,

AS A FINCTION OF AEROSOL, SIZE

LGS LIVER BONE
MAXIMUM e—— MAXIMM MINIMM MAXIMM MINIMM
240.0 72 99.6 42.2 | 161.4 68.4
244.9 75.0 132.5 56.1 209.8 ~ 85.1
255.1 78.5 1770 74.9 270.2 114.4
KIINEYS INTESTINES REMAINDER
MAXIMUM MINIMIM MAXIMM MINIMOM MAXTMUM MINIMM
29.1 12.5 . 0.960 8.030 7.9 3.0
4.2 17.8 : @.052 0.726 a.‘a. 3.7
55.4 23.8 19.051 8.925 11.6 4.9
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PLUTONIUM CONTAMINATION AT THULE

On January 21, 1968, a B-52 carrying 4 nuclear weapons crashed aﬁd burned on
the ice near Thule, Greenland. The 7 crew members bailed out before the crash
and 6 survived. At the time of the crash, the plane was carrying about
225,000 pounds of JP-4 jet fuel. The resﬁlfant fire produced a blackened area
on the ice of about 500 feet wide by 2100 feet long. The ice was cracked for

about 100 yards in all directions from the point of the impact.

At the time of the crash, the temperature was -24°F and a 7 knot wind reduced
this to an equivalent -53°F reading. It would be about 3 weeks yet until ;he
sun made its first appearance after the long Artic night. ﬁuring the next few
weeks, several storms swept the area. The combination of darkness, storms,

severe cold, and the remote location would make recovery operations extremely

difficult.

Within a few days, members of the U.S. Air Force, scientific expérts from LASL
and Livermore, and Danish scientists were assembled at Thule to assess the
accident situation. It quickly became clear that there was plutonium
contamination around the crash site, but there was no evidenace of any nuclear
yield. Also, it was determined that the ice at the crash site was 2 to 4 feet
thick and sufficient to support vehicles and structures as long as adequate

spacing was maintained.
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One of the first prigrities was to establish the extent of the contamination
around the crash site and determine a zero line outside of which no
contaminatién was detectible. The most valuable instrument for mapping the
contamination level was the FIDLER detector developed at Livermore. This
instrument is designed to detect the low energy x-rays (14 keV to 20 keV) from
plutonium and the 60 keV photon from Am-241. Because of the snow cover, the
60 keV photons from 241Am produced better sensitivity and were used for

contamination contour mapping and hot-spot identification.

Thorough surveys of the contaminated area produced the isocontamination
contour map shown in Figure l. It was estimated that there were about 3150 g
(+ 20%) of plutonium on the surface of the ice. About 992 of the l
contamination was confined to the blackened crust where the fuel had burned.
The edge of the blackened crust was closely coincident with the 0.9 mg/m2

isocontour line. This level 18 about 400 times greater than the proposed EPA

fscreening level™ of 0.2 uCi/m2 for transuranic contamination in soil.

Snow samples were taken by Danish scientists at numerous locations (primarily
to the south and west) away from the immediate crash site. The maximum
contamination level observed was 0.4 uCi/mz. The geometric mean of all the

samples was about 0.004 uCi/mz.

One of the major constraints in the clean up operation was that whatever
actions that were going to be taken on the ice had to be finished by the later

part of April when the ice would become unsafe to work on. Whatever plutonium
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contamination remained on or in the ice at that time would disappearlinto the

bay.

It was decided to remove all of the snow inside of the blackened zone which
included an area of about 60,000 nZ. With an average snow depth of 10 cm,
this would produce a volume of 6000 m3. Assuming'that the volume ratio of
packed snow to water would be about 2.5, this would produce aﬁout 6 x lO5
gailons of wgter. After all of the aircraft debris had been removed from the
ice, the snow'in the blackened area wﬁs scraped into rows, picked up and
transferred into sixty-seven 25,000 gallon tanks.

In the area of the aircraft impact, the ice had been broken, melted, and {
refrozen. To assess the level of contamination in the ice, 85 core samples
were taken in the fractured area. There was plutonium contamination |
assoclated with black bands distributed in the ice which were produced by
burned fuel. It was estimated that about 350 g of flutonium were contained in
the roughly 2000 tons of ice. Studies showed that when samples of the ice
were melted, essentially all of the plutonium contamination sank to the

bottom. Another 48 core samples were taken outside the fractured area. They

disélosed no contamination in or under the ice.

A decision was made to let the contaminated ice melt in place for three
reasons. First, even if the plutonium were to stay suspended in water, it
would rapidly be reduced to non-hazardous levels by dispersion. Second, it

wvas likely that the plutonium would settle into the sediment layer on the
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bottom of the bay and become effectively isolated from the inhabitants in the
area. And third, the clean-up operations which had already taken place were
not completed until the end of March, which left only a few weeks before the

ice would become unsafe to work on.

Many environmental survé;Q have been conducted by Danish scientists in the
years since the accident. These surveys have focused on determining the
levels and distribution of plutonium contamination in the marine environment
and investigating the possible impact that might be transmitted through the
food chain to the Greenlanders (see Figure 2). The surveys have produced the

following major conclusions:

1. The inventory of plutonium in the sediment on the bottom of the bay is
about 30 Ci. VThe maximum concentrgtion under the crash site is about
50 pCi/g (see Figure 3). The vertical displacement of the plutonium
is about 7-8 mm/y which indicates that it will become increasingly

unavailable to the biota in the sediments.

2. Plutonium has been found in increased quantities (up to 6 pCi/g) in
the organisms (mussels, starfish, and shrimp) that live in the

sediment, but the concentrations are decreasing with time.

3. Certain seaplants have been found to concentrate plutonium by a factor

of about 13,000.
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4. In 1979, seawvater did not contain measurable amounts of plutonium from
the accident, except in particles just above the seabed at the point

of impact.

5. In‘the most recent environmental survey completed in 1979, plutonium
from the accident was not detected in any of the higher animals"
(birds, fish, mammals) with any certainty. The contamination has been
confined to the sediment and those organisms that live in or on the

sediment.

The only direct link between the Greenlanders and the portion of the foodchain
with detectable plutonium contamination is through the mussels (bivalves). In
1974, the average concentration of plutonium in the soft patts of the mussels
found within a radius of 20 km of the crash site was about 20 pCi/kg. If we
asume that a Greenlander eats 100 grams of mussels a day from this region for
70 years, the estiﬁated annual dose rate to the bone at the end of 70 years
would be..075 mrad (from EPA 520/-77-016, Table A3-6). Even with this

extremely conservative scenario, the projected maximum annual dose rate is

less than 3% of the proposed EPA limit.

I was unable to find any cost estima;es fér the clean up operation at Thule.
It involved the resources and people of many organi¥ations and would be
difficult to reconstruct. However, since the clean ﬁp operations apparently
were sufficient to meet the requirements for limiting exposures to individuals
as currently proposed by the EPA, it is my opinion that the clean up costs
wouldn't be appreciably different today than they were then,.save the

adjustment for inflationm.
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REDUCTION OF RADiOISOTOPES BY REMOVAL
OF SURFACE"* SOIL |

CS—137
\ | PERCENTAGE
ISLAND % OF ISLAND __Cs-137pCilg CHANGEG ]
CLEANED PRE- | POST IN CONC.
IRENE 3 10 6 -40
JANET 13 31 16 -48
PEARL as 15 7 -53
'SALLY 4.5 7 3.5 -50 |
*TOP 15 cm.




REDUCTION OF RADIOISOTOPES BY
REMOVAL OF SURFACE* SOIL

SR—90
ISLAND % OF ISLAND SR-90 pCi/g | PEg:‘E\:LAEGE
i PRE- POST IN CONC.
IRENE 3 - - -
JANET 13 69 32 =
PEARL a4 28 - -
SALLY 4.5 12 a o
* TOP 15 cm.




ENEWETAK CLEANUPPROJECT COSTS (000)

DNA-MILCON $18,177.4
DNA-BASE CAMP EXPANSION 1,362.8
DNA-OPERATION & MAINTENANCE 19,692.0
SERVICES-AIR FORCE 3,877.1
-ARMY - 33,797.5

-NAVY - 7,863.8
DOE-RADIOLOGICAL SUPPORT* 3,371.0
DOI-REHABILITATION 14,100.0
$102,241.6

*AN ADDITIONAL $1.5 MILION DOE COST WAS REIMBURSED FROM DNA-MILCON FUNDS.



SOME COST RATIO APPROXIMATIONS

TOTAL COST OF CLEANUP AND REHABILITATION: $102,240,000. .

COST PER: UNITS
HECTARE"* ' 33
ACRE* 81
CUBIC METER SOIL 79,500
CURIE i 14.7
FATALITY 2

LIFE SAVED | ~ 0.025

*INCLUDES ONLY THAT AREA FROM WHICH SOIL WAS REMOVED.

- COST

$3,100,000
1,262,000
1,285
6,955,000
51,120,000
4,089,664,000



CLEANUP YARDSTICKS

SOIL MOVED TO CACTUS CRATER, yd®

TRU IN MOVED SOIL, CURIES

DEBRIS — UNCONTAMINATED - TO LAGOON, yd®

— UNCONTAMINATED - TO SALVAGE, yd*

— CONCRETE RUBBLE - SHORE PROTECTION, yd3
— CONTAMINATED - TO CACTUS CRATER, yd®

SOIL SAMPLES ARCHIVED
AIR SAMPLED, m*
AIR FILTERS ANALYZED
GAMMA SPECTROMETRY - IN LAB
| - IN-SITU
" COCONUT TREES PLANTED
DOCUMENTATION GENERATED, LINEAR FT

104,097
14.7
122,810
54,500
76,340
5,883

11,455

866,227

5,204

11,553
6,000 +

30,333
200 +



FATALITIES DURING ENEWETAK RADIOLOGICAL CLEANUP

" MILITARY

19 AUG 77*
17 NOV 77
14 AUG 78"

29 DEC 78
29 DEC 78
06 JAN 80

USN WELDER, EXPLOSION WHILE WELDING ON LANDING CRAFT.

USA PVT, CARDIAC ARREST WHILE PLAYING BASKETBALL.

USA NCO, CARDIAC ARREST WHILE PINNED BETWEEN D8 DOZER
AND DUMP TRUCK.

USAF CPT, LOST WHILE SAILBOATING FOR RECREATION.

"USA PFC, LOST WHILE SAILBOATING FOR RECREATION.

USA SPEC 4, ASPIRATION OF THE LUNGS ON HIS OWN VOMITUS,
THEN SUFFOCATION.

! * SATISFIES NATIONAL SAFETY COUNCIL CRITERIA FOR INCLUSION IN DATA TABLES FOR REPOATING ACCIDENT STATISTICS

DOE & CONTRACTORS

JuL 79

79

EIC FIELD SUPERVISOR, DEPARTED ATOLL FOLLOWING lNCIDENCE OF
CHEST PAINS, AND CHECKED INTO HOSPITAL IN HONOLULU, DIED
SEVERAL DAYS LATER OF HEART PROBLEMS.

- H&N BARBER, DIED IN HIS SLEE‘P OF NATURAL CAUSES. (?)



TOP CAUSES OF DEATH IN U.S. POPULATION, 1976

: DEATH EXPECTED DEATHS IN
CAUSE RATE* 30 YR IN POPULATION OF 500
ALL CAUSES 888 133
HEART DISEASE 336 50
CANCER 17 26
STROKE 91 14
ACCIDENTS 48 7

—_—

*DEATHS PER 100,000 POPULATION (FROM ACCIDENT FACTS, 1977)



INDUSTRY
GROUP

~ ALL INDUSTRIES
TRADE
MANUF. & SERVICE
GOVERNMENT

_ TRANSP. & UTILITIES -
AGRICULTURE
CONSTRUCTION
MINING

ENEWETAK CLEANUP

WORK ACCIDENTS

'WORKERS

(000) 2 _  DEATHs®
87,800 12,500
20,300 1,300
39,800 3,500
14,900 1,700
4,800 1,500
3,500 1,900
3,700 2,100
800 500

1 - 0.7

b pER 100,000 WORKERS IN EACH GROUP.

C TOTAL OF 8033 INDIVIDUALS INVOLVED IN 3 YEAR PROJECT WITH NO MORE

THAN 1000 INVOLVED AT ONE TIME.

BASIC DATA FROM ACCIDENT FACTS, 1977 AND 1982.

DEATH RATESP

1976

14
16
19
11
31
54
57
63

70

1981

12

10
31
54
40
55



AT-WORK ACCIDENTAL DEATHS, 1980

AT WORK

DEATHS RATE?
TOTALUS. 13,000 5.7
HIGHEST STATE - WYOMING 63 133
. NEVADA 39 . 4.9
LOWEST STATE - NEW YORK 174 1.0
DOE & CONTRACTORS 5.6
NTS AVERAGE 1965-81 1.35 27.0°

a8.DEATHS PER 100,000 WORKER YEARS. (FROM ACCIDENT FACTS, 1981)

b.1978-82 AVERAGE (FROM INJURY AND PROPERTY DAMAGE
__SUMMARY, JAN-JUN 1983, USDOE)

C-BASED ON NTS AVERAGE MONTHLY WORK FORCE.



SUMMARY OF AT-WORK FATALITY RATES

ACTIVITY FATALITY RATE* RISK

ALL INDUSTRIES (1976) - 14 1.4 x 10-4
CONSTRUCTION (1976) 57 5.7 x 10-4
ALL AT WORK, STATE OF NEV. (1980) 4.9 : 4.9 x 10-5
DOE & CONTRACTORS (1978-82 AVG.) 5.6 5.6 x 10-5
NTS (1965-81 AVG.) ‘ 27 2.7 x 10-*

ENEWETAK CLEANUP 70 | 7.0 x 10-4

*DEATHS PER 100,000 WORKER YEARS



INFORMATION THAT HAS BEEN OBTAINED

~
S e

IF PEOPLE WILL LIVE ON ENEWETAK, JAPTAP‘.J. AND MEDREN;
IF THEY WILL EAT FOOD FROM THEIR ATOLL ALONG WITH FOOD FROM OUTSIDE;
IF THEY DO GATHER COCONUTS FROM BILLAE TO MIJIKADREK;

THE LARGEST AMOUNT OF RADIATION ONE PERSON MIGHT RECEIVE DURING 1 YEAR.

AVERAGE AMOUNT OF RADIATION A PERSON MIGHT RECEIVE DURING 30 YEARS. (WHOLE BODY)

(BONE MARROW)

THE INCREASE OF CANCERS THAT MIGHT OCCUR WITHIN THE NEXT 30 YEARS.

THE POSSIBLE INCREASE OF CHILDREN BORN WITHHEALTH DEFECTS WITHIN THE NEXT 30 YEARS.

THIS MEANS THAT IF THERE WOULD BE 10,000 PEOPLE DIE WITHIN THE NEXT 30 YEARS FROM ANY CANCER

OTHER THAN THAT CAUSED BY RADIAITON LEFT FROM ATOMIC BOMBS, THERE MIGHT BE AN ADDITIONAL
10 WHO DIE FROM CANCER THAT IS CAUSED BY RADIATION LEFT FROM ATOMIC BOMBS

THIS MEANS THAT IF THERE WERE 10,000 CHILDREN BORN WITH HEALTH DEFECTS OCCURING FROM ANY
CAUSE OTHER THAN RADIATION LEFT FROM ATOMIC BOMSBS, WITHIN THE NEXT 30 YEARS, THERE MIGHT
BE AN ADDITIONAL 4 CHILORENBORN WITHDEFECTS CAUSED BY RADIATION LEFT FROM ATOMIC BOMBS.

28 millirem
200 millirem
250 millirem

0.10%
0.04%



ESTIMATES OF TRU DOSE TO RETURNING
ENEWETAK PEOPLE

S0YEARS 50 YEARS AVERAGE"*
. CRR-CARANUP
BSTWMATES OF POST-CLEANUP WORST CASE 7,800 mrem 13,000 mrem  13.0 mrad/yr.
BNJES) ( 100% OF TINE, IMPORTS UNAVAILABLE) 394 mrem 1,080 mrem 1.0 mrad/yr.
SOUWTHERN (SLANDS ( 08% OF TIME, IMPORTS ) 60 mrem 163 mrem 0.2 mrad/yr.

*AVERAUE AWOAL BUNE DOSE ( RAD ) USING 00 YEAR TOTAL mo ALPHA
AUALITY FACYOR OF 20.

TR CONTRISUTION 18 A SMALL PARY OF TOTAL DOSE DURING MNTIAL 30 YEARS.



RADIATION-INDUCED CANCER IN THE
ENEWETAK POPULATION

ENEWETAK PEOPLE WERE TOLD IF THERE WERE 10 000 DEATHS FROM
CANCER NOT RELATED TO RADIATION, THERE MIGHT BE AN ADDITIONAL 10
PEOPLE DIE OF CANCER DURING THE NEXT 20 YEARS AS A RESULT OF THE
RADIATION REMAINING ON THE ISLANDS, ASSUMING LIVING AND EATING
PATTERNS IN CONFORMANCE WITH CASE 3 CLEANUP.

ASSUME THE FOLLOWING CONDITIONS:

— DURING THE NEXT 30 YEARS, AN AVERAGE OF 500 PEOPLE RESIDEON
ATOLL, WITH THE HELP OF IMPORTED FOOD. (15,000 PERSON-YEARS)

—CAUSES OF DEATH ARE THE SAME AS FOR THE U.S. POPULATION IN
1976 (FOR LACK OF BETTER DATA). .

THEN, THERE MIGHT BE AN ADDITIONAL 0.026 DEATH FROM CANCER

CAUSED BY THE RADIATION. .
e

(NOTE: DOSE ESTIMATES INCLUDED INTAKE OF CESIUM AND STRONTIUM WHICH WERE EXCLUDED FROM
CONSIDERATION IN THE CLEANUP CRITERIA.)



e e

RISK OF RADIATION-INDUCED CANCER
DEATH AT ENEWETAK

NUMBER RESIDENTS, AVERAGE/YEAR, 30 YEARS 500
ADDITIONAL RADIATION-INDUCED CANCER DEATHS, 30 YEARS 0.026

ADDITIONAL CANCER DEATHS PER YEAR, PER 500 RESIDENTS 0.0009
RATE PER 1,000,000 1.7
APPROXIMATE RISK TO FUTURE RESIDENTS 1.7 x 10°¢

4

APPROXIMATE RISK TO CLEANUP WORKERS . 10 x107



THE GAME ISN'T-OVER 'TIL THE LAST OUT

- THE ENEWETAK CLEANUP PROJECT OFFICIALLY ENDED
APRIL 15, 1980. ACTIVITIES SINCE THEN INCLUDE:

__REPORT TO ENEWETAK PEOPLE, DOE 25 PGS

 ——— e e

ISLAND CEHTIFICATION BY DOE, 92 PGS N

 DOSE ASSESSMENT, LLNL - " 92 PGS B
PROJECT REPORT, DNA 700 PGS

PROJECT REPORT, DOE 712 PGS

SOIL SAMPLES IN ARCHIVE AT NTS UNTIL
MONITORING OF CACTUS DOME UNTIL

BEGIN RADIONUCLIDE MONITORING OF COCONUTS
MONITOR COCONUTS UNTIL

SAVE DATA BASE TAPES UNTIL
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OVERVIEW OF RADIATION
DOSE STANDARDS AND
RELEVANCE TO REMEDIAL
ACTION CRITERIA
(DOE/OMA)

e

Batielle

JANUARY 1984

J.P. CORLEY
RADIOLOGICAL SCIENCES DEPARTMENT



RADIATION PROTECTION STANDARDS ORGANIZATIONS

ADV1SORY
. ICRP INTERNATIONAL CoMMissiON oN RAabDioLoGicaL PROTECTION
. NCRP NaT1oNAL CounciL oN RADIATION PROTECTION AND MEASUREMENTS
. OTHERS NucLeAR ENERGY AGENCY
INTERNATIONAL ATOMIC ENERGY AGENCY
REGULATORY
. EPA ENvIRONMENTAL PrRoTECTION AceENcYy (Supersepep FRC-FEDERAL
Rap1ATION COUNCIL)
. NRC NucLEAR REGULATORY COMMISSION
. OSHA OccupATIONAL SAFETY AND HEALTH ADMINISTRATION
. OTHERS DEPARTMENT OF TRANSPORTATION

BurReau oF RapiorLocicAaL HEALTH
AMERICAN NATIONAL STANDARDS INSTITUTE
AMERICAN SocCI1ETY FOR TESTING AND MATERIALS



BASES FOR RADIATION
LIMITS

e RISK

o DOSE LIMIT

e ALARA

e MULTIPLE OF “"BACKGROUND"’

e MEASUREMENT CAPABILITY



RELATIONSHIPS OF STANDARDS CRITERIA

STAGE PERTINENT FACTORS STANDARDS CRITERIA
EFFLUENT RELEASE GUIDES, OPERATING
RELEASES LIMITS
(A) METEOROLOGY, BIOLOGY, HYDROL-

OGY, PHYSICAL AND CHEMICAL
FORMS, CONCENTRATION FACTORS

DISPERSION AND/OR CONCENTRATION GUIDES,
RECONCENTRATION CONTAMINATION LIMITS
(B) EXPOSURE PERIODS, CONSUMPTION

RATES
INTAKE AND INTAKE RANGES -- FRC;
EXPOSURE ANNUAL LIMITS OF INTAKE -- ICRP
(C) UPTAKE AND ABSORPTION FACTORS,

DISTRIBUTIONS IN BODY, BIO-
LOGICAL HALF-LIVES, BODY
DIMENSIONS, RADIATION TYPES
AND ENERGIES

DOSE DOSE LIMITS --ICRP AND NCRP
PUBLICATIONS
DOE ORDER 5480.1A
NRC (10 CFR 20 etc.)
EPA (40 CFR 190 etc.)

(D) DOSE/RESPONSE RELATIONSHIPS,
INDIVIDUAL VARIATIONS

HEALTH EFFECTS - RISK/PROBABILITY
(ICRP NO. 26)
(EPA - TRU IN SOIL)



'REVIEW OF STANDARDS

HISTORICAL

1.

FRACTION OF DOSE FOR OBSERVABLE RESPONSE
(e.g. ERYTHEMA, BLOOD COUNTS)

e GENERALLY SHORT-TERM
e NON-STOCHASTIC

GENETIC EFFECTS
e AGE PRO-RATION; 5 (n-18)

ALARA (ALAP)
e JUSTIFICATION

TOTAL RISK OF HEALTH EFFECTS

e RISK =PROBABILITY
e STOCHASTIC RISKS CONTROLLING
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REVIEW OF TERMINOLOGY

DOSE (DOSE RATE)

UNIT CONCEPT

rad

rem
rem
rem

rem

ABSORBEb’ DOSE

DOSE EQUIVALENT

DOSE EQUIVALENT COMMITMENT (<)
COMMITTED DOSE EQUIVALENT (t)

COMMITTED EFFECTIVE (WHOLE BODY) DOSE
EQUIVALENT (WEIGHTING FACTORS
FOR RISK)



REVIEW OF TERMINOLOGY

EXPOSURE (EXPOSURE RATE)

UNIT CONCEPT

ROENTGEN EXTERNAL GAMMA OR X RADIATION
CURIES

PER CUBIC METER{ RADIONUCLIDE CONCENTRATlON
CURIES IN AIR, WATER, FOOD

PER KILOGRAM

CURIES PER CONTAMINATION OR EMANATION
SQUARE METER (RADON)

CURIES RADIONUCLIDE INTAKE QUANTITY
(PER UNIT TIME)___



REVIEW OF TERMINOLOGY
REGULATION AND MANAGEMENT

e LIMITS

e ACTION (INTEREST) LEVELS/WORKING LIMITS
e SCREENING LEVELS

e ACCEPTABLE LEVELS

° ALARA

e LESS THAN REGULATORY CONCERN (de minimis)



DOSE COMMITMENT SCALE

1000 -~

500 -DOE ORDER 5480.1 LIMIT

100

ALARA

25 |- EPA LIMIT (40 CFR 190) FOR (DESIGN bBJECTlVEE

LWR/U FUEL CYCLE

10—+ EPA PROPOSED (CLEAN AIR ACT)
LIMIT FOR DOE ATMOSPHERIC
RELEASES

ANNUAL WHOLE BODY DOSE COMMITMENT - mrem

1-— NRC PROPOSED (10 CFR 20) v
| ““DE MINIMIS” VALUE
' .
|
|



MAJOR CHANGES IN ENVIRONMENTAL RACIATION PROTECTICN CRITERIA

ICRP No, 26

COMMITTED VS, ANNUAL DOSE EQUIVALENT
SuMMATION OF Risk - Use oF WeIGHTING FACTORS
AssuMPTIONS AS 7o DisTRIBUTION OF Dose (Risk) 1IN ExPoSeEp PoPULATION

EPA

MuLTipLe TiMe Periops - Years ofF ComMmiTTED DOSE
Years oF CoNTINUING EXPOSURE
Years oF EnVIRONMENTAL BuiLpup

QuanTIFIcATION OF ALARA



PROPOSED EPA REGULATIONS
WHOLE BODY (EFFECTIVE) RADIATION DOSE LIMITS

HicH LeEVEL & TRU WasTe DisposaL (40CFRIS1) 25 MREM/YR
DOE FaciviTies - CLeaN Air Act (40CFR61) 10 MREM/YR
PHospPHORUS PLANTS - CLEAN AIR Act 2 MREM/YR

EXISTING EPA REGULATIONS
WHOLE BODY C(ANMUAL) RADIATION DOSE LIMITS

SAFE DRINKING WATER AcT (4OCFR141) 4 MREM/YR

NUCLEAR Power OperaT10Ns (HOCFR190) 25 MREM/YR
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COMPARKISON OF LIMITING AIR CORCENTRATIONS (pCi/mL)
MAXIMUM INDIVIDUAL IN UNCONTROLLED AREA

DOE Orper 5480,1A

Rap1oNucLIDE TaLe I (A1r) C6  ICRP No, 30%A)
3H (as HTO) 2x107/ 1x10°C
0sp 3x107H 3x107 1
238 5x10712 7x1071

239Pu ExlO"lq 7x10'1q



TABLE 1. Ratio of the Committed Dose Equivalent to the Annual Dose
Equivalent for Inhalation

Radionuclide Whole Body Bone Lung GI-LLI Thyroid

3y 1.0 1.0 1.0 1.

0 1.0
14¢ 1.0 1.0 1.0 1.0 1.0
65zn 1.2 1.2 1.1 1.0 1.0
85k 1.0 1.0 1.0 1.0 1.
90sr+D 14 15 1.8 1.0 1.0

131y 1.0 1.0 1.0 1.0 1.0

129; 1.1 1.0 1.0 1.0 1.1

137¢s+p 1.0 1.1 1.1 1.0 1.0

226p 5 18 24 1.9 1.0 1.0

234y 7.6 15 4.6 1.2 1.0

238y 7.6 15 4.6 1.2 1.0

23%y, 33 30 2.5 1.0 1.0

TABLE 2. Ratio of the Committed Dose Equivalent to the Annual Dose
Equivalent for Ingestion

Radionuclide Whole Body Bone Lung GI-LLI Thyroid
3y 1.0 1.0 1.0 1.0 1.0
14¢ 1.0 1.0 1.0 1.0 - 1.0
65z 2.3 2.4 1.0 3.2 1.0
85¢r 1.0 1.0 1.0 1.0 1.0
90sr+D 40 45 1.0 1.0 0
1311 1.0 1.0 1.0 1.0 0
1291 1.6 1.1 1.0 1.0 1.6
137¢s+D 1.7 1.8 1.9 1.0 1.0
2264 50 70 1.0 1.0 0

234y 1.6 3.2 1.0 1.0 1.0
238y - 1.5 3.1 1.0 1 1.0

23%y 90 90 1.0 1.0 1.0



Contamination Surface

Published Guidance
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Published Guidance

4————— ACTIVITY IN 1 LITER DRINKING VIATER
THAT WOULD RESULT IN 5% DEPGSITION

¢—————— AEC MO511 PROPOSED

2 nCilg 20 YEAR RETRIEVABLE WASTE CRITERIA
4S9 )AEA OEFINITION OF "RADIOACTIVE"

4—————— NCRP AND ICRP
OCC. WATER STD. SOL. Pu

3P89 oqp anD 1CRP
NON OCC. WATER STD. SOL. Pu
€———cCoLorAY 2d/g,\/§

T

421G ACTIVITY IN URINE EQUIVALENT
Y0.5% DEPOSITION

ENVIRONMENTAL
lvits =$oidL

«—-202CH9_ oAl DEFECTION LEVEL IN
EHVIRONMENTAL WATER SAMPLES

-39 514 cTION LEVEL IN URINE
(UASCO ON 1 LITER SAMPLE AND
LLFCIRODEPOS ITION/FILM
PHOCFDURC)



(74
.- L ‘10 %‘—J‘
- &
RBBUI 1 FX RHEGLAFST37 0242228 MTMS-UUUU--RHEGNVF, v
) %
<

ZNR UUUUY
R 2422287 JAN 84

FM J ¥ HEALY MS-P22g LOS ALAMOS NATIONAL LABORATORY

LOS ALAMOS NM 87545

TO RHEGGTF/TOMMY MCGRAW EP-342 USDOE - WASHINGTON BC
RHEGRLF/JACK CORLEY BATTELLE NORTHVEST LABORATORY PO BOX 999
RICHLAND WA

RHEGRLF/KEN HEID BATTELLE NORTHVEST LABORATORY PO BOX 999

P LI L

RICHLAND WA

RHEGORF/C R RICHMOND ORNL PO BOX X OAK RIDGE TN

RHEGRFF/ROBERT YODER ROCKWELL INTERWATIONAL ATOMICS INTERNATIONAL
DIVISION ROCXY FLATS PLANT PO BOX 464 GOLDEN CO

RHEGNVF/BRUCE CHURCN DOE PO BOX 14100 LAS VEGAS NV L— 59?45/
AE-XNAE

UNCLAS/NONWD/F A X

THIS TRANSMITTAL COMSIST OF 5 PAGES

BT

St

JN{‘&S 1984



DRAFT o
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am&% ;5 m M, 008

Mr.. Tomigy We@raw
EP-842: §

U, S, Dent,.of Emergy
Washington, NC 2054%

Dear :Mr, Cannon: _

The Department of Ehergy has conducted the review of the proposed
guidancea for transuranium elements in the environment by a tfchnia'l committee
as promised in our letter of Novesber 15, 1983. The! following comsments and
recommendations arese from this review.

In our lutter of July 8, 1981, we indicated that we had no wj«timﬁo
the beasic dose equivalent limits proposed as guidance. Thare were 2130 many
addit1idaal comments on the draft guidance as then proposed includiag 2
refecence to the mearly 300 pages of technical comments provided eerlier, Ia
our current review, wa felt that there have been many developments since thix
letter was writtea which caused us to change our position on these numerical
values in the gﬂm. Thase include the recent developments in risk based
control of anpomure by the ICRP and, more recently, the proposed risk system
of thie NCRAA, The absolescence of the detailed guidance now proposed by the
EPA. 1s an fportant facter. This guidance was developed in accord with a
request from the Stste of Colorado to provide guidance for control of the
Rocky Flats contamination. This sftuation now seems to be under control and
other existing sites of contamination with transuranium elements appear to
present 1ittle or no problems. Thus, the primary use of the guidance appears

to be future weapons accidents or accidents in launching a nuElear pdwer

~
An Bausl Opeerunisy Enptwvar/Oversied by Urniversity of Caitiomia /
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sourta.’ It ﬁ“ thet tha information usad in daveloping the guidasen was
primeily Tor entuting sttes of contamination and little resl mtention hes
been: paid to what new seams to be the primary usefulness of the quidance.

This guidance has bean in preparation for about ten years and there have been
changas in policy in the EPA that should bde considered before these numbers
are Mocptad. A noteworthy example 1s the talk by Mr, Ruckelshags before the
Natioosl Academy of Sciencas proclaiwing the policy of the EPA tb use the best
scioncs available tA providing their regulations. We do not believe that the -
preseat Hnlting nymbers represent & truly scientific approach to maﬂy
applicable standards. Perfaps the results of the recently appointed
subcommittee of the EPA Sctentific Advisory Board will be applicable to this
guidwide. . |

We do have a mumber of objections to this dreft guidance, The DOE
questions .the wide range of limits in recently issued or proposed EPA
reguiations for the pretaction of the public from radiation. This draft
guidance edds anether sat of values to the ur!m ones accepted by the EPA,
In facty the usa of mrade rather tham mrems, as in the other standards, sets
~ this ove apart from the others leading to inconsistency in units as wall as in
risk valuap. Carlfer ws referred te a shift in the probable application of
this quidames from present sites to future accidents. However, the bhackground
studies leading te this guidance have paid 1ittle attention to this aspect of
its use. There are, for sxample, no analyses of the cost and practicality of
the values given. In particular, the potential political prodlems caused by
these low values 1f the accident occurs on foreign soil have not been

addressed, The current guidance is naw about seven years old. Much has
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‘happened {n that time, including added experience in the cleanup of areas
contaminated with transuranium elements. Thus, we can'only regard the present
drafc as obsolescent. Some of the later concepts and expertence should be
Ulmiéd witn respect to this guidance. In particular. the question of
flexibility‘in application of the guidance should be considered. Since DOE
ndiiIUndohbtedly be a technical advisor to 00D or NASA in event of another‘

- accident, we are conéefned.that‘many options will be foreclosed by the present
"lack of f\exfbilit). Mn this respect, there are words giving flexibility in
‘the docunent but not {n the recomendations section. in fact.x this section
reflects the view that the guidanée must be followed. Since we do not kné«
what portlon of this document nill be signed by the President if appraoved,
this lack of flexibility in the recommendatfons could lead to ser}ous problems
in implementation. Finally, a number of statements in the present (and past)
draft leads to belief that EPA was attempting to incorporate ALARA into their

considerations but appropriate analyses for the present use in future

accidents are not included,

As a result of this review, the DOE has several recommendations for the

revision of this guidance and for development of future regulations and

guidance,

(1) The EPA should issue generally applicable radiation standards in the

form of a limiting.risk, |

(2) The scope of the generally applicable guidance should be broadened

to cover all radionuclides in the environment. Thjs would provide

&



(3)

(4)

(5)

DRAFT

L]

guidance applicable to present decontamination and cleanup work and

would not overemphasize the transyranium elements.

'

. ‘ \ |
The guidance should not be based on ALARA but rather on the EPA's
‘ | .

| ¢ersion qf a reasonable risk considering other risks. The use of.

ALARA should be 1n addition to meeting the standards and an

‘applicable level of ALARA should be defined by the responsible

agency that has knowledge of the details of the given situation.

DOE has changed their former position on having EPA provide a
screening level, We now béiieve-that the EPA should provide the

generally applicable guidance and that DOE, DOD,'NASA, and other

"Agencies as needed, cooperate to produce any screening level

required. As we now envision it, there are two levels that need to
be defined: (a) a screening lavel below which action 1s not needed;
and (b) an action level above which cleanup could be started without
further studies. This would satisfy the need of the operator who
needs a number to work with while other studies define the actiond

needed in the {ntermediate zoné.

The DOE recommends ‘that EPA take a consistent approach to the
setting of environmental standards and guidance so that these
standards represent a coherent whole rather than a fragmented group

of inconsistent standards.
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(6). A ganeral problem that has existed in the past, and'is stil}
present, is the lack of strong intaragency working greups that allow
involved people to talk to each other on policy, technical problems, -
and implementation. The DOE strongly recommends that EPA avail
themselves of the halp that can be obtained from other agenctes in
such working groups. The present system 1s not working because
problems of mutual interest do not seem. to arise at the infrequent

meetings of the presest interagency working group.

Copies Faxed to the following:

Jack. Corley, Battalle W
Ken Heid, Battelle W
8. Church, NYOO

Chet Richmond, ORNL
Robert Yoder, Rocky Flats



Summary of
Radiological Guidelines for the
DOE FUSRAP Program
for
DOE Conference on EPA Transuranic Guides

Wayne R. Hansen
Los Alamos National Laboratory

The Department of Energy (DOE) programs for Surplus Facilities
and Formerly Utilized Sites Remedial Action Program (FUSRAP) has
prepared some draft criteria for residual radiation levels. This
paper summarizes a joint effort by Los Alamos National Laboratory,
Argonne National Laboratory, Oak Ridge Operations, and Bechtel

4

National, Inc., to prepare a background document for such criteria.

The FUSRAP sites in the DOE program invoive a wide range of
radioactive contamination in soils, building wastes, sludges, and
chemical residues. The majority of site contaminants involve
" higher than normal, naturally occurring radionuclides and three
sites involve fission products and transuranics. Before remedial
action decisions on these sites were possible, some basis for
decision regarding completion of remedial action was necessary.

In 1981, the DOE Inspector General stated that decisions
regarding the need for remedial actions should be based on site
specific health effects assessments and a cost/benefit analysis.

To meet the needs of the program, OR0O-831 was prepared based on DOE
Standards for Radiation Protection of the Public.



The methods of analysis and the source to dose conversion
factors needed to derive soil concentration guidelines from radia-
tion protection standards are presented; the health risk studies
that provide a basis for the radiation protection standards are
discussed; radiological guidelines for remedial action based on the
previous discussfons are presented; and considerations in applica-
tions of the guides are presented.

The translation of the OR0O-831 guidance into DOE criteria for
FUSRAP and Surplus Facility program guidance reflect some changes
due to EPA guides. Changes in the Ra-226 guidance reflect the
influence of the EPA standards for inactive uranium mill tailings.
The limits for transuranics in soil have not been changed to
reflect the EPA guidance.



Radiological Guidelines For
the DOE FUSRAP Program

for

DOE Conference on Transuranic Guidance
January 17-18, 1984

Wayne R. Hansen

Environmental Surveillance Group
Los Alamos National Laboratory

Los Alamoe
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[nspector General, DOE, 1981

Questioned expenditures on Remedial
Actions Without

.Site—specific health effects assessments..
.cost/benefit analyses..

Los Alamos



Purpose

Provide Guidance for Estimates of:
o Health Effects

o Dose Assessment

o Methods for Field Use

Los Alamos



Approach

Attempt to provide brief guidance on:
o Environmental Pathways Methods
o Dose Estimation

o Health Effects Estimation

o Derived Clean-up Guides

o Applications of Guides

Los Alamos



Starting Point

DOE Orders based on Acceptable Levels
of Risk as Stated By ICRP and NCRP

500 mrem/yr Maximum Individual Whole Body
1500 mrem/yr Maximum Individual Organ Dose

Assumption that ALARA Applied in
Field Implementation of Site Evaluation

Los Alamose



ORO — 831
Table of Contents

1. Document Purpose and Scope
2. Pathway Analysis for Radiation Dose Prediction
(Details of Analysis for U, Th, Ra in OR0—-832)

3. Estimation of Health Effects

4. GGuidelines for Removal of Contamination

O. Applications

6, Preparers

Appendix A Example Assumptions and Calculations
for Modification of Subsurface
Guidelines

Appendix B Radiation Protection Standards and

Guidelines
Appendix C Sources and Evaluation of Radiation

Exposures
Los Alamos



Health Effects Estimators
Based on BIER lil

Exception — Radon + Daughters

Based on Value From International
Workshop on Radon Risks

Published b'y Evans et al

Los Alamos



Derived Guides

1. What is Acceptable Risk?

ICRP - 1 chance in 100,000 to
1,000,000 per year
EPA - 1chance in 1000,000 per year

2. What is Dose Limit Corresponding
to that Level of Risk?
500 mrem/yr to Max. Individual
170 mrem/yr to Segment of Population

3. What Levels of Contamination Corresponds
to Dose Limit ?

Los Alamos



Soil Remedial Action Guidelines

Surface Soil Guideline
Radionuclide (pCi/g above background) Reference

Am—241 20 Healy 1977
Pu--241 800 Healy 1977
Pu-239,-240 100 Healy 1977
Pu -238 100 Healy 1977
Natural uranium [0) Gilbert et al. 1983
U-238 75 Gilbert et al. 1983
Th~-230 300 Gilbert et al. 1983
Ra--226 _ 15 Gilbert et al. 1983
Cs—137 80 Healy et al. 1979
Sr-90 100 Heal et al. 1979
H-3 (pCi/ml ndlx B
Soil moisture) 5200 ORO-—831

Loe Alamos



RADIUM-226 AND RADON-222 REMEDIAL ACTION GUIDES
(ABovE BACKGROUND)

RADIONUCLIDE
RAaDON-222
+)AUGHTERS

Rapon-222

RaDp1uM-226

GaMMA Dose

GUIDE
>0.03
<0.02
>3pC1/1
>30eC1/1
>15pC1/6

>5pC1/1

>0,02 MREM/HR

ACTION
REQUIRED ACTION
No AcTion
REQUIRED ACTION
REQUIRED ACTION
REQUIRED ACTION

REQUIRED ACTION

REQUIRED ACTION

ONDITIO
STRUCTURES

BounNDARY OF CONTROLLED
PROPERTY

OVER SURFACE OF CONTROLLED
PROPERTY

10 cM or Less Soir
THICKNESS

SURFACE WATER OR GROUND
WATER

ExTernaL RADIATION



Radon + Daughters
Lung Cancer Mortality

Inhaled Daughters Population Risk Individual Risk

1 WLM 10 cancers 1 chance
in 100,000 in 10,000
BKG 1pCi/t 2.5 cancers 2.5 chances
- (0.25 WLM indoors) in 100,000 in 100,000
(0.005-0.01 WL) -
0.03 WL 7.5 cancers 7.5 chances
in 100,000 in 100,000

Los Alamos



Approximate Absolute Risks of Cancer Mortality (BEIR I1I)

Percent of Normal

Lde Alamos

Dose Cancer Deaths  Cancer Mortality
| mrad/yr alpha to lung 0.1 in 100,000 0.03
3 mrad/yr alpha to bone 0.3 in 100,000 0.10
40 mrad/yr alpha to

bone surface 0.1 in 100,000 0.03
Normal Annual Risk

of Cancer Death 300 in 100,000
500 mrem/yr whole body

(low L 4 in 100,000 1.3
170 mre gr whole body

low LET (0.02 mrem/hr) 1.5 in 100,000 05



Approximate Absolute Risks of Cancer Mortality (BEIR I1I)

Percent of Normal
Dose | Cancer Deaths  Cancer Mortality

1500 mrem/yr bone
surface (high LET) 0.2 in 100,000 07

1500 mrem/yr lung
(high LET) 7.5 in 100,000 2.0

Natural Background of 100
mrem/yr whole body
(low LET) 0.9 in 100,000 03

Congressional Aide's
Sug%ested Start of
Disability Payments Due
to Radiation Cause 10

Los Alamos



Application of Guides

Derived guides based on maximum individual

Modify based on considering:

o present and future land use

0 occupancy factors

o distribution of contamination

o} quantmes of contaminated material
o costs in dollars and health

0 socioeconomics



Department of Energy
Nevada Operations Office
P. 0. Box 14100
Las Vegas, NV 89114-4100

JAN 1 3 1984

T. D. Pflaum, HQ, Chief of Envir,, Safety & Health (DP-226.1) GTN

COMMENTS ON EPA-PROPOSED "DOSE LIMITS FOR PERSONS EXPOSED TO TRANSURANIUM
ELEMENTS IN THE GENERAL ENVIRONMENT"

The Nevada Operations Office (NV) submitted comments on the subject dose
1imits via our letter, Church to Pflaum, dated October 19, 1983, For
convenience a copy is enclosed.

A]thbugh much can be said on this subject I wish to take this opportunity to
discuss the following points.

‘

6

1. EPA Objective of Reducing Risk to 107" Ultra Conservative

EPA states that they believe it appropriate to limit the risk for a cancgr
fatality from a single radiation source to a person in the population to 10
per year. We contend that the proposed standards in rgg]ity jmpose a risk
1imit much more conservative and could be as low as 10 ~,

There is considerable uncertainty in developing risk estimates from observable
health effect data, and there is considerable uncertainty in estimating
environmental organ doses through pathway modeling because of the assumptions
made and variability of individuals (i.e., lifestyles, ingestion, uptake and
growth rates, etc.).

[f the maximizing assumptions are always taken, the predicted risk to a
oopulation for leaving a contaminated area undisturbed could be several orders
of magnitude less than the real risk encountered during cleanup operations.

One risk not considered by EPA is_&he risk benefit to personnel involved in
the cleanup which approximates 10 ', The criteria and consideration for
cleanups should include the risk of death and injury resulting from the
cleanup itself.

During the course of the Fnewetak cleanup, two men died in work-related

accidents; six others died from a variety of causes. It is well documented

that construction activities have higher fata]&ii rate }Fanzﬁ st industries.
4
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T. D. Pflaum -2-

The following table summarizes some selected fatality rates and risks.

Activity Fatality Rate* Risk

A1 industries (1976) 14 1.4 x 1074
Construction (1976) 57 5.7 x 107%
At work (1980) -5

State of Nevada 4.9 4.9 x 10
DOE & Contractors : -5

(1978-82 average) 5.6 ' 5.6 x 10
NTS (1965-1981 average) 27 2.7 x 107°
-4

Enewetak cleanup 70 7.0 x 10

*Par 100,000 worker-years.,

¢

Because of the great variability in the data, and the requirement to

interpolate and extrapolate, it is essentigl that a careful uncertainiym,
’gnalxglé_pe made by EPA, This analysis is nec@ Yy to ensure confidence that
the risk of cleanup does not exceed thegrisk from leaving the contamination
undisturbed; which may be as low as 10 =~ or lower.

2., Imaginary Versus Real Deaths!

The models used to assess the health effects (i.e. radiation-induced
cancer fatalities) on the Enewetak people during the planning phase estimated
< 3 health effects (cancer deaths) over 30 years with no cleanup and no
restrictions on island or food usage.

An analysis of the total radiation dose to the returning people of Enewetak
after the cleanup leads to the conclusion that there might be an additional
0.026 deaths in 30 years from cancer caused by radiation. This is compared to
the two persons who died in course of the three-year cleanup.

The uncertainty which is inherent in cancer-risk estimates is graphically
illustrated in Table V-4, page 147 in the 1980 BEIR report in which the
expected number from continuous exposure of one rad per year to a population
of 1,000,000 ranges from zero to 568,

The risk estimates of cancer deaths as required by the proposed EPA standard
(maximizing risk estimates) give hypothetical, or imaginary deaths as compared
to the real deaths which do occur in construction projects. The fact is that
no increase in cancer rate has been, nor can be, identified at the dose levels
comparable to background radiation levels.



MUCLEAR WEAPONS ACCIDENT AT PALOMARES, SPAIN,
—RESULTING IN RADIOACTIVE COMTAMINATION

17 JAWARY 1966 - 10:30 MY ,

'8-52 and KC-135 DESTROYED IN MID-AIR COLLISION

PARACHUTES DID NOT DEPLOY ON 2 OF 4 WEAPONS (#2 and 3)

WEAPONS 2 AND 3 EXPERIENCED HIGH EXPLOSIVE DETONATION UPON IMPACT
WEAPON 1 FELL IN DRY ALMANZORA RIVER BED = NO DETONATION

WEAPON 4 FELL INTACT INTO NEOITERRANEAN AND RECOVERED 80 DAYS LATER
GROUND CONTAMINATED WITH Pu RADIONUCLIDES |
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AIR_SAMPLING PROCEDURE

\
CELLULOSE FILTER 47wmm DIAMETER WITH 1.2 ym PORE SIZE
DAILY SAMPLES TAKEN YEAR AROUND

COLLECTED 1.7m ABOVE GROUND

SAMPLES POOLED FOR EACH TEN=DAY COLLECTION (100m3) FOR
ALPHA SPECTROMETRY MEASUREMENTS

SAMPLES MEASURED AT JEN FOR GROSS ALPHA (PROPORTIONAL COUNTER)
AND Pu-239 BY ALPHA SPECTROHETRY FOLLOWING ION EXCHANGE SEPARATION
AND ELECTRODEPOSITION




* AIR SAMPLING STATIONS IN PALOMARES
' Station 2-1
ESTABLISHED IN JUNE 1966
LOCATED IN HILLS NEAR INPACT POINT NUMBER 2
SOIL IS ROCKY AND COVERED WITH WILD SHRUBS
SONE PARTS ‘WERE NOT POSSIBLE TO PLOUGH

CONTAMINATION LEVELS WERE BETWEEN 3.2 x 10°) and 3.2 x 10°2.

uC1/100cm?

® OUT OF COMMISSION SINCE SEPTEMBER 1969

RECENTLY REESTABLISHED



- .
. Y

AIR SAMPLING STATIONS IN PALOMARES
\ STATION 3-2

ESTABLISHED IN JUNE 1966

LOCATED NEAR THE CENTER OF HIGHEST REMAINING CONTAMINATION
DOWN WIND FROM IMPACT POINT NUMBER 3

ON PLAIN LYING ABOUT 4 METERS BELOW IMPACT POINT

SURROUNDING AREA CONTAMINATED TO LEVELS BETWEEN 3.2x10-)
AND 3.2x10°3 ,C1/100cm?

OUT OF COMMISSION SINCE SEPTEMBER 1969
RECENTLY REESTABLISHED



VEGETATION, AND SOIL SAMPLING PLOTS
AT PALOMARES
TWO EACH ESTABLISHED IN AREAS 2, 3 and 5 FOLLOWING REMEDIAL ACTION
EACH 50 x 50 METERS
NINE SAMPLING LOCATIONS PER PLOT
FIVE SAMPLING DEPTHS (0-5; 5-15; 15-25; 25-35; 35-45 CM)
" ONE CONTROL PLOT ESTABLISHED ABOUT 8 KM FROM VILLAGE
ONE CONTROL PLOT ESTABLISHED ABOUT 50 METERS FROM ZERO LINE IN AREA

VEGETATION SAMPLES OBTAINED ANNUALLY FROM EACH POINT FOR EACH PLOT
IF CULTIVATED. AREA 2-1 ONLY CONTAINS WILD VEGETATION
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Therefore, until the technology is developed to perform TRU cleanups where
workers do not take substantially higher risks (which are real) to achieve

a condition where the risks (which are hypothetical) are substantially lower
than daily risks, guidance should be limited to reflect the greatest savings
of 1ife.

The Enewetak cleanup, which was designed to conform with the proposed EPA
guidance is the epitome of the above discussion. According to risk analyses
published in the planning documents, the istands could have been turned over
to the people without a radiological TRU cleanup and saved lives.
Ultraconservatism costs more than just time and dollars, it can cost real
lives.

3. Cost Versus Benefit

Reasonable alternatives should be evaluated when decisions are made
affecting the expenditure of resources. The radiological cleanup at Enewetak
cost approximately $100 million and resulted in the potential of averting less
than one cancer death from radiation in 30 years in the Enewetak population.
How many premature deaths from disease and illness might have been averted in
the Enewetak population by directing $100 million into improving health care
knowledge, facilities, and capabhility? We may not have the information
available .to answer this question, but it is not unreasonable to consider this
alternative. Similar logic should be applied in considering any radinlogical
c¢leanup.

Bruce W. Church, Director

HPD: DLW Health Physics Division
cc:
L. J. Deal, HO (EP-342) GTN ‘n

T. F. McCraw, HQ (EP-32) GTN

A, B. Siebert, Jr., HQ (DP-3.1) GTN
P. J. Mudra, Dir., OD, NV

Roger Ray, DPO, NV

J. D. Stewart, OD, NV

E. D. Campbell, NSD, NV

D. R. Martin, SHD, NV
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MUCLEAR WEAPONS ACCIDENT AT PALOMARES, SPAIN,
——RESULTING IN RADIOACTIVE CONTAMINATION

: '
17 JANUARY 1966 - 10:30 AM

'8-52 and KC-135 DESTROYED IN MID-AIR COLLISION

PARACHUTES DID NOT DEPLOY ON 2 OF 4 WEAPONS (#2 and 3)

WEAPONS 2 AND 3 EXPERIENCED HIGH EXPLOSIVE DETONATION UPON IMPACT
WEAPON 1 FELL IN DRY ALMANZORA RIVER BED = NO DETONATION

WEAPON 4 FELL INTACT INTO MEDITERRANEAN AND RECOVERED 80 DAYS LATER
GROUND CONTAMINATED WITH Pu RADIONUCLIDES '
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AIR SAMPLING PROCERURE

'
CELLULOSE FILTER 47xm DIAMETER WITH 1.2 pm PORE SIZ2E
BAILY SAMPLES TAKEN YEAR ARQUND

COLLECTED 1.7m ABQVE GROUND

SAMPLES POOLED FOR EACH TEN=DAY COLLECTION (100m3) FOR
ALPHA SPECTROMETRY MEASUREMENTS

SAMPLES MEASURED AT JEN FOR GROSS ALPHA (PROPORTIONAL COUNTER)
AND Py-239 BY ALPHA SPICTRNETRY FOLLOWING TON EXCHANGE SEPARAT!ON
AND ELECTRODEPOSITION




© AIR SAMPLING STATIONS IN PALOMARES
. Station 2-1
ESTABLISHED IN JUNE 1966
LOCATED ;N HILLS NEAR IMPACT POINT NUMBER 2
SOIL IS ROCKY AND COVERED WITH WILD SHRUBS
SOME PARTS WERE NOT POSSIBLE TO PLOUGH

CONTAMINATION LEVELS WERE BETWEEN 3.2 x 10°! and 3.2 x 10°2.

uC1/100cm? .
o OUT O_F COMMISSION SINCE SEPTEMBER 1969

RECENTLY REESTABLISHED



N
..

AIR SAMPLING STATIONS IN PALOMARES
+ STATION 3-2

ESTABLISHED IN JUNE 1966

LOCATED NEAR THE CENTER OF HIGHEST REMAINING CONTAMINATION
DOWN WIND FROM IMPACT POINT NUMBER 3

ON PLAIN LYING ABOUT 4 METERS BELOW IMPACT POINT

SURROUNDING AREA CONTAMINATED TO LEVELS BETWEEN 3.2x10-}
AND 3.2x10°3 4C1/100cm?

OUT OF COMMISSION SINCE SEPTEMBER 1969
RECENTLY REESTABLISHED



VEGETATION,AND SOIL SAMPLING PLOTS
AT PALOMARES
TWO EACH ESTABLISHED IN AREAS 2, 3 and 5 FOLLOWING REMEDIAL ACTION
EACH 50 x 50 METERS
NINE SAMPLING LOCATIONS PER PLOT
FIVE SAMPLING DEPTHS (0-5; 5-15; 15-25; 25-35; 35-45 CM)
| ONE CONTROL PLOT ESTABLISHED ABOUT 8 KM FROM VILLAGE
ONE CONTROL PLOT ESTABLISHED ABOUT 50 METERS FROM ZERO LINE IN AREA 5

VEGETATION SAMPLES OBTAINED ANNUALLY FROM EACH POINT FOR EACH PLOT
IF CULTIVATED. AREA 2-1 ONLY CONTAINS WILD VEGETATION
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' REMEDIAL ACTIONS TAKEN AT PALOMARES FOLLOWING
ACCIOENT IN JANUARY 1966

' | - CANES BURNED ON BEACH g |
‘.--n ----- 4--' ----- .---ﬁ‘ I——— _CROPS BURIED ﬂg‘—CROPS To UcSOA..0-¢-.0--’
. ' . [}
‘ SOME PLOWED | o SOIL PLOWED | o SOIL REMOVED
‘ "0 30 o0 "'ﬂ'"“ Wam —HEgigwm b
! ' ]
B 207 HECTARES $d—17 HECTARES———P@—2.2 HECTARES-~=cnee —ehp
: i (510 acRes) { (82 pcreS) 1.6 A-2 (8 ACRES)
: | i g 0.6 A-3 (1,5 ACRES)
L] ! ™ ,!, : ——
wCi/m? 320 , 3.2 32
ug/a? 5.0 0.0 500
dpay100ca?  7000.0 70,000.0 700,000
Bo/wt e x 0t RITR 1.18 x 10°

* EPA Screening Level of 0.2 yC1 Pu/m & 4,400 dpn/100 ca? ~ 3.1 yg/m?
% A 1321000 1 um particles/nt ' '




MEAN ANNUAL Pu-239 AND Pu-240 CONCENI‘RATIQ\TS IN
BREATHARIE AIR DURING THE
. PERIOD 1966 - 1989

CONCENTRATIONS AT STATION

(pCi x mS x 167°)
YEAR 2-1 2-2 | P 3-1
1966 1.13 | 1.21 0.4 @.74
1967 g.41 11.94 6.11 2.35
1968 8.19 ?.59 0.07 6.99
1969 4.35 3.84 ¢.07 8.38
1970 0.16 6.26
1971 2.%6 8.99
1972 ©.28 ¢.05
1973 2.08 0.96
1974 0.22 g.11
1975 8.4 8.25
1976 g.12 0.05
1977 B.32 8.15
1978 0.45 0.06
1979 0.52 .15
1980 0.89 8.76




POPULATION GROUPS CONSIDERED FOR CALCULATING THE DOSE EQUIVALENT

(YEARS OF INHALATION)

AGE AT THE TIME OF THE

GROUP BABY CHILD YOUTH ADULT TOTAL | ACCIDENT
1 0 10 5 0 15 1
2 0 0 6 9 15 11

3 0 0 0 15 15 18




DOSE RECEIVED (REM) BY INHALING Pu—239 THROUGH 12=—31-——1980
STATION IN PALOMARES

GROUP BODY BONE INTESTINE LIVER LUNG KIDNEY

1 1.926—04 4.427—03 2.896—06 2.778—03 1.390—02 7.262—-04

2 1.503—04 3.456—03 2.635—06 2.654—03 1.289—02 7.206—04

3 1.810—04 4.164—03 2.614—06 3.188—03 1.2564—02 8.679—04

Particle size: 0.3 micron



DOSE RECEIVED (REM) BY INHMALING Pu-239 THROUGH 12-31—2015(+)

STATION IN PALOMARES

GROUP BODY BONE INTESTINE LIVER LUNG KIDNEY
1 6.870-94 1.591-92 2.990-06 1.040-92 2.350-02 3.785-03
2 9.620-04 2.232-92 2.639-06 1.501-92 2.508-02 4.592-03
3 1.0289-93 2.528-92 ' 2,618-96 - 1.699-02 2.564-02 5.197-03
(+)

Particle size:

#.3 micron

It is assumed that the Pu-239 concentration is nil after 12-31-1989



DOSE RECEIVED (REM) BY INHALING Pu-239 THROUGH 12-31-1980

STATION 2-2

3.632-03 8.352-02 2.974-95 5.101-02 2.936-01 1.319-92
2.549-03 5.844-02 2.562-95 4.450-92 1.868-91 1.218-92
3.260-93 7.502-02 2.513-05 5.701-02 | 1.831-01 1.563-02

Particle size:

#.3 micron



DOSE RECEIVED (REM) BY INHALING Pu-239 THROUGH 12-31-1980

STATION 2-2
BODY BONE INTESTINE LIVER LING . KIDNEY
3.632-03 8.352-32 2.974-05 5,101-02 2.036-01 1.319-02
2.540-03 5.844-02 2.562-05 4.450-02 1.868-01 1.218-02
3.260-03 7.502-02 2.513-05 5,791-02 1.831-01 1.563-02

Particle size:

.3 micron



EXTREME POTENTIAL DOSE BQUIVALENT VALUES (MREM) FOR THE URBAN AREA
THROUGH THE YEAR 2015 AS A RESULT OF INHALATION DURING THE PERIOD

1966-1980, AS A FUNCTION OF AEROSOL SIZE

LUNGS LIVER BONE
GROUP MAXIMUM MINDMOM MAXIMUM MINIMUM MAXIMUM MINIMUM
1 23.5 7.2 10.4 4.4 . 15.9 6.7
2 25.1 7.7 15.9 6.4 22.3 9.5
3 25.6 7.9 16.9 7.2 25.3 10.7
KIDNEYS INTESTINES REMAINDER
GROUP MAXTMUM MINIMUM MAXTMUM MINIMUM MAXTMUM MINIMUM
1 3.1 1.3 2.006 2.003 2.69 @.29
2 4.6 2.0 3.005 0.003 0.9 .41
3 5.2 2.2 2.005 8.003 1.09 2.46




EXTREME POTENTIAL DOSE BQUIVALENT VALUES (MREM) FOR THE URBAN AREA
DURING THE PERIOD 1966-198¢0 AS A FUNCTION OF AEROSOL SIZE

LUNGS LIVER BONE

GROUP MAXTMUM MINIMUM MAXTMUM MINIMUM MAXTMUM MINIMUM
1 13.9 4.2 2.8 1.2 4.4 1.9
2 12.9 3.9 2.7 1.1 3.5 1.5
3 12.5 3.8 3.2 1.4 4,2 1.8

KIDNEYS INTESTINES REMAINDER

GROUP MAXTMUM MINIMUM MAXIMUM MINIMUM MAXTMUM MINIMUM
1 @2.73 2.31 0.006 2.093 f.19 0.09
2 9.72 9.31 @.005 0.023 .15 7.06
3 .87 8.37 9.005 ' 9.093 @.18 .08




EXTREME POTENTIAL DOSE BQUIVALENT VALUES (MREM) FOR STATION 2-2
DURING THE PERIOD 1966-1980 AS A FUNCTION OF AEROSOL SIZE

LUNGS LIVER ~ BONE
GROUP MAXIMUM MINIMUM MAXIMUM MINTMM MAXIMM MINIMUM
1 203.6 63.0 51.0 21.6 83.5 35.4
2 186.8 57.6 44.5 18.9 58.4 - .8
3 183.1 56.0 57.0 24.1 75.0 .8

KIDNEYS INTESTINES REMATNDER
GROUP MAXTMUM MINIMUM MAXIMUM MINIMUM MAXIMUM MINIMUM
1 13.2 5.7 3.067 2.039 3.6 1.5
2 12.2 5.2 @.952 2.026 2.5 1.1
3 15.6 6.7 0.051 2.025 3.3 1.4




EXTREME POTENTIAL DOSE BQUTVALENT VALUES (MREM) FOR STATION 2-2

UP TO THE YEAR 2015, FROM INHALATION DURING THE PERIOD 1966-1980,

LUNGS

AS A FUNCTION OF AEROSOL SIZE

LIVER BONE
GROUP MAXTMUM MINIMUM MAXIMUM MINM.M MAXTMUM MINIMIM
1 240.0 ’.73.2 9.6 42.2 ~161.4 68.4
2 244.0 75.0 132.5 56.1 200.8 ' 85.1
3 255.1 78.5 177.0 74.9 270.2 114.4
KIDNEYS INTESTINES REMAINDER
GROUP MAXIMUM MINIMUM MAXTMUM MINIMUM MAXIMUM MINIMM
1 29.1 12.5 a.060 @.930 7.9 3.0
2 41.2 17.8 7.052 2.7926 8.6' 3.7
3 55.4 23.8 2.051 2.925 11.6 4.9




PLUTONIUM CONTAMINATION AT THULE

Summary of Notes for Talk
Given at DOE Meeting on Proposed
EPA Guidelines for Transuranium

Elements in the Environment

January 17, 1984

David S. Myers

Lawrence Livermore National Laboratory



PLUTONIUM CONTAMINATION AT THULE

‘On January 21, 1968, a B-52 carrying 4 nuclear weapons crashed and burned on
the ice near Thule, Greenland. The 7 crew members bailed out before the crash
and 6 survived. At the time of the crash, the plane was carrying about
225,000 pounds of JP-4 jet fuel. The resultant fire produced a blackened area
on the ice of about 500 feet wide by 2100 feet long. The ice was cracked for

about 100 yards in all directions from the point of the impact.

At the time of the crash, the temperature was -24°F and a 7 knot wind reduced
this to an equivalent -53°F reading. It would be about 3 weeks yet until }he
sun made its first appearance after the long Artic night. During the next few
weeks, several storms swept the area. The combination of darkness, storms,

severe cold, and the remote location would make recovery operations extremely

difficult.

Within a few days, members of the U.S. Air Force, scientific experts from LASL
and Livermore, and Danish scientists were assembled at Thule to assess the
accident situation. It quickly became clear that there was plutonium
contamination around the crash site, but there was no evidenace of any nuclear
yield. Also, it was determined that the ice at the crash site was 2 to 4 feet
thick and sufficient to support vehicles and structures as long as adequate

spacing was maintained.
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One of the first pri&rities was to establish the extent of the contamination
around the crash site and determine a zero line outside of which no
contamination was detectible. The most valuable instrument for mapping the
contamination level was the FIDLER detector developed at Livermore. This
instrument is designed to detect the low energy x-rays (14 keV to 20 keV) from
plutonium and the 60 keV photon from Am-241. Because of the snow cover, the
60 keV photons from 241Am produced better sensitivity and were used for

contamination contour mapping and hot-spot identification.

Thorough surveys of the contaminated area produced the isocontamination
contour map shown in Figure 1. It was estimated that there were about 3150 g
(+ 20%) of plutonium on the surface of the ice. About 99Z of the l
contamination was confined to the blackened crust where the fuel had burned.
The edge of the blackened crust was closely coincident with the 0.9 mg/m2

isocontour line. This level is about 400 times greater than the proposed EPA

"screening level"” of 0.2 uCi/m2 for transuranic contamination in soil.

Snow samples were taken by Danish scientists at numerous locations (primarily
to the south and west) away from the immediate crash site. The maximum
contamination level observed was 0.4 uCi/mz. The geometric mean of all the

samples was about 0.004 uCi/mz.

One of the major constraints in the clean up operation was that whatever
actions that were going to be taken on the ice had to be finished by the later

part of April when the ice would become unsafe to work on. Whatever plutonium
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contamination remained on or in the ice at that time would disappear into the

bay.

It was decided to remove all of the snow inside of the blackened zone which
included an area of about 60,000 mz. With an average snow depth of 10 cm,
this would produce a volume of 6000 m3. Assuming that the volume ratio of
packed snow to water would be about 2.5, this would produce about 6 x lO5
gallons of water. After all of the aircraft debris had been removed from the
ice, the snow in the blackened area was scraped into rows, picked up and
transferred into sixty-seven 25,000 gallon tanks.

In the area of the aircraft impact, the ice had been broken, melted, and ’
refrozen. To assess the level of contamination in the ice, 85 core samples
were taken in the fractured area. There was plutonium contamination
associated with black bands distributed in the ice which were produced by
burned fuel. It was estimated that about 350 g of plutonium were contained in
the roughly 2000 tons of ice. Studies showed that when samples of the ice
were melted, essentially all of the plutonium contamination sank to the

bottom. Another 48 core samples were taken outside the fractured area. They

disclosed no contamination in or under the ice.

A decision was made to let the contaminated ice melt in place for three
reasons. First, even if the plutonium were to stay suspended in water, it
would rapidly be reduced to. non-hazardous levels by dispersion. Second, it

was likely that the plutonium would settle into the sediment layer on the
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bottom of the bay and become effectively isolated from the inhabitants in the
area. And third, the clean-up operations which had already taken place were
not completed until the end of March, which left only a few weeks before the

ice would become unsafe to work on.

Many environmental surve;g have been conducted by Danish scientists in the
years since the accident. These surveys have focused on determining the
levels and distribution of plutonium contamination in the marine environment
and investigating the possible impact that might be transmitted through the
food chain to the Greenlanders (see Figure 2). The surveys have produced the

following major conclusions:

1. The inventory of plutonium in the sediment on the bottom of the bay is
about 30 Ci. The maximum concentrgtion under the crash site is about
50 pCi/g (see Figure 3). The vertical displacement of the plutonium
is about 7-8 mm/y which indicates that it will become increasingly

unavailable to the biota in the sediments.

2. Plutonium has been found in increased quantities (up to 6 pCi/g) in
the organisms (mussels, starfish, and shrimp) that live in the

sediment, but the concentrations are decreasing with time.

3. Certain seaplants have been found to concentrate plutonium by a factor

of about 13,000.
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4, 1In 1979, seawater did not contain measurable amounts of plutonium from

the accident, except in particles just above the seabed at the point

of impact.

5. In the most recent environmmental survey completed in 1979, plutonium
from the accident was not detected in any of the higher animals
(birds, fish, mammals) with any certainty. The contamination has been
confined to the sediment and those organisms that live in or on the

sediment.

The only direct link between the Greenlanders and the portion of the foodchain
with detectable plutonium contamination is through the mussels (bivalves). 1In
1974, the average concentration of plutonium in the soft parts of the mussels
found within a radius of 20 km of the crash site was about 20 pCi/kg. If we
asume that a Greenlander eats 100 grams of mussels a day from this region for
70 years, the estimated annual dose rate to the bone at the end of 70 years
would be .075 mrad (from EPA 520/-77-016, Table A3-6). Even with this

extremely conservative scenario, the projected maximum annual dose rate is

less than 3% of the proposed EPA limit.

1 was unable to find any cost estimates for the clean up operation at Thule.
It involved the resources and people of many organizations and would be
difficult to reconstruct. However, since the clean up operations apparently
were sufficient to meet the requirements for limiting exposures to individuals
as currently proposed by the EPA, it 1s my opinion that the clean up costs
wouldn't be appreciably different today than they were then, save the

adjustment for inflation.
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Figure 1

SURFACE WIND DIRECTION
PHASE 1, 24 JAN668 AND PHASE 11, 286JAN6

. SURFACE WIND DIRECTION
ON 2IJANGS

Plutonium conlamination levels observed.

Taken from reference 1



Secwater 4_!_). Sea sediments

Phytoplankton
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Greenlanders

Figure? Food cheins in an arctic, marine environment.

Taken from reference 1



B
:Loe -Q0.33 km _!
= Q¢cz™*
—1
——
‘=
5 i
o,
S .
Q
c
-1
107" = -
10°% | ! T
10 20 20 JAS)

km

Fic. 3. The *°~*°Pu concentraton in the sedi-
ment surfacs (0 cm depth) related to the dis-
tance (In km) from the point of impact.

Taken from reference 3



EM EPA STANDARDS FOR Pu—238:
POTENTIAL IMPACT AT HOLMD

D.R.RBROGERS
MOLIMND ~ |
MOMSANTO RESEARCH CORP.

B

PRESEHTED TO:

UEDOR/GPERATIOMNAL $AFETY
HSDOEAHQ
JaN. 17-18,1%984
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AIUN-238 SOLUTION HAS RELEASED
MDERGROUMND PIPELIRE RUFPTURED .
E THAUESFER OF HASTE SOLUTION
Pu FHCILITY TO THE HWASTE
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61 Briefing on Cleanup of TRU Contaminated Soil

January 17, 1984
Planning Phase
Enewetak Atoll Cleanup
T. McCraw

This summary reviews actions during the period 1972-77 by AEC-ERDA-DOE to
conduct radiological surveys, to develop radiological cleanup criteria, and
to assist in obtaining approval and funding for cleanup and rehabilitation
of Enewetak, an Atoll used for U.S. nuclear tests from 1948 to 1958. These
criteria are compared with current EPA draft criteria. Mr. Bruce Church
will cover Enewetak cleanup field operations. This presentation highlights
those aspects of criteria development and planning that are different from
and/or incompatible with EPA's draft criteria.

Figure 1 is a chronological outline of the events leading to cleanup field
operations at Enewetak. Following the announcement of the U.S. commitment
to return this Atoll to the Trust Territory, and without waiting for a final
agreement on AEC, DOD, and DOI responsibilities, an AEC task group began
development of recommendations on cleanup concurrently with the radiological
survey phase of the project. The first draft dose estimates from the 1972-
73 radiological survey of Enewetak began to be available during the peridd
of task group deliberations.

As the task group members formed their opinions, a number of ideas were
considered and rejected that might have misdirected cleanup planning. Among
these were proposals that radiological criteria were not needed and that the
amount of cleanup performed would automatically be determined by the amount
of funding provided by Congress, or that cleanup criteria should be derived
through a consideration of risk estimates, or that dose criteria should be
equivalent to the highest doses being received by any population such as
those 1iving in high natural radiation areas in Brazil. There was also the
idea that the benefits to the Enewetak people of return to their homeland
transcended any risk from radiation. The task group chose instead to derive
its recommendations on cleanup criteria through a conservative application
of current national and international standards for individuals in the
population, and considering a wide range of land use and soil cleanup
options.

The task group sought to recommend soil criteria that were practical in
their application and expressed as a flexible guideline, not a limit. Its
recommendations were considered to be site-specific for Enewetak. There was
a consensus within the group that if its recommendations were to be
technically defensible and useful, site-specific soil cleanup criteria must
be developed that were related to current radiation standards, and expressed
in units that could be compared with measurements made in the field. The
task group recommended use of 50 percent of the annual doses for individuals
and 80 percent of the 30 year dose for populations issued by the FRC, for
cleanup and resettliement planning for fission product doses. Soil cleanup



was recommended for TRU contamination only. The soil levels recommended
were associated with 10 percent to 100 percent of the ICRP lung values for
individuals. Enjebi Island was to be cleaned up for TRU but not resettled
at this time due to high fission product doses. Runit, the island for
disposal of contaminated soil and debris, was to remain quarantined.

From the outset, the task group's recommendations were the subject of
controversy. On occasion, a strong technical defense of their validity was
needed. Agreement on the final draft criteria was a fragile product. Some
NV staff did not support the recommendations. DNA staff preferred to
establish their own cleanup criteria. EPA staff agreed that they would not
disagree, but were looking toward developing their own TRU cleanup criteria.
The Enewetak people and their legal council sought cleanup that would
achieve zero risk for their return. The task group's recommendations were
the subject of an AEC staff paper that was approved by the Commission.

The remaining figures identify agency responsibilities, the task group
members, the basis for their judgments and recommendations, options
considered, their conclusions, the position taken on risk, the features of
the EIS related to Task Group recommendations, and some of the obvious
differences between the Enewetak criteria and current EPA draft dose limits.

The role of those who performed the early work to develop Enewetak cleanup
criteria largely ended with the issuance of the task group's report.
Cleanup planning, field operations, and participants were documented in DOE
and DNA reports. However, no overall post-mortem evaluation of this project
has been conducted and little effort made to learn from all aspects of this
unique experience. So far as I know, this meeting is the first time that
the Enewetak project has been reviewed since DOE's report on field
operations was issued. In that context I would like to acknowledge the
important contributions made toward the success of this effort by the task
group members and particularly Walter Nervik of LLNL. Jack Healy of LANL
and Lyn Anspaugh of LLNL provided the critical relationship between TRU soi}l
concentrations, air concentrations, and dose to Tung. Harold Beck and Jim
McLaughlin of HASL, Paul Gudiksen of LLNL, and Qliver Lynch of NVO provided
input for external doses. Vic Nelson of the University of Washington and
Vic Noshkin of LLNL provided marine data. Bill Robinson of LLNL provided
the many dose estimates needed for a matrix of land use and cleanup
alternatives.

The reason for citing these contributions is to emphasize that development
of site-specific criteria and options for cleanup of a contaminated
environment requires a large amount of detailed environmental information
that has been evaluated for use in cleanup planning. Mandatory cleanup dose
limits derived from extremely low risk values such as those in the EPA
draft, had they been in existence in 1973, may well have made Enewetak
cleanup appear to be an impossible task with a price tag that was out of the



question, and with so much soil requiring disposal that the only option
would have been ocean disposal, an action EPA advised was not acceptable.
The removal of soil from much larger land areas,an action that would have
been required by the EPA limits, would have accomplished only a small
increment of additional dose and risk reduction. How the EPA screening
level would have been interpreted in planning Enewetak cleanup is a matter
for guesswork.It may have been a 1iability because of the potential for
misuse and misinterpretation.

I do recall several matters that may be relevant. The task group had little
faith in use of air sampling data to determine that significant levels of
TRU contamination were not present in the soil. Also, they considered but
did not recommend plowing to dilute TRU concentrations below the levels to
be considered for soil removal. In retrospect, use of EPA dose limits to
plan soil cleanup at Enewetak appears incompatible with the need to prepare
a complete spectrum of cleanup alternatives that would give OMB and Congress
some choice as to the magnitude of the Enewetak cleanup effort.

The task group recommended a conservative application of existing standards
for use at Enewetak. In recommending use of dose 1imits based upon an
extremely conservative risk value, EPA ignores these standards. Viewed from
the prospective of the Enewetak experience, EPA's development of yet another
set of numerical dose values significantly lTower than Federal standards and
described as limits, restricts rather than promotes fliexibility in cleanup
decision-making.

For Enewetak there where significant areas of land contaminated with TRU
elements and fission products, high visibility and public interest and
concern, the involvement of l1and owners and their legal advisors, and
concern for the cost of cleanup. Under such circumstances, AEC acting on
its own judgment may have found it impossible to justify conduct of soil
cleanup not meeting Federal dose limits even with advice from EPA that these
limits are not to be interpreted as absolute values to be met in every
instance. If available in 1973, dose 1limits that need not always be applied
as absolute values, would have been a new and confusing concept in radiation
prediction and I suggest this is true today as well.

Though permitted by the EPA criteria, development of cleanup recommendations
that present a justification for exceeding a dose 1imit that is some
fraction of the FRC standards for use at Enewetak, would have created a
problem for those planning cleanup. Almost any advice that was not
supported by existing standards would have resulted in disagreement on
technical and legal issues. This could have made cleanup a more
controversal political issue than it was. >

A justification for exceeding EPA's dose limits would have focussed
attention away from the fact that basic radiation standards could be (and
were) met at Enewetak through a combination of cleanup actions and land
restrictions.



In terms of the total cleanup effort, 1 year was required to develop
Enewetak cleanup criteria, the time from the announcement until funding was
more than 4 years, and the time from the announcement until the end of
cleanup was 8 years. Since the fission product doses on some cleaned-up
islands are likely to be higher than the EPA draft dose limits for TRU
elements in soil for a number of years, one could now argue that Enewetak
cleanup was not adequate. This is one of the problems avoided by use of a
conservative application of basic standards for both fission products and
TRU contamination.

Enewetak planning experience would seem to support the idea that as much
advice and as many recommendations on soil cleanup as can be agreed upon
should be issued as Federal criteria. However, such guidance must not close
off the possibility for consideration of a range of cleanup options wherein
dose to the public is only one of several considerations.

One final point, compared to the task group's recommendations, EPA's draft
criteria commit that agency to very little in terms of agreements on
acceptable methods for dealing with the practical problems incurred in
planning and conduct of soil cleanup, many of which are ameniable to generic
guidelines. The possibilities for such guidelines can be derived from the
published records of Enewetak cleanup.



AGENCY RESPONSIBILITIES
- ENEWETAK CLEANUP AND REHABILITATION

DOD — Precleanup Engineering Survey
| Monitoring to Insure Safety of Cleanup Personnel
Radiological and Nonradiological Cleanup
Reimburse AEC Support of Cleanup in Field

AEC — Precleanup Radiological Survey

Development of Radiological Criteria and
Recommendations

Monitoring Support for Cleanup Field Operations
Certification of Completion
Followup Radiological Monitoring After Cleanup

DOl — Rehabilitation
Resettlement



ENEWETAK ATOLL CLEANUP
— SEQUENCE OF EVENTS

SCREENING
SURVEY — MAY 72
ENGINEERING
SURVEY —
OCT.-DEC. 72

RAD SURVEY
OCT. 72-FEB. 73
SURVEY REPORT,

NV-140 OCT. 73

ENEWETAK
ATOLL MASTER
PLAN MAR. 75

) |

DNA OPERATIONS
PLAN APR. T7

ENVIRONMENTAL

ANNOUNCEMENT OF IMPACT STATEMENT CONGRESS &

RETURN OF APR. ‘75 CLEANUP OMB REVIEW { CLEANUP FIELD
ENEWETAK APR. 72 OPTIONS & FUNDING JULY 78 OPERATIONS 77-'80
RECOMMENDATION

AEC TASK GROUP, ,
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RADIOLOGICAL L “:,EMZ’::T"D“DM OF BAIR ADVISORY
CRITERIA CLEANUP NDERSTANDING COMMITTEE
OPTIONS DNA-ERDA SEPT. 76
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SUPPORT SEPT. 72 7 JULY 7
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ASSESSMENTS, CONGRESSIONAL
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RADIOLOGICAL INTERAGENCY
OFFICIAL COMMITMENT CRITIERA, DEVELOP AND AGREEMENTS, FIELD '
FOR CLEANUP RECOMMENDATIONS ISSUE EiIS FUNDING OPERATIONS




'AEC TASK GROUP ON
RECOMMENDATIONS FOR CLEANUP AND
REHABILITATION OF ENEWETAK ATOLL

Mem_bers:
T. McCraw AEC/0S
W. Schroebgl AEC/DBER
W. Nervik LLL
D. Wilson LLL
Advisors:
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R. Maxwell AEC/DBER
J. anl AEC/0S
R. Ray AEC/NVO
E. Held AEC/REG
Liaison: .
C. Palmiter EPA
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ALTERNATIVES CONSIDERED

The Task Group Evaluated:

e A Five by Six Matrix of Cleanup Degrees and Food
Production Locations vs Living Patterns

¢ Five Cleanup Options Ranging from no Radiological
Cleanup and no Return, to Extensive Soil Removal and
Some Soil Replacement on Certain Northern Islands

¢ Six Options for Disposal of TRU Contaminated Soil and
Scrap



TASK GROUP POSITION ON RISK

"“"Most of the exposure to whole body, at Enewetak, and in
fact to all organs will come from internal emitters. The shape
of the dose-effect curve for exposure from internal emitters
is most uncertain because of lack of experience and lack of
confidence in extrapolation of high dose and dose rate
effects into the very low dose and low dose rate situation. A
lack of confidence in the statistic and risk estimate drawn
therefrom has therefore led the Task Group to have serious
reservations about their validity. The Task Group holds the
opinion that such estimates cannot be used in any definitive
way to draw conclusions on whether current radiation
standards are too high or too low or as a basis for decision-
making relative to resettiement of Enewetak Atoll.”"*

*Report by AEC Task Group on recommendations for cleanup and
rehabilitation of Enewetak Atoll, June 18, 1974



TASK GROUP CONCLUSIONS

Cleanup and Rehabilitation of Enewetak Atoll is Feasible
Doses from Fission Products will Predominate

The Degree of Cleanup of the Atoll Should be Dictated
by the Requirement to Keep Exposure within Acceptable
Standards

National and International Standards Apply

A Fraction of FRC's, RPG's for Individuals Should be
Utilized to Evaluate Cleanup and Land Use Options
Involving Fission Product Doses

A Fraction of ICRP Standards for Lung for Individuals
Should be Utilized to Develop Flexible Soil Cleanup
Criteria Expressed as a Concentration of TRU Elements
in Soil, i.e., pCi/gm*



TASK GROUP CONCLUSIONS
(CONT’'D)

e A Group of Experts Should Support Cleanup Operations
with Advice on Application of Task Group Criteria to
Specific Situations

e Land Use Restrictions, as Opposed to Soil Removal, are
the Recommended Method for Controlling Exposure from
Fission Products

e Removal and Disposal of Soil, or a Permanent Quarantive,
are the Only Effective Measure Against Soil TRU
Concentrations Exceeding Task Group Criteria

*The Task Group believed that site-specific criteria could be developed on a
case-by-case basis using conservative assumptions and a safety factor, but
that biological and environmental information is not adequate to establish
general cleanup guidance.



TASK GROUP JUDGEMENTS
AND RECOMMENDATIONS

- “The Task Group approach for development of judgements
and recommendations for the radiological cleanup and
rehabilitation of Enewetak was to consider a number of
alternatives for exposure reduction that may be feasible.
Basically the procedure involved four steps.”

e Assessment of doses for current conditions

e Assessment of dose reductions by modifying the diet

' e Assessment of dose reductions by removing contaminated
soil

e Comparison of dose assessment matrices with Task
Group guidelines



TASK GROUP CRITERIA AND THEIR CONTEXT

TRU IN SOIL

>400 pCi/ g, Corrective Action Required
1,500 m Rem/yr, Lung (150 m Rad/yr)

<40 pCi/g, Corrective Action Not Required
150 m Rem/yr, Lung (15 m Rad/yr)

40 to 400 pCi/g, Corrective Action Determmed on
Case-by-Case Basis

FISSION PRODUCTS*

250 m Rem/yr, Whole Body and Bone Marrow
750 m Rem/yr, Thyroid
750 m Rem/yr, Bone
4,000 m Rem/30 yrs, Gonads
*50% of Federal Radiation Council (FRC) Radiation Protections Enider

(RPG’'s) for Annual Doses for Individuals and 80% of the 30-year Criterion for
a Population



ENEWETAK CLEANUP EIS

e Presents AEC Task Group Recommendations as
Conservative Guidelines that are Necessary Because of
Uncertainties in Exposure Predictions

e For TRU Contaminated Soil Removal Stresses Need for a
Team of Experts to Advise on Cleanup Actions

¢ Presents Five Cases (Options) for Land Use and Degree of
Cleanup and a Matrix Showing a Range of Alternatives
Detailing Dose Reduction, Health Effects, Cost, and
General Acceptability

e Recommends Case 3 as Offering the Best Combination of
Features



EPA DOSE LIMITS AND THEIR CONTEXT

1 Millirad Per Year to Lung*
3 Millirad Per Year to Bone*

e while the recommendations are expressed in terms of
numerical limits...... these are not to be interpreted as
absolute values which must be met in every instance.
Rather, Federal Radiation Guidance relies on the judgement
of the implementing agency, and only specifies that the
general objectives are to be met and deviations must be
justified.”

“Suggestions that higher dose rate limits should be used .

were rejected because the Agency had shown that the
proposed limits were reasonable and achievable.”

*Risk is less than 1078 per year to critical segment of population.



GUIDANCE RECOMMENDATIONS (REVISED)

In order to assure the protection of persons in the general
population by limiting the radiation doses that an individual in a
oritical segment of the population may receive from concentrations of
transuranium elements present above average background levels in the
general environment, the following recommendations ahall apply for the
guidance of Federal agencies:

l. Dose rates to persons in the general population for continuing
exposure to transuranium elements should not excced the recommendations
provided in Federal Radiation Guidance No. 1, and reasonable efforts
should be made to keep all exposures as low as reasonably achievable.

2. Contamination levels in the general environment should de
limited to assure that the annual alpha radiation dose rate to members of
the critical segment of the exposed population as the result of exposure
to transuranium elements not exceed either:

"~ ‘a. ‘1 millirad per year to the pulmonary lung, or
b. 3 millirad per year to the bono or 40 aillirad per year
to the bone surfaces.

3. For newly contaminated areas, the Federal agency responsible for
implementation of these recommendations should take immediate aotion to
ainimize both the residual levels of transuranium elements in the general
environment and the radiation exposure of the general public. _
Determination and implementation of further appropriate measures, to
ensure that projected dose rates to persons in the general population are
as low as reasonably achievable and in full compliance with the above
recommendations, should begin as promptly as possible and should be

.completed within a reasonable period of time.
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4. The recommendations are to be used only as radiation protection
guidance for presently existing cases of environmental contamination by
transuranium elements and for possidble future cases of environmental
contamination from unplanned releases of transuranium elementa. Federal
agencies are not to use them as limits for planned releases of

transuranium elements into the general environment.

S. Remedial actions for contaminated sites should be planned to
provide maximum protection of the public health at reasonadble cost, and
should be implemented with the objective of ninilizing adverse impacts on
the environment.

6. The relationship detween the projected dose rates to persons in
a "critical segment of the population®™ and the ambient concentration of
transuranium elements in air, soil and food is to be determined on a
site-specific basis, taking into account all possible environmental
pathways. For purposes only of eliminating certain lands froa further
more detailed evaluation, a soil "acreening level™ of 0.2 uCi/ml of
alpha-emitting transuranium elements, for samples collected at the™
surface to a depth of 1 cm and for particle sizes less than 2 mm, may be
used under most circumstances. Areas which do not exceed the "screening
level® generally may be considered in compliance with the
recommendations; those that exceed it would require further evaluation to
determine the actual dose rates to exposed persons. The "acreening
level™ i3 not to be used by Federal agencies as a 30il concentration
limit for purposes of implementing these recoamendations.



DOSE COMPARISONS

EPA Dose Limit is:

1 Enewetak Level where
15 No Action Required

1 Enewetak Level where
150 Action Required
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COMPARISON OF MAJOR FEATURES

AEC Task Group

Site-specific Soil Criteria Recommen-
dations Developed with Knowledge
of Rad Survey_Data Base

Conservative Application of Existing
Radiation Standards

Cleanup and Land Use Options
Evaluated Against Dose and Soil TRU
Concentration Criteria

Anticipates Need for Full Spectrum of
Cleanup Options in EIS and that Final
Decisions on Cleanup to be Made at
Higher Level Such as OMB and
Congress

No Equivalent

EPA Draft

General Criteria to be Applied to
Current Situations or Future Accidents
on Site-specific Basis

Selection of 10~ Risk, Derivation of
Associated Doses Expressed as Limits
not to Interpret as Absolute Values,
Limits Shown by EPA to be Reasonable
and Achievable.

Dose Limits to be Applied on
Site-specific Basis, Explicit Guidance
not Given in Order to Allow Flexibility,
No Examples Cited

Recommendations Anticipate Decision
Point for Flexible Implementation of
Dose Limit Lies within Implementing
Agency, Application Relies on
Judgement of this Agency

Soreening Levels
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DATA FOR ENJEBI ISLAND*

Maximum Annual Dose

m Rem/y
Bone Marrow 293/718%**
Whole Body 245/540**

Transuranium Soil Contamination
pCi/g Top 15 cm

0.08 to 170

* AEC Task Group Report, June 19, 1974. Note: The Task Group
recommended Enjebi not be resettled until test food crops showed
acceptable low levels.

** Imports available/Imports unavailable average dose primary from Cs-137,
Sn-90, and external radiation. TRU dose smaller by comparison.



ENEWETAK CLEANUP PROJECT

e UNITED STATES BORROWED ENEWETAK ATOLL IN 1947 FOR NUCLEAR
TESTING.

* NATIVE POPULATION DISPLACED TO SMALLER ATOLL.

e TESTING PROGRAM:
— DESTROYED VEGETATION VITAL TO SUSTENANCE OF NATIVE
INHABITANTS.
— GENERATED THOUSANDS OF TONS OF DEBRIS WHICH WAS LEFT IN
PLACE. ‘
— INTRODUCED RADIOACTIVE CONTAMINATION TO NORTHERN HALF
OF ATOLL.

¢ UNITED STATES PROMISED IN 1972 RETURN OF THE ATOLL TO DISPLACED
OWNERS.

e CLEANUP AND REHABILITATION WAS ACCOMPLISHED DURING 1977-80.

e ENTIRE PROJECT INVOLVED:
— REMOVAL OF DEBRIS FROM ISLANDS.
— CONSOLIDATION OF SOIL CONTAMINATED ABOVE CLEANUP
CRITERIA. _
— RESTORATION OF VEGETATION FOR AGRICULTURAL PURPOSES.
— CONSTRUCTION OF 116 NEW DWELLINGS AND TWO COMMUNITY
CENTERS.

e DNA WAS RESPONSIBLE FOR CLEANUP WITH DOE IN ADVISORY AND
SUPPORT ROLES. CLEANUP WORK DONE BY MILITARY PERSONNEL.



TABLE 5-6: ESTIMATED 30-YEAR INTEGRATED DOSES TO INDIVIDUALS?

(REM)

HABITATION PLANS A B c D
LIVE ON SOUTHERN ISLANDS AND
ENJEBL; VISIT NORTHERN ISLANDS;
FOOD FROM SOUTHERN ISLANDS OR :
ENJEBI PLUS COCONUT FROM 12 LIVE ON SOUTHERN ISLANDS: LIVE ON SOUTHERN ISLANDS:
N.E. ISLANDS AND PANDANUS AND VISIT NORTHERN ISLANDS; FOOD VISIT ON SOUTHERN ISLANDS: USE
NO RESTRICTION ON ISLAND BREADFRUIT FROM ENJEB) FARM FROM SOUTHERN ISLANDS PLUS FOOD GROWN ON ONLY SOUTHERN
CLEANUP ACTIONS FOOD USAGE. PLOTS OR IMPORTEDD COCONUT FROM 12 N.E. ISLANDS® | isLaNDs.
I N f
0 CLEANUP CASE 1 CASE 2
wB - 6 WB : 3 (6 ON ENJEBI) wB - 1 WB - BACKGROUNDY
B-60 B - 10 (20 ON ENJEBY) B-5 B - BACKGROUND
Lo L - 0.06 (0.1 ON ENJEBI) L - 0.04 L - BACKGROUND
H. REMOVAL OF ALL SCRAP AND CASE 4 CASE 3
Pu CONCENTRATION GREATER WB - 6 WEB - 3 (6 ON ENJEBI) we - 1
THAN 40pCl/g FROM 8- 60 8 - 10 (20 ON ENJEBI) B-5 SAME AS CASE 2
RESIDENCE AND AGRICULTURE
L - BACKGROUND L - BACKGROUND L - BACKGROUND
ISLANDS.
. TOTAL CLEANUP OF RESIDENCE CASE S
AND AGRICULTURE ISLANDS. WB - BACKGROUND HABITATION RESTRICTION NOT HABITATION RESTRICTIONS NOT HABITATION RESTRICTIONS NOT
B - BACKGROUND REQUIRED. SEE CASE § REQUIRED. SEE CASE 5 REQUIRED. SEE CASE §
L - BACKGROUND

LEGEND

WB - WHOLE BODY DOSE
= BONE DOSE
= LUNG DOSE

[ - ]

e DOSES CALCULATED TO ONE SIGNIFICANT FIGURE BASED ON DATA FROM NVO-140 AND AEC TASK GROUP REPORT.

b DOSES CALCULATED FROM AN ASSUMED POPULATION DISTRIBUTION OF 44 PERCENT OF THE ATOLL POPULATION ON ENJEBI AND THE BALANCE OF
_ THE POPULATION ON THE SOUTHERN ISLANDS.

€ DOSES CALCULATED FROM ISLAND AREA WEIGHTED DISTRIBUTION OF COCONUTS: 40 PERCENT FROM MIJIKADREK TO BILLAE AND BIKEN, AND
60 PERCENT FROM THE SOUTHERN ISLANDS.

d BACKGROUND MEANS THAT THE DOSE IS ESTIMATED TO BE NO GREATER THAN WOULD BE ABSORBED FROM NATURALLY OCCURRING SOURCES,
EITHER EXTERNALLY OR INTERNALLY. ESTIMATES FOR BACKGROUND 30-YEAR DOSES ARE:
WB = 1rem, B = 4 rem, AND L = 0.0009 rem.

FROM ENVIRONMENTAL IMPACT STATEMENT CLEANUP, REHABILITATION,RESETTLEMENT OF ENEWETAK
ATOLL, MARSHALL ISLANDS. DNA, APRIL 1975 VOL |I.




TABLE 5-7: ESTIMATED MAXIMUM ANNUAL DOSES TO INDIVIDUALS 2
(REM)

HABITATION PLANS A B c ]
LIVE ON SOUTHERN ISLANDS AND
ENJEBI; VISIT NORTHERN ISLANDS;
FOOD FROM SOUTHERN ISLANDS OR
ENJEBI PLUS COCONUT FROM 12 LIVE ON SOUTHERN ISLANDS: LIVE ON SOUTHERN ISLANDS:
N.E. ISLANDS AND PANDANUS AND VISIT NORTHERN ISLANDS; FOOD VISIT ON SOUTHERN ISLANDS: USE
NO RESTRICTION ON ISLAND BREADFRUIT FROM ENJEBI FARM FROM SOUTHERN ISLANDS PLUS FOOD GROWN ON ONLY SOUTHERN
FOOD USAGE. PLOTS OR IMPORTED. COCONUT FROM 12 N.E. ISLANDS ISLANDS.
. NO CLEANUP. l
CASE CASE 2
WB - 0.3 WB - 0.1 (0.3 ON ENJEBI) WwB - 0.05 w8 - BACKGROUNDb
B-2 B - 0.5 (1 ON ENJEBI) B-02 B BACKGROUND
L-0.008 L = 0.002 (0.004 ON ENJEBI) L - 0.001 L BACKGROUND
. REMOVAL OF ALL SCRAP AND CASE 4 CASE 3
Pu CONCENTRATION GREATER : [
THAN 40pCi/g FROM wB - 0.3 WB - 0.1 (0.3 ON ENJEBI) wB - 0.05 SAME AS CASE 2
RESIDENCE AND AGRICULTURE B-2 ) B - 0.5 (1 ON ENJEBI) B-02
ISLANDS. L - BACKGROUND L - BACKGROUND L - BACKGROUND
. TOTAL CLEANUP OF RESIDENCE CASE § o
AND AGRICULTURE ISLANDS. W8 - BACKGROUND HABITATION RESTRICTIONS NOT MABITATION RESTRICTIONS NOT . HABITATION RESTRICTIONS NOT
B - BACKGROUND REQUIRED. SEE CASE § REQUIRED. SEE CASE S REQUIRED. SEE CASE 5
L : BACKGROUND

LEGEND

WB - WHOLE BODY DOSE
B - BONE DOSE
L - LUNG DOSE

* DOSES CALCULATED TO ONE SIGNIFICANT FIGURE BASED ON DATA FROM NVO-140 AND AEC TASK GROUP REPORT. AEC GUIDELINES FOR
MAXIMUM ANNUAL DOSE ARE: WB - 0.25, B - 0.75. SEE TABLE 5-6 FOR ASSUMPTIONS USED IN DOSE CALCULATIONS FOR COLUMNS B AND C.

Y BACKGHOUND MEANS THAT THE DOSE IS ESTIMATED TO BE NO GREATER THAN WOULD BE ABSORBED FROM NATURALLY OCCURRING
SOURCES. EITHER EXTEANALLY OR INTERNALLY. ESTIMATES FOR ANNUAL BACKGROUND DOSE ARE:
WB - 004rem. B O0trem andL - 3 x 10 rem.

FROM ENVIRONMENTAL IMPACT STATEMENT CLEANUP, REHABILITATION, RESETTLEMENT OF ENEWETAK
ATOLL, MARSHALL ISLANDS. DNA, APRIL 1975, VOL. I.




TABLE 5-8:

RATIOS OF ESTIMATED MAXIMUM ANNUAL DOSES TO

RECOMMENDED ANNUAL DOSE GUIDELINES FOR INDIVIDUALS?

HABITATION PLANS A B c D
LIVE ON SOUTHERN ISLANDS AND
ENJEB); VISIT NORTHERN ISLANDS;
FOOD FROM SOUTHERN ISLANDS OR
ENJEBI PLUS COCONUT FROM 12 LIVE ON SOUTHERN ISLANDS; LIVE ON SOUTHERN ISLANDS;
NE. ISLANDS AND PANDANUS AND VISIT NORTHERN ISLANDS; FOOD VISIT ON SOUTHERN ISLANDS; USE
NO RESTRICTION ON ISLAND BREADFRUIT FROM ENJEBI FARM FROM SOUTHERN {SLANDS PLUS FOOD GROWN ON ONLY SOUTHERN
CLEANUP ACTIONS FOOD USAGE. PLOTS OR IMPORTED ® COCONUT FROM 12 N.E ISLANDS ISLANDS
1. NO CLEANUP. CASE 1 CASE 2
RWB = 1.2 RWB - 0.4 (1.2 ON ENJEBI) RWB - 0.2 b
RB - 27 RB - 0.7 (1.3 ON ENJEBI) RB 03
I.  REMOVAL OF ALL SCRAP AND CASE 4 CASE 3
Pu CONCENTRATION GREATER
THAN 40pCl/g FROM AWS : 1.2 AWB 04 (1.2 ON ENJEBI) RWEB - 0.2 b
RESIDENCE AND AGRICULTURE RB - 2.7 RB - 0.7 (1.3 ON ENJEBI) AB - 0.
ISLANDS.
. TOTAL CLEANUP OF RESIDENCE CASE 5
AND AGRICULTURE ISLANDS
b b b b

" LEGEND

RWB - RATIO OF MAXIMUM ANNUAL DOSE TO RECOMMENDED LIMIT FOR WHOLE BODY DOSE (0.25 rem/yr).
RB - RATIO OF MAXIMUM ANNUAL DOSE TO RECOMMENDED LIMIT FOR BONE DOSE (0.75 rem/yr).

'

® APPLICABLE TO AVERAGE INDIVIDUAL ON ENTIRE ATOLL, EXCEPT WHERE NOTED. PEOPLE SHOULD NOT RETURN IF THE RATIO IS GREATER THAN UNITY.

b THE RATIOS ARE EFFECTIVELY LESS THAN OR EQUAL TO THE RATIO OF BACKGROUND DOSE TO RECOMMENDED GUIDELINE WHERE RWBX0.16 AND RB=<0.13.

FROM ENVIRONMENTAL IMPACT STATEMENT CLEANUP, REHABILITATION, RESETTLEMENT OF ENEWETAK
ATOLL, MARSHALL ISLANDS. DNA, APRIL 1975, VOL. I.




TABLE 5-12: ESTIMATED NUMBER OF HEALTH EFFECTS2

FROM 30-YEAR DOSES TO POPULATION OF 1,000

HABITATION PLANS

CLEANUP ACTIONS

NO RESTRICTION ON ISLAND
FOOD USAGE.

LIVE ON SOUTHERN ISLANDS AND
ENJEBE VISIT NORTHERN ISLANDS;
FOOD FROM SOUTHERN ISLANDS OR
ENJEB) PLUS COCONUT FROM 12
N.E. ISLANDS AND PANDANUS AND
BREADFAUIT FROM ENJEBI FARM
PLOTS DR IMPORTED.

LIVE ON SOUTHERN ISLANDS;

VISIT NORTHERN 1SLANDS; FOOD
FROM SQUTHERN ISLANDS PLUS
COCONUT FROM 12 N.E. ISLANDS

LIVE ON SOUTHERN ISLANDS:

VISIT ON SOUTHERN ISLANDS; USE
FOOD GROWN ON ONLY SOUTHERN
ISLANDS.

. NO CLEANUP.

H(WB)$ 0.3 TO 1
H(B)< 2
H(L)g 0.003
H{TOTAL)C 3

H(WB)S 0.2 TO 0.5
H(B)< 0.3
H(L)< 0.002
H(TOTAL)< 0.8

H(WB) ¢ 0.05 TO 0.2
H(B)g 0.1
H(L)< 0.001
H{TOTAL)< 0.3

CASE 2

BACKGROUND®

Il REMOVAL OF ALL SCRAP AND CASE 4 CASE 3
Pu CONCENTRATION GREATER “(W:)s ‘;-3 1o H(WB) 0.2 TO 0.5 H(WB)< 0.05 TO 0.2
THAN 40pCi/g FROM H( )SBA - H(B)< 0.2 H(B)< 0.1 SAME AS CASE 2
RESIDENCE AND AGRICULTURE ::L‘S ; CKGROU H(L)< BACKGROUND b H(L)< BACKGROUND
ISLANDS. HTOTALIS H{TOTALIS 0.8 H(TOTAL)< 0.3
. TOTAL CLEANUP OF RESIDENCE
AND AGRICULTURE ISLANDS, .
BACKGROUNDY SAME AS CASE § SAME AS CASE § SAME AS CASE §

LEGEND

7“(WB) - MAXIMUM EXPECTED WHOLE BODY HEALTH EFFECTS
H(B) = MAXIMUM EXPECTED BONE HEALTH EFFECTS
H(L) = MAXIMUM EXPECTED LUNG HEALTH EFFECTS
¥H(TOTAL) = MAXIMUM EXPECTED TOTAL HEALTH EFFECTS

® HEALTH EFFECTS MEAN SOMATIC CANCER INDUCTIONS THAT RESULT IN FATALITY, CALCULATED TO ONE SIGNIFICANT FIGURE. THE NUMBER OF FATAL AND NONFATAL
CASES ISESTIMATED TO BE TWICE THE NUMBER OF FATAL CASES. SEE TABLE 5-1 FOR DOSE RESPONSE RATES USED TO ESTIMATE HEALTH EFFECTS. THESE EFFECTS WOULD
...—...BEIN ADDITION TO THOSE FROM BACKGROUND RADIATION.

b HEALTH EFFECTS FOR 30-YEAR BACKGROUND DOSES OF WB - 1 rem, B - 4 rem, and L - 0.0009 rem ARE: H(WB)< 0.05T0 0.2

H(B) 0.1

H(L)< 0.00002

H(TOTAL)L 0.3

FROM ENVIRONMENTAL IMPACT STATEMENT CLEANUP, REHABILITATION, RESETTLEMENT OF ENEWETAK
ATOLL, MARSHALL ISLANDS. DNA, APRIL 1975, VOL. I.




DEVELOPMENT OF CLEANUP CRITERIA

1974 TASK GROUP REPORT

DOSE BASED ON FEDERAL RADIATION COUNCIL LIMITS
— TO INDIVIDUALS, 50 PERCENT OF FRC ANNUAL RATE LIMIT
— TO POPULATION, 80 PERCENT OF FRC 30-YEAR GENETIC LIMIT

RESULTING GUIDANCE APPLICABLE TO PLUTONIUM CONCENTRATION
IN SOIL:

— OVER 400 pCi/g, REMOVE SOIL

— UNDER 40 pCi/g, LEAVE IN PLACE

— BETWEEN 40 AND 400, CASE-BY-CASE DECISION

1977 SERIES OF FALL MEETINGS BETWEEN DOE AND DNA

— CRITERIA TO INCLUDE ALL TRANSURANICS, NOT JUST PLUTONIUM
— CLEANUP CRITERIA LINKED TO INTENDED ISLAND USE

— AGRICULTURAL ISLAND TO MEET CRITERIA OF 100 pCi/g

— CRITERIA INTENDED TO COMPLY WITH EPA PROPOSED GUIDELINES



DEVELOPMENT OF CLEANUP CRITERIA (CON'T)

1978 SERIES OF SPRING MEETINGS BETWEEN DOE AND DNA

- PRELIMINARY DOSE ESTIMATES BY LLL INDICATED CLEANUP SHOULD BE

ACCOMPLISHED TO THE FOLLOWING LEVELS TO MEET PROPOSED EPA
CRITERIA:

— RESIDENCE ISLAND 10 pCi/g
— AGRICULTURAL ISLAND 20 pCi/g
— FOOD GATHERING ISLAND 40 pCi/g

1978 BAIR COMMITTEE RECOMMENDATIONS:

1st PRIORITY - CLEANUP TRANSURANICS ON RESIDENTIAL ISLANDS TO

AVERAGE LESS THAN 40 pCi/g FOR EACH QUARTER-
HECTARE AREA

2nd PRIORITY - CLEAN TRANSURANICS ON AGRICULTURAL ISLANDS TO

AVERAGE LESS THAN 80 pCi/g FOR EACH HALF-HECTARE
AREA

3rd PRIORITY - CLEAN TRANSURANICS ON FOOD GATHERING ISLANDS TO

'AVERAGE LESS THAN 160 pCi/g FOR EACH HALF-HECTARE
AREA

1978 MAY DECISION CONFERENCE AT DNA/HQ

- DIRECTOR, DNA, AGREED TO ACCEPT THE CRITERIA RECOMMENDED
BY THE BAIR COMMITTEE.

IN ALL OF THE ABOVE, DIFFERENT CRITERIA FOR ISLANDS OF DIFFERENT INTENDED USE WAS ABOVE
ON ESTIMATES OF THE TIME SPENT ON EACH ISLAND.




DOV/TTPI

REPRESENTATIVE

COMMANDER
FIELD COMMAND, DNA
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COMMANDER
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FIGURE 3-12. JOINT TASK GROUP ORGANIZATION.




TYPICAL ATOLL POPULATION
DURING ENEWETAK CLEANUP

U.S. ARMY

NAVY

AIR FORCE
DOE & CONTRACTORS
DOE/TTPI
DNA/JTG
VISITORS/MARSHALLESE

TOTAL

- 270
220
75
130

100

25
75

900
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DEFENSE NUCLEAR AGENCY
WASHINGTON

NEVADA OPERATIONS OFFICE
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FIELD COMMAND/DNA
ALBUQUERQUE

PROJECT MANAGER STAFF

TECHNICAL ADVISORS

PROJECT MANAGER
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JOINT TASK GROUP
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EPA
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_FIGURE 25

ENEWETAK RADIOLOGICAL SUPPORT PROJECT {ERSP)




DOE/ERSP ON-ISLAND STAFF (NORMAL OPERATIONS)

MANAGEMENT
PROJECT MANAGER OR DEPUTY 1
TECHNICAL ADVISOR 1
STAFF ASSISTANT : 1
IN-SITU MEASUREMENT SYSTEMS
SCIENTIST 1
TECHNICIAN 2

DRIVER/MECHANIC (AIR FORCE)

N

RADIATION/SOILS LABORATORY
MANAGER
CHEMIST
ELECTRONIC TECHNICIAN
FIELD SUPERVISOR
SOIL SAMPLER (NAVY)

N eh ed b b
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