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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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04 I 10 20 40 60 80 95

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.
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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) 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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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
ALBUQUERQUE

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)






