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FOREWORD

This final report thoroughly documents the technical and logistic
accomplishments of the Enewetak Radiological Support Project. The reader will
readily recognize the magnitude and significance of the effort. This document
duly recognizes all aspects of the project except one, possibly the most important
though not so obvious to the casual reader. This was truly a cohesive scientific
"expedition" because of the achievements, both personal and collective, of all the
participants from a variety of governmental and private agencies. Particularly
impressive to visitors at Enewetak was the ability of this group of scientists,
technicians and support personnel to work in an environment relatively hostile to
the required sophisticated technology. Despite adverse conditions, this team
collected samples of soil, performed radiochemical analyses on the samples,
applied statistical analysis to the data, interpreted the results and provided
guidance to the Joint Task Group virtually overnight so that the daily activities
for removal of contaminated soil could continue. This concerted effort under the
leadership of the Nevada Operations Office is remarkable;its absence would have
severely hampered the accomplishments detailed in this report.

William J. Bair
Manager, Environment, Health
and Safety Research
Battelle - Pacific Northwest Laboratory

July, 1982
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PREFACE

The work reported here may be said with some precision to have had its inception in September, 1975
with an agreement between the Energy Research and Development Administration (ERDA) and the
Defense Nuclear Agency (DNA), committing ERDA to provide technical support to DNA in the
cleanup of Enewetak. But in truth the effort had become an inevitable moral obligation of the
United States many years earlier, in 1947, when the People of Enewetak were persuaded to leave
their homeland to make way for our nation's atmospheric nuclear test activities. It might be said to
have begun in April 1972 when Ambassador Franklin Haydn Williams and High Commissioner Edward
E. Johnston promised the return of Enewetak to the administration of the Trust Territory. Or it
might be said to have begun at Enewetak on May 20th, 1972, on the occasion of the first visit of the
Enewetak leadership to their home atoll after 26 years away. On that latter occasion, Enewetak
Magistrate Smith Gideon closed a four-day conference by saying to the United States officials, "We
know that your people are going to help in cleaning up the place and preparing for our return to our
home islands."

It was five years later that the mobilization for the cleanup occurred, and work began in earnest to
prepare for the return. The intervening time had been used in surveying, establishing criteria,
obtaining Congressional authorization and funding, planning, acquiring resources and developing
equipment and techniques.

Radiological support to the cleanup was assigned as a mission to the ERDA Nevada Operations
Office, which formed a project team known as the Enewetak Radiological Support Projeet (ERSP).
For the most part, this is the report of that Project from its first authorization on February 23,
19717, to the completion of the cleanup. At this writing the ERSP remains in being on at least an
informal basis, and will until this report goes to press.

A few brief words about the role of the ERSP are in order. The key word in the Project name is
support. The Project Manager and his several Deputies did not direct the atoll cleanup action. They
recommended, advised and assisted Department of Defense officials in carrying out the Congress'
mandate for the cleanup. The Project takes full responsibility for its advice and recommendations,
but often the decisions of the Director, DN A, the Commander, Field Command or the Commander of
the Joint Task Group necessarily took into account overriding considerations of a non-techniecal
nature. In these cases it was the responsibility of the ERSP Manager to define and articulate
alternatives and their likely consequences and then to fully support the decisions and actions of the
DOD. Another function which the ERSP did not perform was the establishment of criteria and
standards. These were given to us in guidance received from AEC, ERDA, and later, DOE
Headquarters. The ERSP management team interpreted these criteria and standards in terms
suitable for direction of the field effort,

A special note of acknowledgement is due Bert Friesen, who served as Editor and a major contributor
to this volume. The other members of the ERSP team are acknowledged and credited as appropriate
elsewhere in this report. I feel confident that I speak for all of them in observing that it has been a
rare privilege and a stimulating challenge to be a part of so unique a project of such high importance
to so deserving a group of people. We wish the People of Enewetak health, prosperity, happiness and
peace in their ancestral home.

Roger Ray, Project Manager
Enewetak Radiological Support Project
Nevada Operations Office
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ABSTRACT

From 1972 through 1980, the Department of Energy acted in an advisory
role to the Defense Nuclear Agency during planning for and execution of
the cleanup of Enewetak Atoll. The Nevada Operations Office of the Depart-
ment of Energy was responsible for the radiological characterization of the
atoll and for certification of radiological condition of each island upon
completion of the project.

In-situ measurements of gamma rays emitted by americium—241 were
utilized along with wet chemistry separation of plutonium from soil samples
to identify and delineate surface areas requiring removal of soil. Military
forces removed over 100,000 cubic yards of soil from the surface of five
islands and deposited this material in a crater remaining from the nuclear
testing period. Subsurface soil was excavated and removed from several
locations where measurements indicated the presence of radionuclides above
predetermined criteria.

The methodologies of data acquisition, analysis and interpretation are

described and detailed results are provided in text, figures and microfiche.
The final radiological condition of each of 43 islets is reported.
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Analogue Digital Converter.

Atomic Energy Commission. AEC was abolished on 19 January 1975 and many
functions transferred to the newly created ERDA (cf).

Americium. Specifically, the isotope 241Am when the mass number is omitted.
Amersham-Searle.

Armed Forces Radiobiology Research Institute.

Brush Attenuation Factor. More accurately BCF (ef).

Brush Correction Factor. Factor applied to the in situ gamma measurement to adjust
for the presence of vegetation in the detector field of view.

Base Exchange.

Commander; ef CJTG.

Control Data Corporation.
Council on Environmental Quality.

Chemistry. Usually refers to the wet chemistry component of the Enewetak
Radiation Laboratory complex.

Curie. The quantity of any radioactive species undergoing 3.7 x 1010 nyclear
disintegrations per second (dis/sec}.

Millicurie = 0.001 curie = 3.7 x 10 dis/sec.

Mierocurie = 0.000001 curie = 3.7 x 104 dis/sec.

Commander, Joint Task Group.

Centimeter.

Cobalt. Specifically the isotope 60co.

Container Express. Metal shipping container with approximate dimensions 4' x 6' x 8'.

Concept Plan. An information technique used within DOD to provide general
guidance for justifying a proposed major project. See OPLAN.
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DOE
DOI
dpm
DRI
EA
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EIC

EB
EOD
EPA

ERDA

ERSP
Eu

FC

fCi
FCDNA
FIDLER
FPDB
FRC

FRST

Disposition Form. A memorandum form in common use by the military.

Director, Defense Nueclear Agency.

Defense Nuclear Ageney of the Department of Defense.

U.S. Department of Agriculture.

U.S. Department of Defense.

U.S. Department of Energy {(established on 1 October 1977; absorbed ERDA).

U.S. Department of the Interior.

Disintegrations per minute.

Desert Research Institute. One component of the University of Nevada system.
Enewetak Atoll.

Enewetak Council.

DOE technical support contractor for ERSP field measurements, Las Vegas, NV.
Eberline Instrument Corporation, Santa Fe, NM. Radiologieal support contractor for
ERSP radiation instrument maintenance and calibration and for soil sample collection
and analysis.

Environmental Impact Statement.

Explosive Ordnance Disposal.

U.S. Environmental Protection Agency.

Energy Research and Development Administration; established 19 January 1975.
Initial organization of ERDA included the AEC. Formation of the DOE included
ERDA. ERDA was abolished on 1 October 1977 when the DOE was established.
Enewetak Radiological Support Project (of the U.S. Department of Energy).

Europium. Specifically, the isotopes 192Eu and 155gy,

Field Command (element of DNA located at Kirtland AFB, NM).

Femto curies, 10715 curies.

Field Command, Defense Nuclear Agency.

Field Instrument for Detection of Low Energy Radiation.

Fission Product Data Base.

Federal Radiation Council.

Field Radiation Support Team. A military element (Air Force) of the Enewetak Joint
Task Group.
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GAR
GM
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HEPA

HP
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HQ
HV
IAEA
ICRP

IG

IMF

IMP

JCs |
JTG
KAFB
keV
KT
LAB
LASL

LARC

Full width at half maximum.
Gram
Gated Analogue Router.

Geiger-Muller

Ground Zero. Land surface directly beneath or at the site of a nuclear test. §GZ and
AGZ occasionally used to distinguish between tests at the surface and in the air.

hour, as in R/h.

Holmes & Narver, Inc., Orange, CA. Logistics and base support contractor for DNA
and DOE.

High Efficiency Particulate Air (type of filter).
Mercury.

Hewlett-Packard. Electronies manufacturer, including desktop computers and
laboratory equipment.

High Purity Germanium - erystal for detection of gamma rays (also referred to as IG)
Headquarters.

High voltage.

International Atomic Energy Agency.

International Commission on Radiological Protection.

Intrinsic Germanium (detector). Also referred to as high purity germanium (HPGe)
detector.

Instrument Maintenance Facility.

Not an acronym, but a trademark owned by the DeLorean Manufacturing Company.
Although actually the manufacturer's name for the tracked vehicle used to house the
In situ measurement equipment, this term was often used to refer to the entire
system.

Joint Chiefs of Staff, DOD.

Joint Task Group.

Kirtland Air Force Base.

Kilo electron volt.

Kilotons (nuclear tests are rated in thousands of tons of TNT).

Laboratory. See RADLAB.

Los Alamos Scientific Laboratory, Los Alamos, NM.

Landing Amphibious Recovery Craft.
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LCM
LCU
LLD
LLL
LLNL

LN

MAC
MARS
mCi
MDA
MFR

ml
MILCON
MILVAN
MLSC
mm
MPC

MPRL

mR
mrad
mrem
MUX
NBS
ND
NIM
NRC
NTS
NV

Landing Craft, Mechanized.

Landing Craft, Utility.

Lower Limit of Detection.

Lawrence Livermore Laboratory, Livermore, CA (became LLNL in 1980).
Lawrence Livermore National Laboratory.

Liquid Nitrogen.

Meter.

Military Airlift Command.

Military Affiliate Radio System.

Millicurie.

Minimum Detectable Activity.

Memorandum For Record.

Milliliter.

Military Construction.

Military van. Military-owned container for transport of equipment and supplies.
Micronesian Legal Services Corporation.

Millimeter.

Maximum Permissible Concentration.

Mid-Pacific Research Laboratory. (Formerly the Mid-Pacific Marine Laboratory,
MPML.) Located at Enewetak, operated by the Univ. of Hawaii for the DOE.

milli Roentgen.

millirad.

millirem.

Multiplex.

National Bureau of Standards.
Nuclear Data (Corporation).

Nuclear Instrument Module.

U.S. Nuclear Regulatory Commission.
Nevada Test Site (of the DOE).

Nevada Operations Office of the DOE (also NVO).
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OMB

OPLAN

ORNL

PACE

PASO
pCi
pCi/g
PHA
PGT
PIMM
PLOWX
PM
PMEL

PNL

QA
QC

rad

RADCON

RADLAB

RCC

REECO

Office of Management and Budget.

Operations Plan. An operations plan is standard within DOD to provide specific
guidance for conducting an approved major project. See CONPLAN.

Oak Ridge National Laboratory, Oak Ridge, TN.

Pacific Cratering Experiments. Project included removal of soil down to coral rock in
an area of 19 acres on the island of Sally.

Pacific Area Support Office (cf DOE/NV), Honolulu, Hawaii.
Picocurie. 1 x 10712 Curies.

Picocuries per gram.

Pulse Height Analyzer.

Princeton Gamma Tech, manufacturer of HPGe gamma ray detectors.
Portable Instrument Maintenance Manual.

Plowing Experiment (site on Janet).

Photomultiplier (tube).

Precision Measurement Equipment Laboratory (electronies technician).
Battelle - Pacific Northwest Laboratory.

Plutonium. Specifically, the isotopes 238py, 239py, and 240pu. Context may imply
the sum of these Pu isotopes.

Quality Assurance.

Quality Control.

Roentgen. A unit of exposure to ionizing radiation. It is that amount of gamma or X
rays required to produce ions carrying 1 electrostatic unit of electrical charge in one

cubic centimeter of dry air under standard conditions.

Radiation absorbed dose. The basic unit of absorbed dose of ionizing radiation. One
rad is equal to the absorption of 100 ergs of radiation energy per gram of matter.

Radiation Control.

Radiation Laboratory. (Complex of trailers in which a radiation laboratory was
established and used by DOE and ERSP contractors at EA.)

Radiation Control Committee (of the JTG).

Reynolds Eleetrical and Engineering Company, Inc., operating contractor for the DOE
at NTS,

A special unit of dose equivalent. The dose equivalent in rems is numerically equal to

the absorbed dose in rads multiplied by the quality factor, the distribution factor, and
any other necessary modifying factors.
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ROM
RSAIT
SAC
SATCOM
SitRep
SN
SOoPp

Sr

TG

Ti
TRU
TWX

TTPI

UPs

USAF

Read-only memory.

Radiation Safety Audit and Inspection Team.

Scintillation Alpha Counter.

Satellite Communication.

Situation Report.

Serial Number.

Standard (or Standing) Operating Procedure.

Strontium. Specifically, the isotopes 85sr and 90sr.

Task Group.

Thallium.

The transuranic elements. Specifically, 238Pu, 239li‘u, 240Pu, and 241 Am.
Teletype message.

Trust Territory of the Pacific Islands.

Uranium. Specifically the isotopes 234U, 235y and 238y,
Uninterruptible Power Supply.

United States Air Force.

Yttrium. Specifically the isotope 90y,

mu - Greek alphabet letter used to denote attenuation; also miero (1076)

rho - Greek alphabet letter used to denote density.



CHRONOLOGY OF SIGNIFICANT EVENTS

DATE EVENT PAGE
YMD
440217 American forces invade Enewetak Atoll (EA) . . . . . . . . 2
471202 People of Enewetak moved to Ujelang Atoll.. . . . . . . . . 5
480418 First nuclear test at Enewetak (X-RAY). . . . . . . e 8
521031 First test of thermonuclear device (MIKE). . . . . . . . . . 8
580818 Last (43rd) nuclear test at Enewetak (FIG). . . . . . 10
710700% AEC radiological reconnaissance of EA (supporting PACE) .. 19
720200 Interagency meeting to discuss potential cleanup of EA . . . . *x
720418 U.S. announced EA jurisdiction to return to TTPI. . . . . . . 17
720512 Radiological reconnaissanceof EA.. . . . . . . . . . . .. 38
720518 First visit to EA by the peoplesinee 1947 . . . . . . . . . . 18
720717 DNA directed to plan EAcleanup. . . + « . « ¢« « . + « . . 34
720817 First interagency meeting to plan eleanup. . . . . . . . . . 34
720907 Second interagency meeting toplancleanup . . . . . . . . . 35
721012 Engineering and radiological surveysbegun . . . . . . . . . 36
721130 Director, DN A designated Project Manager for cleanup . . . . 35
730223 Meeting with Enewetak Council (EC) in Honolulu to

discuss cleanup
730415 Engineering survey results distributed. . . . . . . . . . - 36
730504 Meeting with EC in Majuro to learn people's desires
730509 AEC established Task Group (TG) for Recommendations. . . . 39
730600 Master Plan meeting with Ujelang council in Majuro
730625 Interagency meeting to review survey results
731100 Enewetak Atoll Master Plan published . . . e e e e 45
740101 Managerial Authority for EA transferred to DN A
740201 Draft TG recommendations distributed for review
740215 DNA presentation to AEC on cleanup phllosophy
740300 Radiological survey results distributed. . . . e e e e e 39
740306 Interagency meeting to discuss TG draft report
740312 AEC response to DNA position
740415 Draft EIS circulated for internal DNA, AEC review
740419 Second draft of TG recommendation distributed
740619 AEC TG recommendation published. . . . . . . . . . . . . 39
740820 DNA adopted TG recommendations
740907 DEIS delivered to the people of Enewetak . . . . . . . . . . 46
740907 DOI promised early return to Japtan
741207 Enewetak Council resolution requested title to Ujelang
750103 DNA/DOI agreed on early return of people to Japtan
750214 Conference on EA cleanup criteria
750225 Enewetak Project policy meeting
750300 Revised Master Plan published
750415 Final EIS filed with Council on Environmental Quality. . . . . 46
750500 EIS accepted by EPA
750910 DNA/ERDA interagency support agreement . . . .+ « . « . . 50
751007 Congress authorized $20 million for EAcleanup , . . . . . . 47
760119 Draft Radiological Cleanup Plan issued for comment
760200 DIR DNA released EIS despite interagency questions
760716 Congressional authorization for EAeleanup » + « « « « « . & 49

*Double zero (00) in day (D) eolumn means the day of the month is unknown, or that a span of time
was involved such that a fixed day has no meaning.

“*Events listed without a page number are not discussed in this report.
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DATE EVENT PAGE

760900 Draft Cleanup Concept Plan (CONPLAN) released.. . . . . . 50
760916 Intergovernment agreements on rights to EA

761117 Interagency coordination conference in Majuro

770100% Final CONPLAN published. . . . . . . « « . . . . . P 50
770204 First OPLAN conference heldat KAFB.. . . . . . . . . . . **
770309 Second OPLAN conference held at EA

770314 Initial mobilization for cleanup began. . . . . . . . . N 51
770315 Early return of 56 people of Enewetak to EA

770429 OPLAN 600-77 distributed . . . . « + « « 4 & & & & « & & 50
770429 Interagency OPLAN resolution conference

770628 ERDA - Marshall Islands Workshop . . .+ « « . . . « « . . . 53
770700 In situ cleanup characterization survey begun. . . . . . . . . 51
770818 Bair Committee agreed cleanup plans were reasonable. . . . . 60
770900 EPA proposed guidance for transuranic cleanup. . . . . . . . 57
771122 EPA Transuranie guidance signed by Administrator

780106 DNA/DOE agreement to include all transuranics in cleanup . . 57
780400 LLL draft dose assessment distributed. . . . . . . . . . .. 63
780428 EA Advisory Group recommended more stringent criteria. . . . 63
780504 DNA issue/decision conference. . « + + v ¢ ¢ « & - 4 . o . 57
790916 Dome completion ceremony on Island Yvonne (Runit)

800409 Cleanup completion ceremony with Enewetak people

*Double zero (00) in day (D) column means the day of the month is unknown, or that a span of time
was involved such that a fixed day has no meaning.

**Events listed without a page number are not diseussed in this report.
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CHAPTER ONE: BACKGROUND
by Bert Friesen
Holmes & Narver, Inc.

1.1 INTRODUCTION

"The light - it was many times brighter than the sun. The mountains back of us
showed as clear as in daylight. We were stationed ten miles away from the
explosion. At the five-mile station, two men were knocked over by the blast. The
immense ball of flame rapidly going up into the sky was followed by a cloud of dark
dust. The hundred-foot steel tower on which the bomb was placed was completely
evaporated. The surface sand around it for a thousand feet was melted into glass.”
(Compton, 1956.)

Thus was the birth of the Atomic Age witnessed in secrecy on 16 July 1945, with the first test of a
nuclear bomb, code named Trinity, at Alamogordo, New Mexico. Three weeks later, on 6 August
1945 (local time), the second nueclear bomb was detonated over Hiroshima, Japan, followed by the
third bomb over Nagasaki, Japan, on 9 August 1945 (local time). The successful detonation in
combat of these powerfully destructive weapons brought a quick end to World War IL. The devices
had worked as planned but very little was known of either the immediate or the long-range
aftereffects.

Although the war had ended and no further military use was anticipated in connection with WW IJ,
military officials were anxious to learn much more about the newest weapon in their arsenal.
Theoreticians could prediet enough of the effects from a nuclear explosion to realize that additional
testing would have to be conducted in an area far from any population centers to minimize the
dangers of exposure to hazardous radiation. The fourth nuclear device, Test Able, was detonated
about 500 feet above a fleet of surplus naval craft at anchor in Bikini lagoon on 30 June 1946, Test
Baker followed on 24 July 1946. The Baker device was suspended beneath a small landing craft, LSM
60, with the burst point at 90 feet below water surface.

"The air burst (of Test Able), despite the damage it had inflicted, scarcely had prepared
observers for the wrath of sound, light, and volcanic shock that erupted within the lagoon.
At the moment of explosion, a giant bubble, brilliantly lighted within by incandescent
materials, burst from the surface of the water to be followed by an 'opaque cloud' which
quickly covered about half of the ships of the target fleet. Within seconds, the cloud had
vanished and a hollow column, 2,200 feet in diameter and containing some 10 million tons
of water, rose from the surface of the lagoon to a height of more than a& mile. The
26,000-ton battleship, Arkansas, broadside to the LSM 60 but more than 500 feet away,
was lifted and upended in the eolumn before she was plunged to the bottom. At the base
of the column was a tumult of foam several hundred feet high, and the deseent of the
water back into the lagoon set up a base surge from which rolled waves eighty to
one-hundred feet high. The waves subsided rapidly as they proceeded outward, and the
highest wave recorded at Bikini Island, three miles away, was seven feet, not sufficiently
high to pass over the island or to cause damage there." (Hines, 1962.)

The brief chronology and quotations presented above set the stage for the rest of this document.
Enewetak Atoll became a critical component of the very large and complex program of nuclear
testing conducted by the United States from 1946 to 1958. Detonation of 43 nuclear devices at
Enewetak Atoll created radiological conditions deemed too hazardous for unrestricted use of the
atoll by future residents. The U.S. Department of Energy (DOE), acting in advisory and support roles
to the Defense Nuclear Agency (DNA), participated in the radiological cleanup of Enewetak Atoll,
undertaken to prepare the islands for their return to the people of Enewetak. Most of this report is
devoted to a detailed description of the conduct by the DOE and its contractors of what became
known as the Enewetak Radiological Support Project.

Readers are directed to other sources for additional background on nuclear testing in the Pacific or
details on related topics. Hines presents an interesting account of the problems and successes of
conducting radiobiological studies in the Pacific Proving Ground concurrent with nuclear testing.
Compton and Groueff provide excellent views of how the atomic age was conceived and carried
full-term to Alamogordo and Japan. The problems of dislocation experienced by the people of Bikini
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and Enewetak are well presented by Kiste, Tobin, and others. Various agencies of the U.S.
Government and government contractors such as the University of Washington Applied Fisheries
Laboratory and the Lawrence Livermore Laboratory have, over the years, documented the
radiological condition at Bikini and Enewetak as conditions changed with time. The most extensive
survey conducted prior to cleanup is reported in detail by the USAEC in Enewetak Radiological
Survey. (NVO-140.) Findings of this survey were used to guide the fine grid survey of many of the
islands at Enewetak during the cleanup phase.

But what made cleanup necessary? (The naive wording of this question is deliberate.) The
paramount necessity arises from the fact that the owners of Enewetak Atoll were moved to another
atoll as an accommodation to the United States Government so that Enewetak could be used for
testing of nuclear bombs. The people of Enewetak wanted to return to their homeland and the
United States had agreed to rehabilitate the atoll prior to their return. But the foregoing does not
answer the question of cleanup necessity. If there were no aftereffects from a nuclear explosion, no
cleanup of Enewetak would be necessary beyond removal of abandoned facilities and equipment.
There are aftereffects. Read again the two quotations presented earlier. The immense ball of
flame, cloud of dark dust, evaporated steel tower, melted sand for a thousand feet, 10 million tons of
water rising out of the lagoon, waves subsiding from a height of eighty feet to seven feet in three
miles were all repeated, in various degrees, 43 times on Enewetak Atoll. In the northern islands of
the atoll, where most of the testing took place, the land surface was covered by falling radioactive
dust or water, or inundated by waves of possibly radioactive water, or seared by a fireball of intense
heat. Furthermore, some of the tests at Enewetak were many times more powerful than either of
the detonations described above. The largest detonation at Enewetak was the thermo-nuclear device
of Test Mike, rated at over 10 million tons of TNT—about 450 times as powerful as Test Baker.

As a consequence of the nuclear testing, the northern islands of Enewetak Atoll contain radioactive
contamination on or near the land surface and at some depth on islands used as the site for one or
more tests. The term '“cleanup" encompasses those activities which were conducted to determine
the location and degree of contamination on each island, to remove radiologically clean and
contaminated debris from all islands, to remove contaminated surface and subsurface soil from
wherever either was above certain guidelines, and to document the radiological condition of each
island prior to the planned resettlement by the people of Enewetak.

Eniwetok* at the End of WW II. Eniwetok Atoll was considered an important target for invasion and
occupation as part of the overall plan to drive the Japanese out of the scattered Pacific islands. The
American invasion of the Marshalls, which had been mandated to Japan by the League of Nations in
1919, was scheduled for the end of January 1944, starting with Kwajalein then progressing to
Eniwetok, which would be a natural staging area for air attacks on Truk and other islands of the
Carolines. On 29 January .1944, carrier planes began the preinvasion air assault and attacked
Kwajalein and Roi-Namur Islands in Kwajalein Atoll, Maloelap, Eniwetok, and Wotje. So thorough
was the bombing that by the end of the day not one enemy plane east of Eniwetok remained
operational. (Richard, 1957.)

Eniwetok had an airfield** well defended with guns and search radar and an excellent lagoon, two
factors which would make it a valuable staging point for future attacks on the Carolines. The
garrison was small because the Japanese never thought that they would have to defend it.

Carrier planes began bombing Eniwetok on 31 January and continued every day through 7 February,
and again on the 11th and 13th. On D-Day, 17 February, American combatant ships appeared off the
Atoll and concentrated their fire on Engebi Island, the main objective, pouring 2,800 tons of

*This was the name by which the atoll was officially known until early 1973 when the Enewetak
people themselves made known that the name is made up of two Marshallese words: ene (island) and
wetak (toward, or pointing toward the East). Spelling changes of many other names are deseribed in
Section 1.3. Until the end of Section 1.3, the atoll name is spelled in accordance with official usage
during the period of time being discussed.

**The airfield was on Engebi (Janet) Island of Enewetak Atoll, not on Enewetak Island.



projectiles into this tiny area; by late the next day, the island was secured. On 19 February,
Eniwetok kland was invaded and, after unexpected opposition, secured on 21 February. The
Eniwetok expedition cost 195 Americans killed or missing and 521 wounded. The Japanese garrison
had 2,677 killed and 64 taken prisoner. The people of Eniwetok suffered at least 18 killed. (Richard,
1957, V.1, pp. 125, 342.) .

‘A Naval Construction Battalion arrived at Eniwetok Atoll immediately after D-Day and set about
developing it into a Navy and Marine Corps air base and fleet anchorage. On Eniwetok Island the
Seabees built an airstrip 6,800 feet long and 400 feet wide, two taxiways, facilities for major engine
overhaul, housing, piers, and storage facilities. The first plane landed on the field on 11 March, and
after 15 April, permanently based bomber squadrons flew missions from there. A seaplane base
capable of supporting one squadron of patrol bombers, a marine railway, and a boat repair shop were
built on Parry Island. At Engebi aviation facilities, ineluding a fighter strip 3,950 feet by 225 feet,
and a pier were constructed. U.S. Naval Base Eniwetok, built at a cost of over $23 million, was
commissioned on 10 May 1944.

On 18 February 1944, a Marine Corps civil affairs officer and one enlisted man landed on Engebi
Island with the headquarters unit of the invading task group. The thirty inhabitants had all moved to
unoccupied islands along the eastern fringe of the atoll and were hungry and in need of medical
attention. The people were gathered into a temporary camp on Engebi and given food and medical
supplies. On 19 February a landing was made on Eniwetok Island where 50 Marshallese were found
and given shelter. Food was sent ashore and its distribution assigned to the two chiefs, Johannes of
Eniwetok and Abraham of Engebi. A bomb crater was enlarged by the engineers and a tarpaulin
erected over it to provide shelter from the sun. The people were given blankets, clothing, rice, and
cooking utensils. As other Marshallese were found, they were brought to the shelter. On 23
February a landing was made on Parry Island where 17 Marshallese were found and moved to
Eniwetok Island. The Marshallese at Eniwetok spent that day collecting and salvaging Japanese food,
clothing, soap, and dishes which they divided among themselves.

The Marshallese at Eniwetok camp were moved to Aomon on 24 February. The chief and his people
had selected the site, a former village island, where a few houses and some trees were still standing.
The next day the Marshallese on Enjebi were transferred to Aomon and eventually 117 people were
gathered in the camp.

The camp on Aomon continued as the residence site for the people of Eniwetok until late in 1947,
except for a short period in 1946 when they were temporarily relocated to Meik Island of Kwajalein
Atoll during conduet of Operation Crossroads at Bikini. Upon return from Meik Island, the
contingent from Engebi moved to a new camp on Bijire at their own request, as this island was owned
by the people of Engebi whereas Aomon was owned by the people of Eniwetok.

1.2 SELECTION AND EVACUATION OF ENEWETAK ATOLL FOR NUCLEAR TESTING

Plans for atomic tests under controlled conditions were being discussed by military and political
leaders in the weeks following the end of World War II. Detailed plans for testing were developed by
the Joint Staff and approved by President Truman on 10 January 1946. The first tests were known as
Operation Crossroads at Bikini Atoll in the Marshall Islands. Planning and conduct of the atomic
tests of 1946 was a joint military enterprise relying heavily ‘on support of the scientific community.
Testing was conducted under the control of the newly created Joint Task Force One.

The search for a site for the test operation had been started even before the task force was created.
The specifications set out by the planners called for selection of a site within the control of the
United States, uninhabited or subject to evacuation without imposing unnecessary hardship on large
numbers of inhabitants, within 1,000 miles of the nearest B-29 aircraft base (in expectation that one
atomic device would be delivered by air), free from storms and extreme cold, and offering a
protected anchorage at least six miles in diameter and thus large enough to accommodate both the
large fleet of target vessels and the additional vessels that would have to be used in support of the
operation. Also required were distance from cities or concentrations of population, winds
predictably uniform from sea level to 60,000 feet, and predictable water currents not adjacent to
inhabited shore lines, shipping lanes, or fishing areas--all in recognition of the need to reduce or
eliminate the possibility of radioactive contamination of the fleets or inhabited areas.



Sites in the Atlantic, the Caribbean, and the Pacific were reviewed. In the Pacific were little
islands set in great reaches of otherwise empty ocean and enjoying the warm and stable climate of
the trade-wind zone. In the Marshalls, so recently captured from the Japanese, were coral atolls
that had been little disturbed by the war, that were inhabited only by small communities of
Micronesians, and over which an interim control was exercised by the United States through the
Navy Military Government. Among these was Bikini Atoll, Bikini fulfilled all the conditions of
climate and isolation. It was distant, 2,500 miles west-southwest of Honolulu, 4,500 miles by air
from San Franciseo, but it also was accessible to the military support facilities that still existed at
Kwajalein Atoll, to the southeast, and at Eniwetok, to the west. Its inhabitants, who then numbered
162, could be moved to another atoll during the period of the tests.

Joint Task Force One went out of existence on 1 November 1946 following detonation of Tests Able
and Beker at Bikini and subsequent reduction of the site to an interim status. The Atomic Energy
Act of 1946 created the U.S. Atomic Energy Commission which took over the responsibilities of the
Manhattan District of the U.S. Army Corps of Engineers on 1 January 1947. The Commission was to
conduct a program of atomic energy development, including improvement of nuclear weapons and, of
necessity, a program of proof testing in the field. In July, 1947, the commission announced that it
was establishing proving grounds in the Pacific for routine experiments and tests of atomic weapons.
The place selected was not Bikini, but Eniwetok Atoll. (Hines, 1962, p. 78.)

The process of selection of Eniwetok included a review of possibilities that had been examined prior
to the earlier selection of Bikini. A location within the continental United States was initially
considered with a view toward finding a site suitable for a permanent establishment. A return to
Bikini apparently was not contemplated at any time, not only because Bikini was in an interim status
and scheduled for further observation, but because the land areas were neither large enough nor
properly oriented to the prevailing winds to permit construction of a major airstrip.

Sites in the Indian Ocean and in Alaska were studied, and some thought was given to Kwajalein. The
review of all practical sites concluded that Eniwetok offered all of the advantages found earlier at
Bikini plus the presence of established airstrips and facilities. Westward, in the direction in which
the prevailing winds might carry radioactive particles, lay hundreds of miles of open sea. The
tentative selection of Eniwetok was followed by an inspection of the atoll and conferences with the
leaders of the people of Eniwetok. The site was approved by President Truman on 2 December 1947,
On the same day, the United States representatives to the United Nations notified the Security
Council that effective 1 December 1947, pursuant to the provisions of the Trusteeship Agreement,
Eniwetok Atoll was closed for security reasons in order that necessary experiments relating to
nuclear fission could be conducted there. The people of the atoll were to be moved to a new home,
and the press release by the Atomic Energy Commission noted:

"Eniwetok Atoll was selected as the site for the proving grounds after the careful
consideration of all available Pacifie Islands. Bikini is not suitable as the site since it
lacks sufficient land surface for the instrumentation necessary to the scientific
observations which must be made. Of other possible sites, Eniwetok has the fewest
inhabitants to be cared for, approximately 145, and, what is very important from a
radiological standpoint, it is isolated and there are hundreds of miles of open seas in the
direction in which winds might carry radioactive particles."”

"The permanent transfer elsewhere of the Island people now living on Aomon and Bijiri
Islands in Eniwetok Atoll will be necessary. They are not now living in their original
ancestral homes but in temporary struetures provided for them on the two foregoing
islands to which they were moved by United States forces during the war in the Pacifie,
after they had scattered throughout the Atoll to avoid being pressed into labor service by
the Japanese and for protection against military operations. The sites for the new homes
of the local inhabitants will be selected by them. The inhabitants concerned will be
reimbursed for lands utilized and will be given every assistance and care in their move to,
and re-establishment at, their new location. Measures will be taken to insure that none of

the inhabitants of the area are subject to danger; also that those few inhabitants who will
move will undergo the minimum of inconvenience." (Richard, 1957, V. II], p. 553.)



The scheduling of the first Eniwetok nuclear test in the near future necessitated the immediate
removal of the people. On 3 December the Governor of the Marshalls flew to Eniwetok and proposed
to the chiefs that they move to Ujelang Atoll, which was then being prepared as a relocation site for
the Bikini people. The two Eniwetok chiefs, Johannes and Abraham, were flown to Ujelang on 4
December and later returned to Eniwetok after selecting sites for dwellings and community
buildings. Temporary living quarters were ready for the people of Eniwetok when they went ashore
from an LST on 21 December 1947. Permanent facilities on Ujelang were constructed in the spring
of 1948 by 35 enlisted men and 15 Marshallese.

On 28 May 1948, the Governor of the Marshalls reported to the High Commissioner of the Trust
Territory of the Pacific Islands that resettlement of the Eniwetok people was completed. The three
nuclear tests of the Sandstone series were completed by 14 May 1948 and no additional tests were
conducted at Eniwetok until 1951.

The people of Enewetak have continued their temporary residence on Ujelang since December 1947.
Living conditions on Ujelang during this period, and other anthropological considerations, have been
reported by Tobin, Mason, and others. The viewpoint of the people as expressed by their leaders
before House and Senate subcommittees is available in the Congressional Record (incorporated in
testimony before the House Appropriations Military Construction Subcommittee on 23 June 1975).

1.3 ISLANDS IN THE ATOLL

Eniwetok Atoll is located at approximately 11°21'N and 162°21'E in the northwestern portion of the
Marshall Islands, 2,740 miles west-southwest of Honolulu and 1,200 miles east of Guam (see Figure
1-1). The atoll has about 388 square miles of lagoon and about 2.75 square miles of dry land. The
land area consists of 46 islands irregularly spread around the lagoon perimeter. Rainfall in the
vicinity of Eniwetok averages about 60 inches annually, somewhat less than at locations nearer the
equator. The soils are basically coral rock and coralline sands with minimal organic content and
limited water holding capacity. The Pacific trade winds, generally from ENE to E, average 18 mph
during the period December to April, and 12 mph from May through November. The area is subject
to infrequent destructive typhoons, and occasional westerly storms are experienced. The marginal
rainfall, marginal water-holding capacity of the soil, and the nearly constant windborne salt spray,
especially on the windward side of the islands, are not conducive to growth of lush tropical
environments usually associated with the islands of the Pacific.

The geologic evolution of a coral atoll is a dynamie process with changes in island shape and size
evident even in a short period of time. The direction, duration, and intensity of each passing storm
have an influence on the size and location of sand bars, on erosion of exposed points of land, and on
deposition along protected stretches of beach. Maps of Eniwetok made about 1960 show a named
sandbar on the western reef. The sandbar that was on the western reef is no longer there, but one
new islet has formed in the past few years. Recent documents pertaining to the atoll variously
indicate 39, 40, 42, or 43 islets or islands. This report will discuss 46 islands and islets, and 2 named
coral heads as shown in Figure 1-2.

Names by which the islands of Eniwetok Atoll--and the atoll itself--are known seem also to be
undergoing dynamic change. As presented by Hines, the coral reefs were first given a documented
European name in 1794 by Captain Thomas Butler who was engaged in the China trade. Butler called
the reefs Browne's Range, a Mr. Browne being the factor of his firm at Canton. For many years
Browne's name clung persistently to Eniwetok even after the final "e" was lost. In World War II, the
Japanese frequently referred to Eniwetok as Brown and, on recent U.S. hydrographic charts,
Eniwetok is identified as "Eniwetok or Brown Atoll." Table 1-1 presents the island names as they
appeared on charts of 1946 and 1968, as listed by Bryan and as determined by Tobin in 1973. Table
1-2 lists a few additional names that have appeared in various documents since 1946. The exact
source of the flower and shrub names listed by Bryan has not been located; however, some of these
names appear in military histories of the capture of Eniwetok in World War I, so the flower names
may have been assigned during invasion planning.
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TABLE 1-1. COMPARISON OF SITE AND NATIVE NAMES
Native Names From From From Tobin,
U.S. Hydrographic Office Bryan 1973
Site 1946 1968 1971 Native names &

ALICE Bogallua Bogallua Peony BOKOLUO
BELLE Bogombogo Bogombogo Petunia BOKOMBAKO
CLARA Ruchi Eybbiyae Poinsettia KIRUNU
DAISY b Lidilbut Primrose LOUJ
EDNA* b b Rambler BOCINWOTME®
EDNA'S DAUGHTER b b b b
FLORA* Elugelab b Sagebrush b
GENE* Teiteiripuechi b Sunflower b
HELEN* Bogairikk Bogeirik Violet BOKAIDRIK
IRENE Bogon Bogon Zinnia BOKEN
JANET Engebi Engebi Fragile ENJEBI
KATE Muzinbaarikku Mujinkarikku Arbutus MIJIKADREK
LuCy Kirinian Billee Aster Blossom KIDRINEN
PERCY b b b TAIWEL
MARY Bokonaarappu Bokonarppu Bitterroot BOKENELAB
MARY'S DAUGHTER b b Bluebonnet b
NANCY Yeiri Yeiri Buttercup ELLE
OLIVE Aitsu Aitsu Camellia AEJ
PEARL Rujoru Rujiyoru Canna LUJOR
PEARL'S DAUGHTER b b Carnation b
RUBY* Eberiru Eberiru Columbine ELELERON
SALLY Aomon Aomon Clover AOMON
SALLY'S CHILD b b Dandelion b
TILDA Biijiri Biijire Daisy BIJILE®
URSULA Rojoa Rojoa Delphinium LOJWA
VERA Aaraanbiru Arambiru Gardenia ALEMBEL
WILMA Piiraai Piirai Goldenrod BILLAE
YVONNE Runit Runit Hawthorn RUNIT
SAM b b b BOKO
TOM b b b MUNJOR
URIAH b b b INEDRAL
VAN b b b b
ALVIN Chinieero b b JINEDROL
BRUCE Aniyaanii Japtan Jasmine ANANIJ
CLYDE Chinimi Chinimi Lavender JINIMI
DAVID Japtan Muti Ladyslipper JAPTAN
REX Jieroru Bogen Lilac JEDROL
ELMER Parry Parry Heartstrings MEDREN
WALT b b b BOKANDRETOK
FRED Eniwetok Eniwetok Privilege ENEWETAK
GLENN Igurin Igurin Lantana IKUREN
HENRY Mui Buganegan Mimosa MUT
IRWIN Pokon Bogan Mistletoe BOKEN
JAMES Ribaion Libiron Oleander RIBEWON
KEITH Giriinien Grinem Oca KIDRENEN
LEROY Rigili Rigile Posy BIKEN
OSCAR (coral head) b b b DREKATIMON
MACK (coral head) b b b UNIBOR

“As confirmed by the Enewetak people during the Ujelang field trip of July 1973.

DNo name reported.

CBOKINWOTME and BIJIRE are preferred according to current literature and are so spelled in this

report.

*Original island destroyed by nuclear tests except for small portions of EDNA, HELEN, and RUBY.
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TABLE 1-2. ADDITIONAL NATIVE NAMES FROM THE LITERATURE

HINES, TOBIN, PACIFIC ISLANDS NVO-140,

1962 19678 YEAR BOOK, 1972 1973, p. 492 OTHERS
DAISY Cochiti
EDNA Sanildefonso
FLORA Eluklab
GENE Dredrelbwij
JANET Arthur L b
KATE Muzin Muzinbaaiku
SALLY Aoman®, Aranit
VERA Aaranbiru
YVONNE Ruunitto
BRUCE Aniyaani
REX Jeroru
FRED Browne Brown
KEITH Giriinian

8Dyoctoral Dissertation
bBrytam, 1971
CApplied Fisheries Laboratory, University of Washington

During the period 1963-73, new orthographies were developed by the Pacific and Asian Language
Institute at the University of Hawaii. American linguists were sent to each distriet to work with a
committee of local people to develop acceptable letter forms for each sound. Anomalies of
pronunciation are generally solved in the orthographies by adding extra letters and syllables. For
example, an old text was entitled "Pilung Nu Maday" using the system developed by early
missionaries; in the new system it was "PIILUUNG NUU MADAAY." Island leaders did not like the
new orthographies which made everything look strange and unusual, so they agreed to drop the double
vowels ii, ee, ea, ae, uuy, 0o, oe, and sa. (Nevin, 1977.)

It is difficult to trace the exact effect of the developing orthographies on the spelling of island names
at Enewetak because of other influences. Pronunciation and spelling of place names were affected
first by the hard sounds of the German language, then by the r/l differences of the Japanese
language. Removing the effects of outside influences to arrive at the pronunciation and spelling
preferred by the people of Enewetak produces some drastic changes as shown in Table 1-1. These
changes have become generally accepted since distribution of NVO-140 in 1974,

The site names listed in Table 1-1 were assigned during the atomic testing period, except for the
"daughter" islets which were named during the 1972-73 survey or 1977-80 cleanup. Assigned names
start with Alice, at about 11 o'clock on the roughly circular atoll, and proceed through the alphabet
going clockwise. Letters not used in the female names include Q, X, and Z.* Island Percy, located
between islands Lucy and Mary, must have been given a site name later than the other northern
islands. Principal sites in the southern portion were assigned male names from Alvin through Oscar,
then Rex through Walt. However, these sites were not named in a straightforward, clockwise order.
Throughout this report, islands and islets will be referenced by English site name only. Three
exceptions to this rule are noted: Enewetak will be called Enewetak, not Fred; the Aomon Crypt will
be called the Aomon Crypt, not the Sally Crypt; and, in Chapter 7, the first reference to each island
name will include the native name in parentheses spelled according to Tobin, 1973. From this point
forward, the spelling of the atoll name will be Enewetak unless the name appears in a quotation, in
which case the source spelling will be followed.

*The letter Z was assigned to Zona, a small islet southeast of Yvonne, which is no longer there.



1.4 THE TESTING PERIOD

1.4.1 Nuclear Tests

After World War II, field testing of nuclear devices first occurred at Bikini Atoll during Operation
Crossroads in 1946. Tests Able and Baker were conducted there in June and July of that year. In
July 1947, the Atomie Energy Commission announced that it was "establishing proving grounds in the
Pacific for routine experiments and tests of atomic weapons." Operation Sandstone was conducted
during April and May 1948, at Enewetak Atoll. This series of te-ts consisted of three devices
detonated atop 200-foot steel towers, one each on islands Janet, Sally, and Yvonne. Figure 1-3
shows where each of the 43 tests was conducted during the entire test period from 1948 through
1958. Table 1-3 summarizes relevant data on all tests conducted at Enewetak.

The next series of tests was conducted in Operation Greenhouse during April and May 1951, when
four more devices were placed on steel towers and detonated. Island Janet was selected for two of
the tests, while Ruby and Yvonne were each sites for one test. Tests Mike and King were conducted
during Operation Ivy in the fall of 1952. Mike was the first thermonuclear device tested by the
United States. Island Flora (Elugelab) was selected for the test; a crater in the reef about one mile
across and 180 feet deep now marks the spot where Flora used to be.

Operation Castle involved only Test Nectar at Enewetak in May of 1954, but five other large-yield
tests were conducted at Bikini, including Test Bravo, rated at 15 million tons of TNT and the most
powerful device detonated by the United States to that time. In terms of the number of tests
conducted, the pace of activity was significantly increased two years later during Operation Redwing
when 11 devices were detonated at Enewetak and 6 more at Bikini. Redwing was the last series to
utilize a steel tower for device placement. Towers were constructed on four islands with two on
Sally, two on Yvonne, and one each on Ruby and Pearl. Surface tests were conducted on Yvonne,
where the Lacrosse Crater now is, and on Irene where the Seminole Crater was produced.

Testing of nuclear weapons and other devices by the United States, Russia, and Great Britain had, by
1956, produced worldwide fear of the hazard created by radioactive fallout. Following U.S.
participation in discussions with the other nuclear powers in Geneva, Switzerland, President
Eisenhower announced in August 1958, that the U.S. would negotiate with any other country
suspension of nuclear weapon tests. The offer was accepted by the USSR and a moratorium on
testing was set at 31 October 1958. The United States had anticipated the possibility of a halt to
testing, so had assembled a large array of devices to be tested before the start of the moratorium.
Operation Hardtack, Phase I, conducted in the Pacific from April through August 1958, included 22
tests at Enewetak, 10 at Bikini, 2 in the Johnston Atoll area, and one at 86,000 ft. over the sea
between Enewetak and Bikini. In addition, three tests were conducted in the South Atlantie during
August and September in Operation Argus. Operation Hardtack, Phase Il took place at the Nevada
Test Site in September and October 1958, with the detonation of 18 nuclear devices. By the time the
test moratorium became effective, the U.S. had conducted 43 tests at Enewetak, 22 of them in 1958.

The Enewetak tests of 1958 included 16 devices detonated on barges, 7 in the lagoon southwest of
Janet, 8 in the lagoon west or southwest of Yvonne, and 1 on the reef southwest of Alice. Two
underwater tests were conducted to the southwest of Enewetak Island, one in the lagoon north of
Glenn, and one in the ocean south of James. Surface tests included Caectus, which formed the Cactus
Crater on the north end of Yvonne; Koa, which formed a very large crater where Gene used to be;
and Quince and Fig in the north central part of Yvonne. The Quince and Fig tests were responsible
for spreading unburned plutonium fuel over a large area of Yvonne. No additional tests were
conducted at Enewetak or Bikini.
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FIGURE 1-3. ENEWETAK ATOLL NUCLEAR TESTS WITH NAME, YEAR OF DETONATION AND
APPROXIMATE LOCATIONS INDICATED iN THE LAGOON. Flora and Gene no longer
exist, and only smal! portions of Edna, Helen and Ruby remain.
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TABLE 1-3. NUCLEAR TESTS AT ENEWETAK ATOLL

Operation
Event Name Date
SANDSTONE
X-RAY 4/14/48
YOKE 4/30/48
ZEBRA 5/14/48
GREENHOUSE
DOG 4/7/51
EASY 4/20/51
GEORGE 5/8/51
ITEM 5/24/51
vy
MIKE 10/31/52
KING 11/15/52
CASTLE
NECTAR 5/13/54
REDWING
LACROSSE 5/4/56
YUMA 5/27/56
ERIE 5/30/56
SEMINOLE 6/6/56
BLACKFOOT 6/11/56
KICKAPOO 6/13/56
OSAGE 6/16/56
INCA 6/21/56
MOHAWK 7/2/56
APACHE 7/8/56
HURON 7/21/56
HARDTACK, PHASE I
CACTUS 5/5/58
BUTTERNUT 5/11/58
KOA 5/12/58
WAHOO 5/16/58
HOLLY 5/20/58
YELLOWWOOD 5/26/58
MAGNOLIA 5/26/58
TOBACCO 5/30/58
ROSE 6/2/58
UMBRELLA 6/8/58
WALNUT 6/14/58
LINDEN 6/18/58
ELDER 6/27/58
0OAK 6/28/58
SEQUOIA 7/1/58
DOGWOOD 7/5/58
SCAEVOLA 7/14/58
PISONIA 7/17/58
OLIVE 7/22/58
PINE 7/26/58
QUINCE 8/6/58
FIG 8/18/58

Type & Height, ft

Tower 200
Tower 200
Tower 200

Tower 300
Tower 300
Tower 200
Tower 200

Surface
Airdrop 1500

Barge

Surface
Tower 200
Tower 300
Surface
Tower 200
Tower 300
Airdrop 670
Tower 200
Tower 300
Barge
Barge

Surface
Barge
Surface
Underwater 500
Barge
Barge
Barge
Barge
Barge
Underwater 150
Barge
Barge
Barge
Barge
Barge
Barge
Barge
Barge
Barge
Barge
Surface
Surface
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Yield

37 KT
49 KT
18 KT

47 KT

10.4 MT
500 KT

1.69 MT
40 KT

13.7 KT

Location

Janet, west tip
Sally
Yvonne, north end

Yvonne, north end
Janet, west tip
Ruby

Janet, north tip

Flora
Yvonne, 2000' N

Mike Crater

Yvonne, north end
Sally, west tip
Yvonne, by airstrip
Irene

Yvonne, middle
Sally, north tip
Yvonne, middle
Pearl

Ruby

Mike Crater

Mike Crater

Yvonne, north end
Yvonne, 4000' SW
Gene

James, 7400' S
Yvonne, 2075' SW
Janet, 6000' SW
Yvonne, 3000' SW
Janet, 4000' SW
Yvonne, 4000' SW
Glenn, 7400' N
Janet, 6000' SW
Yvonne, 2000' SW
Janet, 4000' SW
Alice reef, 3 mi. SW
Yvonne, 2000' SW
Janet, 4000' SW
Yvonne, 561' SW
Yvonne, 12000' W
Janet, 4000' SW
Janet, 8500' SW
Yvonne, middle
Yvonne, middle



1.4.2 Testing Effects on_the Islands

Test program effects of concern to this report are primarily those which led to the radiological
condition that existed when the cleanup project began. In a broad sense, this must include: 0
construction activities carried on in preparation for a test; (2) the test and its direet effects; (3)
post-test actions taken to reduce exposure hazard to workers entering the area, to recover
specimens used in the experiment or to modify the area so collection of information by uncleared
persons or persons with no need to know would be more difficult; and (4) post-test actions taken to
place the proving ground in a caretaker status until the next series of tests. Many of the documents
deseribing tests and immediate post-test actions remain classified; however, a useful picture can be
constructed from unclassified sources.

Test Preparations. Pre-test construction for the first test on each island is not of as much concern
as for the second and succeeding tests on the same island because first construction on an island did
not mix radionuclides downward into the soil. Test Easy on the west tip of Janet had virtually the
same ground zero (GZ) as did Test X-ray three years earlier. Site preparation for Easy included
regrading and paving the area, placement of new tower pads, placement of new anchor blocks for the
tower cables, and laying of new signal cables used to arm, fire, and monitor the device. Photographs
of the area taken from the top and the base of the tower, viewing east by southeast, show two long
mounds of earth each about five feet high extending from the tower base to distant bunkers. Burial
of coaxial cables was typically performed by digging a trench to a depth five feet above the water
table, laying in the cable, backfilling the trench, then covering the cable run with a mound of soil
five feet above grade. Cables were also sometimes excavated for re-use and the resulting trench
again backfilled. Locations of the Test Easy cable runs are readily identifiable in aerial photographs
taken in 1972, even though some of the mounds were no longer present when the photo was taken.
Additional pre-test construction was performed in the X-ray/Easy GZ area in preparation for a test
in Operation Redwing. Cable anchor blocks of concrete were poured but the tower base pad was
never placed and the test was not conducted.

Results from early testing led to speculation about the cause of certain measured phenomena.
Specifically, there was a difference in exposure rates between vegetated and denuded areas when
measured in the days immediately following a nuclear test over land. One experiment included in
Test Inca on Pearl consisted of removing all vegetation from about half of the island while the other
half was essentially undisturbed. The line of demarcation extended from the vicinity of ground zero
east across the island. Radiation measuring devices were strategically placed throughout both
cleared and uncleared areas at various heights above ground. Results and conclusions of this
experiment are not relevant here; but of interest to the cleanup project is the knowledge that the
experiment was conducted. Several nuclear tests were conducted upwind of Pearl prior to the Ineca
event, so fallout on Pearl should have been substantial prior to the devegetation. The act of brush
clearing should have mixed the fallout contamination into the top several inches of soil whereas the
insoluble fallout would have stayed on the surface in the uncleared area. Gamma-scan data
collected during 1977-79 do not show a line of demareation, possibly because the radioactivity from
test Inca was high enough to mask the lesser fallout activity or possibly because of post-test actions
that disturbed the surface soil.

Test preparations on Irene were extensive prior to several tests. For the Mike event, an earthen
causeway was built interconnecting Flora, Gene, Helen, and Irene. All evidence of a causeway has
been obliterated by subsequent events. lvy station 200, a large bunker at the east end of Irene, was
built prior to Mike in 1952 and subsequently used for other tests. Material thrown out by the
Seminole event in 1956 formed a ridge around the landward side next to the crater. This ridge was
pushed aside by bulldozer to provide a line-of-sight (LOS) from Ivy station 200 to the Mike Crater
where two more devices were tested a month after Seminole. It is not clear if some of the material
was pushed back into the crater or just to the side on land. The surface topography found in 1977
gives no indication of a ridge next to the crater. Subsurface contamination in this area suggests
extensive soil disturbance to depths of 100 em or more.

The sequence of events that affected Sally is not entirely clear; however, helpful deductions can be
derived from the limited records available. Test preparation on Ruby affected the radiological
conditions on Sally, as these two islands were connected by an earthen causeway after the Yoke test
of 1948 and before the George test of 1951. The roadway to Ruby passed next to the Yoke GZ area
then onto the causeway which may have included contaminated soil scraped up in the vicinity of
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Yoke. Tests Yuma on Sally and Mohawk on Ruby in 1956 resulted in further soil disturbance on
Sally. The Yuma GZ was only a short distance from the earlier Yoke GZ, so one may suppose that
some decontamination aections occurred during preparations for Yuma, but available records give no
indication as to the disposition of contaminated soil.

Following some of the earliest surface tests, it became common practice to put down a layer of
asphalt in the GZ area for dust suppression so that detonation-time photography would be enhanced.
Available documents do not indicate how often, nor where, this practice was followed, but for one
test the records are helpful. Preparations for Test Dog on Yvonne included laying 3 inches of asphalt
within a 400-foot radius of the GZ, then 1-1/2 inches to a distance of 1,000 feet. The Dog GZ was
about 175 feet from the site of Zebra, conducted 3 years earlier, so the construction area was
probably contaminated when preparation began. Records do not indicate the disposition, if any, of
contaminated soil. The area may have only been graded prior to placement of asphalt. The asphalt
was, for the most part, consumed in the nuclear detonation. Some evidence of the presence of an
asphalt layer could be seen in the lip of the Cactus Crater before that area was modified by cleanup

actions.

Direct Test Effects. A nuclear detonation can aptly be described as awesome as indicated in the
accounts presented earlier. Quite apparent are the immediate effects of the intensely hot fireball
which ean consume a 300-foot steel tower or plate nearby objects with a thin film of plutonium and
fission products; of the giant waves that ean wash over everything nearby if the device is detonated
under or near a water surface; of the massive cloud of radioactive particles that rise to great heights
then slowly drift to earth or wash out in a subsequent rain. Not so apparent are the effects that
linger for years after the flash and blast have stilled and ground zero has cooled back to normal.
Within a few years after the event, most of the radicactivity has been reduced by natural decay of
the nueclides with short half-lives. (Half-life is the time required for the natural decay processes to
reduce the initial amount of a radicactive species by one half.) The longer half-life nuclides make up
the residue that can create a problem in man's environment.

The dominant long-ived radionuclides of concern from nuclear testing are plutonium and americium
which are health hazards if inhaled, ingested, or introduced to the body as through a skin wound; and
cesium and strontium which are absorbed by plant roots and may be incorporated in the parts of the
plant used by man as a source of food. Man's body, in turn, incorporates the cesium and strontium in
certain parts where the possibility of deleterious effects is enhanced. The half-life of plutonium-239
is nearly 25,000 years, essentially forever in terms of human time scales. On the brighter side, the
half-ives of cesium-137 and strontium-90 are less than 30 years--a short enough period for activity
levels to reduce to one-fourth the initial value in one human lifetime. Cesium and strontium
generated by the first nuclear tests at Enewetak have already decayed through one halfdife, but for
practical purposes the inventory of plutonium-239 is unchanged. If measurement of the level of
activity of 2 9Pu were accurate to within one percent, it would take 250 years of natural radioactive
decay for the change to be measurable. (This degree of accuracy is realistically achievable in the
austere conditions of a field laboratory; higher accuracy is attainable in more ideal laboratory
environments.)

Nuclear detonation effects are not limited to the immediate vicinity of the detonation site. In an
extreme case, it was reported following the Mike event that the trees on Leroy, 9 miles distant,
were scorched on the side facing the site. All the islands from Alice around to Yvonne were within a
9-mile radius of the Mike GZ; close-in islands received far greater effects than more distant islands.
Pre- and post-event photographs taken as part of the Mohawk test on Ruby show healthy vegetation
on Ursula reduced to small stubs. The distance was about 8,200 feet. Plants on Belle were burned
nearly to the ground by Test Nectar conducted 2.7 miles away. (Palumbo, 1962.) Heat and shock
waves transmitted in the air would travel much faster than the following water waves, if any were
generated. Radioactive contaminants might initially be uniformly deposited on the soil surface, then
swirled around and redeposited in irregular fashion by a series of inundating waves. Later tests,
conducted at a distance great enough that no direct blast or wave damage would occur on a given
island, might generate a new uniform blanket of fallout on that given island.
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The above descriptions are intended to help explain the complexity of the radiological conditions
encountered in early surveys and later in the detailed efforts of the actual cleanup. But the story
doesn't end here; post-test action contributed further to the heterogeneous mix of radionuclides and

soil found on some islands.

Post-Test Actions. Details of post-test activities are not available for all tests, but records
reviewed for some tests present enough information to construct a hypothesis of the usual pattern of
activity. Readings of the level of radioactivity following a test would be obtained with instruments
in a low flying helicopter. When the level had fallen low enough for protected personnel to enter the
area, recovery teams would go in to take additional readings, to evaluate scientific experiments and
to recover specimens from the test area. In some cases, it was necessary to grade the roads to
reduce exposure to re-entry crews. Following the Quince test on Yvonne, the contaminated soil was
hurriedly pushed aside by bulldozer so preparations for the Fig test could start immediately.
Documentation of this soil movement is better than for most of the tests.

The following account of post-test actions illustrates the extreme case of soil disturbance. The Erie
event on Yvonne produced heavy contamination. The behavior of the device was such that much
debris remained in the GZ area. Also, Erie was heavily instrumented to evaluate weapons effects on
missile structures and materials. Six arrays of test specimens were arranged west of the tower at
45° from horizontal and below the tower such that the specimens would impact west of ground zero.
Specimens were recovered as far as 450 feet from GZ and generally from northwest through
southwest and at depths of up to five feet. It is reported that earth was excavated up to six to eight
feet deep and that 100,000 cubic yards of earth were moved in the recovery operations. The
recovery procedure involved making 6-inch cuts with a "earry-ail" and spreading the earth in 2-inch
layers. The earth was removed from the impact area and spread in a pile about 300 feet long and
three swaths wide northwest of the GZ along the ocean side of the island. Not all specimens were
recovered. The pile was later returned to the impact area and the area graded.

One unsubstantiated but plausible story has been told about activities following the X-ray event on
Island Janet. The story says that a Russian submarine was spotted at sea northwest of Janet in the
days before and after the test. Fearing that the Russians might land a party on Janet to collect
samples which could reveal useful information about the fuel used in the X-ray device, a bulldozer
was sent into the area as soon as it was safe for the operator, and dirt was pushed around willy-nilly
to mix the radionuelides into the soil. Other objects in the area were deliberately moved around so
that test effects would not be readily diseernible. This may be only a story, but the observed
radiological conditions in the vicinity of the X-ray GZ would make more sense if the story were true.

Caretaker Actions. Actions taken to place the proving ground in caretaker status are not well
documented from the standpoint of the effect of these actions on the radiological conditions. Once
photographs had been taken to document effects, and apparatus used in scientific experiments had
been retrieved, work crews dismantled the more valuable or delicate equipment and facilities and
removed them to Elmer or Enewetak for storage, as long as they were not contaminated. For the
most part, these actions would not complicate the radiological conditions. The notable exception
was re~excavation of trenches to recover buried cables. This was not always done as is evidenced by
the large amount of cabling found during the cleanup of 1977-79.

1.5 POST-TESTING PROGRAMS

The last test of a nuclear device at Enewetak Atoll occurred in August 1958, but the Atoll continued
to be used for various Defense Department programs from then up to the start of cleanup in May
1977. During the 1960's, Enewetak was the target and impact area for tests of Intercontinental
Ballistie Missiles. Concurrently, laboratories involved in studies of marine biology continued their
investigations, making Enewetak the most studied coral atoll in the world. (Helfrich, 1972.)
Although these studies were not primarily concerned with radiological conditions, the basic
understanding of atoll processes would be valuable in ongoing studies of radiation in the
environment. In the early 1970's other programs were developed with Enewetak Atoll as the base.
In the sections that follow, emphasis will be on the effects these programs had on cleanup or their
contribution to the understanding of the complex radiological conditions encountered during
cleanup. The historical sequence of events is not intended to be complete; instead, it will be limited
to the background necessary to understand why and how certain conditions came about. Additional
details may be obtained from sources listed in the bibliography.
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1.5.1 High Energy Upper Stage (HEUS) Rocket Tests

During the time that the atoll was under the control of the Air Force, two test firings of a
developmental rocket motor were conducted on Island Janet, one in 1968 and the other in 1970. The
High Energy Upper Stage (HEUS) motors each contained 2,500 pounds of propellant, of which 300
pounds were beryllium. The first test, in April 1968, resulted in a high order detonation which
scattered propellant over the western tip of the island. The engine started operating normally, but
after a short time exhibited uncontrolled burning which resulted in detonation of the engine. The
detonation caused spalling of the conecrete blockhouse to whieh the engine was attached, and spread
beryllium metal and oxides over a wide area in a nonuniform manner. Some decontamination was
performed prior to the second test.*

The second test was successfully conducted in January 1970. The U.S. Air Force Environmental
Health Laboratory took soil samples before and after the test and following decontamination
procedures. The highest degree of contamination was found in a blackened area adjacent to the pad
slightly behind the nozzle where the surface soil was seraped up, bagged, and removed from the
area. Areas of soil known to be contaminated were soaked with water and the surface soil removed
by bulldozing. (No statements are made regarding final disposition of the bagged soil nor indicating
to where the soil was "removed” by bulldozing.) The question of beryllium contamination on Janet
surfaced early in the cleanup project. Review of previous decontamination procedures, coupled with
results of new soil samples and an air sampling program, satisfied DN A that no real beryllium hazard
to eleanup personnel existed and the matter was given little additional consideration.

1.5.2 Pacific Cratering Experiments (PACE)

The U.S. Air Force has participated in numerous programs involving the detonation of charges of
high explosives (HE) at various locations within and outside of the United States. Participation has
included detonation of at least 49 HE charges ranging in size from 20 to 500 tons during the period
from 1951 to 1972. The Pacifie Cratering Experiments (PACE) program was to be conducted on
Enewetak Atoll during 1972-73. (PACE, 1973.)

The PACE series of tests was designed to provide a means for predicting the impact of nuclear
detonations upon strategic defense installations. The program was composed of PACE 1, whose
purpose was to assess the nuclear cratering effects by means of geological and geophysical
exploration of existing Pacific nuclear craters, and PACE 2, designed to provide an experimental link
between craters in the Pacific and craters in continental areas.

The PACE 2 program consisted of a series of detonsations of conventional explosive charges of
various sizes and configurations. The series was divided into three subsets with the designations
Micro Atoll, Coral Sands, and Mine Throw IL The calibration tests of Micro Atoll consisted of 15

¥Available source documents are open to question regarding decontamination efforts and no clear
picture emerges. In a project report (Good and Woodmansee, 1968) it is stated that, "The high tides
during the lapse period (18 hour period between test fire and sample collection) would have inundated
a good percentage of the soil sampling points and thus altered the true concentrations at these
points." A later report (Robles and Mesman, 1970) states "No actual endeavor was made at the time
to determine location or extent of the contamination. An investigation was made at a later date,
but the results were equivocal because of the random nature of the contamination pattern." A copy
of a Memorandum for Record dated 26 July 1972 was obtained from DNA files. The MFR notes that
in a conversation with a member of the staff at Vandenberg AFB the statement was made that,
"Decontamination had consisted of washing down the surface area with salt water and plowing under
contaminated surface soil" On 16 March 1973, DNA requested by letter 2 copies of the Robles and
Mesman report noted above. Attached to this letter is an unsigned brief statement, dated 15 March
1973, regarding beryllium contamination on Site Janet. The statement says, "A decontamination
erew thoroughly wet the area of the explosion for a radius of 100 feet and then seraped dirt from the
surface and buried it in the resulting crater." The statement goes on to say, "Since that time (1971)
erosion of the western tip of the island has occurred to such a degree that much of the contaminated

area has been lost to the sea.”
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detonations of 1,000-pound charges designed to establish cratering efficiency curves for low-yield
detonations, provide ground motion calibration data, verify planned data acquisition techniques,
evaluate operational procedures, and to verify the predicted impacts of the detonations on the
environment. Twelve of the anticipated fifteen tests were actually conducted. Micro Atoll was
planned to also include detonations up to 100 tons but these were not conducted. The Coral Sands
and Mine Throw II tests were deleted before the program was approved later in a court order.

The Air Force conducted investigations, including radiological reconnaissance of several islands as
part of the PACE site selection phase, and finally decided to use Sally for the Micro Atoll segment
of PACE 2. The program plan required that the ground surface be carefully prepared in order to
measure and evaluate the crater and ejecta field under controlied conditions. Site selection on Sally
and Yvonne, beginning in September 1971, consisted of exploratory drilling of approximately 30
holes, seismic profiling, and material properties testing. Work on PACE 2 continued in January of
1972 with preparation of the Sally test bed where large earth scrapers were used to remove
vegetation and about 6 feet of overburden from a roughly triangular area of about 19 acres on the
lagoon side of the island. Approximately 185,000 cubic yards of soil were moved—90,000 of it was
used to fill a saltwater pond along the west tip of the island; the rest was dumped onto a l(-acre site
in the center of the island, raising the elevation by about 6 feet.

By May 1972, completed activities related to PACE 1 included drilling about 180 holes into various
islands of the atoll. Thirty-five holes drilled by the rotary method were cased, 15 of these with
4-inch plastic pipe and 20 with 2-inch plastic pipe. The holes were predominantly less than 200 feet
deep, with one hole extending to about 305 feet. In addition, 86 trenches had been cut into various
islands with backhoe equipment., The average dimensions of the trenches were 3 feet wide by 6 feet
long by 7 feet deep. The purpose of the trenches was to investigate and sample the soil profiles of
the islands down to the water table and to sample the water itself. All soil was piled next to the
trenches during the studies and later replaced. Completed activities related to PACE 2 affected, in
summary, a total of 34 acres on Sally. Nineteen acres had been lowered in elevation by about 6 feet,
10 acres had been raised by an elevation of about 6 feet, and a 5-acre saltwater pond had been filled
in. In addition, about 30 exploratory holes had been drilled on Sally and Yvonne.

Announced Release of Enewetak. On 18 April 1972, Edward E. Johnston, High Commissioner of the
Trust Territory of the Pacific Islands, and Ambassador Franklin Haydn Williams, the President's
Personal Representative for Micronesian Status Negotiations, made the following joint
announcement concerning the United States Government's land requirements in the Trust Territory:

"The future land needs of the Department of Defense were set forth during the third
round of status negotiations which took place at Hana, Maui in October 1971. There
Ambassador Williams stated that in regard to our security related land requirements in
the Marshalls the need for research and development activities at Kwajalein would not
disappear in the foreseeable future. He, however, qualified this remark with the
following statement: Tt may some day become possible to consolidate our testing
activities in the Pacific and concurrently reduce our land interests in the Marshalls.'

"The United States Government appreciates the importance that Micronesians place on
land and has no desire to retain Micronesian land that it does not need. Whenever it can
consolidate or eliminate activities in order to reduce or terminate the lands required for
security purposes, it will do so.

"In this respect, the status of Enewetak Atoll has been under study by the various
departments and agencies in the United States Government ever since the possibility of
returning Bikini Atoll was first considered. Over the years the Department of Defense
has been striving to bring its work on Enewetak to a close. Ambassador Williams and I
have taken a personal interest in this matter and this afternoon we are extremely
pleased to announce that the United States Government has in fact been able to
structure its research plans and programs in such a way as to permit an early return of
the atoll to the people of Enewetak.
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"l am therefore authorized to announce that the United States Government is prepared
to release legally the entire atoll to the Trust Territory government at the end of 1973,
subject to retention of some minor residual rights.

"The Trust Territory Government will in the coming months be working with the
Department of Defense and the people of Enewetak to settle the details of transfer and
to make the arrangements for the survey, cleanup and rehabilitation of Enewetak. In
the meantime the United States is completing some research and development testing
on the atoll which will not involve nuclear detonations of any kind or type. These tests
will in no way interfere with an early commencement of the rehabilitation process and
will be completed by the end of 1973.

"Prior to the actual resettlement of the atoll, it will be necessary to carry out the same
type of survey, cleanup and rehabilitation procedures that have been utilized for Bikini
Atoll. As in Bikini, the schedule for resettlement will depend on the results of the
survey and the pace of the rehabilitation program. This schedule will be drawn up as
soon as practicable.

"As an initial step the United States plans to commence the survey of the atoll probably
late this summer. The cleanup and rehabilitation of the three islands—Parry, dJaptan,
and Aniyaanii—-in the southeastern part of the atoll, will receive first priority.

"The Trust Territory Government looks forward to working with the people of Enewetak
on the actual planning of the rehabilitation and return of the atoll. They will be able to
help us decide upon time schedules and actual locations for the building program and the
agricultural rehabilitation. The people of Enewetak will be invited at an early date to
visit Bikini and Enewetak in order to familiarize themselves with the program utilized
for Bikini and the requirements for Enewetak.

"We hope by this joint planning effort to carry out the rehabilitation program in an
efficient and well thought-out manner as well as to meet local desires as much as
possible.

"The Trust Territory Government will enter into immediate consultation with the people
of Enewetak to commence the above process and to conclude any necessary legal
arrangements.”

PACE Halted By Court Order. In May following the announcement, six elected leaders of Enewetak
were permitted to visit the atoll for the first time since 1947. They were accompanied by their
lawyers, officials of the Trust Territory Government, a PACE Project Officer and several AEC
representatives from Nevada. The leaders of Enewetak "were deeply gratified to be able to visit
their ancestral homeland, but they were mortified by what they saw." (PACE, 1873, p. G-10.)
Unhappy with the activities of PACE, the People of Enewetak sought and obtained a court order
halting the PACE programs in Oectober 1972, There followed almost a year of political and legal
maneuvering before a limited, restructured version of PACE 1 was allowed to continue.

Exploratory Program on Enewetak {EXPOE). The 12 June 1973 court order which allowed work to
continue included the following conditions: (1) The PACE 2 program would not be carried out on
Enewetak; (2) Core drilling and seismic refraction surveys could continue but could not exceed 200
profiles on 16 named islands, and the program would be renamed Exploratory Program on Enewetak
(EXPOE); (3) One Cavity In Situ Test (CIST) experiment could be conducted on the Sally test bed, but
the site would be returned to pre-test conditions; (4) The conduet of EXPOE could not interfere with
planning, preparation, or conduct of the decontamination and rehabilitation program being planned
for the atoll, nor with the return of an advance party of Enewetakese to Japtan; (5) The 1971
contours of the island of Sally would be restored, or the area regraded to other contours if the
desired contours could be achieved with the available earth; (6) No objection would be raised to the
conduct of EXPOE, as described, since these actions would have no significant adverse impaet on the
quality of the human environment. EXPOE proceeded with only minor revisions and the program was
completed in September 1974, except for restoration of the excavated area on Sally. The EXPOE
program added 46 drilled holes to the inventory during 1973-74. (EXPOE, 1975.)
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Planning for the decontamination and rehabilitation of the atoll was in progress during conduct of
EXPOE. AEC recommended restoration on Sally be delayed for execution concurrent with cleanup.
This plan was accepted by all concerned parties and was accomplished during the spring of 1979.

Significance to Radiological Characterization. The programs of PACE 1 and EXPOE produced drill
holes and test wells which proved to be valuable assets for a later program designed to gain
understanding of the radionuclide and groundwater dynamics of a coral atoll. Several of the early
exploratory holes, and some added to the inventory at the request of the AEC, are still in use for
ongoing water lens studies. Among other things, these studies explore the rate of movement of
radionuclides through the soil above the water table, and the rate of dispersion of radionuclides
within the water lens. Both of these phenomena are significant to computation of long-term
radiation dose to individuals utilizing the islands of Enewetak.

Radiological reconnaissance conducted as part of the PACE site selection indicated that no
significant radiological hazard could be expected in the designated area on Sally. However, actions
taken in support of PACE 2 introduced an added level of complexity to the task of compiling a
radiological characterization of Island Sally. The concentrations of radionuclides in the surface soil
removed from the 19-acre test bed, and on the surface of the 10-acre dump site, are unknowns. The
inference can be made from available information that the brush and surface soil from the 18-acre
area may have been put into the saltwater pond first. The last overburden soil to be removed, and
presumably the least contaminated, would have been placed on the top of the l0-acre area. Soil
sampling for determination of radionuclide concentration of the surface that existed prior to
dumping in the 10-acre area would be imprecise, at best. During the process of refilling and grading
of the excavated area, most of the l0-scre mound was pushed back by bulldozer. Radionuclide
concentrations that did exist in the PACE 2 area have been thoroughly mixed and dispersed by the
original soil movement and subsequent restoration activities.

The 86 trenches that were dug by backhoe on various islands, then refilled, present the possibility of
generating anomalous data during later characterization efforts. Soil samples could, by chance, be
taken from the spot where a trench had been dug. Such a spot would not be representative of the
surrounding area due to the mixing of soil that would result from digging and refilling operations.

1.5.3 Mid-Pacific Research Laboratory (MPRL)

The Enewetak Marine Biological Laboratory (EMBL) began operations in 1954 under the auspices of
the Division of Biology and Medicine of the U.S. Atomic Energy Commission. It was and is operated
by the University of Hawaii, currently under contract to DOE's Nevada Operations Office. Until
1975 the laboratory was run as a part-time field station visited and used by a variety of
investigators. In 1974, the AEC decided to expand laboratory operations to a year-round schedule,
with corresponding increases in laboratory personnel and support staff. The lab was re-named the
Mid-Pacific Marine Laboratory (MPML). (In the same year the spelling of the atoll name was
changed to Enewetak, to reflect the pronunciation and meaning of the name as used by the Enewetak
people.) The laboratory name was again changed, to the Mid-Pacific Research Laboratory (MPRL),
in 1979. These name changes were intended to reflect a broadening of the laboratory's role as a
center for research on all aspects of atoll ecosystems.

Research supported by the laboratory was chosen by an advisory committee whieh evaluated written
proposals covering a broad spectrum of marine and terrestrial science. Studies involving the
biological effects of radioactivity received some attention during the early years but, in general,
studies have become quite diverse during the past decade. The scope of research projeets can be
reviewed in NVO-628-1 which contains reprints of 223 papers generated from Enewetak-based
research during the period 1954 through 1979. During the planning for the eleanup, the preparation
of the Environmental Impact Statement and the eleanup itself, the laboratory assisted with baseline
information and advice on a variety of subjeets and issues.
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EMBL was first housed in a small facility on Island Elmer. The laboratory was moved to Enewetak
Island in 1961 and to an alternate location on the same island in 1969. With the laboratory expansion
of 1974 came a need for larger facilities. In addition, the buildings then occupied were sqheduled to
become part of the village complex upon resettlement of the Enewetak people. By coincidence, the
U.S. Coast Guard abandoned its facilities on the northeast end of Enewetek Island in December,
19717, and the laboratory was moved into these quarters, where it resides as of this writing.

Modification of the Coast Guard facilities to laboratory requirements, addition of trailers for
housing and supply storage, and installation of water tanks have given the laboratory a
self-contained, stand-alone capability. Diesel powered generators were already present and water
catchments, cisterns and a distillation unit were added. The DOE continues to support the MPRL
and the people of Enewetak have indicated their desire that the laboratory continue as a permanent

feature of their community.

In preparation for the cleanup, laboratory scientists were consulted on a number of matters. MPRL's
review of the Environmental Impact Statement was most helpful, and the specific advice received
regarding dumping sites in the lagoon, restoration of the topography of Sally (after PACE) and
exploitation of the groundwater resources was notable. During the cleanup of Boken the laboratory
hosted a visiting seientist (W. Templeton) who, using laboratory resources and his own observations,
studied the behavior of the bird population. He provided valuable advice which minimized the
impaet of eleanup measures upon a very large population of nesting terns.

1.6 PHOTOGRAPHS OF HISTORICAL INTEREST

Activities at Enewetak Atoll were shrouded in secrecy during the atomic testing period, and only
official photography was permitted. All photographs were evaluated for security classification
purposes with a large number remaining classified to this day. However, many thousands of
early-day photos and film strips have been declassified and are available for review with appropriate
approvals. Twelve photos (Plates 1-12) dating from 1943 to 1958 are included here as an aid to
understanding the events that took place on the islands of Enewetak Atoll. Especially with regard to
Island Janet, a comparison of the old photos with recent photos appearing in Chapter 6 illustrates
both the severity of changes which occurred and the surprising ability of the land to recover from
man-induced shoek. The appearance of Island Janet has undergone a larger number of changes than
any other island of the atoll, although the changes to Islands Irene, Sally, and Yvonne were, perhaps,
more drastic and longer-lasting. The Plate captions point out items of special note.

As of 1980, there are several archives containing photos of activities at Enewetak beginning with
aerial reconnaissance photos taken in 1943. Photo archives are not generally open to the public for
random browsing, but may be accessed for purposes of legitimate research. Archives exist at the
following locations:

1. DOD Nuclear Information and Analysis Center (DASIAC)
Operated by General Electric
Santa Barbara, California
(For the Defense Nuclear Agency)
(Testing period photos, 1948-58)

2. Holmes & Narver, Inc.
Energy Support Division
Las Vegas, Nevada
(For the Department of Energy)
(Photos from the test period, 1948-58, and from the rehabilitation period, 1977-80)

3. Field Command, DNA

Kirtland Air Force Base, New Mexico
(Cleanup and rehabilitation, 1977-80)

20



1%

PLATE 1. ISLANDS FLORA TO IRENE, FALL, 1952. /slands, left to right, are Flora, Gene, Helen and Irene shown
prior to the MIKE test. The MIKE device was located in the black building on Island Flora. The line-of-sight facilities
extended about 9000 feet from the MIKE building to a bunker near the east end of Irene. Following the MIKE test,
Island Flora was gone and in its place was a crater about 5800 feet across and 190 feet deep. The later KOA test removed
Island Gene and generated a crater about 4300 feet across and 170 feet deep and extending into the MIKE crater. Wave
patterns and water currents were changed by the presence of the craters, resulting in erosion of Island Helen and the
development of a long crescent-shaped sand bar extending from Island Irene out to about the area where Helen was.



PLATE 2. ISLAND JANET (ENJEBI), DECEMBER, 1943. Janet was one of the few
fslands in the Atoll that could accommodate a runway properly oriented with respect to the
predominant wind direction. The heaviest hand-to-hand combat among U.S. and Japanese
troops occurred near the center of the island where coconut trees, blown down by the pre-
invasion bombardment, afforded the best surroundings for this type of combat.
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PLATE 3. ISLAND JANET, MAY, 1944. The transformation of Janet into a significant air
base was accomplished in about three months. There are at least 57 single-engine and 9 two-

engine aircraft on the ground. Altogether there are about 700 tents and other structures
visible.
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PLATE 4. ISLAND JANET, 30 MARCH 1948. Preparations for the 14 April X-RAY detonation included laying asphalt
for dust suppression within a radius of 1000 feet of the test tower. The cleared area (the runway) is the only evidence that
a fighter base existed here three years earlier.
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PLATE 6. ISLAND JANET, 25 APRIL 1951. The island was swept clean by the EASY test five days earlier. A minimal
crew has returned to conduct inspection and recovery operations.




LS

b LA i L T

PLATE 7. ISLAND JANET, 2 JUNE 1958. No nuclear tests had been conducted on the island surface since May, 1951,
The runway was restored for use in connecton with tests on barges nearby in the lagoon. Vegetation has begun to return.
Rocket motor tests in 1968 and 1971 using beryllium enriched fuel, utilized the large blockhouse in the left foreground.
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PLATE 8. ISLANDS TiLDA AND SALLY, 30 MARCH 1948. Tilda is in the foreground, with Sally next, then Ruby,
Pearl and Olive in the distance. The newly constructed sheetpile causeway, where the Aomon Crypt was later located,
can be seen connecting Tilda with Sally. The tower for the YOKE test is located at the Ruby end of Sally.
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PLATE 9. ISLAND SALLY, NORTH TIP, SPRING, 1956. The tower for the KICKAPOO test was located on a jetty

extension of the north tip of Sally. This positioning eliminated the need for dust suppression measures. Islands Tilda,
Ursula and Vera are in the background.
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PLATE 10. ISLANDS SALLY AND RUBY, SPRING, 1956. Towers are in place for tests YUMA, MOHAWK (on Ruby),
and INCA f(on Pearl). The south half of Pearl was devegetated prior to the INCA test. The MOHAWK test removed most
of Ruby, but the connecting causeway remained to become an extension of Sally.
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PLATE 11. ISLAND YVONNE, 30 MARCH 1948, Preparations for the ZEBRA test are nearing completion. The
CACTUS test, 10 years later, was located about midway between the ZEBRA tower and the smaller photo tower.
The LACROSSE test was located on the reef just above the photo tower.
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PLATE 12. ISLAND YVONNE, NORTH END, SPRING, 1956. Facilities for the LACROSSE test were the most
elaborate of all tests, although not as massive as for the MIKE test. Most of the facilities shown here were consumed by
the test, but a significant volume of contaminated debris remained. The line-of-sight pipe, exiting the photo at upper
right, went into Station 1310.
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CHAPTER TWO: DOE ROLE
by Roger Ray, DOE
Bert Friesen, Holmes & Narver, Inc.

2.1 PRE-CLEANUP EVENTS TO 15 JUNE 1977

2.1.1 Introduction

Responsibility for the administration of operation and maintenance activities at Enewetak Atoll was
assigned to a succession of federal agencies between 1947 and 1972, However, the Atomic Energy
Commissjon (AEC) remained cognizant of certain matters which would eventually be identified as
within the responsibilities of the Commission. As a legacy of atmospheric nuclear testing, the
radiological condition of Enewetak was appropriately a matter within the purview of the Nevada
Operations Office (NV) of the AEC. The situation at Enewetak, as viewed by the Manager, AEC/NV,
was clearly stated in a letter to the General Manager, AEC/HQ dated 8 June 1972. With only a few
minor deletions, the letter is quoted at length because it sets the stage for many of the decisions and
actions of the next seven years:

"During the past approximately one year, NV has become aware of, and I have
become increasingly concerned about, certain conditions and activities at
Eniwetok Atoll. My concern stems from three facts:

"a, It has appeared probable that Eniwetok, which has not yet had a Bikini-style
radiological cleanup, would soon be a candidate for rehabilitation and return
to the Marshallese. Since mid-April, 1972, this probability has become
reality, with a public commitment by the United States to return Eniwetok
to the Trust Territory of the Pacific Islands by the end of 1973.

"b. It has been known, due to the nature of the testing which was conducted at
Eniwetok, that cleanup and rehabilitation when it did oceur would be
significantly more difficult and more costly than had been similar activities
at Bikini. It was also suspected that increased environmental sensitivity and
political and public visibility would be complicating factors in an Eniwetok
rehabilitation.

"e. There were and are on—going activities of the Department of Defense and
other public and private agencies which could aggravate the known (and
unknown) radiological problems and which could subject their participants to
unnecessary and unacceptable radiological exposures."

(A brief chronology of NV aetions pertaining to Enewetak from July 1971, through May 1972, was
presented here.)

"For the most part the above actions have been taken without at least specific
Headquarters direction although they have been discussed from time to time with
the staff. However, at the present time it seems appropriate to seek policy
direction and to recommend certain Washington level actions. Most
fundamentally, there appears to be no question that a cleanup and rehabilitation of
Eniwetok will be undertaken in the reasonably near future and that the AEC will
have an essential and vital role in the planning and execution of that action. It
would appear that the Commission's role would be the provision of technical
support, advice and assistance to whatever agency is assigned overall
responsibility. Pending such assignment, it seems clear that the AEC has an
obligation to advise and assist from a radiological standpoint any ageney whieh is
pursuing a legitimate activity at Eniwetok. NV requires direction as to the extent
to which this office should continue to take the initiative in this regard.

"With a date certain established for the return of Eniwetok to the Trust Territory,
the time available for planning a cleanup has now been fixed and is running.
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Before a coordinated plan can be developed, responsibility for the plan and for its
execution must be assigned. In addition, a far more comprehensive survey of the
Atoll must be accomplished. No assignment of responsibility for such a survey has
yet been made. Presumably a large part of the rehabilitation effort (including
cleanup) will occur after the transfer to the Trust Territory Administration.
However, it would seem highly desirable to have the nature, scope and details of
the cleanup agreed before the transfer rather than to have to negotiate them
later. Included in these agreements should be a common understanding of cleanup
standards and criteria.

"Qur recent experiences with Eniwetok have demonstrated an urgent need for
ageney-level coordination of future United States actions pertaining to that Atoil.

". ... The thrust of the visit (to Enewetak by the Marshallese in May, 1972) as
evidenced by a close-out meeting on May 20th was the urgency of an early return,
the determination on the part of the Marshallese to determine their own destiny
by drawing up their own specifications for rehabilitation, their dismay at the
continuing use of their lands for a variety of apparently unrelated and
uncoordinated purposes and, specifically regarding the(ir) lawyers, their clear
intention to document in detail current and future United States actions for later
use in behalf of their clients. (By a separate informal memorandum, this latter
point has been brought to the attention of the General Counsel, HQ.)

"Because there was no designated spokesman for U.S. Government interests at the
May 20th meeting and because there were issues and questions of multi-agency
concern, my representative who attended at the request of the Deputy High
Commissioner accepted responsibility for two actions:

"a. to convey to appropriate national level authorities the need for central
U.S. Government coordination of all future actions pertaining to
Eniwetok.

"b. to convey to the same authorities the desire and the need of both the
Marshallese and, in their behalf, the Trust Territory Administration for
current and accurate information regarding United States actions and
intentions. (In this connection, it is noted that there is in the tape
recorded record of the meeting an acknowledgement by the Deputy
High Commissioner that until March 1972 the Trust Territory
Administration was not aware of the PACE Program, although quite
substantial efforts on that program had then been underway at
Eniwetok for some months.)

"] believe that the conditions set forth in this memorandum strongly suggest the
establishment at the Washington level of a single manager for all future United
States actions pertaining to Eniwetok. I recommend that the Commission seek to
have such a designation made at the earliest possible time in order that timely
funding, planning, coordination and execution may replace the currently
uncoordinated action-reaction cyele." (Miller, 1972.)

A few weeks later, on 17 July 1972, the Assistant Secretary of Defense issued &8 memorandum to the
Director, Defense Nuclear Agency (DNA), and the Chairman, AEC. In the memorandum, DNA was
requested to initiate planning to identify the secope of work and the resources necessary for the
Department of Defense (DOD) to accomplish the disposal of radicactive debris and other hazardous
materials on the islands of Enewetak Atoll. The memorandum also authorized necessary
coordination with the AEC, the military services and other governmental agencies to gather data for
the cleanup task. It was planned that the DOD, with the technical support of the AEC, would
conduet the cleanup.

An initial interagency meeting was held 17 August 1972 at AEC/HQ. Topics discussed were of
general nature and conclusions reached were only agreements in principle. However, conferees
agreed that it would be appropriate during some part of the radiological survey (already planned to
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start in October 1972; see Section 2.1.4) to conduct an engineering survey (reported in Section
2.1.3). They also recognized that at some point there would be a requirement for some agency
external to the AEC and perhaps external to the United States Government to be satisfied as to the
cleanup standards. (As reported in Section 2.1.5, the AEC Task Group was assembled to formulate
recommendations and much later, the so-called Bair Committee was convened to review cleanup
standards as reported in Section 2.2). The August 1972, meeting was not without controversy. At
issue was the concept of conducting several tasks concurrently versus staging the same operations
sequentially such that one task could be completed and evaluated prior to starting the next task.
The first proposal envisioned cleanup of one island, survey of another and perhaps even rehabilitation
of a third to be occurring simultaneously. The opposing view held that it would be necessary to
complete the radiological evaluation and the biological/food chain evaluation before cleanup criteria
could be established for any island. There was considerable discussion at this time of the possibility
that the food chain problem could be serious enough to make it impractical to repopulate any part of
the Enewetak Atoll. In the opinion of an AEC/HQ representative, it was therefore considered
undesirable to undertake cleanup actions before the food chain question was resolved.

The Enewetak Cleanup Project was conducted as a series of concurrent tasks between July 1977, and
September 1979. The food chain question was not completely resolved before cleanup started, but
work toward this resolution was initiated, as reported in Section 2.1.7, continued during cleanup, as
discussed in Section 6.11, and may not be finally resolved until some time after trees planted in 1979
bear fruit (about 1986). (Continued evaluation of radionuclide uptake by coconut trees at Bikini
could reduce the time required to resolve the food chain question.)

As mentioned above, the 17 August 1972 meeting produced several agreements in principle. The
topies of these agreements were discussed further at an interagency meeting held on 7 September
1972. Additional meetings were held during the fall of 1972 to clarify and resolve several remaining
points of uncertainty. Details of these agreements and remaining questions will be omitted, but the
most important points will be summarized to lead off the discussions of Section 2.2.

In the letter of 8 June 1972 quoted previously, it is strongly suggested that a single manager be
established at the Washington level to manage all future U.S. actions pertaining to Enewetak. This
suggestion was endorsed at the August and September interagency meetings and in part implemented
by & memorandum dated 14 November 1972 from the Secretary of Defense to the Chairman, Joint
Chiefs of Staff (JCS). The memorandum requested the JCS to designate the Director, DNA, as the
DOD Project Manager for matters concerning the Enewetak Cleanup. Being a single agency
memorandum, however, this directive fell far short of placing "all U.S. action, pertaining to
Eniwetok" under a single manager. As will be seen later, funding and policy direction ecame from
three separate departmental sources in Washington. Nevertheless, during the actual cleanup phase
under the leadership of the Director, DN A, a single integrated program did evolve.

The 14 November memorandum provided the following guidance to the DOD Project Manager:

"l. The Clean Up Phase is limited to the removal of vegetative overgrowth, debris,
and structures or materials residual from the use of the atoll by the DOD, which
could pose radiation or other hazards to inhabitants, interfere with their reasonable
use of the atoll, or preclude safe, continuous habitation.

"2. The AEC, in coordination with the other appropriate government agencies, has
agreed to establish radiological criteria for the program to return Eniwetok to the
TTPI, and will provide technical support to the DOD Project Manager during the
clean up phase.

"3. The handling and removal of contaminated material will be econducted such that
radiological exposure to clean up personnel will be within acceptable standards as
interpreted by the AEC.

"4. The ecomposition of the actual clean up work force may consist of

contractor-provided personnel, DOD personnel, native labor (except for the handling,
colleeting or removal of contaminated material), or a combination of these.
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"5. The use of certain equipment and other assets available to the DOD may be in
the best interest of the U.S. Government. These assets, to the extent possible, will

be utilized for the clean up phase.

"6. An environmental impaect statement concerning the ecological implications of
clean up will be required prior to a decision on whether or not to perform the clean
up operation.

"7, Funding guidance will be provided separately to the Project Manager by the
Secretary of Defense." (Rush, 1972.)

2.1.2 Early Surveys and Reports

The University of Washington Applied Fisheries Laboratory (AFL), later to become the Laboratory of
Rediation Biology (LRB), then the Laboratory of Radiation Ecology (LRE), was involved in
radioecology studies at Bikini and Enewetak starting with the first nuclear tests econducted at the
Pacifie Proving Ground in 1946. Throughout the testing period and continuing into the late 1970s,
Laboratory personnel returned many times to investigate and document the biological effects of
nuclear testing. Laboratory emphasis was placed on gaining an understanding of the mechanisms
whereby radionuclides were absorbed by marine and terrestrial biota and documenting the short and
long term effects of these radiation sources. (A complete list of University of Washington
publications resulting from the Enewetak studies appears in the bibliography.)

Lawrence Livermore Laboratory (now LLNL), of the University of California, provided the lion's
share of technical effort in the Enewetak Radiological Survey of 1972-73, reported in NVO-140.
With more than 100 laboratory personnel involved in that effort which extended well over a year, it
was natural that the commitment and interest of some would lead to continued involvement. In 1974
and beyond, emphasis was placed upon studies of the Atoll's ecological systems and the significance
of radiological contaminants in these systems to the safety and well-being of returning populations.
From time to time the LLL investigators were called upon for advice pertaining to the cleanup and,
in turn, the data base generated during the cleanup made a substantial contribution to the LLL
studies. (A complete list of Lawrence Livermore Laboratory publications resulting from Enewetak
studies appears in the bibliography.)

The eontinuing surveillance of Bikini, commencing with the cleanup of that atoll in 1969, provided
additional insight and experience pertinent to the Enewetak task. Although the radiological
conditions of the two atolls differed in detail, there was enough similarity to make knowledge gained
and lessons learned at one highly useful at the other.

2.1.3 Engineering Study, 1972

In October 1972, Holmes & Narver, Inc., (H&N) was awarded a contract by the Defense Nuclear
Agency, Washington, D.C., to make an engineering study and estimate of the work involved in
making the islands of Enewetak Atoll safe for human habitation. Field work under this contract
commenced on 12 October 1972, and was completed on 21 December 1972.

The objectives of the mobilization, demobilization, and cleanup plans were:
1. To eonduct the cleanup work safely and efficiently.

2. To use, to the maximum extent possible, the existing facilities for the support of the work
forece.

3. To remove the existing impediments to the use of the islands for food preduction and for
habitation within the limits of practicality and economy.

Each island was visited by the engineering team, and each structure was located, examined,

categorized, and indicated in the notes and on the drawings. The results of this engineering effort
were reported to DNA. (Holmes & Narver, 1973.)
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Radiological support was provided to the engineering survey by a team composed of AEC staff and
personnel on loan from EPA. The purpose of the radiological effort was twofold:

1. To provide radiological safety support to the engineering team on those islands which had
known or suspected radiological hazards.

2. To survey, evaluate, and report the radiological conditions of the structures and scrap on
these islands.

The islands for which radiological support was required and for which measurements were reported
were: Alice, Belle, Clara, Daisy, Edna, Irene, Janet, Pearl, Sally, and Yvonne.

Radiological survey measurements of structures and scrap metal were recorded directly on as-built
drawings provided by H&N. These drawings were also used by the engineering team to locate the
structures they were examining.

Contaminated structures and activated/contaminated scrap were found on a number of islands. The
locations of this scrap and the contact exposure rates measured were indicated on the as-built
drawings. Area exposure rates and approximate isopleths were also shown on the drawings so that a
simple comparison could be made between serap radiation levels and the surrounding "background".

The report to DNA was compiled into a three-volume document to provide an engineering study of
the condition of Enewetak Atoll. It also ineludes recommendations, schedules, and cost estimates
for mobilizing and demobilizing construetion and base forees, logistics, and cleanup procedures.

The structures, facilities, and debris found on the atoll in 1972 were the result of World War II
activities, nuclear testing, missile testing, and other programs conducted by governmental agencies.
The H& N report outlined as follows the work necessary ™o make the atoll safe for occupation™

1. Demolishing and disposing of all structures that, by their presence, constitute safety
hazards.

2. Disposing of all debris deemed to be a safety hazard.

3. Disposing of radioactive materials and reducing the radiation emitted from soils that
exceed permissible residual radiation levels.

Volume I contains an island-by-island survey consisting of aerial photographs of each island and a
listing of all structures and other construction on each. The condition of each item was indicated as
well as a recommendation for it to be removed, left as is, or that some modification or rehabilitation
be done. Each decision was based primarily on potential use to the Enewetak people, present or
future, which the item represented.

Volume Il is an oversize assembly of individual maps of all the islands. Each map shows the location
of each structure, item of construction, junk pile, conerete strip, and bomb test station, as well as of
stands of vegetation and other natural features. Also shown are such items of radiological interest
as contaminated burial areas, contaminated scrap heaps, and other radioactive debris.

Volume III contains detail and summary cost estimates. The estimate at that time (April 1973) for
cleanup alone was approximately $28.85 million. However, the cleanup actions to which this
estimate applied differed considerably from actions actually taken during the 1977-80 cleanup.

2.1.4 AEC Surveys, 1971-1973

Survey of July 1971. When the Air Force was planning to conduct the PACE programs at Enewetak,
the AEC/NV was requested to perform a radiological reconnaissance as part of the site selection
phase. In July of 1971, a two-man team (one of the members was borrowed from EPA Las Vegas)
made radiation measurements on six islands of interest to the pending Air Force program. Islands
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surveyed were Irene, Janet, Sally, Tilda, Ursula, and Yvonne. Exposure rate measurements showed
that Yvonne had the highest reading of the islands visited. The survey report stated that the
contaminated metal scrap on Janet probably constituted the major radiological hazard on that
island. A tabulated summary of radiological conditions indicates that the highest exposure rates on
Yvonne were in the order of 1 mR/h at 1 meter while the highest on Janet was one-tenth as high.
Exposure rates on Irene were twice those on Janet, while on Sally the readings averaged 15 uR/h.
Alpha contamination was observed only on Yvonne in the vicinity of the Fig/Quince GZ. (Costa and

Lyneh, 1971.)

The original Air Force plan for the PACE programs called for high explosives detonations to be
conducted on Janet and Yvonne. Resulting craters were to remain for undetermined future study. In
response to requests by the Enewetak Marine Biological Laboratory of the University of Hawaii, the
AEC, and EPA, islands other than Janet were considered for PACE test sites, as Janet was a
potentially valuable land asset. Island Sally was finally selected instead of Janet, based partially on
the results of the radiological reconnaissance.

Program of September 1971. Based upon findings of the July 1971 reconnaissance survey, a
comprehensive radiological program was initiated for PACE on 27 September 1971. AEC and EPA
personnel assisted in the establishment of the program conducted by the Air Force which ineluded
surface surveys and soil and water sampling of the islands of interest. Extensive radiological surveys
were conducted on Irene, Sally, Tilda, Ursula, and Yvonne with the readings confirming those
recorded in July 1971. An alpha contamination area on Yvonne was defined in detail and fenced off.
Two sites on Sally known to contain plutonium contamination were surveyed for leakage. No leakage
was found but the areas were fenced off anyway.* (PACE, 1971.)

Survey of May 1972. When it became apparent, early in 1972, that Ambassador Williams planned to
commit the United States to relinquish control of Enewetak to the Trust Territory administration,
NV recommended and AEC/HQ approved an extension of the Spring 1972 survey of Bikini to include
Enewetak.

In the Enewetak portion of the survey, an attempt was made to cover as many islands as possible,
with 18 of the 43 islands actually visited, thus bringing to 21 the number of islands for which recent
data had been collected. The results of this survey showed the same pattern of atoll-wide
contamination suggested by the 1971 survey, namely, that the northern islands contained
significantly high levels of contamination while the southern islands had low levels of radiation.
Data from the survey were used to guide the planning and execution of the much larger survey begun
in October 1972.

Survey of 1972-73. Extensive planning preceded the start of the Enewetak Atoll pre-cleanup
radiological survey, authorized 7 September 1972, which had the following specific objectives:

1. To locate and identify contaminated and activated debris.

2. To locate and evaluate any significant radiological hazards which could complicate
cleanup activities.

3. To identify sources of direct radiation and food chain-to-man paths having radiological
implications.

The Nevada Operations Office distributed a planning directive on 4 October 1972 which outlined the
purpose, objectives, and plan for the 1972 Enewetak Atoll Radiological Survey, established
authorities, responsibilities, and procedures for its execution, and set forth program policy,
definition, coordination, and authorization for funding. (NVO-121, 1972.)

*In 1957, the Kickapoo and Yuma tower bases were each covered with a 3-inch layer of clean
concrete and a bronze plaque attached which stated, "This three inch thick slab covers plutonium
contaminated conerete debris." These two remains were erroneously identified as "erypts" by PACE
personnel and the misnomer persisted into the cleanup project.
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Field work for this survey was conducted between October 1972 and February 1973. Laboratory
analysis of the samples collected continued into July 1973 and the final report, about. 2,200 pages in
three volumes, was published in October 1973 and distributed early in 1974 with the title "Enewetak
Radiological Survey." (NVO-140, 1973.) Actual cleanup at Enewetak during 1977-79 relied heavily
on the large quantity of data and maps found in NVO-140 for guidance in planning the overall field
effort and the day-to-day details of project operation.

No attempt will be made here to summarize the resuits of NVO-140. Instead, the three-page
Abstract has been reproduced and is included as Figure 2-1 to illustrate the primary thrust of the
project. In accordance with objective 3 stated above, the Abstract deals primarily with the data
required for judgments as to whether or not all or any part of the atoll can be safely reinhabited.

2.1.5 AEC Task Group Report

On 7 September 1972, the AEC agreed to provide radiological criteria for cleanup and rehabilitation
of Enewetak Atoll to DOD and to the Department of the Interior (DO} AEC also agreed to conduct
a ecomprehensive radiological survey, as discussed in Section 2.1.4. In July 1973, a Task Group was
estgblished to review the survey findings and to prepare cleanup and rehabilitation recommendations
for consideration by the Commission. Two members of the Task Group were from the AEC, and two
were from Lawrence Livermore Laboratory (LLL). The Task Group utilized seven advisors and
consultants, six of whom were from various divisions within the AEC. Representatives from DNA,
EPA, and DOI attended Task Group meetings.

The job of the Task Group was to recommend for consideration by the Commission, radiological
criteria for cleanup and rehabilitation of Enewetak Atoll and to recommend those remedial measures
and actions needed to reduce exposures of the Enewetak people to levels within these criteria; the
underlying objective was to keep exposures as low as practicable. At the time the Task Group was
established, there were no criteria applicable to remedial action for soil contaminated with
plutonium. However, an interim standard was proposed (Healy, 1974) during the period the Task
Group was in deliberation, ano this proposal was utilized in formulating final recommendations. The
Task Group, advisors, and consultants reviewed the AEC Radiological Survey results (NVO-140);
then-current information on the life style, diet, and rehabilitation preferences of the Enewetak
people; applicable radiation protection guidance established by various national and international
radiation standards-setting bodies; and then-current laws and regulations pertaining to disposal of
radioactive waste materials. In its final report the Task Group notes that "..experts are not in
agreement as to the critical organ for inhaled plutonium, whether to use an average dose for this
organ, or the model to be used to predict dose." (Task Group, 1974, App. IIL)

The objective for cleanup at Enewetak was stated by the Task Group in the following passage:

"For contaminated soil, other than plutonium, the Task Group has not included
removal of such soil in its recommendations and therefore there would be no
requirement to select a method of disposal. If such disposal were required, the
objective would be to assure that there would be no pathway for any exposure of the
Enewetak people to this radioactivity and a minimal follow-up requirement to insure
that this situation continues after disposal.

"The Task Group view is that because of its extremely long half-life, disposal of
plutonium in the form of contaminated soil and scrap is a problem of greater
magnitude than for fission produets and induced activity. In its deliberations, the
Task Group has assumed that the disposition of such material will be such that there
is no potential for exposure of the residents of the Atoll once cleanup has been
completed. This is then the objective for cleanup." (Task Group, 1974, p.15.)

Recommendations developed were considered by the Task Group most appropriate for the U.S.
Government to translate into actions to provide a radioclogically acceptable environment for the
Enewetak people. The complete text of the recommendations is reproduced in Figure 2-2 for
reference. The final report of the Task Group was released in June 1974, whereupon the group was
disbanded.
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ABSTRACT

The AEC has eondneted a survey of the total radiologicat environment of Lnewetak Atoll in order to
provide data for judgrents as to whether or not all or any part of the Atoll can be safely
reinhabited, AMore than 4500 sainples from ali parts of the wmarne, terrestrinl, and atmospheric
camponents of the Atoll environment were analyzed by instrumental and radiochemical methods, In
widition, an aerisl survey for gamma-radiation levels was conducted over all land arens,

Hlgp, 1370, Bherg, ang 23%py ure the predominant radioactive isotopes now present, but Uieir
d@istribution {5 far from umform. Bslds on the southern half ol the Atoll from ALVIN to KETTH
tive levels of contaminntion ecimparuhie 1o or less than those due to world-wide failout in the
Unitee States. On the northern half, istands ALICE to IRENE are wost heavily contaninated, KATE
to VILAIA are least contaminated, and JANET is at an intermedinte level.

I'nese radiclogical data have been combined with the best information currently available on the
expecteu diet of the tnewetak people to estimute potential whole-body and bone doses to the
population For six living patterns at 9=, 10-, 38~ and 70-yr intervals after return. Thirty-year
integral dose estiiates for unmodified Gi.e., curcent) conditions nre shown in Table A.

Tanle A, The 3n=yr integral dose for six living patterns, assuming unmodified conditions,
30-year integral dose, rem
Unmodified conditions
Externul
Living Inhalation Rone, Terrestrial Marine
pattern  Bone Lungr Liver, 1. TR, lione . H. Hone
I IR T C ) B TEE ) 0.83 0.14 2.1 0.053 0.84
i] 0024 0,036 MOLE LK 2.7 33 D053 0.84
m wln 0.13 0.058 4.0 6.4 75, 0.053 .84 1. 80,
A .47 0.59 0.24 0. 21.0 210. 0.053 0.84 31, 220,
v .1l 01y 0.058 2.9 2.7 33, 0.053 0.84 e 37,
vl RGN N 0,044 1.4 9.6 130, 0,083 83 14, 135,
Living
pttern Millage wshang Agniculture Wisitation
1 FrED/LTA ERSDAY DD ALVIN through kT Southern Islands
1 FREDELSER/DANVID KATE through VILVA Northern lstands
plus LEROY
13 JANEL JANET Northern lstands
1y AR BELLE Naorthern Islends
\ JANED KATE through WLAUA
plus LEROY Northern islanis
A1 JANET ALICE through IRENE Northern Istands

The mnin contribution to the population dose comes through the terrestrial food pathway, followed
in deereasing order of signilicanee by the external gamma Jdose, inurine, and inhalation pathways, in
the terrestrial food pathway, the nuin eontribution te Loth whole-body and bone dose is due lo

pandunus und breadfruit. Percentage contributions to the 30-vr integral dose for each of the
terrestrial food items for 4 population engaged in agriculture on JAN LT are shown in lable B,

{Corrective actions to reduce population dnses will be most heneficial if they are directed st the
primary contributors, i.¢., pandanus and breadfruit in the diet and external gainma dose in the
residence areas. Since ncithet pandanus nor breadfruit are now growing on the Atoll in sufficient
amounts to provide a significant dietary component, control of the location and manner in whieh
they are reestablished will have a ditect influence on the population doses from these fruits, It
their growth were limited to the southern islands, for example, and the population living on JANLT
werte to port them rather than grow thein locally, the expecied 30-yr bone dose would be reduced
from 80 to 25 rem and the whole-body dase frain 11 to 6.5 rem. Siriler results would be obtained if
aneantaminated soil were imported to JANL] for the establishiment of these plants. Altempts to
obluin the same results by removal of 3Usk- and 137Cs-contaminated soil from JANET would

require demuxding of the entire island because of the relatively uniform distribution of these isotopes
over the land surface.

Tahle t. Percentage of totel 30-yr terrestrial foad dose to a population cnguged an agrieulture
on JANET.

90g: dose H70s dose
o . lood _ tobone, % to_whole body,

Domestie ment 17, 28,
Pandunus frait 40. 35.
Greadfruit 14, 29,
Wil birds 0003 0.na3
Bird eggs .05 0002
Areowroot 2. 0.3
Loconut meat 6. 4.
Coconut inilk 0.4 L

Significant reduction of the external gniiiia dose may be achieved by placing a 2-in. Jayver of clean
griuvel an the vitlage aress and by plowing the agricuitural aress. On JANET, for example, use of
these procedures reduces the expeeted J0-yr external dose from 4.0 to 1.7 rem.

Thus, from Table A i1 is clear that o very broad range of population Goses v be expected,
doperkding ot village island, agrieuttural island, and living pattern. U 05 equally cleur that
substantial reductions of the higher doses can be achieved through relatively simple modification of
the agricultural practices and of the soil. Tanle O swinmarizes thie reduction that could be expected
from these aetions for a population Living on JANEL.

[he island of YVONNL presents & unique hazard on Lnewetak Atoll. Pure plutonium particles are
present oh or close to the ground surface, randomly seattered in "hot spots over most of the area
fram the tower to CACTUS crater. Examination of these "hot spots" has revealed the presence of
oecustonal milligrani-size pieces of plutonivin metal, as well as Siialler pieees which are physically
indistinguishable in size froin the surrounding coral matrix. Given these current conditions, 1t must
he assumed that pure plutoniwe partieles of respirable Size ate now also present on the surface or
muy be present in the future as weathering effects oxidize and break down the larger particles.
Lung dose assessments for this area, therefore, must be based un inhalation of pure plutonium
particles rather than those having the average plutonium eontent of the sofl.

The potential health hazard via the inhalation pathway is sufficiently great to dictate two basic
alternatives for remedial action for this island: (1) Viake the entire island an exelusion area=-off
limits to all people, or (2) conduct a cleanup campaign which will eliminate the "hot spot™ plutonium
problemn and renove whatever amount of soil is necessary to reduce the soil plutonium
soncentration 1o a level comparable to olher northern islanus. As nn indication of the volures of
soil involved, removal of a 10~em thick ]uyfr of topsoil in the area in which "hot spots” have heen
detected involves approximately 17,600 m* of material. Further removal of soil to reduce the
maximum plutonium eontamination levels to 50 pCi/g or less involves an additional 25,000 m3 of
material.

FIGURE 2-1. ABSTRACT FROM ENEWETAK RADIOLOGICAL SURVEY REPORT, NVO-140.
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RECOMMENDATIONS

After careful review of all available radioclogical data the Task Group members' specific
recomnendations are us follows

L

2.

The people of Lnewetak Atoll may be safety returned to their homeland
provided certain actions are taken and precautions observed.

In the interest of achieving a minimum practicable radiation gose for the
Lnewetak people the Task Group recommends that:

a. The first villages and residences be construeted on ELMER, FRED,
DAVID, or on any of the southern islands (ALVIN-KEITH) that the
Enewetak people choose.

b. tirowth of all subsistence crops such as pandanus, breadfruit, tacea,
pigs, chickens, and all other terrestrial food stuffs except eoconul be
limited to islands ALVIN-KEITH.

e. Subsistence and conunereial coconut inay be grown without remaedial
measures on any island in the Ateoll except ALICE, BELLE, CLARA,
DAISY, IRENE, JANET, and Y VONNE.

d. Fishing be perinitted anywhere.

e Travel be unrestricted to all islands except YVONNE. When the Pu
containination on YVONNE is removed, the restriction of travel to
that island can be lifted.

f. ¥ild birds and bird's eggs be collected anywhere.

£. Coconut crabs be collected only on the southern islands
{ALVIN-KEITH),

h. Rells which are intended to provide lens water for humsan consumption
or for agricultural use be drilled only on the southern isiands
{ALVIN-KEITH). When drilled, water from each well should be
checked for bacteria, salinity, and radioactivity content before the
well is approved for use.

It 45 recognized that the people of Lnjeti have a strong desire 1o return to live
on that islagd. The island contains three ground zero locations from nuelear
tests and was within about 3 miles of the Mike event that had a total yield of
about 0 Megatons. Acccording to the survey resulls presented in NV-140,
Enjebi was the most heavily contaminated of the larger islands in the Atell
The Task GUroup has been unable to determine any way in which radiation
exposures can e hrought within the acceptable criteria, that is both relirble
and feasible, in order to resettle Enjebi at the same tinie as islands in the south
of the Atoll. it is remsonable to expect that one day the island can be
resettied. There appear to be two possibie approaches:

a. Soil removal followed by studies using test plantings to deterinine
when exposure for Enjebi residents would be within acceptable criteria.

tr Conduct of studies using test plantings to determine when exposures
would be within acceptable criteria bul no soil renoved.

In aither case, housing construction and planting of subsistence and commerciai
crops would be deferred until research with test plantings showed acceptably

low levels of radioactivity. The Task tiroup recommends the second approach
as one having minimal adverse impact on the istand environment.

The research program in 3 above should also include a deteraination of
radioactivity levels in cocenut and other food crops produced on PEARL,
CLARA, ALICL, and BELLE. YVONNE should also be included after removal
of plutenium eontaminated soil.

All radiosctive scrap mets]l and contaminated debris identified during the
Holmes and Narver Engineering Survey should be removed. If additional
contaminated debris is discovered in the coursc of eleanup and rehabilitation
operations, (t too should be removed. Specifically included in this
recommendation are the three locations on SALLY and one on ELMER where
conlaminated debris is known 1o be buried. This debris should be exhinmed and
removed,

The quarantine of YYONNE, put into effect by the Air Force on May 26, 1972,
should be continued in effect until the cleanup of plutonium contamination on
that island has been completed. Should any Enewetak people return to the
Atoll before eleanup is begun or before completion, an authority responsible for
enforcement of the quarantine should be identified and should be in residence in
the Atoll when people return.

The distribution of plutoniuin contamination on YVONNE is sufficiently
complex that specific recommendations for cleanup cannot be presented, It is
expected that the true picture of this contamination will unfold as the
decontamination effort proceeds. The area observed to have pieces of
plutoniutn and the highest soil concentrations is the interior and shoreline of the
island beyinning at a line drawn fromn the ocean reef to lagoon 60 meters north
of the tower (hardtack Station 1310) to CACTUS Crater. See Fig. 152, page
11-17, Appendix Il Presented are sane of the requirements and objectives that
will establish a background {rom which plans can be inade for recovery of
plutonium on Y VONNE,

A, A team of experts should be assembled who can -uake and interpret
field radiation and radiosctivity measurements, advise on cleanup
actions envolving plutonium and other radionuelides, and provide
necessary health physies support ineluding protection of workers,
decontamination of workers and equipment, and packaging and
handling of collected  conlaminmuted materials, A Public  Health
Service group, which is nnw part of the Lnvironmental Protection
Apency, LPA, provided radiclogical assistance for cleanup of Hikini
Atoll Similar support should be sought from EPA for Lnewetak
Ctennup.

b, Decontamination of YVONNE is seen as an interactive process,
namely, reinoval of soil, monitoring of radicactivity levels, and
removal of more soil. This amounts to a search [or the higher
plutonium levels in soil with removal arcording to the guidance

provided.
o The objectives of the cleanup pre twor
(88} Recovery of the pieces of plutoniuni that have been
observed on of near the islamd surface. Some contain
milligram  quantities of plutonium metal and are easily
datected with [ield survey instruments such as the FIDLER.
(2) Recovery of plutonium contaminated soil. To a first

approximation, the iocation of the zones of higher Pu
coucentrations are shown in the survey profile samples.

FIGURE 2-2. RECOMMENDATIONS FROM THE REPORT BY THE AEC TASK GROUP ON RECOMMENDATIONS
FOR CLEANUP AND REHABILITATION OF ENEWETAK ATOLL, JUNE 19, 1974,
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d. _l{ccgvery of plutonium 1n soil at concentrations greater than 4M) pi/g
239,240p,, ¢ any depth these levels are found. The justification ts
that plutonium at some depth muy one day be at the surface. Also,
recovery of contaminated soil sufficient to reduce surface levels to a
value well below 40 pCi/g 23%40py. The justification is to keep air
concentrations of resuspended plutonium to levels well within national
and international standards. After soil removal, all areas shouid be
resurveyed to ensure no pieces or hot spots of plutoniun remain,

Plutoniuni contaminated soil on IRENE should be hendled the same as on
YVONNE and using the same general criteria for removal except it is not
expected that pieces of plutonium metal will be found.

Since it is recommended that replanting of food crops be limited to certain
islands, test plantings of pandanus, breadfruit, coconut, &nd arrowroct should
be wnade, as soon as rowth can he sswured, nn each of the istands indicated for
such crops by the Enewetak people, S\S (df‘ le pm{} of hhese plants became
available, their concentrations of °USe, [7¢cs, ¢3%240py ang any other
significant  radionuelides should be hewsured and compared with the
radiological survey predictions. These studies will provide for a determination
to be inade of the earliest time at which planting of food and coinmercial erops
can be made on islands other than those listed in 2b. and 2¢. above.

An underground lens water sampling and analvsis program should be conducteqn
in which samples are taken over a period of at least 12 calendar months.
Hacterial content, salinity, and radionuclide content should be measured, but
primary emphasis of the program should he placed on development of an
understanding of processes which sre operating 4 gr which csan be made to
operate - to reduce he ecological hatf-life of Usr ana 1394 below the
radioretive half-life on the northern islands, especially JANET.

A comprehensive air sampling program should be conducted over a period of
12 consecutive months under conditions closely approximating human
habitation and expected soil disturbance. This would add to the bedy of
available information on radiogetivity levels in air. This program could be
condueted ecincident with and in support of cleanup operations.

Base-line surveys of bady burdens and urine content of !37Cs ang 99sr should
be rande for the Fnewetak people prior to return to bnewetak Atoll, after the
first year of residence, and as appropriate thereafter. Resurveys of the
environmentai radiation and radioactivity levels should be made starting in the
first year of return and repeated every other year. To he determined is the
adeguacy ol the diet and the Aclual avernge daily dietary intake of
radioactivity for various age groups for eomparison with estimated levels and
how radioactivity levels in water, nir, soil, plants, and animals are changing
with time. (Included should be measurements of radionuclide content of air and
collection of information on the chemical gnd physical formn and size
distribution of particles in the air eontaining 239Pu.) Infarmation from such
surveys will provide a continuing eheck of the radiological status of the people
and the environment and will assure that the exposure criteria is not being
approached o exceeded.

{onsidering that the method of disposal of plutonium contaminated soil and
scrap hes not yat been decided, that not enough information is available to
deterinine whether it is feasible to remove plutoniuny {rom the soil to reduce

the wurount of muterial requiring disposal, and not wanting such
problems to delay clesnup and rehabilitation of the Atoll, the Task
tiroup recommends the following:

A As a minimum, cleanup should accomplish the recovery of plutenium
contaminated soil and serap into storege on Y VONNE.

b, The YVOUNNIL quarantine should remain in effecl with access
controlled and sll visitors and workers monitored as for a radiation
control zone.

e. If disposal is deferred for further study, such study shoild he plannad
and comducted promptly.

The eleanup phase of rehabitation, i.e., removal and dispasal of contaminated
serup, debris, and soil, should be carefully documented in a4 compreliensive final
report from those condueting the cleanip operation.

he planming and conduct of ¢leanup, including radiclogieal support for cleanup,
should be similar to cleanup of Bixini Atolt and advantage taken of that
expertence.  As Hikini people were given opportunity for employment during
cleanup, an ¢ sl opportinity should he given Fnewetak people if they desire.

FIGURE 2-2. RECOMMENDATIONS FROM THE REPORT BY THE AEC TASK GROUP ON RECOMMENDATIONS
FOR CLEANUP AND REHABILITATION OF ENEWETAK ATOLL, JUNE 19, 1974 (CONTINUED).



2.1.6 Meeting of September 1974

The first draft of the Master Plan (see Section 2.1.7) for resettlement of the Enewetak people on
their home atoll included plans for residential development on Janet (Enjebi). However, the AEC
Task Group Report stated that the group "has been unable to determine any way in which radiation
exposures can be brought within the acceptable criteria, that is both reliable and feasible, in order to
resettle Enjebi at the same time as islands in the south of the AtolL" A Draft Environmental Impact
Statement (DEIS) for the proposed cleanup of Enewetak was in preparation at the time the Task
Group Report was released in June 1974. The plan outlined in the DEIS was based on postponement
of the resettlement of Janet. In recognition of the impact this development would have on the
people of Enewetak, the decision was made to release the Draft Statement to the public at the same
time that the Statement was presented to the people of Enewetak. The presentation was made to
the leaders of the Enewetak people at Enewetak in meetings held on 6 and 7 September 1974.

Lieutenant General Warren D. Johnson, Director, DNA, summarized for the people of Enewetak
events and actions that had occurred to that time. Following descriptions of early surveys and

planning efforts, a movie was shown depicting the radiological survey, in order that the people might
appreciate the extensive work upon which the AEC recommendations were based. AEC
representatives presented a discussion of radiological conditions at Enewetak using slides which
ERDA, successor to AEC, later produced as a pamphlet for distribution to the Enewetak people
(ERDA, 1975). The Director, DNA, continued with explanations of the Engineering Survey, planning
for construction of residences, the Master Plan, and finally the DEIS. He explained that cleanup and
rehabilitation would be in accord with the Case 3 recommendations which precluded living, and
growing of certain foods, on the northern islands.

A number of issues were raised during the course of the meeting, including:

1. Some of the U.S. officials questioned whether it was "safe" to permit the return of a token
group to Japtan; whether the people could be relied upon to stay off Yvonne and the Northern
Islands. When the Enewetak Council learned of this they immediately convened and that very
night passed an ordinance, relevant portions of which are quoted below:

"WHEREAS the conditions existing on Enewetak Atoll require that certain safety
precautions be taken with respect to the movements and activities of the members
of the settlement and the Trust Territory of the Pacific Islands, the Department of
Interior and the Atomic Energy Commission have suggested certain precautions and
limitations in a memorandum to the Council on September 9, 1974, and

"WHEREAS the Council is in full agreement with those precautions and limitations,
"NOW THEREFORE THE FOLLOWING ORDINANCE IS ADOPTED:

"Section 1. This ordinance shall apply to all persons residing or visiting on Japtan
Island, Enewetak Atoll, in connection with the temporary settlement there.

"Section 2. No person shall visit or enter into that area in the northern or western
part of Enewetak Atoll bounded by Runit Island in the east and Biken Island in the
west and including all the intervening beach, island and reef areas.”

"Section 6. This ordinance shall be enforceable by the Distriet Administration and
violation thereof shall be punishable by a fine of One Hundred Dollars ($100.00) and
the Council pledges its full assistance in enforcement."

(Council, 1974.)

2. AEC officials were asked by the representatives of the Enjebi people what could be done about
Enjebi and how soon. The AEC promised to continue studies.

3. Enjebi people asked when Enjebi might be resettled. The AEC answer was, "We don't know, but
we will undertake studies to try to be able to answer the question within about five years."
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Among the ecommitments made by AEC: an experimental farm would be established on Enjebi
in order to better understand the food chain problem.

4, A major theme of all of the discussions at Enewetak in September 1974 was the people's
expressed desire to actively participate in planning of the rehabilitation and resettlement and,
to the extent that opportunities might exist, to be employed in support and construction
efforts. They were assured that all effort would be made to accommodate these wishes.

In the months that followed, the people of Enewetak worked with project planners to revamp the
entire schedule of residence locations to eliminate from the Master Plan any construction on Janet.
The community facilities and residences originally planned for Janet were, for the most part,
rescheduled for Elmer.

- 2.1.7 Master Plans

Authority for preparation of the Enewetak Atoll Master Plan for Island Rehabilitation and
Resettlement of the Enewetak people was granted by the Government of the Trust Territory of the
Pacific Islands to H& N through an agreement dated June 13, 1973.

The purpose of the Master Plan was to provide an in-depth study to be used as a basis for developing
both immediate and long range programs for the rehabilitation and resettlement of Enewetak Atoll.
The plan involved the Enewetak people, through their planning council, in the various
decision-making processes to the maximum extent possible. It provided cost estimates for use by the
Department of Interior and the Trust Territory of the Pacific Islands in budgeting for the programs.
The plan also contained a preliminary study of long range market areas that might be developed to
broaden the economic base of the Enewetak people.

The scope of work in preparation of the Master Plan included the following items of work:

e  Master Land Use Plans

¢ Conceptual Plans and Models for Residences and Community Buildings

e  Agricultural Plans

e  Utilities Plan

o Industrial Facilities Plan

e  Preliminary Study of Potential Market Areas for Commercial Development

o In-Depth Review of Existing Facilities and Assets

¢ Budget Estimates
The Master Plan was first released in November, 1973, and was based on several assumptions which
were negated by later developments. Following the publication of the first Master Plan, the results
of the AEC's radiological survey were published. In addition, the report of the Task Group was
distributed in June, 1974, wherein it was recommended that resettlement of Janet be delayed. Also,
the DNA's Draft Environmental Impact Statement (DEIS) for the Cleanup, Rehabilitation, and
Resettlement of Enewetak Atoll was distributed to the public in September, 1974. The DEIS Case 3
followed the recommendations of the AEC Task Group Report relative to radiological cleanup of the
atoll, the living patterns of the people and local food sources.
The introduction to the revised Master Plan (1975) stated:

"The people of Enewetak among themselves have determined on which islands they wish

to reside. Land has been reallocated and both the driEnjebi and the driEnewetak will

live on Enewetak, Medren, and Japtan islands. These determinations were made known
to the TTPI during the Ujelang field trip in December, 1974.

45



"Other developments subsequent to the dissemination of the 1973 Master Plan ineclude
the projected early return of approximately 50 of the Enewetak people to Japtan at
their request. They will be accompanied by a Marshalls District representative and a
health aid. This is expected to take place during the first half of 1975. This event was
agreed upon at an inter-agency planning meeting held in January, 1975. In addition, a
ground water survey of selected islands in the atoll and a test planting program on
Enjebi have been initiated. The latter is for the purpose of evaluating the uptake and
redistribution of radionuclides from the soil by plants under various eonditions.

"Assumptions upon which the Master Plan is based are:

] Prior to atoll rehabilitation, the condition of the islands will reflect the
degree of cleanup depicted by Case 3 of the Environmental Impact Statement.

] Development of Enewetak Island for use as an inhabited island is the basic
plan.

° Japtan also will become an inhabited island (4 families).

"The plan presents all necessary elements required for the orderly development of
Enewetak Atoll and encompasses the desires of the Ujelang people as discussed with
them during a field trip in December, 1974. It covers all aspects of residential, island
community, and agricultural requirements and presents a review of potentials for
economic development of Enewetak Atoll. Recommendations for implementation of the
plan, along with a preliminary construction schedule for rehabilitation, and a budget
estimate are included.” (Master Plan, 1975.)

The Master Plan was published in four volumes. Volume I deseribes plans for land use and the
development of island communities, and includes a review of potentials for economiec development.
Volume II is a collection of some of the documents upon which the plan is based. Volume III
summarizes the costs of providing the housing, community facilities, coconut trees, and other
resettlement requirements. Detailed cost estimates appear in Volume IV.

2.1.8 The DEIS and EIS

A Draft Environmental Impact Statement (DEIS) was prepared under supervision of DNA for the
cleanup, rehabilitation, and resettlement of Enewetak Atoll. The proposed project was to remove
and dispose of debris, structures, and soils which could be physical or radiation hazards or be
obstructions to human habitation. The statement was made available to the Council on
Environmental Quality (CEQ), concerned federal agencies, and the public on 6 September 1974.
Substantive comments on the DEIS were received from federal agencies and the public, all of which
were considered and are ineluded in the final Environmental Impact Statement (EIS) filed with the
CEQ on 15 April 1975. Several comments on the DEIS raised controversial issues concerning the
degree of risk associated with the levels of plutonium which should be permitted to remain in the soil
of the atoll. The DNA view was that resolution of such issues was outside the scope of the EIS and
rested with agencies charged with the establishment of standards for radiation protection; therefore,
guidelines recommended by the AEC would be observed during project execution.

Source documents considered in compilation of the DEIS--all discussed earlier in this
chapter—included the H&N Engineering Study, the Enewetak Radiological Survey (NVO-140), the
AEC Task Group Report, and the Master Plan for resettlement. Utilizing the materials in these
documents it was possible to develop many alternatives in the evaluation of the many human,
physical, and cost variables which were present. The EIS states: »

In order to obtain an overview of the possible solutions, a tabulation of twelve
illustrative solutions has been made. These involve three separate cleanup procedures for
each of four different habitation control plans. The consequences of all these
combinations are tabulated. Factors involved in structuring these solutions are
radiological conditions, living patterns, physical hazards, and the disposal of hazardous
and radioactive materials and serap. The tabulation analyses presented for these twelve
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particular solutions include possible radiation doses and cost-benefit comparisons. Based
on this orientation, five solutions hereafter referred to as Cases 1 through 5, are selected
for detailed discussion. Of these, two—Cases 1 and 5--are considered to be outside of
reasonable limits. Case 1 permits radiological doses greater than the protective guides
and Case 5 results in unacceptable ecological damage to the land. The remaining three
solutions are considered to illustrate the reasonable means to accomplish the objectives
of the program.

"Case 3 is considered to be the most responsive to the established goals and is a balance
of the human, physical, and cost parameters which must be considered. It is planned to
conduct the proposed cleanup, resettlement, and rehabilitation projeet as outlined by
Case 3. The estimated radiological dose is well below the radiation protection guides
recommended by the AEC Task Group; all physical hazards resulting from past
construction and testing will be removed and the cost is well below the mid point
between other viable solutions.

"Under the conditions of Case 3, the Enjebi People could not expect to return to their
ancestral residence island of Enjebi at an early time. This would require both the Enjebi
and the Enewetak People to live on land formerly owned and occupied by only the
Enewetak People. Thus, until natural decay processes reduce the exposure rates on the
northern islands, there would be less land available for agriculture and some supplement
to the people's diet may be needed. The people will be subjected to acceptable low levels

of ionizing radiation with a relatively low risk." (EIS, 1975)

Case 2 was dropped from consideration because it did not provide a plan of action that would
eventually result in the people being able to use the northern islands. Case 4 was not considered
further because the uncertainty in the effectiveness of the corrective actions proposed to bring the
expo&)xres within the AEC guidelines were so great that the gamble was not justified. (EIS, 1975,
p.6-1.

Since the cleanup project was to be conducted in accordance with the Case 3 objectives, details for
only that case are reproduced in Figure 2-3.

The EIS was published in five volumes. Volume I contains a brief history of Enewetak Atoll and its
people, followed by discussion of cleanup and habitation alternatives, then detail of the
environmental impaets. Volumes II and IIA reproduce a variety of source documents pertaining to
the proposed cleanup project. Volume III presents a summary of the EIS in both Marshallese and
English. Volume IV contains comments on the DEIS from interested parties and replies thereto.

2.1.9 Work Toward Project Approval

With the filing of the EIS in April 1975, one major hurdle remained before the cleanup project could
start; congressional authorization. The DNA provided cleanup plans, testimony and supporting
witnesses to House and Senate subcommittees in the late spring of 1975. The Senate Armed Services
Committee agreed to a one-time authorization of $20 million but recognized that the lowest
estimate presented was $25 million.

The following paragraph, of interest to ERDA/DOE, was included in the authorizing legislation:

"The Committee agreed to a one time authorization of $20 million to accomplish the
cleanup. The Department is charged to accomplish the cleanup within that amount
using every possible economy measure. The committee insists that radiation standards
established by the Energy Research and Development Agency be met before any
resettlement is accomplished. Although the moral obligation to permit the Enewetak
people to return to their atoll was a major consideration, the Committee's decision was
based primarily on the premise that the United States cannot walk away from a testing
program that cost several billion dollars without making a responsible effort to restore
the atoll to the degree that it can be made habitable." (SR 94-157, 1975.)
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on interislund visitations and the urowing of cornuercial crops. bith respect lo the jatter, it
prowvides for the elenrance of obsteuetions which would deny use of some of the land. Case 3 also
provides for the rermoval of rantaniinated serap Lo negate the possibility of any radioactive naterisl
reaching the world's markets. Although Case 3 is eninposed of all actions deseribed in Case 2, it
also provides for further otions in establishing and maintaining radiologieal safeguards, sueh gs the
quarantine of Runit.

In addition 1o this quarantine, {Paragraph 5
follows:

dl), Uase 5 recnmmpnds that studies be eonducted a5

. A test plantwg proerans on Lojebi to determine when rtxposure would be within
aceeptahle eriterig withont the removal of soil. This proveam tus been initiated.

. A propria. o deterinne radicuetivity levels i coconut and other food erops producerd on
Lufor, hiruny, Hokoluo, Bnkombako, and Runit (afler plutoniuin cleanup).

® 4SS un alternate to the preseding program, soil removal on Lnjebi followed vy a test
planting series 10 deterwine whether exposure for Injebt rewidents would be within
acceptable oriteria,

- The assenibly of o teain of experts to make und interpret Held radiation and aetivity
measuredients, advise on eleanup artions tnvolving plutonium and other radionuclides, and
Hivice on neecessary health physies support for proteetion of workers, deconta:nination of
workers and equipinent, and handling of collected contaminated inaterias.,

& A comprebensive underground water lens sampling and snalysis program for & minimum
period of | vear. Bacterinl content, salinity, and radionuelide content would be Ineasured
every twelve months. tlowever, the priluary emphasis would be on the developrent of
understanding those proce&éﬁs wnicrﬁ fuc operating or can be made to operate 1o reduce
the ecological half-life of Y"Sr and 17705 below the radinactive half-lifc an the northern
ishinds. This program has been initiated.

®  Anoair sampling program, conducted during eleanup, which would outmin samples
representative of those that might be expected from the actwvities of the returned
population,

Further, the controlling eriteria for radiation exposure develnped by the AEC lask Group can be
besUmet by this particular alternative. 'Ihs is most likely to provide the lowest possible exposure
i1 accordance with acoepted guidelines.

5.3 Lase 3 - Living on Southern Islands, Food from Southern lslands plus Coconuts from 12
Northern [slands. Travel Unrestricted. wlaterial and Some Plulonium Cleanup

Case 3 permits partial use of areas of the atoll having low radioactive Jevels, greatly recduces
radicactive hazards for the indefinite future, and permits living patterns which, with high
«confidence, are cxpectad to result in population doses well helow the ERDA guidelines, This case
does restrict habitation to the southern islands, Jinedrol through Kidrenen, and does not recommend
specifie action against radioactivity in the soils of Hokohio, Bokombako, and kirunu {Figure 5-3).

5.5.3.1 Hubitation Plan. In Case 3, the Enewetak people would Five and abtain food as follows:
. Residence would be restricted to southern islands, dinedrol through hidrenen.

®  Runit would be quarantined until Pu cleanup is effected and erater containment has been
ecompleted, Other travel would be unrestricted.

e Pandanus, breadfruit, arrowroot and other subsistence food would be cultivated on the
southoern islands only.

o Uoconuls would be grown on the southern islands andd in the northern islands of slijikadrek
through Billue only. No cultivation would be permitted on the northwest islands of
Hokoluo through i.njebi and on Runit.

e Lomestic meat would be raised nn the southern istands only (Jinedrol-Kidrenen).

. oronut erabs would be taken from the southern islands only.

®  Lagoon fishing and wild bird and bird egg gathering would be unrestricted (except on
Runit).

5

? Cleanup Actions. The following actions would be taken to clean up the stolk

e Physical hazards would be removed {rom all islands.,

®  Ubstructions to development of habitations and agriculture would be removed.

. Hadinactive serap would be removed from all islands in the atoll.

e Hoken, Lujor, and Rumit plutonium concentrations wreater than 400 pUi/g would bLe
axeised and &l other concentrations between 400 and 40 pCi/g would be dealt with on an
ingividui] basis as deseribed in AEC Task Group Report, Concentrations of less than 10
pitig would ot be disturbed, Cleanup of Pu is expected to be performed iteratively until
+sulfiejently 1aw concentration level well below 40 ptifr e attained. Some 79000 eu
1%l soil are estimated 1o be i this renioval.

& Plutonium woukt be remaved fromn the three hurial erypts on Aomon.

e Lusalvable nonradionctive and noncombustible material would be disposed of by dumping
in the Iageon at selectad locutions Tor forming artificisl reefs,

. Hadioactive materials would be disposed of as discussed in Section $.4.0.2,
containment 1n Luerosse i, if necessary Cactus eraters on Runit.

namely by

5.4.3 Uonclusions. (lase 3 reasonably insures a safe habitation plan for the proposed return of Lhe
Vsianders aml provides 1 means of cventual hiproverent of the environment for the henefit of all of
tie Enewvelak people. By virtue of the fact that it requires removal of onty the mast seriously
comtaminated mnterials, it is less exponsive than succeeding Cases 4 and 5. Although this caxe
reenoneiks that bnjebi not be utilized for hahitation, it does impose far less stringent limitations

FIGURE 2-3. CASE 3 HABITATION PLAN AND CLEANUP ACTIONS FROM THE ENVIRONMENTAL IMPACT

STATEMENT, APRIL, 1975.



The House Armed Services Committee authorized $14.1 million (HR 94-293, 1975) as requested as
the first of three increments of a $39.9 million cleanup project. In conference, the House acceded to
the Senate position and a one-time authorization of $20 million was passed (PL 94-107, 1975). The
House Appropriations Committee denied funding for the project, emphasizing the high per person
cost, and stated its belief that the minimum cost had not been presented to the Congress (HR
94-530, 1975). The Senate Appropriations Committee recommended full funding of the $20 million
authorization, recognizing the figure as a target (SR 94-442, 1975). In the Committee of
Conference, the Senate conferees agreed to defer funding for the project and the committee
expressed the belief that other alternatives should be explored by the DOD and DOI to determine the
best and most economical means of returning the Enewetak people (CR, 1975).

Efforts to gain funding approval continued into the spring of 1976. These efforts included making
arrangements for a visit to Enewetak in February 1976 for on-site inspection by a staff assistant to
the House Appropriations Subcommittee on Military Construction and a staff assistant to the Senate
Military Construetion Appropriations Subcommittee. Crucial hearings were held by the House
Committee on Appropriations on 29 March 1976. The Director, DNA, presented revised cleanup
plans reflecting diligent effort to achieve the minimum cost as requested at hearings the year
before. In addition, several high-level supporting witnesses provided testimony to emphasize the
awkward position the U.S. Government would face if the problems created in the Pacific by nuclear
testing were not remedied before the U.S. terminated the Trust in 198l. Following extensive
questioning of witnesses, including an ERDA representative who reported on radiological conditions
at Enewetak and on protection of future residents, the committee approved $15 million of the $20
million requested by DNA. On 22 June 1976, the Senate Committee on Appropriations recommended
approval of the full $20 million appropriation. In the conference to resolve Senate and House
differences, the conferees approved the $20 million request. Subsequently, an appropriations bill was
passed by both the House and the Senate and signed into law. The act provided:

", . .that none of the funds appropriated under this paragraph may be expended for the
cleanup of Enewetak Atoll until such time as the Secretary of Defense receives
certification from appropriate administering authorities of the Trust Territory of the
Pacifie Islands that an agreement has been reached with the owners of the land of
Enewetak Atoll or their duly constituted representatives that this appropriation shall
constitute the total commitment of the Government of the United States for the
cleanup of Enewetak Atoll

"All feasible economies should be realized in the aeccomplishment of this projeet,
through the use of military services' construction and support forces, their
subsistence, equipment, material, supplies and transportation, which have been funded
to support ongoing operations of the military services and would be required for
normal operations of these forces. Further, such support should be furnished without
reimbursement from military construction funds." (PL 94-367, 1976.)

With funding authorized, the cleanup project was scheduled for implementation during fiscal year
1977, and execution to occur over a period of about 30 months.

There were a number of other activities of note between April 1975, when the EIS was filed, and July
1976, when funding was authorized. The cleanup plan that formed the basis of the EIS involved
disposal of contaminated debris and soil in the Lacrosse and Cactus craters on island Yvonne. The
EIS discussed and dismissed several alternative disposal methods including ocean dumping. The DNA
concluded from discussions with the EPA that ocean dumping would not be permitted, or at best,
several years could be consumed in seeking a permit which would not be assured in advance and
might not be issued in any case. DNA held that to delay the cleanup project while seeking a permit
to dispose of contaminated soil and debris in the deep ocean might well mean the project could not
be done within the time, money and political constraints surrounding the cleanup. The AEC position
was that the cleanup of Enewetak might total about 10 Curies of plutonium, an insignificant amount
compared to that which was already in the water and sediments of the lagoon
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and nearby ocean. In addition, both the total inventory and the average concentration level of soil
. and debris to be disposed of were well below the limits set by international agreement to which the

U.S. was signatory.

An agreement between DNA and AEC/ERDA negotiated and signed during the summer of 1975
became an important center of controversy in the years that followed. The purpose of the
agreement was ". . . to define the technical support ERDA is to provide DNA and likewise to define
the support DNA is to provide ERDA and its contractors during the time DNA is actively engaged in
cleanup operations at Enewetak Atoll. The determination as to when the DOD cleanup activities
have been successfully completed will be a joint DNA/ERDA decision.” The majority of the
agreement, reproduced on the microfiche (AGREE, 1975), was understood and acceptable to both
sides as written; however, two points were later subject to differing interpretations and became
issues which were not resolved for several years. Specifically these points stated:

In 2.a. ERDA agrees to:

™3) Providing an official ERDA representative(s), without reimbursement by
DNA, who will be present on the atoll during the cleanup. The ERDA
representative will advise the DNA Enewetak Atoll Commander (Cleanup
Project Coordinator) on schedules and procedures and recommend changes
thereto as needed, and provide certification when radiological cleanup meeting
the guidelines established by the AEC (ERDA) in their Task Group Report has
been accomplished.” (Underlining added.)

"(4) Performing, with full reimbursement from DNA, radiological support for
the cleanup operation to include (but not limited to): ...(e) Certification, on an
island-by-island basis, when radiological cleanup meeting the guidelines
established by the AEC/ERDA in their Task Group Report has been
accomplished.” (Underlining added)

Resolution of the two issues, reimbursement and certification, will be presented in Sections 2.2.2 and
2.2.6, respectively.

Other activities occurring during the wait for project funding were accomplished without
controversy but not necessarily without disagreement. These activities included generation by DNA
and review by ERDA of a radiological plan for cleanup, development by DNA of a conecept plan
(CONPLAN, 1976) for the entire cleanup project, and later an operations plan (OPLAN).
AEC/ERDA input to these plans, and review of sections involving ERDA, required numerous plan
drafts and discussion conferences. The controlling document on hand when the mobilization phase of
the cleanup project started was OPLAN 600-77. (OPLAN, 1977.)

2.1.10 Operations Plan (OPLAN 600-77)

Planning for the cleanup and rehabilitation of Enewetak Atoll began in the fall of 1972 and was
allotted a significant effort by DNA during the next four years. Congressional resistance to the
funding requests was not overcome until July 1976, when Congress authorized a one time expenditure
of $20 million to complete the cleanup task. Estimates of actual costs were several times the
funded amount, but the DOD was expected to make up the balance with resources already
programmed for other purposes.

A basie concept plan for cleanup and rehabilitation was developed, then modified through a series of
revisions to adjust to the funding stipulations mandated by the Congress. When cleanup funds were
authorized, the concept plan was expanded and refined in a series of planning meetings with the
operations plan, OPLAN 600-77, as the end result; portions relevant to ERDA aspects of the cleanup
are presented in Appendix E.
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2.1.11 The In-Situ System

During the time awaiting funding of the Enewetak Atoll cleanup, ERDA was conducting a
radionuclide characterization and survey program of the old aboveground nuclear test areas at its
Nevada Test Site (NTS). ERDA was aware from this program that the sole use of soil sampling to
characterize the radionuclide concentrations (particularly Pu) is time consuming, extremely
expensive, and produces large uncertainties. Therefore, ERDA began investigation of other methods
to characterize surface contamination. One highly promising method was the use of a
high-resolution gamma ray spectroscopy system in place in the field (in-situ). During October 1973,
Lawrence Livermore Laboratory (LLL) conducted tests at the NTS to determine fessibility of the
in-situ system, Early in 1976, they returned with a new Germanium-Lithium (GeLi) detector
optimized for 241 Am detection. (With isotopic ratios, Pu can be inferred from 241Am). The results
were sufficiently promising that ERDA developed a concept for a dedicated, self-contained,
vehicle-mounted production type in-situ system later to be known as the "In-situ van." Construetion
of the in-situ van was begun during the summer of 1976 by EG&G, one of ERDA's contractors. By
the end of the year construction and testing had been completed.

On 24 June 1976, a briefing on in-situ technology was given to ERDA/HQ staff in Germantown, MD.
The briefing included the recommendation that this in-situ technology be used on the Enewetak
cleanup in order to improve confidence in the required survey measurements and to drastically
reduce the amount of expensive radiochemistry that would be needed. However, the final decision to
use in-situ technology to support the Enewetak cleanup was not made until much later in the year.

EG&G was later tasked by ERDA to design and construct in-situ van systems specifically for the
Enewetak cleanup. The first of these systems, later to be known as the IMP (named after the vehicle
they were mounted in), was completed and deployed to Enewetak in June of 1977. Two additional
IMPs were also econstructed and subsequently shipped to Enewetak to support the cleanup effort.

2.2 RESOLUTION OF ISSUES

Phase 1, Mobilization, of the Cleanup of Enewetak Atoll (most commonly referred to as the
Enewetak Cleanup Project, or ECP) began officially, by DOD reckoning, on 14 March 1977. Advance
preparations by a limited erew were designed to acecommodate the large group scheduled to arrive at
Enewetak on 15 June 1977; this was "D-day", when mobilization began in earnest. ERDA was
scheduled to complete many preparatory actions prior to 15 June so that operational aspects of field
and laboratory work could proceed on schedule. However, there were still a number of unresolved
policy issues requiring the attention of top-level DNA and ERDA management. The issues, stated in
the approximate order of resolution, were:

1. Ocean dumping vs. crater entombment.

2. Funding responsibilities.

4. Cleanup criteria and standards.

5. Priority of island cleanup.

6. Island certification.
Two additional issues arose later (after 15 June 1977) and were resolved in due course; they are
numbered here in the order of resolution and will be so presented in following sections. Specifically,
the two additional issues were:

3. Plutonium vs. total transuranics,

7. Planting of coconuts on northern islands.

Figure 2-4 lists the issues and shows the approximate period each was unresolved. There is no intent
here, or in the following sections, to draw attention to the faet that controversy existed, nor
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is it intended to show one point of view as superior to another, or to illuminate a "victor" at the
expense of a "oser" in any issue. Controversy can, and did, exist for a number of reasons, such as
misinterpretation of intent, honest difference of opinion, uncertain interpretation of a poorly defined
problem, reluctance to commit to an action with long-term and unclear consequences, to name &
few. In the sections that follow, the seven issues will be presented first with background as
necessary, then from the viewpoint of each side, then final resolution along with justification for the
decisions made. This procedure is intended to document, as well as illuminate, the issues, and to
steer readers to more detailed supporting documents, some of which may be found in the microfiche.

2.2.1 Ocean Dumping Versus Crater Entombment

The question of the proper method to be used to dispose of plutonium contaminated soil and debris
was not resolved with issuance of the EIS in 1975. As actual soil characterization and removal
became imminent the issue was again raised, this time at the ERDA - Marshall Islands Workshop held
at LLL on 27-29 June 1977. A large group of ERDA and ERDA contractor personnel had gathered to
review ERDA programs in the Marshall Islands, including the decontamination program for Enewetak
Atoll. At an informal "rump session" the second evening of this workshop, a group of participants
drafted a statement expressing their concerns regarding soil removal and crater eontainment. On
the following day, in open session, their statement was offered to the Chairman for possible
workshop discussion. Instead, however, the Chairman chose to accept the memorandum unsigned,
and bring it to the attention of Dr. Liverman, Assistant Administrator for Environment of ERDA.

The statement included the following:

"The placement of contaminated concrete slurry into Cactus Crater does not remove
this material from environmental interaction, since direet ocean water connections
into the crater exist; and present knowledge indicates breakdown and remobilization of
Pu will occur. We therefore recommend that the projected soil removal aspect of the
Enewetak cleanup should immediately be re-evaluated. We recommend that you
re-evaluate specifically the basis for soil removal and the disposition of that which is
removed." (Gates, 1977.)

The statement received very limited distribution outside of ERDA but produced two almost
immediate results. The first was a flurry of correspondence enumerating the arguments for or
against the subjects of the statement. The second was a call by ERDA to assemble a select group of
scigntisti_ familiar with biologieal, health and environmental aspects of plutonium to participate in a
review of:

1. AEC recommendations for cleanup and rehabilitation of Enewetak Atoll and specifically
the criteria for plutonium=-239 in soil

2. Environmental and health implications and long-term monitoring requirements for crater
disposal of contaminated debris and soil on Runit Island.

The group of seientists met in Las Vagas, Nevada, on 15-18 August 1977. The chairman of the group
was Dr. William J. Bair, Manager, Biomedical and Environmental Research Program, Battelle-Pacific
Northwest Laboratory. The group became known as the Bair Committee. The committee heard
presentations from several staff members from both ERDA and DNA, and reviewed supporting
documents distributed prior to the meeting. In reporting to ERDA, the committee stated:

"In examining the question of disposal of contaminated soil and debris, the reviewers
considered potential human health effects, future maintenance and monitoring
requirements, retrievability, potential restrictions on access to Runit Island,
implications and risk of reopening the Environmental Impact Statement, costs,
quantities of debris, and engineering problems. Weighed against these considerations
the reviewers agreed that the planned emplacement of conerete-encased
plutonium-contaminated soil and debris in the Cactus Crater would not in itself impose
unacceptable human health risks. The method could result in the gradual
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release of this plutonium to the marine environment; this would be in addition to the
1500 Ci already in the lagoon sediment. However, for the worst case in which 10 Ci Pu
is added to the Crater below the water level, the local lagoon water plutonium
concentration would not increase more than by a factor of two. This could lead to an
increased dose of a few mrem per year to a person who obtained all of his food from
the local marine environment.

"Several alternate disposal schemes, while not significantly influencing the health risk
prospects, might be preferable. While it may be inadvisable to change disposal plans at
this late date, the reviewers believe you should be aware of the possible advantages of

other methods." (Bair, 8/1977.)
Alternate disposal schemes discussed included ocean dumping, lagoon dumping and several methods

of terrestrial disposal on Yvonne (Runit) Island. Following distribution of the Bair Committee
recommendations, the issue of ocean dumping versus crater entombment was not again raised.

2.2.2 Funding Responsibility

In the first interagency meeting to discuss cleanup of Enewetak, held on 17 August 1972, it was
agreed that the source of funding would not be discussed at that meeting. By the end of the 7
September 1972 interagency meeting, the general outline of funding responsibilities had been
arranged. It was agreed that AEC would fund the radiological aspects of the 1972 precleanup survey,
the conduet of any other radiological survey activity that might be required to understand conditions
in the environment as they relate to exposures of people and development of standards, and the
conduct of periodic followup radiological surveys that take place after cleanup. If later field and/or
laboratory work was to be done by AEC in support of cleanup, AEC should be reimbursed by DOD.
DOD would be responsible for funding the engineering portions of the precleanup survey and those
monitoring and survey activities that were required to support cleanup operations and to insure
safety of personnel involved in cleanup activities, DOD also would fund the later cleanup of both
radiological and nonradiological material. DOI would be responsible for funding rehabilitation costs
once cleanup was completed. The EPA suggested that if DOD was going to fund the major part of
the cleanup, then DOD should prepare the environmental impact statement, and it was so agreed.

At this time it was generally believed that the pending radiological survey would provide detailed
information sufficient for making cleanup decisions. However, even with the tremendous amount of
data gathered during the 1972-73 survey, without which the cleanup could never have been planned,
the cleanup required extensive radiological support. This requirement was not readily apparent to
the early planners.

In 1973, while preparing its budget estimates, DNA requested a cost estimate from the AEC for the
establishment of a radiochemistry laboratory at Enewetak. The estimate furnished was $1.5 million
and that number remained in DNA's planning from 1973 on. No funds were identified in those plans
for the acquisition of other radiological support equipment or for AEC/ERDA field operations. The
$1.5 million was included in DNA's $39.9 million request to the Congress. When Congress in July
1976 authorized only $20 million, the Director, DN A, wrote in a letter to ERDA:

". . . it is essential that we either accomplish the radiological monitoring within the
estimated costs or that any new or additional funding for those tasks outlined in
paragraph 2a(4) of our agreement be borne by ERDA." (Johnson, 1976.)

This was in direct conflict with the ERDA-DNA agreement of the previous year wherein it was

provided that ERDA would perform radiological support for the eleanup "...with full reimbursement
from DNA..." However, the July 1976 letter was not challenged at this time. (AGREE, 1975.)

54



By November 1976 the scope and duration of ERDA support was becoming more clear and on 2
February 1977 ERDA HQ requested from DNA the release of the $1.5 million and advised that that
sum would support ERDA's field participation for only 15 months.

The Office of the Assistant Secretary of Defense informed the Director, DN A, (Queisch, 1977.) that
"The $1.5 million programmed under military construction (as a convenience) represents a firm limit
on obligations for this purpose against military construction funds," and noted further that additional
funding requirements should be incorporated in ERDA's fiscal year 1979 budget request. (The $1.5
million was considered sufficient to support ERDA functions through fiscal year 1978.)

Initial DNA cost estimates for the Enewetak cleanup were based on a contractor supplying the work
force on a reimbursable basis, with reimbursement to come from Military Construction (MILCON)
funds appropriated by the Congress. When Congress balked at the level of funding requested by
DNA, and indicated the maximum appropriation would be about $20 million, the DNA planners were
forced to develop alternatives which would not depend on MILCON funding. One alternative was to
have troops perform all possible labor, thus to transfer substantial manpower costs to the military
services and out of the MILCON account. During the course of DNA-DOE negotiations and planning,
DNA agreed to provide military service personnel to support operation of the radiation laboratory,
and to perform day-to-day field monitoring, dosimetry and recordkeeping pertaining to health and
safety of eleanup personnel. The effects of this arrangement were twofold: about 40 labor positions
were transferred from MILCON funding to military service payrolls, and health physics
responsibilities for monitoring and dosimetry were transferred from DOE to DNA. The DOE/ERSP
Technical Advisor assumed an advisory role to the JTG RADCON office on health physics matters.
This change in responsibilities reduced DOE funding requirements over the life of the cleanup project
by several million dollars.

On 7 April 1977, FCDNA noted in a letter to ERDA/NV that . . . an agreement has been reached
whereby ERDA Headquarters would provide any additional funds required” (beyond the $1.5 million
already allocated). This would seem to end the funding issue—but not so. ERDA advised DNA on 13
September 1977 that ERDA had sought the Office of Management and Budget (OMB) approval for a
reprogramming action, but the action had not yet been approved; efforts at resolution were
continuing. In the meantime, ERDA was providing $300,000 on an interim basis rather than recall
personnel already deployed and would continue to provide, on a reimbursable basis, resources needed
for radiological support to the DOD cleanup. The total project cost was now estimated by ERDA to
be $5.194 million through fiscal year 1980.

DNA responded to the ERDA letter on 16 September, reiterating the history of the issue and
pointing explicitly to the OPLA N, signed by two ERDA representatives, which stated:

"ERDA will budget for, and fund, complete radiological effort over and above the
$1,500,000 provided from MILCON funds."

It was also noted that ERDA's $1.5 million was not reduced pro rata when Congress reduced the
MILCON request from $39.9 million to $20 million.

ERDA/HQ assembled a notebook of 23 memoranda and letters exchanged among Interior, DNA,
OMB, and AEC/ERDA between 7 September 1972 and 16 September 1977 and submitted the notebook
to OMB on 27 September 1977. The transmittal letter stated the ERDA position in these words:

". . . the only conclusion permissible from all of this is that ERDA will do the
radiological monitoring and certification on a reimbursable basis. On the basis of the
understandings in these memoranda, ERDA has not budgeted for these activities. I
recommend that OMB determine, in the most expeditious manner, who is going to
accommodate the cost and how it should be done so as not to slow down the cleanup
actjvities." (Liverman, 1977.)
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On 25 October 1977, DOE representatives met with DOl, DNA and OMB in an attempt to finally
resolve the funding problem. Having reviewed the above-mentioned notebook, the group heard
additional arguments from both DOE and DNA, the most telling of which was the reading by the
Director, DN A, of a telegram from the former Director stating categorically that Dr. Liverman had
acknowledged DOE (then AEC) responsibility for funding radiological support (Hollister, 1977). On
the same day, subsequent to the meeting, OMB representatives advised by telephone that DOE would
be expected to fund the program by reprogramming in FY 78 and should budget for it in FY 79. Thus
the $1.5 million ceiling on DNA funding became a firm limitation, and DOE became committed to a
total obligation of over $3.5 million over the life of the project.

Tabulated below are the actual costs, exclusive of salary, travel and office costs of DOE/NV staff
participants.

DNA FUNDING (000)

FY 77 FY 78 TOTAL
EG&G § 417 $ 83 § 500
H&N-PTD 173 63 236
Eberline 598 97 695
DRI 27 0 27
LLL 8 2 10
REECo 0 10 10
Sandia 0 22 22
Total $1,223 $ 277 $1,500
DOE FUNDING {(000)
FY 77 FY 78 FY 79 FY 80 TOTAL

EG&G $ 300 $ 319 $ 386 $ 220 $1,225
H&N/PTD 0 284 525 (160) 649
Eberline 0 327 609 52 988
DRI 0 104 154 52 310
H&N/OCTD 0 0 5 151 156
LASL 0 22 20 0 42
LLL 0 24 1 10 35
Sandia 0 4 30 0 34
EPA 0 2 9 0 11
Battelle/PNL 0 0 17 0 17
REECo _0 3 _3 50 56

Total $ 300 $1,089  $1,759 $ 375 $3,523

Total funding for the Enewetak Radiological Support Project is summarized below in thousands:

DNA DOE TOTAL

EG&G $ 500 $1,225 $1,695
H&N/PTD 236 649 885
Eberline 695 988 1,683
DRI 27 310 337
H&N/OCTD 0 156 156
LASL 0 42 42
LLL 10 35 45
Sandia 22 34 56
EPA 0 i1 11
PNL 0 17 17
REECo 10 56 66

Total $1,500 $3,523 $5,023
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The incremental costs for the Fission Product Data Base Program were, in thousands:

Eberline -  $230
H&N/PTD - $ 90
Total - $320

These costs were incurred in FY 79 and are included in the overall ERSP totals stated above.

2.2.3 Plutonium Versus Total Transuranics

Presentation of sampling results followu¥3 the 197 2-73 Enewetak Radiological Survey (NVO-140)
usually referred to plutonium as 239py or 40py,

The AEC Task Group Re 9port and the EIS followed the pattern of NVO-140 and continued to refer
pnmamly to 239py or 23 0pu. There wasa tendency to shorten the reference to just "Pu" as may
be seen in the discussion of OPLAN 600-77 presented in Appendix E. By the summer of 1977, ERDA
staff members were making occasional reference to "transuranics" instead of "plutonium". Two
developments in late 1977 brought the question of plutonium vs. transuranics to the forefront. The
first was the release by EPA of new dose guidelines for transuranic elements in the environment.
The second was discovery that 238py concentrations found in the soil of Island Pearl made a
significant difference in the volume of soil that might have to be removed to meet the criterion
anticipated for this island.

DNA obtained oral assurance from EPA that the new draft guidelines, which were more stringent
than earlier guides with regard to transuranics, would not apply to Enewetak, then or in the future.
Nevertheless, DNA was concerned that ERDA might adopt and implement the new guidelines
independently, creating a much larger requirement for soil removal than had been previously
planned. Several DNA staff members attempted to independently evaluate the impact that ineluding
total transuranies would have on soil removal volumes. A mathematical/statistical approach
indicated the potential volume could increase from about 87,000 yd3 to about 147,000 yd3, excluding
soil cleanup from Yvonne, and assuming cleanup of all soil indicated to bear total transuranic
concentrations greater than 40 pCi/g of soil. (Bramlitt, 12/1977.) Another study compared the
response, 1n terms of soil volume, to changing the intended use of selected islands as compared to
mcludmg 38pu and 241Am in the cleanup criteria. The conclusion of this study was that DNA
should not object to inclusion of 238Pu and 24!Am in calculating soil contamination levels for
cleanup, since the impact of inclusion would be considerably less than changing the intended use.
(Treat, 12/29/1977.) Both studies utilized data reported in NVO-140, and qualified their conclusions
to the effect that ongoing characterization activities could lead to different conclusions.

The ERDA/HQ (DOE as of 1 October 1977) staff, although saying Pu for many years, stated that they
had intended to mean transuranics all along. (McCraw, 11/1977.) From September 1877, when DNA
began to develop concern over the transuranies question, to late December 1977, when the question
had become acute for DNA, DOE/HQ remained silent, except to say that transuranics was always
intended rather than just "Pu", (Treat, 12/8/1977; MeCraw, 12/1977.)

By late December 1977, several issues requiring attention had developed. A resolution conference
was held at DOE/HQ on 6 January 1978. Because DNA had already reached internal agreement not
to object to expansion, in their view, to include total transuranics in the cleanup calculations, the
conferees were able to report:

"Consequently, the conference made a tentative agreement subject to confirmation
or change, once the full scope is known, that the soil cleanup criteria would be
considered to apply to all transuranic isotopes. . . .Since cleanup planning was based
on removal of soil contaminated with 239’240Pu, this change in definition of cleanup
criteria might mean the degree of cleanup of certain islands may be more or less
than planned in view of the fixed level of funding." (Deal, 2/1978.)
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Once the full scope of the cleanup problem was known, there was no change to the inclusion of all
transuranie isotopes. Other developments, reported in the next section, overshadowed any questions
that remained concerning the "change" from plutonium to transuranies.

2.2.4 Cleanup Criteria

In the interagency meeting of August 1972 (discussed in Sec. 2.1.1), the suggestion was made _that it
probably would not be difficult to establish eriteria for the cleanup of the so-called "clean" 1sl§nds
because in large measure cleanup would simply be removal of debris. For the so-called "dirty"
islands, the potentially enormous quantity of debris and soil for removal suggested a requirement for
policy determination as to the final disposition of contaminated soil. The alternatives appeared to
be in situ burial, lagoon or crater disposal or engineered storage in the continental U.S. The only
alternatives to cleanup appeared to be fixation of the contaminants, a permanent gquarantine or
denial of access to areas of concern.

As part of the 1972-73 engineering survey, it was necessary to make certain assumptions regarding
the maximum level of contamination below which no cleanup would be required and to propose
disposal methods for soil failing the criteria. The engineering criteria for estimating the magnitude
of cleanup, with respect to residual plutonium, were stated as follows:

"]. Residual plutonium will be limited to 500 pCi/g (500 pico Curies of plutonium radioactivity
per gram of soil) which is equivalent to 500 micrograms of plutonium - 239 per square
meter of soil through the top 5 em (2 inches) of soil

"2. For site Yvonne (Runit Island) regions exceeding 500 pCi/g of soil will be removed to &
depth of 24 inches.

"3, Any soils with surface contamination exceeding 50 pCi/g not already diffused to a depth of
10 inches or more will be plowed to this depth.”

Areas with soil above the residual level limitations were to be reduced to the limits by either
removal of soil or covering with soil having negligible radioactivity. Removed soil was to be
transported to only one of three alternate areas:

"1, Soil shall be removed to an island with minimal uses for other purposes, such as Runit
Island, and used as intermediate "land fill" over contaminated metal and debris.

"2. Soil shall be removed to an underwater disposal area (either at sea or in the lagoon) and
dumped.

"3. Soil shall be encased in containers and returned to Conus (continental United States) for
burial at a designated locatjon to be determined.”

The above criteria were used solely as the basis for constructing scope-of-effort estimates of the
cleanup project and had little bearing on final cleanup criterig, although the alternatives mentioned
were each evaluated extensively in later deliberations.

The AEC Task Group was assembled in 1973 to develop judgements and recommendations on cleanup
and rehabilitation of Enewetak Atoll. The Task Group effort was to arrive at a thorough
understanding of the extent and character of the radioactive contamination in the atoll and, more
importantly, to examine the implication of this contamination for continuous and long term human
habitation. The Task Group based its recommendations on an extensive review of federal and
international radiation exposure guidelines and the results of the 1972-73 radiological survey of the
atoll. The first draft of Task Group recommendations was distributed to selected agencies for
review and comment on 1 February 1974. On 6 March, an interagency meeting was held to discuss
the draft report. Summary notes of this meeting by an AEC representative enumerate the different
agency views and differences of opinion and are quoted at length below:
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"EPA

"DNA

"DOI

"HEW

"TASK
GROUP

Hold position that current radiation standards are 'upper limits'. EPA will
likely look only at risk of exposures rather than at the benefit-risk area.
Expressed concern that restrictions for control of exposures may not be
effective over the long term. Stated that use of 100% of the genetic
eriteria is not justifiable. Urged use of Federal standards (FRC) instqzeb% of
ICRP guidance. Expressed conecern that soil removal criteria for Pu
may not be stringent enough. Cited need for more specific requirement
for obtaining additional information on Pu levels in air. Had concern for
verification of predicted doses and followup studies. Rejected use of DNA
radiation criteria developed from consideration of past cleanup experience
(the 'precedent’ approach). Support Task Group's approach to development
of recommendations.

Stated a strong preference for their own criteria and need for no other
guidance. Feel that they are too far along in their planning and it is too
late to change the approach taken last year. Support radiation criteria
based upon a review they have conducted of past AEC cleanup
experience. Have selected numerical criteria taken primarily from Grand
Junction uranium mill tailings experience. Rejeet Task Group criteria
based upon current radiation standards as being toc low and too
conservative. Support view that the cleanup objective must be to reduce
external garima level with no other cleanup or restrictions required.
Support the concept of 'fallback positions' to be used if all necessary
cleanup funds are not available. Hold that availability of money will
determine extent of cleanup. Reject the 'as low as practicable’
requirement.

Have concern that Janet may not be returned. Support the Task Group's
approach to development of recommendations. Are hopeful of actions
leading to return of people to Janet. Question when Janet can be returned
if not now. Hold position that people will eventually return to Janet.

See need for more air sampling and investigation of exposure from inhaled
Pu. Cited need for information on 1 exposure of the thyroid. Found
the Task Group draft a very satisfactory report.

Supports use of current radiation standards and philosophy recommended
by FRC and ICRP. Cannot support DNA approach to criteria development
using cleanup experience such as current effort for removal of mill
tailings under and near structures in Grand Junction. Cannot support
recommendation of cleanup alternatives wherein basic Federal radiation
exposure standards would not be met. Supports position that both internal
and external exposures must be evaluated in considering cleanup
alternatives. Cannot support concept of fall-back positions to be used if
necessary funds for cleanup to acceptable criteria are not available. Hold
to position that recommended actions are only those known to be feasible
and effective., Cannot support DN A recommendation of use of 'clean beds'
of soil for growing food on & contaminated island since this action involves
many uncertainties and is unproven as to effectiveness. View of remedial
(cleanup) action is that once it is taken, the objective is to make
substantial reduction in radioactivity levels, not to reduce levels to some
specified value. Support approach of studying all alternatives for cleanup,
but to recommend only a preferred set of actions that in the judgement of
the Task Group will comply with the 'as low as practicable' requirement.
Believe that DNA has misinterpreted and is misusing AEC cleanup
experience in citing this as a basis for choosing radiation exposure
criteria. Observes that DN A uses a 'worst case' approach to cleanup based
upon AEC exposure estimates that are actually average exposures.
Believe that DNA recommendations cannot be successfully defended
against criticism from those who are familiar with current Federal
regulations and standards.”
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In a cover letter to which the above notes were attached the AEC representative further stated,

"The differences between the Task Group approach and the DNA approach
involve issues that are so fundamental that to try to change the approach and
adopt their position would bring us into conflict with both the spirit and letter
of regulations that govern Federal agency radiation protection activities. It
is not possible to conform to their wishes by merely putting forth a wider
spectrum of cleanup alternatives." (McCraw, 1974.)

Viewpoints of the various concerned agencies were exchanged during the next several months. The
Task Group continued to work on its recommendations, incorporating many suggestions submitted by
reviewers, and responding to critical comments with detailed rationale for positions taken. The final
report on recommendations was issued on 9 July 1974 (see Section 2.1.5). The Director, DNA,
informed the Chairman, AEC, by letter dated 7 August 1974, that DNA had accepted the AEC staff
position on the radiological criteria and the advisory controls necessary for return of the people to
Enewetak. Planning began immediately for a meeting to be held at Enewetak to present the DEIS
and the results of the radiological survey to the people of Enewetak (as discussed in Section 2.1.6).

Reviewer comments on the DEIS were received by DNA and in one instance ERDA prepared a
response. Commenting on the comments supplied by the Micronesian Legal Services Corporation
(MLSC), ERDA staff noted:

"Numerical values of radiation exposure and concentrations of plutonium in soil were
recommended by the Task Group as guides for use in evaluating radiologieal conditions
at Enewetak Atoll only. Such guides are not to be considered as standards. These
guides were used as limits in evaluating remedial action options in order to recommend
actions and restrictions that will insure that exposures of people when they return will
not exceed the basic FRC, ICRP, and NCRP standards. These considerations are the
basis for actions and restrietions recommended in the DEIS. While there is no National
or International standard for plutonium expressed as a concentration in soil, the guides
recommended, 40 and 400 pCi/g, were derived using the best current information
relating such soil concentrations to possible exposures to man. The guidance for cleanup
of contaminated soil was selected such that exposures of people are expected to be well
within the basic standard. This guidance has been approved by EPA for use at
Enewetak." (Biles, 1975.)

Guidance provided by the Task Group was quite clear with respect to soil with Pu concentration
below 40 pCi/g or above 400 pCi/g, but the case-by-case treatment of concentrations between 40
and 400 pCi/g became an obstacle in cleanup planning. There were numerous meetings and
exchanges of eorrespondence during the next two years on this subject with no real progress toward a
solution; planners could not identify beforehand specific actions appropriate for treatment of Pu
concentrations in soil between 40 and 400 pCi/g.

In the memorandum prepared following the ERDA - Marshall Islands Workshop on 27-29 June 1977, it
was noted that:

"The rationale for removing plutonium-contaminated soil is based on assumptions
regarding resuspension of Pu that are not validated by empirical data. Additionally, we
question whether the guidelines which have been established for soil removal are
supportable.

"The present total inventory of plutonium in the terrestrial environment at Enewetak
available for resuspension and resultant dose commitment cannot be significantly altered
by the proposed course of action." (Gates, 1977.)

The Bair Committee reviewed criteria for removal of contaminated soil at the meeting of 15-18

‘August 1977 and concluded: "There was unanimous agreement that the criteria for cleanup of the
islands contaminated with plutonium are reasonable in light of present knowledge and their
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application does not pose an unacceptable health risk." Elaborating on this econclusion, the
Committee stated:

"The peviewers considered the criteria for the relocation of approximately 10 Ci of
plutonium from dispersed locations in the terrestrial environment to a central location
in the Cactus Crater on Runit Island.

"The reviewers concurred with the 40 pCi Pu/g soil value adopted in the Environmental
Impact Statement as a minimal action level and with 400 pCi/g as the mandatory
cleanup level. Using the assumptions in the EIS the reviewers estimated that the lung
dose resulting from lifetime mhalatlon of air containing an equivalent concentration
(100 pg soil/m? air or 4 fCi Pu/m3) would be approximately 0.01 rem/year, or 1
mrad/year, assuming a quality factor of 10. This compares with the proposed EPA
federal guidance value of 1 mrad/year to the lung from transuranie elements in the
environment. The reviewers believe that lung doses from inhaled plutonium will be
considerably less than this for persons living and working on the Atoll because of the
small land area which minimizes buildup of plutonium concentrations in the air and
because of the conservative assumptions used in estnmatmg dose; e.g., all contaminated
soil was consxdered respirable, the concentration of soil in air was maintained constantly
at the 100 pg/m level, ete.

"The reviewers recommend that more specific guidance for application of the criteria at
plutonium levels between 40 and 400 pCi/g be developed for the Task Group Commander.

"The Environmental Impact Statement indicates that 905r and 137Cs in the soil and the
uptake by plants is the major problem which will limit the occupancy and utilization of
certain islands of the Atoll. Certain soil amendments that have been shown to
significantly decrease the uptake of these radionuclides may be useful for hastening the
rehabilitation of the Atoll." (Bair, 8/1977.)

The Bair Committee recognized that the Commander Joint Task Group (CJTG) was in need of more
specific guidance for application of criteria. At the time of this meeting, the only explicit guidance
appeared in OPLAN 600-77 which said, in essence, excise all areas exceeding 400 pCi/g, whether
surface or subterranean, excise to some lower level of activity any area where the one-half hectare
average exceeds 100 pCi/g, excise to some lower level of activity any area where the one—quarter
hectare average exceeds 40 pCi/g.

Seeking additional guidance consumed many man-hours between August 1977, and January 1978, with
no recorded progress. At the 6 January 1878 meeting, where the transuranies question was resolved,
the question of field application of criteria was also addressed. The conferees agreed that DOE
would develop dose estimates for islands designated for agricultural use. Minutes of the meeting
state: "Of special interest are dose contributions resulting from use of certain islands for
agricultural purposes at or near 100 pCi/g."

The need arose for the Advisory Group to review application of cleanup criteria for transuranic
concentrations in the range 40 to 400 pCi/g when measurements on the northern islands showed many
areas to be in this range. The Task Group Report (issued as guidance) had recommended
case-by-case treatment for areas with TRU concentrations in the 40-400 range, but did not suggest
either a methodology or a case-by-case rationale. Ultimately, the question became one of cost vs.
benefit, that is, to achieve the maximum overall improvement in the TRU situation given the
availability of a finite eleanup resource. ERSP staff, although technically qualified to submit sound
recommendations based on interpretation of Task Group guidance, were too close to the operational
problems of cleanup to make unbiased recommendations that would be acceptable to both DOE/HQ
and DNA.

On 4 April 1978, DOE/HQ again called upon a group of experts not directly engaged in the cleanup
pro]ect to review and evaluate operations and advise DOE. This group was officially titled the
Advisory Group on Cleanup of Enewetak Atoll; however, since Dr. William Bair was designated the
chairman and many of the members were also on the August 1977, Bair Committee, this name was
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again used by many observers. (For the remainder of this report, the group assembled in April 1978,
will be called the Advisory Group to be consistent with what the group called itself.) The Charter

for the Advisory Group listed these review topics:
1. Cleanup criteria and recommendations.
2. Field operations:

a.  Monitoring and sampling

b.  Sample analysis

e. Data handling and analysis including statisties

d. Advisory activities in support of cleanup commander

e. Application of cleanup criteria and recommendations

f. Certification

g- Post cleanup conditions including disposal of contaminated debris and soil

3. Dose estimates and applicable standards.

For clarity, it should be emphasized that the Advisory Group was advisory only to DOE/HQ.
Conclusions and recommendations of the group would be considered by DOE in formulating policy
regarding cleanup; they were not automatically binding on DNA.

The first meeting of the Advisory Group was held 26-27 April 1978, timed to precede an issue
resolution conference scheduled by DNA for 3-4 May. Four questions were submitted to the
Advisory Group prior to their meeting; all four are presented in the quotation below but responses to
only the first two are reproduced here. The third question, while bearing on significant topics, was
not the center of a controversial issue in need of immediate resolution; however, the dose estimate
question later became critical as discussed in Section 2.2.7. Question 4, and the Advisory Group
response, is presented in Chapter 6, Section 6.7. The questions and responses, with the revised
wording to response number 2 as distributed on May 3, were:

"l. Is it possible to develop dose-related cleanup guidance that would assure that
doses to future residents of Enewetak Atoll would not significantly exceed
proposed EPA guidelines for transuranies?

"2. What advice can be given to the Defense Nuclear Agency on May 3, 1978, to
facilitate planning for cleanup of transuranies on Enewetak?

"3. What additional information can be obtained that could improve the confidence
of the dose estimates and cleanup criteria for transuranics?

"4, Can plowing be used as an effective cleanup measure for transuranics in soils?

"The Advisory Group reviewed information and data provided by DOE-Division of
Occupational and Environmental Safety, Lawrence Livermore Laboratory,
DOE-Nevada Operations Office and Defense Nuclear Agency and offers the
following response to the above questions. (This pertains only to transuranic
elements and does not consider radiation doses from other radionuclides which, the
Advisory Group understands, will delay the resettlement of some of the islands for
many years.)

"l. The Enewetak Advisory Group does not find it possible to develop reasonable
cleanup guidance that would assure that radiation doses from transuranics to
future residents would not significantly exceed proposed EPA guidelines.
Obviously, the more stringent the cleanup criteria, the greater the degree of
assurance; but uncertainties inherent in our present understanding of the
problem preclude absolute assurance. One cannot predict with certainty the
contamination levels that will exist in the islands after cleanup—this must be
determined at a future time. One cannot predict the lifestyle and dietary
habits of every individual who returns to the islands. Perhaps most important,
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many of the factors that are involved in movement of transuranies in the
environment and the deposition and retention of transuranies in human beings
are not well established.

"The Advisory Group is of the opinion that the recommended cleanup criteria
as discussed in Item 2 below will result in average transuranic radiation doses
to subsequently exposed populations that will be commensurate with proposed
EPA guidelines. The EPA considers its guidance levels to be equivalent to a
lifetime risk of about 14 premature cancer deaths per 100,000 persons exposed
and to perhaps an equal number of genetic effects, although these estimates
are based on many uncertain assumptions and are generally considered to be
quite conservative. An estimate of 14 cancers per 100,000 people would
correspond to a 3% chance of one cancer appearing in a population of 200
people exposed to EPA guidance levels for their lifetime; or expressed
differently, to a probability of one cancer in every 2,100 years (assuming a
constant population size).

"2. Considering the physical and ecological limitations to removal of transuranics
from the Enewetak Atoll, the Advisory Group recommends the fo}lowing:

All one~quarter or one-half ¥ hectare areas on village islands should be cleaned
unless (with 70% confidence) the average concentration in surface (0-3 em) soil
does not exceed 40 pCi/g. That is, each one~guarter or one-half hectare area
should be cleaned if the average concentration plus one-half sigma (for the unit
area) exceeds 40 pCi/g. From the information currently available and used for
dose assessment, we believe this procedure will provide a reasonable
expectation that doses in the bone and lung will be commensurate with the
EPA guidance. In terms of radiation dose-sparing benefit to future inhabitants,
cleanup of a standard area on a village island is worth about 4 times as much as
cleanup to a given level on an agricultural island and 12 times as much as
cleanup of the same area to the same level on a picnic island, However, in the
light of existing eontamination levels and available cleanup resources, it would
appear that cleanup of all one—quarter or one-half hectare areas on village
islands according to the above criteria should receive first priority. Because
the other islands may have increased use over that currently assumed, a second
priority should be the cleanup of agricultural island half-hectare areas unless
(with 70% confidence) the average coneentration for the unit does not exceed
80 pCi/g. A third priority should be the cleanup of pienic island half-heetare
areas unless (with 70% confidence) the average concentration for the unit does
not exceed 160 pCi/g. If resources are exhausted, some islands may not be
cleaned up; final dose assessment may indicate that these islands will have to
be permanently quarantined. We note that the soil profile on Pearl is
anomalous since the concentration of transuranies appears to be uniform with
depth. We believe that the possibility of effective eleanup for use as a village
or agriculture island is remote. However, the possibility of covering Pearl with
the less contaminated soil from the village islands and, perhaps, from the
agricultural islands should be considered for lowering the average surface
contamination levels and reducing the logistics problems of transporting the
soil from the other islands to Runit,

*1/4 hectare if IMP readings are taken on a 25 meter grid; 1/2 hectare if a
50-meter grid is used." (Bair, 4/1978.)

Information and data provided to the Advisory Group for review included a draft dose assessment by
LLL as agreed in the 6 January meeting. The new assessment indicated that the controlling dose
may be ingested through the food chain rather than through inhalation of transuranics as had earlier
been believed.
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DOE informed DNA by teletype on 2 May 1978 that it was DOE's firm intention to follow the
Advisory Group guidance (stated above) and that final certification decisions would be based on this
guidance. On 3 May, DNA convened a conference of representatives from agencies partieipating in
the Enewetak Cleanup Project to resolve selected issues so that contaminated soil cleanup
operations could begin. Detailed review and discussion were held on the critical issues and the
operational impacts that various alternatives would have on the overall success of the cleanup
effort. The Director, DNA, made several key decisions at the end of the conference. (See
conference report in the mieroficne.) With regard to cleanup eriteria and standards, a summary of
the conference states:

"The soil cleanup criteria provided by the Bair Committee report . . . were
tentatively accepted by the Director, DNA, as the criteria to be followed for
cleanup operations. This acceptance is contingent upon the DOE/Bair Committee
developing more precisely the status of islands (e.g., Boken (Irene) or Lujor (Pearl))
which may end up being cleaned to below 400 pCi/gm, but not down to the 160
pCi/gm criteria established by the Bair Committee for food gathering islands."
(Monroe, 1978)

The final criteria for surface soil cleanup, summarized from the Advisory Group report, were:
1. Condition A. Clean all 0.5 hectare areas on food gathering islands that exceed 160 pei/g.
2. Condition B. Clean all 0.5 hectare areas on agricultural islands that exceed 80 pCi/g.
3. Condition C. Clean all 0.25 hectare areas on village islands that exceed 40 pCi/g.

Priority of eleanup actions was the reverse of the above sequence, that is, first priority was assigned
to Condition C, 2nd to Condition B, 3rd to Condition A. Criteria and priorities presented above
remained in effect for the duration of cleanup.

Criteria applicable to subsurface contamination (Condition D) were also specified at this time, but
required additional clarification prior to unambiguous implementation. The original Condition D (see
Appendix E) specified excision of Pu concentrations exceeding 400 pCi/g. The action value was
reduced from 400 to 160 pCi/g as a result of DNA's acceptance of Bair Committee
recommendations; however, additional wordsmithing was still required. Part of the problem of
interpretation in the field centered on the criteria statement regarding "An assay area", which was
defined (see Appendix E) as the field of view of the in situ detector, and that this area was to be
"rfr‘leasured“ rather than estimated. The in situ detector could not measure subsurface concentrations
of Pu.

The DOE/ERSP Deputy Manager and the Commander, JTG, sent a coordinated appeal for help in
interpretation to FCDNA and DOE/NYV, and suggested some new wording for Condition D. The key
element of the new wording introduced definition of an assay area as a "defined area of interest not
less than 1/16 hectare". There followed an exchange of correspondence between DNA, DOE/NV and
elements on Enewetak, and a request that the Advisory Group resolve the problem. The Advisory
Group was reluctant to do so (Bair, 9/1978 and 10/1978), but found the definition of an assay area
applicable to subsurface contamination to be acceptable.

With no further guidance forthcoming, the final criteria for Condition D, as applied in the field was:

4. Condition D. TRU activity in any 5 em depth interval below the surface shall not exceed
160 pCi/g when averaged over 1/16 hectare.

Tech Notes 18 and 19 demonstrate field sampling and implementation procedures required to abide
by the final criteria.
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2.2.5 Priority of Island Cleanup

Radiological reconnaissance of Enewetak Atoll in 1971, confirmed by later detailed surveys,
indicated that, for convenience, the southern islands could be classified as "clean" and the northern
islands as "dirty." However, the groupings were reversed in terms of effort required to accomplish
debris removal and preparation for rehabilitation. Most of the uncontaminated debris was located on
the southern islands of Elmer and Enewetak, as these two islands had been extensively developed
during the testing period; unwanted facilities would have to be removed to accommodate
rehabilitation. Initial proposals in 1972 envisioned cleanup of radiologically "clean" islands first,
then progressing to increasingly 'dirty" islands. It was suggested that this approach might produce
the greatest benefit with the least effort and the experience gained on the easier tasks could later
be applied to the harder jobs.

The DNA position on the priority of island cleanup was clearly stated in question and answer
worksheets prepared for use in congressional committee hearings held in March 1976. The following

answer was prepared in anticipation of a question:

"The plan of operation provides that the soil on Runit will be the last soil to be
excised for encapsulation into the crater(s). The plutonium-contaminated soils on all
other islands would be removed first. If, during the procedures, it became apparent
that fiscal constraints would preclude encapsulating plutonium-contaminated Runit
soils, we would request additional funds to complete all soil work. If this request
was not favorably received, the soils on Runit would be left in situ." (FCDNA, 1979.)

During testimony, the Director, DNA, deviated from the prepared answer and stated:

"If funding limits prevent the cleanup of Runit, which everyone considers the major
hazard on the atoll, we have only three choices:

e Cancel or postpone the projeet until such time as we can meet our
commitment to the people.

e Continue to retain control indefinitely over the atoll to prevent innocent
people from inadvertent exposure to the hazards that will exist on Runit.

e Quarantine Runit forever, but this would not be in accordance with
standards established.

"The cost of mobilizing and maintaining the work force on Enewetak Atoll is the
major cost. If, after having made this costly effort and then not completing the
cleanup, it would really not be a very cost effective method of operation. The most
significant hazard, the plutonium-contamination on Runit, still remains and must be
controlled or resolved some time in the future. The mobilization costs will again be
required when it is decided to resolve the plutonium problem.

"Incidentally, we cannot expect to be absolute in our cleanup of Runit. We can only
make our best effort to reduce the concentration of plutonium as low as feasible
within the established guidelines set by ERDA." (CR, 1976.)

Following the Senate committee hearings, the DNA staff was faced with the problem of resolving
the differences between what had been planned to that point and the commitments that the Director
had introduced in his testimony.

Northern island cleanup priorities were enumerated by FCDNA staff on 17 February 1977. A staff
paper included consideration of such factors as boat access to islands, the volume of debris and
contaminated soil present on each island, density of vegetation to be cleared, intended post-cleanup
island use, starting more complex (i.e., ground zero) islands as soon as methods had been perfected
on "easy" islands, and work on several islands at the same time. The suggested priority list was:
Daisy, Belle, Ursula, Alice, Clara, Edna, Pearl, Irene, Kate, Yvonne, Janet, Olive, Sally; small
northeast islands; Wilma, Vera. (Bramlitt, 2/1977.)
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The DNA staff (DNA/HQ and DNA/FC) did not all agree with the priority list suggested in the
February 1977, MFR. Based upon the testimony of General Johnson in March 1976, and supported by
statements in the EIS and OPLAN 600-77 (to which no earlier objections had been raised), but
counter to the Task Group Report, DNA staff developed the philosophy that plutonium
concentrations greater than 400 pCi/g on Irene, Pearl, and Yvonne (and the Aomon Crypt(s)) were
categorized as "mandatory" eleanup. The Bair Committee report of the 15-18 August 1977 meeting,
quoted in Section 2.2.4, included the words, "The reviewers concurred . . . with 400 pCi/g as the
mandatory cleanup level. . ." FCDNA interpretations equated "mandatory" with "top priority" and
expressed this position in August 1977. (Tate/Ray, 1977.) While signatory to this MFR, the ERSP
Manager expressed concern over the DNA position that cleanup of Yvonne might receive top priority
of the entire atoll (Ray, 1977). FCDNA responded by referencing the Task Group report, the EIS,
the OPLAN and NVO-140 in support of the statement that ". . . corrective action be taken on all
areas with contamination exceeding 400 pCi/g."

The FCDNA letter went on to state:

", . . definitization of the scope of work involved in meeting the specified
requirements of the EIS, . . is absolutely essential in order for us to know whether
sufficient resources will remain to permit us to consider radiological cleanup on
other, possibly more desirable, islands such as Enjebi." (Tate, 1977.)

An interagency meeting, held 4 and 5 October 1977 to discuss cleanup of Yvonne (Runit), was
attended by the DOE/HQ representative who had chaired the AEC Task Group. The DOE position
was spelled out in the following terms:

"After two or three more instances where DNA staff used the term 'mandatory
cleanup of 400 pCi/g'. . . I felt compelled to state that this approach to cleanup had
been generated by DNA and was not the intent of the AEC Task Group. I pointed
out that the distinction DNA was making between ' >400' as mandatory cleanup and
'ease-by-case' as budget limited cleanup, was incorrect and that the Task Group had
seen Runit cleanup as requiring a 'case-by-case' determination. In fact, the Task
Group had made a specific recommendation that the approach to Runit cleanup be
devised by a committee such as this one . . . . I stated that even though a
case-by-case determination was required for some islands to determine the extent of
cleanup to be performed cleanup of such islands was no less a requirement and no
lower priority than  >400 cleanup on other islands." (McCraw, 10/1977.)

Positions having been clearly stated, dialogue continued between DNA and DOE with measurable
progress toward resolution of the issue. Citing extensively the available guidance, FCDNA
recommended on 8 November 1977 (Treat, 11/1977) the following:

a. Highest priority - Islands of size (greater than 50 acres) to be potential residential
islands, specifically Janet, Sally/Tilda, and Pearl. Resources permitting, clean to
Condition C (less than 40).

b. Second priority - Islands of planned intensive agricultural use. In addition to the
islands of highest priority, they include Vera, Ursula, and Olive. Resources
permitting, clean to Condition B (less than 100, later changed to less than 80).

e. Third priority - Islands of planned food gathering use but whose size (20 to 50 acres)
provides a potential for agricultural use, specifically Alice, Belle, Daisy, Irene and
Lucy. Resources permitting, clean to Condition B.

d. Lowest priority - Islands whose planned use is food gathering and whose size (less

than 20 acres) does not provide good potentiaé gozr residence or agriculture.
Cleanup of contamination levels below 400 pCi/g 39,240py is not warranted. This
priority also applies to Yvonne with regard to areas already below 400 pCi/g.

In all cases, Condition A or D must be applied to concentrations shown to exceed
400 pCi/g (later changed to 160 pCi/g).
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Though promulgated by FCDNA, the above recommendations were not immediately acceptgd as
official DNA policy; that acceptance was delayed until the 6 January 1978 DNA/DOE issue
resolution conference. As of the date the conference was in session, initial characterization was
completed, or nearly so, for the most important and most complex islands, namely Pearl, Sally,
Irene, and Janet. The conferees agreed that to some lesser degree of urgency, characterization of
Alice, Belle, and Daisy must be accomplished. To present a complete characterization of the scope
of northern island soil cleanup, Yvonne and the other northern islands not mentioned should be
characterized with a completion target date of 1 April 1978.

Before priorities could be set for the lesser islands, an important question, whose answer could have
a long term impact, had to be asked and a decision made: Should the limited cleanup resources
available be used for cleanup of Janet or Yvonne? DOE had long argued that Janet was of greater
import than Yvonne to the people of Enewetak because of its past use, and potential future use, as a
residence island. Supporting considerations included the fact that if Janet was not now cleaned to
the residence eriteria for transuranics then it would never qualify even after sufficient decay of the
fission products, whereas Yvonne was of little, if any, interest for future residential use and would
never qualify for any intended use because the heterogeneous distribution of transuranies made
cleanup to criteria hi§hly improbable. The DNA view had recently been that cleanup was mandated
for islands with 239240py concentrations exceeding 400 pCi/g, and the largest volume of soil falling
in this category was located on Yvonne; therefore, cleanup of Yvonne was mandated, with resource
expenditure for cleanup of Janet limited to removal of hazardous debris. Rationale presented at the
6 January meeting, and decisions that followed, were prepared as a joint DNA/DOE meeting report
and these important conclusions are noted:

e Realizing the value of Janet as a residence island and the likely permanent
restriction of Yvonne for any use, the consensus was that consideration be given to
cleaning Janet, and other islands, in lieu of cleanup of Yvonne.

o It was agreed that priority would be put on the thorough characterization of the
radiological environment of all the northern islands, execluding Yvonne, and that
DOE would make dose assessments for a range of contamination levels and uses of
islands.

(The full report may be seen in the microfiche under Deal, 2/1978.)

Radiological characterization of the northern islands continued from 6 January toward the 1 April
target date, by which time results for 11 of the most important islands had been transmitted from
DOE/ERSP to JTG. This effort continued and, by the time of the 3-4 May conference, results for
four additional islands, plus the south half of Yvonne, had been transmitted. Results for the six
smallest northern islands were being accumulated but were not considered critical to future planning
decisions. Necessary planning factors were, therefore, available prior to the 3-4 May decision
conference. In a draft report of the conference the Director, DNA stated cleanup priorities to be:

1. First Priority - Removal and disposal of the contaminated waste from the Aomon
Crypt.

2. Second Priority - Cleanup of Sally and Janet to 80 pCi/g with the objective of reducing
contamination to 40 pCi/g, if resources permit. Since current estimates indicate
resources will not be available to clean Janet to the level of residential use, it is
planned to lower the soil concentrations to a level as low as practical within the time
and resources available.

3. Third Priority - As resources permit, clean up Irene and Pearl to some level which will
permit restricted use of the land short of quarantine.

4. Conecurrent - With resources available on Yvonne for crater operation and which are

not otherwise fully employed, excavate known highly contaminated soil and deposit it
in the crater.
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With cleanup targets and priorities established, work began in earnest to remove contaminated soil
from designated areas on Janet and Sally. The Director, DNA elected to approach cleanup targets
incrementally, first removing soil bearing the highest concentrations of TRU, and working toward
lower and lower levels. As each target level was approached, DNA would evaluate the entire status

cleanup and available resources, then approve work toward the next lower target. Authority to
vlean Janet down to 50 pCi/g was issued 20 June 1978; down to 45 pCi/g on 17 August 1978; to
continue toward 40 pCi/g on 12 Sept 1978. The decision to remove surface soil from Pearl was not

made until late spring 1979.

Priority decisions made during the remainder of the cleanup project were primarily of an operational
nature. By the end of cleanup, soil had been removed from Irene, Janet, Pearl, Sally, the Aomqn
Crypt, and Yvonne. Table 7-5 summarizes soil excision data, and the final status of each island is

presented in Chapter 7.
2.2.6 Certification

Certification by AEC/ERDA/DOE that DNA had accomplished cleanup to AEC guidelines became an
issue during 1975-76, although the basis for disagreement was expressed as early as January 1974. In
his report of a multiagency coordination visit to Enewetak in January 1974, a DNA representative
notes:

"Commander Wolf (AEC/HQ) indicated that an element of AEC favored no participation
{(in the cleanup) by AEC until the cleanup is 100 percent complete and then an AEC
party would inspect to certify satisfactory accomplishment. This position was labeled
entirely unacceptable by Maj. Gen. McEnery and Mr. Eagles (both from DNA). Mr. Ray
(AEC/NYV) indicated that he considers an on-site rep with authority to make decisions
for AEC as a must.” (Esser, 1974.)

DNA and ERDA representatives met in August 1975, to discuss an interagency agreement then in
draft form, to attempt to reach a clear and mutually agreeable interpretation of the draft, and to
identify details which might require clarification. Reporting on this meeting, the DNA
representative noted that ERDA/NV would be willing to certify that cleanup operations had achieved
certain specified goals but would not be willing to certify that it was now safe for personnel to
inhabit an island. It was also noted that certifying that guidelines have been met implies that
numerical guidelines exist against which cleanup can be measured. Numerical guidelines should be
low enough that, with imposition of certain lifestyle restrictions, future exposures would not exceed
the guidelines. This in turn implies evaluation of potential dose based on post-cleanup radiological
conditions and possibly monitoring of the returning population. Since these steps could extend over a
period of years,". . . certification based on such data would clearly not be acceptable to DNA., The
point was made that the Certifier needs specific rules upon which to base his guarantee, and those
rules have not yet been established. . ." (Esser, 1975.)

The interagency agreement was signed by Major General W. E. Shedd, Deputy Director, Operations
and Administration, DNA, on 28 August 1975, and by J. L. Liverman, Assistant Administrator for
Environment and Safety, ERDA, 10 September 1975 (The Shedd-Liverman Agreement). Although
neither agency had a clear, acceptable definition of what was meant by certification, the agreement
stated that ERDA would provide DNA "eertification, on an island-by-island basis, when radiological
cleanup meeting the guidelines established by the AEC/ERDA in their Task Group Report has been
accomplished." Certification was discussed at numerous interagenecy meetings held during the
following year. ERDA held to the position stated in August 1975. DNA disagreed with the ERDA
position, and, while not suggesting an alternative definition, repeatedly sought clarification from
ERDA. The DNA position was clearly stated in a meeting at ERDA/HQ on 24 June 1976, when a
DNA representative ". . . quoted both the draft and final Impact Statement as explicitly using the
phrase ‘certified as safe' and since ERDA (AEC) did not object to this phrase, they tacitly gave their
approval to cleanup leaving the atoll safe within constraints to be imposed." (An ERDA
representative disagreed) "and rebutted that the AEC did not approve of many aspeets to the Impaet
Statement, and claimed they were pressured to 'agree not to disagree'." (Schaefer, 1976.)
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DNA was at this time in the process of developing a Radiological Cleanup Plan and sought ERDA
assistance and guidance with respect to debris classification, soil sampling recommendations,
locations of in situ detector measurements and other details that would help define the scope of
work and allow overall project planning. DNA felt that "We must be given the rules of the game
before the game begins," and wanted to be sure that data accumulated during the course of cleanup
would be useful toward certification. Several additional exchanges of views occurred during the next
year and by October 1977, draft certificate formats were in review circulation. However, review
comments and suggested changes to key phrases tended to clarify the disagreement rather than to
approach agreement. A few insistent and sharply worded exchanges in November and December
were followed by a new tone as expressed in this summary from the 6 January 1978 meeting:

"The conferees agreed that it was not desirable for the DOE representatives on the
Atoll to certify to the reasonableness of the resource expenditure by the JTG
Commander as this was a DOD responsibility. It was further agreed that when DOE
provides additional planning guidance for cleanup of islands intended for agricultural
use, the DOE on-island representative will be able to certify on an island-by-island basis
as the individual cleanup actions are completed. In fact it was agreed that some
certifications could be accomplished at this time; i.e., for those islands not needing
cleanup actions for their intended use. The exact wording of the certification will be
provided by DNA for DOE approval no later than January 11, 1978." (Deal, 2/1978.)

The proposed certificate provided by DNA did not resolve the problem, however, as is eclear in this
summary from the 3-4 May 1978 meeting:

1. It became clear during the discussion that DNA and DOE are still far apart
concerning the island-by-island certification required of DOE. DNA's position
basically is that each certificate should contain two parts: a statement concerning
the actual radiological conditions remaining on & given island following cleanup; and
a statement concerning the use that the Enewetak people can make of the island
(residence, agriculture, or food gathering) based upon established criteria (Bair
Committee, ete.). This would be done on an island-by-island basis as the cleanup is
completed for a specifie island. DOE does not disagree with the need for the first
statement but believes that the second statement must be measured against the
total atoll living pattern and against the total cleanup plan, as opposed to an
island-by-island determination.

2. DOE pointed out that they felt the end result, whether stated in a certificate or
not, has to be that the expenditure of resources and time had provided a significant
dose reduction for certain patterns of living. DOE also pointed out that they had a
longer term responsibility than the one to DOD in certifying the cleanup. DNA did
not disagree with this longer term responsibility but reiterated its position that the
island-by-island certification had to be complete with respect to both statements
indicated above, and that if the DOE wanted to make a total assessment of the
entire atoll as separate documentation, there was no objection to this.

DECISION: DNA will submit for DOE concurrence a sample certificate, with
proposed wording to cover the two statements desired. (Monroe, 1978.)

Many significant changes were made to the cleanup plan between the signing of the
Shedd-Liverman Agreement and implementation of the plan, some as a result of funding
limitations mandated by the Congress, others by mutual agreement when alternative means or
methods were identified and determined to be superior to originally-planned means or
methods.

Throughout the planning period, and most of the cleanup period, FC/DNA continued to believe

that ERDA/DOE should certify that cleanup actions had made the islands "safe" for
resettlement by the people of Enewetak. DOE held to the position that an island certificate
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would describe the radiological condition at the end of the cleanup, but would not state that
an island was "safe,” nor would the DOE/ERSP presume to judge DNA's allocation of
resources by certifying the adequacy of island-by-isiand cleanup.

Except for the removal of contaminated and activated debris (cable, steel beams and the
like), the radiological ecleanup was concerned execlusively with the transuranium elements as
an inhalation hazard. Thus, most attention was given to the soil within a few centimeters of
the surface, although in a few locations relatively high transuranic concentrations dictated
subsurface soil removal also. However, the cleanup did not significantly diminish or alter the
availability of the inventory of fission product nuclides, two of which, 137cs and 90Sr are
substantial eontributors to dose, especially in the short term (a human life span). And so it
was that an island might meet the cleanup guidelines (e.g., have acceptably low transuranic
coneentrations) and yet not be suitable for unrestricted rehabitation because of food chain
implications of the fission product nuclides. One could not write a "seal of approval"
regarding an individual island, much as this might be desired by the cleanup forces.

Informal agreement in principle was reached between the ERSP Manager and the Director,
DNA early in 1979, as by this time a cost-benefit methodology had evolved. Wording of the
certificates was not finalized until cleanup actions were substantially complete late in 1979
and the collection of certificates was issued in March of 1980. The following paragraph was
included in that issuance.

"Because the DNA cleanup actions were not directed at fission products (except in the
removal of debris), fission product concentrations and inventory are not addressed in the
certification. The certification document is therefore not a sufficient basis for
resettlement decisions. It is emphasized that the classifications Residence, Agricultural,
and Food Gathering are simply convenient terms pertaining only to surface concentrations
of the transuranic elements. Guidance for consideration of resettiement patterns should
be taken from current dose assessment documents.”

Additional discussion, and reproductions of two certificates as issued, may be reviewed in Chapter 7.

2.2.7 Planting of Coconuts

When replanting of coconut trees was initially mentioned in 1972, there was no controversy since the
discussions at that time were quite general. The November 1973 version of the Master Plan included
new coconut planting on Janet (14,735 trees) and Yvonne (2,517 trees) among the total of 60,776
trees to be planted. When the AEC Task Group recommended deferral of new habitation and coconut
planting on Janet and indefinite quarantine of Yvonne, the Enewetak people assisted in the revision
of the Master Plan to accommodate these recommendations. Accordingly, the March 1975 Master
Plan indicated new planting of 58,259 trees, with the Janet trees to be planted at some later date.
The islands of Enewetak, Elmer (Medren), and David (Japtan) were scheduled to receive a total of
26,689 new trees. (Final 1980 planting data for these three islands show 19,643 new trees planted.
The difference is due primarily to an agreed-upon change in tree spacing.) New planting on
northeast islands Olive, Pearl, Sally, Tilda, Ursula, and Vera was scheduled in 1975 to total 13,389
trees. It was the planting on these six northeast islands that became a controversial issue in 1978.

A note of background is necessary to the understanding of how planting of about 13,000 coconut
trees could become controversial.

Commencing in 1970, individual Bikinians and Bikini families returned to resettle Bikini Atoll and to
prepare for the return of others. Initially, and for several years, these Bikinians subsisted almost
entirely upon imported foods, the newly planted trees being not yet mature. By 18977-78, however,
coconuts were available in abundance-—available %% a staple 1n the people's diet and avallable also for
radiochemical analysis. The concentrations of 137Cs and 90sr were found to be unexpectedly high,
and led to three actions: 1) a recommendation was made to the High Commissioner that an imported
food supplement be made available to the Bikini community; 2) a recommendation was made to the
Bikini people that they reduce their consumption of loecally grown terrestrial foods; and, 3) a
bio-assay program was established at Bikini.
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By A’fril 1978, however, in spite of the above actions, it was clear that the body burdens of 137¢s
and Y0sr of the people resident on Bikini were still on the increase, and a decision was made by the
Department of the Interior to move all of the people off Bikini. This was done in August 1978.
Approximately 140 people were moved, and most were resettled either at Kili (whence they had
come) or at Ejit Island in Majuro Atoll.

DOE/HQ reviewed data available from islands of Enewetak and made a preliminary determination
that the northeast islands had soil concentrations of 90Sr and 137Cs in the range of values observed
at Bikini. On the basis of these findings, DOE/HQ recommended on 18 August 1978 a delay in
planting coconuts in any islands beyond the southern islands until a major review of the matter had
been conducted. DNA was immediately concerned that a delay in planting according to the planned
schedule would have an adverse impact which might be difficult to overcome later, and that
alternatives should be promptly evaluated so that the 13,000 coconut seedlings scheduled for the
northeast islands could be planted elsewhere if the major review concluded the northeast islands
should not be planted at all. By 29 September 1978, DOE/HQ had completed an island-by-island
comparison of the 137Cs concentration in Enewetak soil with values found at Bikini, and concluded
that all the northern Islands at Enewetak Atoll exceeded the Bikini Island levels. Because copra
from Enewetak was expected to be important to the long term economic base of the Atoll, DOE/HQ
was also concerned that radiologically-contaminated copra would be unacceptable for commercial
purposes. In view of these coneerns, DOE/HQ recommended not planting coconuts on the Northern
Islands during the 1978-79 planting season. The DOE Advisory Group met on 3-4 October 1978 to
consider the issue of planting coconuts on Enewetak Atoll, along with consideration of several other
topies, and offered the following comment:

"A final decision concerning the permissible degree of occupancy of the northern islands
can be made only after conclusion of the present cleanup effort and after acquisition of
additional information on agglicable living habits and food chains and the movement of
radionuclides such as 90sr, 137Cs, 239pu and 241Am through these food chains. Pending
this evaluation it would be unfortunate if steps were taken that would encourage the
Enewetak people to believe that a decision had already been made. (We assume that it
has not been stated or implied to the people that they can expect to return to the
Northern Islands at the completion of the cleanup effort.) This is particularly cogent in
view of the unfortunate experience at Bikini, That experience suggests that coconuts
grown on the northern islands might not be suitable for human consumption and might not
be suitable for copra production. To plant coconut trees on the northern islands at this
time might, therefore, require their early future destruction, which would have
unfortunate repercussions. Alternatively it might require restricting their consumption,
which the Bikini experience would indicate to be ineffective. Therefore, the Advisory
Group recommends that coconuts not be planted now and that decisions to plant in the
future be delayed until dose assessments and evaluations are completed.”" (Bair, 10/1978.)

DNA expressed concern that important decisions were being made based on old, pre-cleanup data
(NVO-140), and that no effort was given to utilizing soil samples collected during cleanup to more
accurately describe the current situation. DOE responded that cleanup project soil samples were not
representative of the coconut tree root zone because cleanup was aimed at the transuranies and not
at the more soluble fission produets which tend to become more evenly distributed to greater depths
in the soil than is true of the transuranies. (These exchanges oceurred in the fall of 1978 and became
the basis for the Fission Product Data Base Program, which commenced 28 February 1979, as
deseribed in Chapters 4 and 6.)

By early November 1978, a study of alternatives for coconut planting had been prepared and
distributed for review, with the intent of presenting the alternatives to the Enewetak Planning
Council at their quarterly meeting in late November-early December. All agencies but DOE favored
presentation of alternatives to the Enewetak Council to allow them consideration of options and to
provide time for a considered response. The DOE view prevailed, however, and no alternatives were
presented at the 2 December 1978 meeting. In the DOE view, it was premature to discuss
alternatives for several reasons: & post cleanup radiological assessment remained to be done, the
impact of the research program remained to be measured, and hard lessons from the
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Bi kperience had to be considered. DOE offered to do a thorough reassessment of the radiation
do- fore the end of May 1979. DNA was concerned that a delay in planting beyond the planned
schedwe might mean that logisties and facilities support would not be available, and consequeqtly,
the trees might not be planted at all. One DNA report stated that the success of the overall project
would be at least partially judged by the U.S. Government's fulfillment of its commitment to provide
the people of Enewetak with adequate subsistence and commercial cash crops.

Concern over funding problems that could develop if the six northeast islands were not planted prior
to departure of cleanup and rehabilitation forces, led to the suggestion in May 1979, that planting be
done immediately. If it was later determined that the fruit bore excessive levels of radiation the
trees could be destroyed. In the 8- to 10-year interim, the trees could harm no one, but would
contribute substantially to the ecological restoration of the islands. (Mitchell, 1979.)

On 13 September 1979, Interior informed DNA that after considering all of the factors involved, it
had been decided that planting of the six islands should proceed. Planting of 10,690 coconut
seedlings on Olive, Pearl, Sally, Tilda, Ursula and Vera was completed 28 February 1980. Because
these trees were planted during the Enewetak dry season, some additional expense was encountered
in watering the seedlings until the 1980 wet scason was well underway.

2.3 CLEANUP PHASE (by E. D Campbell, DOE/NYV)

2.3.1 Scope of DOE Responsibility

The Shedd-Liverman Agreement between DNA and ERDA outlined the basic responsibilities assigned
to ERDA in the cleanup project. The specific features of ERDA's (DOE's) role were modified
somewhat during subsequent planning and execution of the field work. In summary, DOE provided
personnel and resources to do the following:

a. Perform radiological surveys of the atoll to ascertain the areal distribution of transuranic
nuclides in the soils of the various islands.

b. Provide technical advice to DNA and JTG in the planning and conduct of cleanup
operations.

c. Establish and operate a radiation laboratory at Enewetak. (The laboratory was used to
analyze samples, primarily soils, as part of the radiation survey effort, and to support the
JTG radiological safety program by counting air filter papers, nose swipes, and other
health physics samples. The RADLAB included an instrument calibration and maintenance
shop for servicing all radiation instruments on-Atoll)

d. Certify to the CJTG, on an island-by-island basis, the radiological conditions on each
island at the conclusion of the eleanup project.

2.3.2 ERSP Concept and Staffing

To carry out the responsibilities deseribed above, an "Enewetak Radiological Support Project” (ERSP)
was established by the ERDA Nevada Operations Office in Las Vegas, Nevada. The project
organization was staffed with personnel from ERDA and ERDA contractors experienced in nuclear
test programs, augmented at Enewetak with military personnel detailed from the Navy and Air
Force (see Figure 2-5).

The Manager of ERSP was a senior management official of the ERDA (DOE) Nevada Operations
Office (NV). Either he, or one of his six Deputy Project Managers (technical staff from NYV), was on
Enewetak at all times to lead the field team. Other components of the ERSP field team, when at
full strength, consisted of the following:

a. Technical Advisor. A physical scientist, usually a health physicist. This position was filled
by rotating personnel on loan from: DOE/NYV, Environmental Protection Agency, Los
Alamos Scientific Laboratory, Lawrence Livermore Laboratory, Sandia Laboratory,
Battelle-Pacific Northwest Laboratory, Desert Research Institute, and Reynolds
Electrical & Engineering Co., Inc.
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b. In Situ Radiation Measurement. A physical scientist or engineer and two technicians from
EG&G, Las Vegas; plus two U.S. Air Force driver/mechanics.

c. Radiation Laboratory and Soils Sampling. A four-person group from Eberline Instruments
Co., Santa Fe, NM: laboratory manager, chemist, electronics engineer, and soils
sampling /processing team leader. Seven U.S. Navy personnel were assigned to the soils
team. One USAF Precision Measurements and Electronics Laboratory (PMEL) electronics
technician was assigned to the instrument calibration/maintenance shop; two USAF
chemical technicians and two physieal science technicians were assigned to the chemical

lab and counting lab, respectively.

d. Data Management and Statistics. The Desert Research Institute of the University of
Nevada provided a statistician for this funetion who was assisted by a data
processor/computer programmer from the Navy.

e. Field Coordination and Logisties. A staff assistant from Holmes & Narver, Inc., acted as
field coordinator and provided administrative and clerical assistance to the Project
Manager; he also arranged on-island logistic support for all ERSP needs.

f. DOE Pacific Area Support Office (PASO). This office, located at Hickam AFB in
Honolulu, is an element of the parent DOE Nevada Operations Office in Las Vegas. PASO
and its support contractor, Holmes & Narver, Inc., provided administrative and
procurement assistance, shipping and personnel transportation arrangements, and helped in
innumerable ways in solving field problems. A PASO site representative was normally in
residence at Enewetak to assist JTG, ERSP, and MPRL (see Section 1.5.3).

2.3.3 Chronology

During the spring of 1977, ERSP staffing, operational planning and preparations proceeded with
accelerating intensity. Equipment and supplies for the RADLAB were procured and stockpiled.
Development of the mobile in situ field radiation detector systems (IMPs) had begun earlier but was
proceeding slowly because of limited funding until the principal project funds were released. An
intensive effort then ensued to complete development, fabrication and field checkout of the IMPs so
they could be placed into service during the summer of 1977.

ERSP personnel buildup at Enewetak began in June 1977. The project organization, radiation lab and
other facilities were completed and occupied during the summer. By 2 August, all staff positions had
been filled, the RADLAB and IMPs were operating, and ERSP was functioning.

The project work continued at a fairly constant level of effort until the spring of 1979. From late
February until April of that year, an increment of eight personnel was added to the soil sampling
crew to colleet and prepare additional soil samples required for the Fission Product Data Base
Program (see Sections 4.2.2 and 6.11).

By late June 1979, most of the ERSP field work was nearing completion; personnel were released
accordingly. By the end of September, the work was complete, the RADLAB was deactivated,
backshipping of high value equipment and supplies was arranged, and the last of ERSP personnel
withdrew from Enewetak.

2.3.4 ERSP Management and Planning Philosophies

Experience gained in past ERDA (and AEC) field projects in remote locations had strong influence on
planning and management of the Enewetak Radiological Support Project and its staff.

Personnel sought for both the ERDA (DOE) and contractor positions were those who were
experienced, resourceful, adaptable, field-oriented individuals known to be good team workers.
Personnel were rotated between Enewetak and their home bases periodically to minimize stress and
hardship on the individuals and their families due to periods of separation. The length of each tour
usually ranged from one to two months except for individuals who volunteered for longer tours.
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A very important factor in the structure of the ERSP operations was "the home tea_m.“ At the home
base of each participating organization were one or more persons acting as a point of contact on
ERSP matters (usually these were individuals who, in the rotational cycle, had served or would serve
tours on Enewetak). These home teams were responsible for taking actions on technical questions
from the field, obtaining urgently needed supplies or repair parts, and dealing with personal needs of
their counterparts on Enewetak. This home team concept was vital to maintaining smooth and
efficient operations in the field.

Another policy, adopted by management very deliberately, concerned the aecquisition and
maintenance of technical and mechanical equipment. Because Enewetak was approximately 4,500
miles from mainland U.S., obtaining repair parts or services of factory representatives would be both
slow and costly. Also, because of the tropical climate with its persistent high humidity and corrosive
salty air, the environment was inherently conducive to rapid deterioration of equipment. Therefore,
at the outset, a policy was adopted and passed on to the supporting contractors that whenever
possible new equipment should be acquired for use on Enewetak, and it should receive scrupulous
preventive maintenance.

A related policy was that of carefully selecting a large reserve of spare parts, keeping them
immediately at hand on Enewetak, and reordering spares promptly when standby units were placed
into use. This was particularly important for those components that were susceptible to
malfunction, had long lead times to replace, or were otherwise hard to obtain.

The most elaborate example of these policies may be illustrated by the approach taken for the IMPs.
Three complete systems were ‘ibricated and sent to Enewetak, even though there were only two
teams of IMP personnel. The intention was that the third system would be available either as a
complete spare unit, or as a source of 100 percent of the spare parts, any of which could be
transferred to another IMP requiring a replacement component (meanwhile, new replacement parts
would be procured). Since a complete IMP system cost approximately $100,000, this was expensive
insurance; but it allayed eoncern that if the IMPS could not be kept operational, they would cause the
overall cleanup project to fall off schedule.

These policies repeatedly demonstrated their wisdom, as it was very rare for any key capability of
ERSP to be out of operation because of component failure. The significance of this can be fully
appreciated only by those able to observe the astonishingly high attrition of other equipment
experiencing the working and climatic environments on Enewetak.

2.3.5 Typical Sequence of ERSP Radiological Surveys

To assess the concentration of transuranic radionuclides in the soil of a given island, and to provide
this information to JTG, the following sequence was generally employed by ERSP.

a. Background information, primarily from NVO-140, the The Enewetak Fact Book
(NVO-214), and from the 1977 aerial survey, was studied to determine from the history of
the island and from recent investigations what its radiclogical characteristics might be,
especially whether there was reason to suspect subsurface contamination in any given
location.

b. Then ERSP personnel made a reconnaissance visit to the island to become familiar with its
current physical econdition (both the perimeter geometry and the vegetation can change
with time). Plans were made to clear vegetation, lay out a survey grid, devise the soil
sampling scheme and the approach for in situ measurements with an IMP.

c. Following this, the Army element cleared the island prior to the radiological survey.

Explosive Ordnance Disposal (EOD) personnel searched the island to loeate and remove {(or
destroy in place) any unexploded ammunition or other hazardous ordnance remaining from
combat during World War IL Heavy vegetation (trees, dense shrubs, ete.) was either
removed or access lanes were cut through thickets. The vegetation thus removed was
piled to dry and then burned. Metal debris and concrete structures were present to
varying degrees on many islands. The Army removed and disposed of those which might
prove a hazard or interfere with cleanup and future use of the area.
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d. On all islands (except the very small ones) that were radiologically surveyed, an orthogonal
grid was established. Grid nodes were marked with wooden stakes bearing the coordinates
of the location. Maximum spacing of the grid lines was 100 meters. In many places,
closer spacing eventually became desirable--50, 25, 12-1/2 and even 6-1/4 meters where
TRU concentration gradients were found to vary significantly over small distances.

e. An IMP was taken to the island to perform an in situ survey of 241 Am in the surface soil.
Analyzer printouts and recording tapes from each day's measurements were sent daily to
the EG&G scientist for review and forwarding to the DRI statistician for entry into the
data base.

f. A soil sampling crew from the Radiation Lab visited the island to collect a suite of
samples following a sampling plan devised by the Tech Advisor and the DRI statistician.
These samples were returned to the RADLAB for analysis. The soil sampling sometimes
preceded, and sometimes followed, the IMP measurements.

g. After the data were critically evaluated by the statistician, the TRU results were plotted
on a map or diagram (with elaborating text) and forwarded to JTG. This information was
used by JTG to determine which areas did not meet the cleanup criteria and therefore
required additional soil removal to bring them into compliance.

The Army element was tasked by JTG to remove soil from those areas needing cleanup.
Bulldozers and front-end loaders were used to remove surface soil. A clamshell was also
used in excavating the Aomon Crypt (ef.). Contaminated soil (and any other contaminated
debris) that was excavated was stockpiled and then hauled by landing craft to Runit for
disposal in the Cactus Crater.

h. After removal of soil from a given area was complete (a six-inch "lift" was the layer
usually removed), a follow-up in situ 24lpm survey by the IMP was performed and the new
results forwarded to JT'G as deseribed in Item g above. If the "new" surface met cleanup
criteria, no further cleanup was needed. If the new surface was still above criteria,
further cleanup, followed by further IMP measurements, continued. This cycle was
repeated until cleanup criteria were met.

i. In some locations, primarily those where deeper excavation was needed because of
subsurface contamination, restoration work was necessary to leave the surface in a
condition that was topographically similar to the adjacent area. Clean soil was hauled in
to fill such areas. The IMP surveyed borrowed soil before it was brought in to be sure it,
in turn, was within the cleanup criteria.

j.  After all cleanup, excavation and restoration had been completed on a given island, the
ERSP Project Manager provided JTG with a certifying letter stating the TRU condition of
the island and which of the cleanup criteria had been met.

Workweek

The official workweek in the Enewetak Cleanup Projeect was 60 hours—l10 hours per day, Monday
through Saturday. Because much of the field work required travel by boat from the camps to the
work islands, the 10-hour workday was adopted in hope that approximately eight hours of productive
worktime could be aecomplished. .

2.3.6 Operational Planning and Coordination

With over 900 persons from three military services and a number of civilian organizations in the
Joint Task Group, all of whom were engaged in diverse, interlocking activities involving more than
- 40 islands of the atoll, coordinated planning quickly emerged as a vital factor in the project. No
single military element or civilian component could operate independently. There was much
interdependence among the organizations. Thus a matrix of planning and coordinating committees
and other entities evolved to facilitate communication and solve problems among the groups. Those
that were of the greatest importance to ERSP are summarized here.
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Daily

Standup. The Commander, JTG, held a "standup" meeting each workday at 0800. The leader of each
project organization attended to state what had been done the previous day and what was planned for
the present day. The ERSP Manager participated in these meetings which usually lasted only 15
minutes.

Boat Meetiggs. At 1500 each workday, the JTG, Operations Section (J-3) held a boat meeting. All
project participants requiring boat (or helicopter) support the following day presented their
requirements for ecoordination. The ERSP field coordinator usually attended these meetings.

SATCOM. As described in Section 2.3.7, several days each week a short radio conference by
satellite relay radio was held between the ERSP principals on Enewetak and their home teams.

Weekly

ERSP Planning Meetings. Once a week, usually at 1400 on Thursday, the ERSP Manager and group
leaders gathered to review the status of the field work. The sequence of activities for the following
week would be developed.

JTG Operations Planning. Each Friday morning the JTG Operations Officer led a meeting of sall
project groups conducting field work to coordinate major activities and intermesh efforts wherever
possible for the following week. The ERSP Manager and field coordinator normally participated in
these meetings.

SitRep. Each Saturday at noon, all major elements of the project provided the JTG with a brief
written Situation Report (SitRep). The ERSP SitRep was simultaneously sent by teletype to the DOE
home base in Las Vegas and DOE/HQ so they were kept similarly informed.

JdTG consolidated SitReps from the individual project elements into an overall project SitRep that
was sent to DNA by teletype. Copies were also distributed to the contributers as another means of
coordination and communication,

Other
ERSP, along with other concerned project elements, participated in periodic meetings of special
committees formed to deal with specific topics or needs. Among those of particular interest to

ERSP were the Safety Committee and the Radiation Control Committee (RCC). The latter group
reviewed programs and procedures dealing with radiation protection and related matters.

2.3.7 ERSP Facilities and Logistie Support

The Enewetak Radiological Support Projeet had bases on both Enewetak and Ursula Islands. The
main base was the Radiation Laboratory (RADLAB) located near the center of Enewetak Island.

The RADLAB was a cluster of trailers and other structures consisting of the following:
o an office trailer
e  a soils preparation trailer
o a chemistry laboratory trailer
¢ a counting trailer
e  an instrument maintenance trailer

¢  a liquid nitrogen plant
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e aperchloric acid fume hood building

e a bunker (remaining from the nuclear test era) used for storing radioactive check sources
and hazardous chemicals

e an open shed--originally built for IMP maintenance but later converted to archiving soil
samples

Approximately two miles away at the southwest end of the island, other chemicals, supplies and
materials were stored in an old sheet metal building.

The ERSP Project Manager also had an office in the JTG Operations Section in the JTG office
building.

On Ursula ERSP had two structures—en enclosed steel shed for IMP maintenance and a living trailer
occupied by IMP technicians.

ERSP had a unique, essential requirement for liquid nitrogen (LN), utilized in the operation of the
intrinsic germanium radiation detectors in the RADLAB and on the IMPs. Shipping this "hazardous"
eryogenic material from Honolulu via MAC aircraft was impractical on a continuing basis, so an ol¢
USAF transportable liquid oxygen plant was obtained and placed in operation at Enewetak. The LN
needed by ERSP was produced in this plant which was operated by H&N.

H&N, as the overall Enewetak Support contractor, provided general craft support as needed. Their
Supply Department handled many of the routine procurements of materials and supplies that were
needed during the course of the project. H&N also coordinated the shipping of articles to and from
Enewetak. This was a very important service as shipments often went astray or were delayed in the
complicated shipping channels. The assistance of H&N expediters was frequently needed to ensure
shipments met project schedules. In addition to a terminal at Enewetak, H&N had staging areas at
Honolulu, Hawaii, and Oakland, California, to receive, process, and forward cargo to or from
Enewetak.

Camps

There were two camps on Enewetak Atoll during the cleanup operations. The main camp was on
Enewetak Island (the largest island) at the southeast side of the atoll. Here were located the
headquarters of the Joint Task Group (JTG): the U.S. Army element; the U.S. Navy element; the U.S.
Air Force element; Holmes & Narver, Inc.; the Mid-Pacific Research Laboratory; and ERSP.
Population of this camp was usually 500 or more. The Radiation Laboratory and most ERSP
personnel were based here.

Twenty miles NNE on the island of Ursula was the other camp, with an average population of about
400. The majority of military personnel actually doing the cleanup work were based here. The two
ERSP IMP teams, consisting of two EG&G technicians and two USAF driver/mechanics, were also
based at Ursula.

Housing. Project personnel were quartered in a variety of accommodations ranging from private
rooms to open barracks. Cooling for comfort against the tropical heat was either by refrigerated air
conditioning or by wide open windows allowing the (almost) continual trade winds to blow through.
These accommodations ranged from very comfortable to not very comfortable.

Many of the ERSP civilian personnel were lodged in house trailers which were very satisfactory.
Some of the military personnel, especially those on Ursula, were in more primitive quarters, e.g., the
trade wind ventilated barracks.

All fresh water used for drinking, cooking and bathing was produced by distilling seawater. An

adequate supply was usually available to meet all needs. A positive water conservation program
helped achieve this.
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Messing. All project personnel were fed in mess halls operated by the base suppo:.'t contractor,:
H&N. The reputation H&N had earned during the thirty previous years for serving excellent,
morale-building meals in their Pacific operations was sustained and appreciated by all.

Recreation. In an isolated location like Enewetak, recreation and other activities to oceupy spare
time are very important to the morale of personnel. This was, of course, recognized by JTG.
Considerable effort and resources were devoted to providing varied recreational opportunities for all
hands. The following were available to all without charge:

e Movies ) Ping Pong

e Television (recorded network shows) . Weight lifting, exercise room

& Radio (music, news, sports) ° Swimming - snorkeling and scuba

e Library . Pool

e  Photographic darkroom . Running (mini-marathons)

e Softball ° Fishing

e Volleyball ® Boating - motor and sailing

e Basketball . Horseshoes

e Tennis ® Recorded musie; musical instruments
. Bicyeling

Approximately quarterly, a travelling show of USO entertainers visited Enewetak and gave live
performances that were always greeted enthusiastically by project personnel

Medical. The USAF element operated infirmaries on both Enewetak Island and at Ursula. A
physician and medical technicians were located at each site. Medical care was provided to all
project personnel. An Army helicopter was used to transport emergency cases from accident sites to
the main infirmary. Cases of injury or sickness that were beyond the capabilities of the facilities at
Enewetak were evacuated to military hospitals by aircraft from the Military Airlift Command (MAC).

PO and BX. The USAF element operated post offices at both the Enewetak and Ursula camps,
handling official and personal mail. Mail usually arrived on-atoll each Tuesday and Friday by
scheduled MAC flights. Outgoing mail was dispatched on flights returning to Honolulu, usually
Wednesday and Friday.

The Air Force also operated an Armed Forces Base Exchange (BX) open to all project personnel.
Personal articles, reading materials, radios, TVs, clothing, photo supplies, ete., were available for
purchase.

Church

There were chapels on both Enewetak Island and at Ursula. An Army chaplain conducted services in
both locations each week and was available to counsel any military or civilian member of the project
needing advice on personal problems.

Transportation-On-Atoll

Boat. The U.S. Navy element operated and maintained a fleet of about 25 boats that provided
transportation for people, supplies and equipment between Enewetak, Ursula, and the work
islands. Certain of these craft were devoted to hauling contaminated soil and debris to the
disposal sites.

ERSP personnel, equipment and soil samples were transported by:
e LCU (Landing Craft Utility) and LCM (Landing Craft Medium, two sizes). These boats had

droppable front-end ramps. IMPs and other motor vehicles were moved between islands on
these crafts.

e dJ-Boat. An enclosed water taxi that carried passengers between Enewetak and Ursula
Travel time: 1-1/4 hours.
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e Boston Whaler. High-speed outboard motor boats used to ferry up to eight persons
between islands.

The availability of boat transportation and the travel time between islands were frequently the
pacing factors in accomplishing a given task. All boats required a great deal of maintenance
and frequently work schedules had to be revised because of boat problems. The Navy crews
worked hard, but the dilapidated eondition of many of the landing craft was difficult to

overcome.

During a few brief periods, the DOE Research Vessel Liktanur (based at Kwajalein) was used at
Enewetak as a dormitory ship for staging small ERSP work parties at remote islands. The
improvement in operational efficiency was significant--most of the day could be devoted to
work on the islands.

Vehiele. During most of the project, ERSP had the following complement of vehicles to
support its activities:

On Enewetsak Island: . Two Carryalls

° Four Bicycles
. Plus occasional use of a pickup truck and forklift.

On Ursula: [ Two four-wheel drive weapons carriers to support the three
IMPs which were based there.

Helicopters. The U.S. Army element had four UH-1H turbine powered helicopters at
Enewetak. Their primary assignment was search and rescue (medical evacuation). Secondary
uses were for command and control, reconnaissance and inspeetion, and twice-weekly mail runs
to Ursula. Oececasionally, ERSP obtained helicopter support for transporting small numbers of
personnel and/or critical radiation survey equipment to locations where they were urgently
needed. Dramatic savings in time resulted when this was possible, especially when working at
the difficult-to-reach northwestern islands.

LARC. The Army element had four remarkable conveyances known as "LARCs," These were
amphibious vehicles capable of travel across land on tires about 10 feet in diameter and travel
in the water powered by propellers. A droppable front-end ramp enabled vehicles as large as
20-ton dumptrucks to be driven aboard and be transported nearly anywhere. Use of the LARC
was vital in taking heavy equipment to islands surrounded by shallow water such as in the
northwestern quadrant of the Atoll which could not be reached by the LCUs or LCMs. The
ERSP IMPs traveled by LARC to such places.

Transportation-Of f-Atoll

Personnel traveled to and from Enewetak on MAC C-141 cargo aircraft operated by the USAF.
The C-141 is jet powered with four engines and can carry a load of about 36 tons. The cargo
hold can be fitted with passenger seats. In the configuration usually flown to Enewetak, the
aircraft carried sixty seats, a comfort pallet (galley and latrines), and 20 tons of cargo and
mail.

Usually, there was one combination passenger/cargo flight each week to and from Enewetak.
It would originate at Hickam AFB in Honolulu, fly 4-1/2 hours, stop at Wake kland for an hour,
and reach Enewetak after another hour's flight. The aircraft would continue on to Kwajalein
for crew rest and refueling. The following day, the aircraft would reverse the above route,
carrying passengers, mail and retrograde cargo to Honolulu.

In addition, there was at least one cargo flight from Hickam to Enewetak each week.

Frequently, these "all" cargo flights could and did carry a few passengers in web seats along
the wall.
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Urgently needed cargo was hauled by air to Enewetak as described above. However, most
equipment, supplies and materials traveled by surface, either in ships of the Military Sealift
Command or by barge. Shipping by surface obviously required considerable time, even more so
because of the lead time required to deliver the cargo to the staging area well in advance of
the loading time.

Hazardous cargo (acids, flammable liquids, compressed gases, radiation sources, ete.) required
special handling. In many cases, it could not be shipped on passenger aircraft. When possible,
such eargo was sent by ship or barge. Supplies urgently needed were sent by air, but with
difficulty if there was need to avoid passenger-carrying flights.

Communications

On-Atoll. A dial telephone system was the principal means of communication on Enewetak
kland. During a part of the operation, it was possible also to dial Ursula over a radiotelephone
link.

A network of five Very High Frequenecy (VHF) radio nets received great use and was immensely
important to all project activities. These nets were the only means of communicating with
boats underway between islands, work parties on islands other than Enewetak and Ursula, and
with the helicopters. A great deal of traffic was also passed over these nets between
individuals and offices on Enewetak and Ursula. It is probably safe to say the project could not
have been completed on schedule had it not been for the timely coordination that the radio
nets made possible.

Off-Atoll. A communications center, operated by the USAF element, was the main link with
the outside world. There were several High Frequency (HF) radioteletype and three
radiotelephone circuits between Enewetak and Hawaii (about 2,000 miles distant) where they
connected with military and commercial circuits to mainland U.S. The quality of the voice
cireuits varied considerably due to vagaries of HF propagation and ranged from very good to
impossible. Competition for use of the voice circuits was keen during business hours.
However, personal calls were permitted during off hours if no official traffic was waiting.

A secondary, quasi-official capability existed in the Military Affiliate Radio System (MARS)
stations. Personnel were able to contact their families by HF radio link from Enewetak to
some amateur radio operator in the mainland who would complete the call over commercial
telephone, i.e., a phone-patch. The only cost was for any tolls between the receiving station
and the caller's destination. Although each atoll occupant was limited to one three-minute call
per week, this service was of incaleulable value to morale and helped solve or avert many
personal problems. The MARS stations were augmented by ham radios on both Enewetak Island
and Ursula. Operators of these ham stations generously donated their time in setting up phone
patches to families back home.

The more conventional form of routine communication was, of course, through the mail
Though not fast, it generally functioned reasonably well, even though Enewetak was, literally,
outside the U.S. Occasionally, delays were encountered in customs when shipping articles to
the U.S, from Enewetak.

SATCOM.

The ATS-1 satellite was used as a special ERSP programmatic communication link. Three days
each week, key ERSP personnel converged at a radio terminal in the ERSP office trailer to
exchange information with their home team counterparts. This was done by means of a radio
satellite that enabled a direct link between the home DOE office in Las Vegas and the ERSP
office trailer at Enewetak via the satellite relay station.

A telephone bridge network from Las Vegas to DRI, EG&G, EIC and other laboratories allowed
the home teams in those locations to listen and participate in discussion with personnel on
Enewetak.
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This "SATCOM" was limited to one-half or one hour time periods, at a fixed time, on certain
days of the week that were rigidly scheduled by the satellite controller. In spite of this lack of
flexibility in use, the satellite radio system was immensely valuable for obtaining prompt
guidance on policy or technical matters, ordering urgently needed replacement parts or
supplies, making logistic arrangements, ete. When the reception signals were strong enough,
data and written text could be transmitted in either direction by telecopier.

Hazards and Safety

Being located at 11°N latitude (only 660 nautical miles north of the equator), Enewetak Atoll
confronted project workers with a number of environmental factors requiring due recognition and
precaution. Intense sunlight could cause severe sunburn or even heatstroke to the unwary. The high
humidity (normally about 80 percent RH), combined with daytime temperatures of 90°F or higher,
was debilitating, and personnel were required to pace themselves during physical activity.

Daily tasks frequently required travel by boat between islands. The smaller boats, e.g., Boston
Whalers, usually traveled at high speed across choppy water. This mode of travel was physically
abusive and tiring because the boats continually slammed down hard as they dropped into troughs
between waves.

The lagoon was shallow near some of the islands—especially to the northwest. Unless the tide was
high in such locations, the boats sometimes could not land on the beach, making it necessary for
passengers to wade ashore from perhaps as much as 100 meters out. This was not a pleasant task in
waters inhabited by sharks, although there were no incidents of shark attack during such landing or
pickup operations.

Travel by small boat also had other hazards. The small boat dock at Enewetak was stationary, i.e., it
did not have & floating landing stage. When the tide was low, the difference in height from boat
deck to dock required a sizable step or leap which was frequently hazardous due to swell and surge
moving the boat. Conversely, at Ursula, there was a floating landing stage, but much of the time
there was no gangway to the shore and a leap to or from wet, slippery, slanted rocks was required. A
number of ERSP personnel suffered injuries during small boat landings, but fortunately none of the
injuries was very serious.

An unusual hazard encountered on a few islands was colonies of wasps. Several times work had to be
suspended because of the wasps menacing workers.

The most severe hazards were posed by the fierce tropical storms and typhoons that visited the area
occasionally in fall and winter. Violent winds and ocean waves flooding low areas during some of the
storms did considerable damage to buildings, power lines and other facilities, Two hazards on these
occasions merit special mention: coconuts blown from palm trees and airborne sheet metal roofing
and siding torn from buildings were very hazardous to personnel During these storms all persons
were ordered to remain indoors, preferably in substantial, well-anchored buildings, on high ground,
away from the shoreline. (This was theoretically the best kind of shelter to seek, but there were
almost no locations on the Atoll meeting all of these criterial) A checklist of precautions to be
taken to protect personnel, equipment, facilities and data was developed by ERSP for use when
typhoon alerts occurred.

Radiological safety for all cleanup project participants was managed by the JTG. An elaborate
radiation protection program was conducted as a matter of policy even though the radiological
hazards to personnel were very small In addition, the ERSP undertook a number of radiation safety
measures pertaining to the radiation laboratory operations, e.g., see ERSP procedures in Appendix A.
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CHAPTER THREE

A critical feature of the Enewetak Radiological Support Project was timeli-
ness. Early in the planning stages it became clear that traditional techniques
and methods of radiological survey would simply not be applicable in this
remote location and under these operational circumstances. DNA expected
to have as many as a thousand people conducting and supporting the cleanup,
and the most critical elements of their task would require daily and detailed
technical guidance from the ERSP. Thus, we could not afford the time
which would normally be required to acquire, package, ship (to home
laboratories), analyze, interpret and report upon the many thousands of soil
samples necsssary to characterize the atoll’s islands. The new approach to
soil characterization, evolved during 1976, was to make the measurements
on the islands, in-situ, supported by only limited soil sampling to assist with
interpretation. Data were thus made available almost in real time, and the
data flow and resulting technical guidance were consistently able to keep
pace with the operational progress. This chapter describes the in-situ system
and its use. As a new application of technology under remote and difficult
circumstances, its success is a credit to those responsible for its design,
construction and operation.

Project Manager’s Note

ON-SITE RADIOLOGICAL MEASUREMENTS

W. John Tipton and Ray J. Jaffe
EG&G - Las Vegas, Nevada

3.1 AERIAL SURVEYS

Two aerial radiation surveys were conducted at Enewetak Atoll prior to actual initiation of cleanup
activities. These surveys were performed by the U.S. Department of Energy's Remote Sensing
Laboratory, operated for the DOE (and earlier for the AEC and ERDA) by the Energy Measurements
Group of EG&G.

The first survey was conducted in the fall of 1972 as part of a comprehensive effort to assess the
radiological condition of the atoll prior to developing a cieanup plan. Two large arrays of sodium
iodide (Nal) scintillation detectors were used, each containing twenty 12.7-cm diameter by 5.1-em
thick thallium activated sodium iodide (Nal (TD) scintillation detectors, mounted inside a CH-53
helicopter. Spectral data were acquired continuously in a 300 channel pulse-height analyzer and
stored on magnetic tape in 3-second data blocks. Position information was obtained with an inertial
navigation system and recorded each second on magnetic tape. All islands within the atoll were
surveyed at an altitude of 30 meters, with 45-meter line spacing. The radiation data obtained from
the aerial survey were processed to provide total terrestrial gamma ray exposure rate values
extrapolated to microroentgen per hour ( uR/h) at the ! meter level, as well as the individual
exposure rate contributions due to 137¢Cs and 60Co. A special low energy survey for 241 Am was also
conducted over Yvonne. These results, presented in the form of radiation contours superimposed on
island photographs, formed an integral part of the data base used for developing the Enewetak
cleanup plan. Complete results for the entire reconnaissance survey are given in NVO-140.

Although the 1972 aerial survey helped to provide a comprehensive overview of the radiological
conditions at Enewetak, only limited data were obtained for 24lAm, which was to become the
indicator isotope for the cleanup project. For this reason, a second aerial survey was conducted in
July 1977. This survey coneentrated on measuring the 60 kiloelectron volt (keV) gamma ray from

Am and only covered the northern islands from Alice down through Yvonne. The 1977 survey
employed the same sodium iodide detector array as utilized in the 1972 survey. However, the
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detectors were mounted externally on an Army UH-1H helicopter rather than inside the helicopter as
in the 1972 survey. The data acquisition system employed was an improved second generation
version of the system used in the 1972 survey. Position information was obtained using a microwave
ranging system rather than the inertial navigation system used in the first survey. Flight lines were
flown at an altitude of 30 meters, with 45-meter line spacing. The radiation data were processed to
provide the average 241 Am concentration (in pCi/g) within the top 3 em of soil. Minimum 24lAm
detectability for the aerial survey was 7 pCi/g over islands containing low to moderate
contamination from other isotopes (mainly 137cs and 69Co). The actual minimum detectability
varied as a funection of the background radiation present. The worst case was over Belle where the
minimum 241Am detectability was 35 pCi/g. Although the results of the 1977 survey were never
formally published, they were used quite extensively during the early stages of the cleanup project as
an aid in the determination of island priority for the ground-based in situ measurements.

3.2 FIELD MEASUREMENTS

3.2.1 Introduction

Under contract to the United States Department of Energy, EG&G operated an in situ gamma ray
spectrometer system at Enewetak Atoll from July 1977 to December 1979 in support of the
Enewetak cleanup project. This system was used to determine surface (0-3 em) concentration values
of 241Am as one step in the effort to characterize total transuranic surface contamination at
Enewetak arising from the nuclear testing program.

A high purity germanium (HPGe) planar detector, suspended 7.4 m above the ground, was used to
measure the 60 keV gamma ray from 24lam (a daughter of 241py). Conversion factors were
established to relate the measured photopeak count rate data to average 241 Am concentration in the
s0il. Using the ratio of total transuranies (TRU) to 4lAm established from soil sample data (see
Section 4.2.1), a statistical interpolation routine was then used to convert the individual 241 Am
measurements into area-averaged transuranic surface concentration values (see Section 5.2). These
results formed the data base used in deciding whether removal of contaminated soil was required.
Final measurements made after soil removal had been completed were used to document remaining
transuranic surface contamination.

Guidelines for the removal of contaminated soil existed for both surface and subsurface
contamination (see Section 2.2.4). Since the attenuation mean free path for 60 keV gamma rays in
Enewetak soil is approximately 2.0 c¢m, the sensitivity of the in situ system to subsurface 24lam
contamination decreases rapidly with depth. For a distribution uniform with depth, approximately 95
percent of the unscattered 60 keV gamma rays reaching the detector would originate within the top
6 cm of soil and approximately 99 percent would originate within the top 9 em. For this reason, the
in situ measurements were used to obtain only "surface" concentration values (defined for the
Enewetak cleanup as the average concentration in the top 3 em). Subsurface soil samples were used
to evaluate and quantify subsurface contamination.

3.2.2 Instrumentation

The in situ gamma ray spectrometer utilized an HPGe planar detector having a surface area of 19
em? and a thickness of 1.6 em. The detector was mounted inside a canister suspended at the end of
& 9 m retractable pneumatic boom. This boom was mounted at the rear of a small, lightweight,
tracked vehicle (the IMP*, Figure 3-1) specifically selected for its ability to operate in soft sand.
The IMP was modified and equipped as a fully self-contained mobile data acquisition and reduction
system. Power was supplied by a 4 kW Onan generator mounted on the front of the IMP. A
roof-mounted air conditioner provided the necessary humidity and temperature environment for the
electronic equipment mounted in the rear section of the vehicle. Signals from the preamplifier
(mounted on the detector) were fed inside the IMP to a microprocessor-based 4096 channel pulse
height analyzer. At the completion of a measurement, data were transferred from the analyzer to a

* The word IMP and its variations as used in this report were derived from a trademark of the
DeLorean Manufacturing Company.
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FIGURE 3-1. TWO IMPs SET UP IN A TYPICAL COUNTING MODE. The HPGe detector is housed
inside the canister at the end of the retractable boom.
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Hewlett-Packard (HP) 9831 calculator for initial field processing. The results were printed out on an
HP printer, and the data then stored on cassette tape.

A Pb-Cd collimator was used to limit the detector field—of-view for 60 keV gamma rays to a finite
area on the ground (see Section 3.2.8). The collimator consisted of 1.6 mm (1/16") thiek soft lead
backed by 0.8 mm (1/32") thick cadmium. Both the lead and cadmium were supported on a 1.6 mm
thick aluminum cone. The collimator slipped around the detector housing cap and then extended
down 12 em at an angle of 50° from the vertical. A 1.27 em thick soft lead collar, 2.54 cm long, was
placed around the detector housing cap to further reduce background counts in the 241am photopeak
window due to air scatter.

In order to adequately support the Enewetak cleanup project, it was necessary to fabricate three
complete in situ systems, i.e., three IMPs. All three systems were identical. Two systems were
routinely deployed in the field while the third system provided a complete backup.

3.2.3 Data Reduction Procedures

Field Processing. The initial stage of the data reduction was performed in the field immediately
following each measurement. The main advantage of this procedure was that the operator could
perform quality control checks on the system after each measurement, whieh shortened the data
turnaround time. In addition, the program allowed the operator to input certain bookkeeping
information through the HP 9831 calculator; usually, this consisted of island name, stake number,
percent of brush cover, date, time, weather conditions, and the detector serial number. This
information and the spectral data were then stored on magnetic tape.

The field program was restricted to analyzing five specific narrow regions of the spectrum to yield
data for 241am, 1555y, 137Cs, and 60Co (69Co in two regions). This restriction, and the technique
used to extract the photopeak data, enabled the field processing to be completed during the time it
took to move between locations.

Photopeak shapes for the four isotopes (five photopeaks) were determined empirically on Janet for
the first two HPGe detectors to arrive at Enewetak. Resolution of both units was 1 keV to 1.2 keV
full width at half maximum (FWHM) at 59.5 keV under normal field operation conditions. Detailed
manual (graphical) analysis was performed on each of the five photopeaks for count rates ranging
from background to those of the calibration sources—-tens to hundreds of times background. Peak
shapes were constant over the count rate ranges within the limits of recognition imposed by
statisitics at lower count rates. Careful measurements were then made, using the high count rate
data, to determine the points at which the peak rises out of the background. Each region so
delineated was used in the program to determine the centroid and net photopeak counts.
Symmetrical windows adjacent to the peak region were used to determine (by straight line
interpolation) the background under the peak.

To find a peak, a narrow predetermined segment of the spectrum was examined. This method, which
contributed greatly to the quickness of the program, was viable because each measurement was
analyzed immediately, so the IMP operator could adjust the gain and zero of the analyzer system,
when necessary, to keep the peaks where they belonged. For peak finding, the raw data were first
smoothed by a sliding interval filter of near-optimum width. The filtered data were searched for the
channel with the most counts. This channel was the "peak" channel. No further use was made of
smoothed data. The central peak region and background windows were positioned with respect to the
peak channel as described in the previous paragraph. Then the peak centroid, background counts, and
net peak counts were determined. The one sigma standard deviation was calculated from the total
counts (peak plus background) and a statistical counting error was assigned (sigma/net counts). The
centroid (in channel number) was converted to energy. Net counts were converted to equivalent soil
concentration using a conversion coefficient stored in the library array and the live time measured
by the analyzer during spectrum acquisition. The coefficient stored in the library had units of
(pCi/g)/eps. Determination of that number is desecribed in Seetion 3.2.5. The error assigned to the
soil eoncentration result was the statistical counting error, plus a 10 percent error to account for
uncertainties in the conversion coefficient (see Section 3.2.6). It should be pointed
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out that any bump in the spectral region assigned to a photopeak was analyzed and printed out. The
net/sigma value and a spectral plot were used to determine if the result was significant.

Below are numbers used for the 59.5 keV (241Am) and 86.5 keV (19%Eu) analyses. Slightly wider
windows were used for higher energy peaks.

Sliding interval filter: rectangular, 3 channels wide

Region examined for americium-241: ch 155 to 162 (58.1 keV to 60.75 keV)
Region examined for europium-155: ch 227 to 234 (85.1 keV to 87.75 keV)
Low energy background window: peak -8 to peak -5 channels ‘
Photopeak: peak -4 to peak +3 channels

High energy background window: peak +4 to peak +7 channels

Analyzer gain: 0.375 keV/channel

Laboratory Processing. Several correction factors had to be applied to the 241Am data prior to its
use in determining the area-averaged total transuranic surface concentration values. These were all
made in the laboratory. The conversion factor used in the field program was the same for all
systems. This conversion factor assumed a detector height of 740 em and a detector efficiency of
19.0 eps per (Y/cm2 - see). It did not include the possibility of any additional attenuating material
between the detector and the ground. Corrections had to be made if any of these assumptions were
not valid. Correction factors were routinely applied to correct for attenuation due to vegetation (a
maximum 15 percent correction) and to correct for the different efficiencies of the various
detectors used at Enewetak (see Table 3-1). (The derivation of the brush attenuation correction
factor is described in Technical Notes 1.0 and 1.1.)

TABLE 3-1. INITIAL DETECTOR EFFICIENCY CALIBRATION RESULTS FOR 241Am

Detector Operating
Serial Voltage Detector Efficiency
Number kV) eps/( Y/em? see)
386 -2.0 19.1
393 -2.0 19.3
483 -3.0 17.2
496 -3.0 18.1
513 -2.5 18.7
635 -2.0 17.2

3.2.4 Operational Procedures

Prior to making any measurements, the detector system was calibrated to 0.375 keV per channel
(approximately 1500 keV full scale) using a combination 89Co, 137Cs, and 241 Am calibration source.
The calibration was checked periodically and any gain shift was corrected. (Maintaining power to
the preamplifier and amplifier on a 24-hour-a-day basis minimized gain shift problems.) The IMP
was moved from location to location with the boom fully retracted and the detector securely
fastened. At a measurement point the boom was extended to its full length and then inelined at an
angle of 20° away from the IMP. After completing the measurement ( a typical acquisition time was
900 seconds), the boom was retracted and the detector secured for movement to the next
g\seagurxetment location. The total time required for each measurement sequence was typically 20 to
minutes.

A five minute calibration run was made every morning, noon, and afternoon when a system was in
the field. This data was processed in the same way that a typical measurement was processed and
was also stored on magnetic tape for permanent retention. Although the sources used were not
calibrated, the relative response as a function of time provided a means of monitoring for any
changes in the detector efficiency.
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3.2.5 System Calibration

Flux Caleulation. The unscattered flux of gamma rays of energy E at a height h above a smooth
air-ground interface due to an emitter distributed in the soil is given by (see Figure 3-2):

o @
S
$ =[[ y V2 exp [-(u/p)y py Tyl €xp [-(u/p)g pg gl * 27 x dx dz )
r
)
where
S, = the activity per unit volume (Y/se;)l
cm

r=ry+rglcm),

2
(#/p): (u/p)g = the air and soil mass attenuation coefficients (cr; ) and

pa Pg = the air and soil density {g/em3).

z = depth in soil below the surface

This expression assumes a source distribution whieh varies only with depth. A uniform distribution in
the horizontal plane is assumed, which leads to results expressed in terms of an area average over
the field-of-view of the detector. For fallout activity subject only to environmental weathering, the
distribution after a period of time can be reasonably approximated by an exponential distribution
given by:

S, = S%e 92 (2)

SO = the activity per unit volume at the surface (1/19.‘2) and
cm

o = the reciprocal of the relaxation length em™).
Detector

Air

Soil i re
z L

X Source
Element

FIGURE 3-2. GEOMETRY USED IN THE DERIVATION OF CONVERSION FACTORS RELATING IN SITU
PHOTOPEAK COUNT RATE DATA TO SOURCE CONCENTRATION IN THE GROUND
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Rewriting Equation (1) in terms of & and z, combining with Equation (2) and integrating over z leads
to:

(3)

/2
o= _Si tan 6 exp - (p/p), P, h secé] 46
2 a+{u/plg pgsece
o

Detector Calibration. The detector response to a given flux, ¢, of gamma rays of energy E incident
at an angle 6 can be given in terms of an effective detector area, A, defined by:

N
_ p
A=3 (4)

where Np is the net photopeak count rate (s.ec'1 ).

The effective area, in general, varies as a function of the gamma ray angle of incidence and is
normally written as:

A = Aj R (B) (5)
where
A, = the detector photopeak count rate for a unit flux incident perpendicular to the detector face

o
(__.EES___) and
Y/em? . sec

R(6) = the ratio of the detector response at an angle 6 to that at g = 0°.

Both A, and R (6) can be determined experimentally.

. Conversion Factor. Combining Equations (4) and (5) with Equation (3) leads to an expression which
relates the measured photopeak count rate to source gctivity at the surface. This is given by:

w/2
Np Ag / R (6) tan 6 exp [-(u/p), p, h sec o] 46 (6)

0
sy 2 @+ (u/p)g pg seC B

o
cps

The conversion factor Np/SS given by Equation (6) is in units of
Yiem3. sec

cps

For a specific isotope the conversion factor is normally changed to units of .
pCi/cm:3
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Multiplying the expression in the brackets in Equation (6) by the soil density (in g/em3) leads to
the conversion factor Np/(Se/p) normally given in units of —— C|/

For the Enewetak cleanup, surface contamination was defined as the average concentration within

the top 3 em of soil. In general, the average concentration in the top z em, S\z, , for a source
distributed exponentially with depth is given by:

Z o
sz =—12—f Sg e %%dz = S (1-e79%) (7

Combining Equations (6) and (7) leads to the final expression for the conversion factor used at
Enewetak:

-1

/2
z - -
(Sy/p) _ (1-e7%) B Ag g f R (8) tan 6 exp [-{p/p), p, h sec O] 46 @)
Np ez 2 / o+ {u/p)g pg sec 6
pCi/g . e
in units of cps where B converts Y/sec to pCi for a specific isotope.

Results. In order to evaluate Equation 8, it was necessary first to determine A, and R (6) for each
detector which was used, in its normal field configuration. A, was determined by placing a known
source directly below the detector at a distance great enough to simulate a parallel beam of photons
at the detector face. In determining Ay it is important to utilize the same method for determining
the net counts in the photopeak as that used in the field. A total of six detectors were calibrated for
the Enewetak program. Although two of these detectors were purchased for another program, all six
were used at one time or another during the course of the cleanup project. Table 3-1 summarized
the initial 241Am results for these detectors. The detectors were periodically recalibrated at
Enewetak to correct for efficiency changes which occurred during the course of the cleanup project.

R (6) was measured in detail for gamma ray energies between 60 keV and 2600 keV using detector
#386. The detector was mounted inside the container used at Enewetak. Measurements were made
with and without the Pb-Cd collimator. Calibrated sources were placed at a fixed distance of 1 m
from the detector face at angles from 00 to 90° (0° being directly below the detector).
Measurements were made at 10° intervals except between 50° and 65° when the collimator was in
place, where 20 intervals were used. In order to account for any azimuthal asymmetries which might
exist in the detector, the source was rotated about the detector at a rate of 4 rpm during each
measurement. Figure 3-3 shows the results for 241am, The R (6) data were fitted with a Fourier
series to the 10th order and folded into Equation (8) for derivation of the conversion factors.
Althoulgh these measurements were made in detail only for detector #386, the results were checked
for 24Tam using several other detectors: no significant difference was observed.

To evaluate Equation (8), it is necessary to obtain experimentally or make some assumptions on the
source depth distribution and certain properties of the soil. Table 3-2 gives results for 281 Am with
the following parameters:

0.359

19.0 eps/(y/em? - sec)

800, 450, 100 cm

0.33, 0.10, 0.05 cm™!

2.0, 1.5, 1.0 g/em?

1.30 (10 ), 1.15 (1073), 1.0 (1073) g/em3
0.333 cm /g (for 60 keV gamma rays)
0.188 em2/g (for 60 keV gamma rays)

Photons per disintegration

Effective area (A,)

Detector height (h)

Depth distribution ( o)

Soil density ( pg)

Air density ( pg)

Soil mass attenuation coefficient, (1 /p)g
Air mass attenuation coefficient, (u/p)g

W o
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1.0

RELATIVE RESPONSE

0 10 20 30 40 50 60 70
ANGLE © (DEGREES)

FIGURE 3-3. RELATIVE RESPONSE OF THE HPGe DETECTOR MOUNTED IN ITS NORMAL
FIELD CONFIGURATION (WITH COLLIMATOR) FOR 60 keV GAMMA RAYS
AS A FUNCTION OF INCIDENT ANGLE (ZERO DEGREES BEING DIRECTLY
BELOW THE DETECTOR).

Conversion factors are given for the average 241 Am concentration in the top 3 em. The detector
angular response, R (6), was obtained with the Pb~Cd collimator in place from the data shown in
Figure 3-3.

pCi/g

The final 241 Am conversion factor (8.95 ) was obtained for a detector height of 7.4 m, a soil

density of 1.5 g/cm3 and an air density of 1.15 (1073) g/em3. A weighted average was used to account
for observed variations in the depth distribution. The actual 241 Am conversion factor

pCi/g

used in the Enewetak field program was 7.7 . This value was based on a soil mass attenuation

coefficient of 0.248 emZ/g, which is typical for many soils, and a soil density of 1.2 g/cm3. A
detailed study of the soil composition and soil density at Enewetak conducted in December 1979,
however, led to a revised value for the soil mass attenuation coefficient and soil density. All final
data based on the IMP results given in this report have been corrected for this error. (See Tech
Notes 22 and 23 for more detail.) In the following section, each of the input parameters to Equation
(8) is discussed in detail. Errors in the conversion factor associated with variations in each of these
parameters are also discussed.
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3.2.6 Variables Affecting the 241 Am Conversion Factor

Air Density and Composition

As may be inferred from Table 3-2, the conversion factor for 241Am at a detector height of 7.4
meters is relatively insensitive to large changes in the air density. The IMP conversion factor
assumes an air density of 1.15 (1079) g/cm3, which corresponds to air at a temperature of 85°F
(30° C) and a pressure of 750 mm Hg. There is only a +2.5 percent change ip the ecgnversion factor
by going to the density extremes given in Table 3-2. (A density of 1.30 (1079) g/em3 corresponds to
air at a temperature of 41°F (5°C) and a pressure of 780 mm Hg and a density of 1.00 (107°) g/ems
corresponds to air at a temperature of 125°F (52°C) and pressure of 700 mm Hg.) Changes in air
density over the ranges of temperature and pressure which actually oceur at Enewetak should not
contribute more than a 1 percent error to the conversion factor.

The mass attenuation coefficient for 60 keV gamma rays in air (0.188 cmz/g) was derived from
standard air composition tables and elemental mass attenuation coefficient tables. Since the
corresponding mass attenuation coefficient for water is 0.20, moisture in the air should not
significantly affect the eir attenuation factor.

Soil Density and Composition

The in situ or wet soil density and soil composition are both required to determine the attenuation
factor for gamma rays of a given energy in soil. Soil composition is required to determine the mass
attenuation coefficient. The produet of the mass attenuation coefficient and the soil density then
gives the linear attenuation coefficient, which is the inverse of the attenuation mean free path. (On
the average, 63 percent of the gamma rays traversing a distance of one mean free path in a given
medium undergo an interaction which attenuates, i.e., reduces, their energy.) The soil density is also
required to convert concentration per unit volume to concentration per unit mass.

Soil density and soil composition data used for the final Enewetak conversion factor were obtained in
December 1979 (see Tech Note 22). Up to that time the data available for in situ density was
somewhat limited. In addition, a question arose in the fall of 1979 about the mass attenuation
coefficient which was used in the original conversion factor. (These problems are discussed in detail
in Tech Note 23.)

Soil density and percent soil moisture were obtained using a Troxler Model 3411 nuclear
density/moisture gauge. Density is determined by measuring the attenuation of 662 keV gamma rays
from a 137Cs source through a given depth of soil. The moisture content of soil is determined by
measuring the moderation or slowing of fast neutrons from an Am-Be neutron source. Dry density is
obtained by subtracting the moisture content from the wet density. The percent moisture is
obtained by dividing the moisture content by the dry density. In the Troxler gauge, both the 137¢s
and the Am-Be sources are located in a probe which can be inserted to a given depth in the soil. The
gamma ray and neutron detectors are placed on the surface at a fixed lateral displacement of 25 em
from the sources. After placing the sources at a given depth, gamma ray and neutron counts are
accumulated for a period of one minute. The resulting counts are converted to wet density and
moisture content using calibration curves supplied by the manufacturer.

Measurements were made at 182 locations within 73 different areas over 9 islands. At each location
the average wet density and percent moisture were obtained for the top 15 em, the top 10 em and
the top 5 em. The 5 em measurements were repeated after rotating the detectors through an angle
of 909 Based on the 364 independent readings taken at the 5 em depth, the mean wet density
obtained was 1.53 g/cm3, with a standard deviation of 0.14 g/cm3. The mean value for the percent
moisture was 16 percent, with a standard deviation of 5 percent.

A wet density of 1.50 g/em? was used for the final conversion factor. This corresponds to an

average percent moisture of 14 percent, which is probably closer to the average yearly percent
moisture. ’
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TABLE 3-2. THE CONVERSION FACTOR (sf/p) / Ny IN (pCi/g)/eps FOR 241aAm AS A FUNCTION
OF DETECTOR HEIGHT, AIR DENSITY, SOIL DENSITY AND DEPTH DISTRIBUTION

Detector Depth Air
Height, h Distribution,@  Density, Pa Soil Density, Ps (g/em3 )

(cm) em™) g/em3) 2.0 1.5 1.0
800 0.33 1.30 8.33 9.10 10.61
800 0.33 L.15 8.10 8.85 10.33
800 0.33 1.00 7.89 8.63 10.06
800 0.10 1.30 9.17 9.49 9.60
800 0.10 1.15 8.94 9.24 9.35
800 : 0.10 1.00 8.71 9.01 9.11
800 0.05 1.30 9.35 9.52 9.86
800 0.05 1.15 9.11 9.28 9.60
800 0.05 1.00 8.88 9.04 9.36
450 0.33 1.30 7.45 8.14 9.49
450 0.33 1.15 7.35 8.03 9.36
450 0.33 1.00 7.25 7.92 9.23
450 0.10 1.30 8.22 8.50 8.60
450 0.10 .15 8.11 8.39 8.48
450 0.10 1.00 8.00 8.27 8.37
450 0.05 1.30 8.38 8.53 8.84
450 0.05 1.15 8.26 8.42 8.71
450 0.05 1.00 8.16 8.31 8.60
100 0.33 1.30 6.67 7.29 8.49
100 0.33 1.15 6.67 7.28 8.48
100 0.33 1.00 6.66 7.27 8.47
100 0.10 1.30 7.36 7.61 7.70
100 0.10 1.15 7.35 7.61 7.70
100 0.10 1.00 7.35 7.60 7.69
100 0.05 1.30 7.50 7.63 7.91
100 0.05 1.15 7.50 7.63 7.91
100 0.05 1.00 7.49 7.63 7.90

The mass attenuation coefficient for Enewetak soil was based on chemical analysis of 124 soil
samples obtained from 9 islands during December 1979. These samples were analyzed for organic
content as well as elemental composition. Results of the analysis showed that the primary
component of Enewetak soil is caleium carbonate. A number of trace elements were also identified.
The most significant trace element was magnesium, which contributed approximately 1-2 percent by
weight. Although the organic content varied from 0.5 pereent to 25 percent by weight, most samples
were in the range of 1 percent to 8 percent, with an average of approximately 4 percent for all
samples. The in situ mass attenuation coefficient for each sample was obtained from a weighted
average of the water, organic and appropriate elemental mass attenuation coefficients. The water
content, by weight, for each sample was based on the in situ soil moisture measured with the nuclear
density/moisture gauge just prior to collecting the sample. (All samples were dried prior to the
chemical analysis.) The mass attenuation coefficient for organic material was estimated by using
the value derived for cellulose. Based on these 124 soil samples, an average value of 0.333 = 0.012
cmz/g was obtained for the in situ Enewetak soil mass attenuation coefficient. The average value
for the dry, organic-free component was 0.365 em2/g compared to 0.37 cm2/g for pure calcium
carbonate. (Complete details and results for the soil density and mass attenuation coefficient
determination are given in Tech Note 22.)

Table 3-3 shows the effect on the 241 Am conversion factor due to variations {at the 1 and 2¢ level)
in the soil density and the soil mass attenuation coefficient. For a fixed mass attenuation
coefficient of 0.333 cmz/g, a 20 variation in the soil density leads to approximately a +2 percent
change in the conversion factor. For a fixed soil density of 1.5 g/cm?, a £2 ¢ variation in the mass
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TABLE 3-3. VARIATION IN THE 241Am CONVERSION FACTOR* WITH DIFFERENT
VALUES FOR SOIL DENSITY AND THE MASS ATTENUATION COEFFICIENT

Soil Density p(g/em 3)

Mass Attenuation

Coefficient (u/plg 1.22 1.36 1.5 1.64 1.78
(em?/g) (~20) (-1o) (mean) (__+£) (+20)
0.309 (-2q) 8.61 8.49 8.38 8.29 8.22
0.321 -1q) 8.89 8.77 8.66 8.57 8.56
0.333 (mean) 9.18 9.06 8.95 8.86 8.79
0.345 (+1o) 9.47 9.35 9.24 9.15 9.08
0.357 (+2q) 9,75 9.63 9.52 9.43 9.36

*s ‘3,/,3)/ Np (pCi/g)/eps) with detector height of 7.4 m.

attenuation coefficient leads to a *6.5 percent change in the conversion factor. Since the soil
density and the in situ soil mass attenuation coefficient, in general, both vary from location to
location, it is more appropriate to examine their combined effect on the conversion factor. As seen
in Table 3-3, the maximum effect occurs with a low soil density combined with a high mass
attenuation coefficient or a high density combined with a low mass attenuation coefficient. For the
appropriate 2¢ limits this case would lead to a +9 percent change in the conversion factor. In
reality, however, low density areas were generally found to be those areas having higher organic
and/or soil moisture content, which would lead to a lower mass attenuation coefficient. Similarly,
high density areas generally had a higher mass attenuation coefficient. For this combination the
appropriate 2 ¢ limits lead to a +5 percent change in the conversion factor. This is more typical of
the actual range of uncertainty in the data due to observed variations in the wet soil density and in
situ soil composition.

Depth Distribution

One of the most critical factors in relating an in situ measurement to radionuclide econcentration in
the ground is a knowledge of the source distribution with depth. This is especially true when
attempting to determine the total activity per unit area. For the Enewetak 1Am conversion
factor, depth distribution data were obtained from profile measurements made during the 1972
reconnaissance survey (NVO-140). A total of 108 profile measurements were made on 20 islands
from Alice to Wilma. The data for each profile, most taken to a depth of 30 em, were fit to an
exponential distribution, as given in Equation (2), and a value computed for the relaxation length. Of
the 108 profiles, 11 had a relaxation length between 3 and 5 em, 45 had a relaxation length between
5 and 10 em, 15<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>