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1k, SCOPE:

A progran of r:dlonucllde :easurenznts in soil, water, znd vaLa, radio-
ecologicel transport rodeling, znd dose evaluation in the larshzll Islands is propos
to fultill two immediate objectives end one long-term goal. The imredisie
objectives are (1) to meet present high-priority needs for effective rezesbilitatic
of Enewetzk Atoll and {2) to support the ongoing evaluaticn at Bikini Atoll. Tre
long-term goal is to assure a continuing evaluation eifert in support of the
implementation of resettlement and renebilitation in both regicns.

The Enewetak Survey and Eveluation effort that resulted in the report NVO-1L£0
(Enevetak Radiolcrical Su*wev) rrovides a comprehensive description of the
radiological ststus of that Atoll et cne voint in time, for the specilic purpcse
of evaluating constrzints on rehabilitation end Ter developing cleanup plans. Tre
implementation of resettlement, however, reguires additicnal studies over a longe
time-range to assess the tire-dependence of resdionuclide removal from the Atoll as
well as to support a continuing evaluation effort.

Previous evealuations of the atolls were bzsed upon a limited amount of dizect
sampling of criticz) Zocds in the terres tri“l food; these Tcods (ccuvnut,
pandanus fruit, arrowrcotl, and breadf: ~1it) were very scarce on Bikini — znd on

J
Enewetak as well, dicted doses, therefore, were based on correlation siudies
that atterpted to relate radionuclide ccncentrztions in soils to those in food
plants and enimals. The Enewetak survey was very thorough, but the dose
evaluations were develored without the benefit of time-dependence informa
relating to the environmentzl residence times of the critical radicnuczlli
Thus, there is need both for intensi studies of rzdionuclide trensport in
terrestrial recod chzins and for long ern studies of the cycling and fate of the
long-lived raﬂloau lices. :
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This Jjustificaticn for operating funds therefore proposes an LLL prcgrem
with the following specific objectives:

*1. To make mesasurerents at both Atclls that will delineate the n

n e ra redistrisution, and re

. Y
and TO CD-”‘OD cr »2i'in

redionuclicdzs in tha ecocvsienm, ne
concentrzaticn fzeucrs Ior tno criticel raficnuclilices,

2. To develocp Turtner undercsianding of The terres al .
as to derive rsuidelines for azricultural nrac ]
develovrent trnat will minimice vopulaticn exvo T

cses

3. To use the se'new data ana consL znts bO reline itne projected oo
e

report for Blklnl.

k. To define the need for and to cevelop guidelines for any long-ternm
redioecolcsical surveillance on Fneveteak.

5. To develop = comprerensive understanding of the resusvensicen pothway
on inhesbited larshzll Island envircnments.,
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Simultaneous fielding of our progrem with Koshkin's alleviates orne
major concerns end problems eassociated with resesrch in the Pzcific
Therefore, if funding were supplied for the menpower for the T
part of the program and for the necessary travel and av“*cthuvﬁ surD
the program could be initiated imm el

('u O DA

The specific projects for Enewetzk and Bikini are now discussed in deteil.

A, Enevetak

The specific tasks to be carried out at Enewetek are as follows.

1, Test Plantings and Radionu cl;ne Recveling

Test plots of coconut, pandanus, and breadfruit will be planted irmediately.
Depending cn the size of the starter plants a laz time of three to five years

can be expected before fruit will be available, Therefore, additionel test

= omtig o . = 3 [y oy = T
plantings of arrowrcot, sguash, pargeyz, bananas and sweelt potatces will al:d

c
concentration Izt

-~ ’ gl
be initiated irmasdiately. These crops will vroduce very auicxly. In conjunciicn
with data on raliicnuclide cencentraticns in selil, they will lead to '
d 1

d also to direct measuremnts of
radionuclicde ccncen X ts. Sritialed water will be injecte
into the groundwzter at the rpo+ zonc to determine the ragnitude and rszte of
uptake ol soil groundwailer by the different plent species.

,

Various forms of fertilizers will also be evzluzted for any reduction of
radionuclicde up: nd Sr) by these fcood chzin rlants. Tor example,
high-potassiun 2y signific.ntly requce the upteke of Cs, and
efTects of phcavharu un, nitresen end other irace metals may rezult in
greatly altered a: th Cs and Sr.» Mudching could be used to incrzace
the K content. rther, the vegetation cut for clezring on "cold" southzrn
islands should be tested as a mulch in tke "hot" northern islands.

« Clean transvorted soil beds will also be established on the nortnern isl
with clean soil Trcm southern islends such as Jepten and Perry. The clezn beds
will enable us to directly evaluate the role of vegetation as a mzjor feedbac
mechanism In th2 cycling of radionuclicdes in the atoll ecosystem. The use
clean beds, the removal of litter dropped from the vegetetion, and muliching
with clean vegetation from the south could serve to interrupt the cyclirz of
radionuclides.

As indicated, the decay of litter to form hurus material may well be the
primary source of available radionuclides to plants. It is essential to
valuale the above-ground kinetics that produce the input to the grourﬂ““te
system. Therefcre, biomass measurements will be made on Engebi to d°u 1ine
the standing-crop inventories of radicnuclides. Litter-fall collectors and
litter-bags will be employed to determine rates of litter fall and l;tt
decay. These measuremenis combined with data on groundwater cyeling wi

in the Atoll ecosystem.
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2. Distributicn of Radicnuclides

The importance of the recycling eand turnover times of radicnuc
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recognized by our marine group and emphasized in their researcn jrogra:s.

The recent research on marine and lens weter at Enewetax Atoll revezled severzl
important aspects of the terrestriazl ecolcgy that were not evident during tne
1972 survey but which have considerable significance in the ultimate cdose to

man as he reinhabits the atoll. Preliminery dota frem the lens wster Drogrem

at Enewetak Atoll indicate that recycling and tumover of radisnuclices in the
atoll ecosystem can be contrclled by the groundwater and the humus produced

from the decay of litter &rorred from the growing vegetetion. It aprgears tnzt
effective concentration factcrs should be based upon the soil water cencentirstiicn
of radionuclides rather than on the total soil concentrations.

Further research is required (1) to clzrify the role of grcundwater in
controlling the disappearance of radionuclicdes in the Atoll, (2) to deternine
the actual cycling process involved in order to evaluzte potential methnods of
blocking nuclide urtzke in plant species in the foed chain, (2) to detormine
the actual concentiraticn ¢f radicnucli available to The rlant :
groundwater ccncentirz n e oz e
concentraticn factors D T oses, end (h) to correlaizs redicn
concentraticns in soil weter in the r 1

e e
efore, soil cores w;ll be gbleined Irem

3 T
groundwva e*/]enu wate er
g Belle) in and around the planting =it
<+ > -
i
ra

northern islends (e.g
cores will be ona
wvater solutions to detce
evailable to the plan'
from the carbonzie mat
Sr. -

If the humic frection and soil water contain the radicactivity and thus
constitute the source of availsble radicnuclides for the tlantz, then concenirs
factors can be deterimined for the verious Tcod end iIndicetor vlants Ior Cs, Sr,
and Pu. Ccncentration factors determined previously from soil nzve varied cver

tiocn is nct the criticzal

& wide range perhazps beczuse the total soil concentra
factor. Therefore, predictive evaluations could te made more relizble by
developing concentration Tactors based upon soil wai rethier Thzn upon soil.

('f

There is some question whether the plants of the Atoll are reelly shallow,
surfeace-rooted or whether they may actually use lens waler for growth where
the lens is of very low sazline content. Lysireters will be installed 3 )
pits to collect soil-water through-flow to determine ithe radicnuclide concent
profile as water moves downward toward the lens. The concentrzticns of
radionuclides will be compared with those in soil wmter extracted Trom the
surface horizons of the soil. YWhen these data ave availsble, concentration

o]
w
Q
1
ot =

@) 27 5 . FNT
factors cen be calculated for I°Sr s 137cs end Pu, to provide afditional estirnat
of the rate of input of radionuclides into the len water from the soxl column

o
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This information, corbined with the lens-volune measurenents er “rn
data on efflux via exchanze with seawater (tidsl effects) being
Noshkin's current lens-wziler program will lead to a model for
the soil/plent/lens-water systen.

3. Turncver of the Iens-Water System

In the lens-water studies of the marine grcup, importznt resulis are being
obtained on dynazmics, com3051t10n, and geograchic distributicn of lens-water
systems on many of tre islands. An :r;e,vnﬂeng measurerent. of lens-—vater
volune and dynzmics can be rsi by using an effective water itracer such &s

a
tritiuwn. The samples that are being cbiained in the Kosniin-pudeneler study
are used effectively to mezszure the volume, turrover, inter-iens communic
end input dilution effects frocm rainfazll end seawater., Thece resulits cezn be
verified by injecting the eprprooriete amcunt of tritium intc several wzlls
on the contaminzted islands., The present program, if augrented by water-v
studies, perhaps both by labelling of the internal lens-water end by surfii
lebelling of tihe coil above a lens, will yield independeni, collalers

H
rmeasurcrents of lens-walter characteristics., This is import
possibility thet the turncver razte of the lens system could
controlling Tactcr, other than radioactiive decay, Jor remo

from the atoll envircrument.

L. Eveluztion of Externz) Beta Dose

In NVO-1L0O the be

ta dose was given only minor attention in the externzl
dose measurements and calculeticns. In reviewinsg the data, Beck and Mohoushiln
estirmated that the -“Sr/>“Y beta free sir dose et cne meler cculd be four
times the 137Cs gamma dose. The TID's &s used on Inewstek hzl scme
sensitivity to betes, the zeriel system noneg and the porieble scintillcoltors
praciically none. imited results from T measurenments during the csurvey
indicate consicerable lo"er beta exvposures than the estimesies, but neither

can be considered relisble due to the limited daiz base.
. .
To complete the external dose estimates,the range of beta to gamma dose
rates shculd be determined. The range of ratios rmust be errhasized as the
ratio should vary widely due to ground cover, depth of burizl, etc.

A network for measuring beta doses will be estzblished on two or three
islands using a grid similer to that of the 1972 TLD survey. Belle and Daisy
or Belle and Janet are good candidates due to location, exposure rates znd
range of ground cover offered. Adequate data can be obtained with minine
instrumentation such as TID's with special holders For beta response end thin
window @1 survey instruments with pancake @1 probes and removalble shields.

Data from these experirents will permit & nmore comprehznsive essessment
of external dose to thz skin of persons inhabiting the atolls.




S. Continuing Assessment of Radiolcgicel Situction at Zrewetsk Atoll

The dose ascessments reported in LV0-140 are based upon aata obtained
during the 1972 survey. Long-tern docse predicticns are bascd upcn these
date without benefit of time-dependence informztion. Also, both the Initizl
and long-term dose estirmates are based uron cencentration factors derived
from & limited dzta base z2nd from correlation anzlysis methods. With data
obtained in this follcw-up reseerch, we can eliminate much of the uncertainty

in the initial dose estimates.

‘Wle will lherefore continuz to uspdate both short-term and long-term dose
assessments in the light of the criticel and very relevant informztion obiained
in the follow-up wo4“ descrived above. The u:aaved assessments will be auite
useful in develcrping plans for rehzbitalicns of northern Islands

vecific gzricultural vlann
c

4
(()

for land-use nlhx ing end for X i t
it will fulfill the ALC committment to the Enewetak pecple, the Micronesian
Legal Services, and the Trust Territory.

[

6. Ecolesical Svsiers Model

€

The data base of the 1971 ZreweteX Survey is pernzaps the rmost conprehonsive
radioecologicel d=2ta base in existence. It trovides an cproriunity to Iormuleate
a comprehensive ecosystem model of elerentel flow, and would have specizl payelf
value for cormparative eveluztiions of O'uo SCsr l37Cs, end <>°Pu. The
present data bzcse sdeguetely describes tne stao of the systom; engoing ond
proposed DZZR rezeszreh will provide the kinetiz inTormation nceded tTo dezoribe
transfer betwsen ccomparimenis. Much of the researcn needed to develoy zuth 2
model is zlreagy in progress or is vrero sed in this 189. The Analysis zna
Assessment Group, thne Marine Group, and the Terrcsirial Doology Group will
continue to integrate the new dala, as it bezomes aveailable, into a gyclens
model, In the process they will define areas where further research is needed.

B. Bikini Atoll

The tasks to be carried out at Bikini are as follows.

1. Sampling of Aveilzble Foed Chain Products and Correcvonding Scils

The major focd crops planted five years ago on Bikini atoll provide =z
five-year head stert for initial essessments as outlined under the objeclives
of the program. Bznana end papeya will be collected immediately for direct
measurement of redicnuclide uptake. Corresponding soil sazuples will be collectzd
Tfrom the aree surrounding the root zone. These =go0il szmples will be serarsted
into fractions so that we can determine vhich scil component contzins tha
activity. The fraction of the total *adﬂonuc71de inventory in the soil available
to the plants will be determined by leaching studies, and appropriate
concentration factors will be determined. As the coconut, pzndanus fruii, and

Cr b
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breadfruit become aveilable over the next two yezrs, similar zzmple collections
and enalyses will be conducted. As dete become oveileble from direct znazlysis
c the resulis will be comparsd with the Drad;cui 55

of these foocd products,
derived from the scil-conc aes
accuracy of previous predictiors for both Bikini &and Inewetex.

2. Biomess Measurements of fzriculiursl Svoton

Biomass measurerents for typicel 011 egriculiural arcas will be
.conducted &t Bikini and .Erewelsr isl L litter-
fall collectors and litier-bzgs to d tes of
litter-decay in an agsricultural area, Preliminery data for ihe marine lens-

vater progrzm indicate that tlhese procesces mey be the primary factor in
controlling radicnuclide cycling, More deflinitive data must be cbiairned to
develop an understanding of the above-ground cycling moechanisms, These dala
will be of primary imvpertance in develoni 1 ecosyst e

an atoll envircnment., TFurther, they will i 1 e
effort desigred to mininize rzZionuclice ok

and thereby to minimice dose to man.

Certain areazs of Bikini Atoll that hazve been replonted will zlso be uced
as test plots to determine th° effect of agriculiurzl nrazctices eon radionuclide
uptake. As at Enewetax, fertilizers will be evalusted for iheir effectis in
reducing tne ugtate of ra"i:nuclic‘m by the varicus plants. The eflect

a s
litter clean-up, Tertilizaticn, and mulching will be evalusd
ness in inverrupting and reducing the recycling ol presently
radicnuclides.

L, Continusd Assessrments

This effort will be a closely integrated onc baszsed upon éalz Trom both
Enewetak and Bikini, end as dala become availeble, ihey will be used to modify
previous dose prediciions and to develop new assessments of the short-term and
long-term use of both Bikini and Enewetsk. '

15. RELATIONSHIP TO OTHER FPROGRAMS:

This project is integral to our DBER program in LLL, and utilizes
capabilities across the prozra Cent*~] to this project, the Analysis and
Assessment Group of the LLL Environmental Reseasrch Section will coordinate,
overview, and describe the results of the study as it did for the Eneweilzk
Survey and Evaluation.
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16. TECHNICAL PROCRESS IN FY 1975:

This is a new effort. However, a prelimirary rerort, similar to the
Enewetak evaluaticn, was developed for Bikini znd presenied to DOS. 1In additicn,
we have been working centinucusly with DBER and DO5 ¢on followup assessments
relative to interpretaticn of 1IWO-140 data and cther matters involving Ernewetek
and Bikini.

AT7.. EXPECTED RBSULTS IN.FY 1975:

A, Enewetzk Atoll

Results for FY 1975 weuld include the establishment of test plots, both
regular aznd clean-bed, on the northern islands. Also, soil cores would
collected, leach=d, serarzted end fracticnated, to assess the svailebility of
radionuclicées to planis end to assess ihe soil nceity with waich the rzdicnuclides
are asszoctigted. Ioth orgznic and inorzznild socll comricnents will te 2n"7“"ea
and lhe radicnuclide concentraticn in scil water il Ir
will be evaluzted. Also, in combiraiicn with Dr o am,
assessrent will be made of the turnover time of ine lens systenms on dlffcrenc
norhtern and southern islends.

These data will lecad to more general understanding of the cycling
phencmena in the atcll eccsysten as well as to betiter assessment cof concentration
factors for indicztor piznt srecies now available on the islands. Bi
measutrerments will ve macde Tor Engebi and rerhars cne cof the edjizcent i .
The rate of 1i ttﬂ* Tell and of litter cdecay will be assessed for s nonagriculiurel
situation con Erngebi. The results will be used to estzblisn 2 model for tne zbove-
ground kinetics leading to radionuclicde input into the root-zone greoundweter

systemn.

B. Bikini Atoll

S

The initial trip to the Atoll would establish the necessary exgerirental
plots and the necessary suvdvorting equivment for sermnling collecticn and czmple
processing. t is expected that three trirs per year will be reaquired for the
next few years to complete the experirment and to obtzin the necessary szmples.

Initiel samples of banara and pevaya will be ccllected, along with
corresponding soil szmples, and returned to LLL for an ly"ls. iew concentration
factors will be developed from these date znd the soil fractions containing
the activity will be defined. Also, the measured concentraticns in the frult

9‘

will be cormpered to predictions based upon the approzch used in NV0-140 &nd
preliminary Bikini assessment to test the accuracy of the predicted concentrations
in fruits and the doses based upon these predictions. Experimenis to mzzsure

litter-fall end litter-decey rates in an agriculturzl system will be initiated
during FY 1975.
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Fertilizers would =21so be apvlied to test plois of pavaya, bsznansz,
coconut, paniznus fruit,end breazafruit to besin an assessment of the elfect
of fertilizers upor’ radicnuclide uptake. Initizl clean-up of litter on otner
plois would be started to azsess the possible interruptlon of the recycling of
radicnuclides. Soil samples will also be collected {rom these rlots; if the
recycling of radionuclice is blocked, il will be possible to determine the
effective removal tire of the radicnuclides from the terrestrial environment

18. EXPECTED R=3ULTS FY 1975:

A. Enewotak Atoll

Results for FY 1976 would include the harvesting of crops such as squash,

arrowroot, psrvaya, bansna, and sweet rotato and the q1* T measurement of
radionuclides in feood preducts. From thece aztz ' :n; analysis
of °01l/501 water data, we will be zble to estea

for these food products. feets of Tertilizer clid
will 2lso be assessed. durl thls Tiszzl year, ct ¢of cleaon-
bed »rocedwures, cleznusol litter and mulching Wit vegelatign
fron southern islands will be eveluaied Icr these srecisgc.
Tre clean-bed procedures and the use of fertilic Tor ‘
coccnut, pandanus, and breadlruit with expectal by ese efforis
in FY 1978. Directly reasured radicnuclide conczeniraticns in fccd procucts will
be ccmpared with thosze used in the assescments in IWO0-2L4C, which were based

upon concentraiions predicted Trom ocorrelaticn stuiies.,

B. Bikini

Experiments on test Dlo*s with fertilizers ani cTenr—L
will be continusd to eveluz the effect of agr joby
or the recycling of rsi'o“uclldes by rlents. Sz ples of na
continue 1o be collected to determine by direct recasurermsnt the ha

J‘Cs and S05r in the wunaliered environment. Meesurements of litter-Tall and
litter-decay rates will be completed furing this fiscal yea

Coconut should becore available during this year; ithe assessments would
expand to inc 1ugo this significant Tcod product. Pandznus frult and bresdlfruit
would of course be included if aveilable., All data would be Tactored into
continuced essessments of ihe radiological imrlication of develcping variocus
food chains and esgricultural practices and in the evaluzticn of these scenariocs
‘for immediate and long-term use of both Bikini and Enewvetek.

19. MAJOR MATERIALS, EQUIPMELT AND SUBCORTRACT ITEMS:

FY 1975 FY 1976 ¥y 1977

4 Drying Ovens a $1500 each $ 6,000
2 Generators (5 kwec) a 1500 each 3,000
TLD's and CGi Probe ) .1,000

Miscellaneous l,,000 £6,C00

£
ON
(@]
(@)
&)

. TOTAL $14,000 $6,000

£n-
Or

.
(@
(@}
Q
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20. PROPOSID OBLISATIONS FOR RELATED CONSTRUCTION ITEMS:

None.



