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1k, SCOPE:

A progran of r:dlonucllde :easurenznts in soil, water, znd b“Oua, radio-

ecologicel trensport rodelingz, znd dose evaluation in the learshzll Islands 1s propose

objectives and one long-term goal. The imrediaie

to fultrill two immediate
objectives are (-) to meet present high-priority needs for effective renszbilitatiIon
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 Evaluation effort that resulted in the report NVO- 1k0
(Enewetak Radiolcrical Su*wev) prrovides 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.

i

£ the stolls were besed upon a limited emount of direct

Previous evaluations o
sanpling of criticzl Tocds in the terres tri“l food; these fcods (coconut,
pandanus fruit, arrowrcotl, and breadf: ~1it) were very scarce on Bikini — znd on
cted doses, therefore, were based on correlation studies

S )
Enewetak as well. Predicte
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 informs
relating to the environmental reszidence timee cf the critical racdionucl?
Thus, there is need both for intensified studies of radionuclide transvort in
terrestrial recod chzins and for long term studies of the c¢ycling and fate of the
long-lived raﬂlowu»l ées. :

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 naturzl

n e ra redistrisution, and re

. Y
and TO CD‘-'“‘O’D cr o r2Iiin

(o e

)
cvitical vaiionuois
g

vicn tcrs Ior Lno recicnucllices,
2. To aeveluo Turtner ungaerstanding ol the terrestriazl focd chzins s0
as to derive rmuidelines for azricultural nrzctices and lor asricuiturszl
develovrent trnat will minimice vopulaticn exvosure vie.terresiricl fcods,
3. To use these new deta and constznts to reline tune projected doses
e

published in NVO-1LO for Enewetek and in the preliminaiy eassessment
report for Bikini.

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

5. To develop & comprerensive understanding of the resusrensien vathway
on inhebited larshzll I:zlend environments.




6. To produce an ecolorical svstems model cf radicruclide transvort,
" recyelinsm, and Tate for the long-livel rzalonucliiies on lhese
coral islend environments.
7. 1In the long-term, to provide a continuine evaluative carability of
dose-to-rman, co that DBER and DOS can cgil upon us id provice
Eﬁgﬂzitative descrivtions of rediological consequences of prorosad

actions.

These goals will be met by a combination of research tasks covered in
this 189 and a previous submission.

Marine Sciences of Radionuclides in the Marshall Islands (already
. funded by D3ER, RX-02-02 V. E. loshkin).

Both field work and the assessment and evaluation for Bikini will be ci
coordinated with.those Tor Enevetek, to maintain a high degree of con‘*“ &n
unifornity in szmple collection, egricultural methods, analytical procedures,
and Tollow-u sment would te so integrated ~hac
inforraticn Ger w be zpriied to extend our previcus
evaluaticns of bcth Znewetek and 3ikini. <

The ErnewelaX people, the Micronesian Leval Services, and the Truszt Territory
ear rericd we could procduce celvn;t;ve informaticn

ce of the radicnuclides in the environment and 2

C f t e atoll. It is

vere told that within a S-v

concerning the time-dependen
riore defiritive time-table f r use of the northern part
irvortant thnat the necesscary field work =zt Inewetzh zn

rn Fy D, b

But some of ihre necescary research invclves plant:rj c
of agriculture practices which in many cases involve
yecars before resuits will begin to be aveailzble,

We propose, therefore, that the initial critical studies ocutlined below be
started at the ezrliest rossible time thzt essential lezistics and tranzutoristion
support become available, The necessary lcgistic and transportaticn surrert is cf
prinpary importance in any studies conducted in the Pacific atells. (More detezils
on the requirerments are dezcribed in the bedy of the lo)'s ) At this tire,

« Victor Noshkin, Grour Leader for Marine Sciences at LLL, is already Tunied
b D“VR for rmarine and groundwater utLQlea al Enewetak Atoll. He is scheduled
for & tour at Erewetak Atoll in Jenuary znd February of 1575 =lcng with
personnel from the University of Hawaii and will have the ICU =t his dicpeszl.
Part of his program includes lens-water studies on many of the northern isiands
at Enewetek Atoll where we must perform the necessary terrestirizl ecology stulies
and evaluate tne agricultural practices. Ve have discussed with Lcshkin tha

-coordination of the nececzary terrestrial and egricultural work and duzl use
of the ILU; we find that the two progrems would be very comnatibl° The
available space znd the capebility of the ICU =should be entirely adequzte to
supporti the implementation of both programs because they involve thv sare area.



Simultaneous fielding of our prozrem with Noshkin's alleviates one of the
major concerns and problerms associated with research in the Pzeoific g*tclils.
Therefore, if funding were supplied for the menpower for the terrestirisl
part of the program and for the necessary travel and acriculture surplles,
the program could be initiated immedialely (January, Februzry 1975).
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The specific projects for Enewetzk and Bikini are now discussed in

A, Enevetak

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

1., Test Plarntings and Rzdlo cl:ne Recveling

5

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. lhcrefore, additional test
plantings of arrcwrcot, sguash, pareyz, bananas and sweet polzices will 21:d

=iy i
be initiated irmadiately. These crops will vroduce very cuicxly. In cc"‘ur~t*“"
with data on raliicnuclide cencentraticns in selil, they will lead to
concentration factors for food prcducts and also to direct measuremnts of
radionuclice ccn entration in fced products. Tritizted water will be injected
into the groundwzter at the rcot zone to determine the magnitude and rate of

uptake ol soil groundwailer by the different plent species.

Various forms of fertilizers will also be evsluzted for any reductlion of
radionuclide up ( nd Sr) by these food chain vlants. For examplie,
high-potassiun i .2y significan tl" requce the upteke of Cs, and
efTects of prhocaon un, nitresen end other irace metals may rezult in
greatly altered th Cs and Sr.» Mudching could be used to incrzace

vegetation cut for clearing on "cold" souther
s a mulch in the "hot" northern islznés.

the K content. b s
islands should be tested

+ Clean transvorted soil beds will also be established on the nortnern isl
with clean soil frcom southern islands such as Japtan and Parry. The clezn beds
will enable us to directly evaluate the role of vegetation as a major fesadac
o

mechznism in the cyvcling of radionuclicdes in the atoll ecosystem. The uze or
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 g“ourﬂ““te
system. Therefcre, biomass measurements will be made on Engebi to d°u mine
the standing-crop inventories of radicnuclides. Litter-Sall collectors and
litter-bags will be employed to determine rates of litter fall and l;tter
decay. These measuremenis combined with data on groundwater cycling wil
important for a couprehensive understanding of radionuclide cycling and re
in the Atoll ecosystem.
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2. Distributien of Radionuclides in Scil, Soil Vater, ani Humus

The importance of the recycling and turnover times of radionuclide
recognized by our marine group and emphasized in their researcs Trogr
The recent research on marine and lens water at Enewetax Atoll reve
important aspects of the terrestrial ecolcgy that were not evident
1972 survey but which have considerable significence in the ultizat
nan as he reinhsbits the atoll. Preliminery data from tne lens wst
at Fnewetak Atoll indicete that recycling and turnover of radionucl
atoll ecosystem cen be contrclled by the gr
from the decay of litter éropred frecm the g
effective concentratiion facters should be ba~
of redionuclides rather than on
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Further research is required (1) to elzrify the role of grcupdwate* in
controlling the disappearance of radionuclicdes in the Atoll, (2) to deternine
the actual cycling process involved in order to evaluzte potential metuvas of
blocking nuclide urtzke in plant species in the foed chain, (
the actual concentratic :
groundwotier CAnCCHtJE"
concentration ractors

availssle to trne

ot el
Dot

con"e“tratﬂ~zs in soil ot zone "ﬂth the ccncent
wvater, to nelnp describe the time-cderendence of radionuclides
groundwate*/] 1s-water system. Therefore, soil cores will be obi
northern islands (e.g. Janet, Belle) in and around the plantinz
cores will be znmalyzed by leaching the zoil with rezzents aryp
water solutions to determine the Tracticn ¢f soil rzdionuclic
available to tne planis. Also, the humic fracticn cf the soi
from the carbonzte matrix to determine which poriticn contains

Sr. -

3

constitute the scurce of availsble radicnuclides for the

[
oo

Ut et

If the humic frection and soil water ﬂontain the redi

>

[P

factors can be determnined Tor the verious Tcood and incéiceat T

and Pu., Ccncentretion factors determined previously Trom soil nzve varie
& wide range perhaps because the total soil concen‘**ticn iz nct the criticzl
factor. Therefore, predictive evaluations could b made more relizble by
developing concentration factors based upon soil water rathsr Thzn upon soil,

- 2O
ome
Q
'V<
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There is some question whether the plants of the Atoll ars rezlly shzllow
surfeace-rooted or whether they may actually use lens waler for growth where
the lens is of very low saline content. Lysirmeters will be installed in soil
pits to collect soil-water through-flow to determine the 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. When t wece data are availzble, concentration
factors cen be calculated for 9“ur, 3TCs end Pu, to provide additional estinz
of the rate of input of radionuclides into the len water from the soil column.
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This information, corbined with the lens-volurne measurements znd the
data on efflux via exchanze with seawater (tidzl effects) being obilaingd in
Noshkin's current iens-waier program will lead to a model for the kinetics of

the soil fplent/lens-wvater system.

3. Turncver of the Iens-Water System

In the lens-water studies of the marine grcup, importznt resulis are being
obteined on dynamics, comzosition, and geosrerhic distributicn of lens-wvater
systems on many of tike islands. An independent measurerent. of lens-vater
volume and dynamics can be made by using an elTective water < Y Sucll &s

tritiuwa. The samples that are being cbiained in the Kosnii

are used effectively to mezsure the volume, turnover, 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 soil above a lens, will yield independent

~ M2 e

¥ R -~ ey . LY 5 v .
rmeasurerents ci lens-water charactericstics., This Ig impor
possibility thet the turncver razte of the lens system could
~E -
ct ec z hs

controlling factcr, other than radios
from the atoll envircrnment.

L. Eveluztion of Externz) Beta Dose

In NVO-1L0O the be

ta deose was given only minor atienticn in the external
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
fagziton The TID's &s used on Inewestek Lzl scme

times the lJle gomma dose. " c
sensitivity to betes, the zeriel system noneg and the porieble scintillcoltors
practically none. Limited reswlts Ifrocm T mezsurenenis du:;:: the suvey
indicate consicderable lo"er beta exvosures than the estirmetle :

can be considered relisble due to the limited daiz base.

.~

To complete the external dose estimates,the range of beta to gamma aose
rates shculd be determined. The range of rgt;Oo rust be errhasized as the
ratio should vary widely due to ground cover, depth of burizl, etc.

A network for reasuring beta doses will be est°blisbéd on two or three
islands using a grid similer to that of the 1972 TLD survey. Belle and Daisy
or Belle and Jznet are good candidates due to location, eyposure rates and
range of grcocund cover offered. Adeaquate data can be obtained with minimel
instrumentation such as TID's with special holders For beta response end thin
window @1 survey instruments with pancake @1 probes and removalble shields.

Date from these exper ,.ents will permit & nore comprehensive gssessment
of external dose to thz skin of persons inhabiting the atolls.




5. Continuing Assessment of Radiolcgicel Situstion at Enewelsk Atolll

The dose asses éuents reported in IIWV0-1%0 are based upon aata obtained
during the 1972 survey. Long-term dcose prediclicns are bascd uvcn these
date without benefit of tirme-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.

‘We will therefore continusz
assessments in the light of the criti
in the follow-up work described above.
useful in develcring plens for renzbi
for land-use planning eand for specirfi
it will fulfill the AEC comnmittment t
Legal Services, and the Trust Territo

6. Ecolcsical Stsierms Model
The data base of the 1971 ZErewet

o

radiocecological Gzta base 1n exisience
a comprehensive ecosystem model of elg
value for comparative eveluzations of
present data bzse 1y descrloe
proposed DZZR reze de it}
transfer betwzen
model is glreaqy
Assessrent Group,
continue to integr
model. In the pr

B. Bikini Atoll

The tasks to be carried out at B

1. Sampling of Aw ilzble Foed C

to upd

azte both short-term and long-term dose
A

ot 3

czl and ve-y relevant informztion obtained
Trhe updated assessments will be uuite

teticns of northern Islands, as well as

z frﬂcul*ural vlarning. Most impertantly

o the Enewetek pecple, the Micronesizan

ry.

Yo
a4 Survey is perhzaps the most conrrehensive
c. It rrovides an oprortunity to ormulate
grmenizal flcw,_h“d would nave special pzyelfl
O'uo 9 131cs, end 23%u. The
s tne sta; of the systom; engoing ond
the kineiiz intormaticn nceded To desoribe
of the researcn needed to aevelcn fuch 2
‘crosed in this 169. The Analysis ana
rd the Terrestrial mcology Group will
s it becomes aveilable, into a syclens
ne areas where Iurther research is needed.

ikini are as follows.

hain Products and Correcvonding Szils

The major focd crops 1
five-year head sters for ini
of the program. Bznana an
measurement of racicnuclid
from the area zurrounding
into fractions so that we can deterni
activity. The fraction of the total
to the plants will be determined by 1
concentration Tactors will be deternmi

wi

ve years 2go on Bikini atoll provide a

the rcot zone.

-

sements as outlined under the objectives

ll be collected imrmediately for direct

Corresponding soil szuples will be c¢ollec
These scil szmoles will be serarsted

ne wnich scil component contains the

redionuclicde inventory in the soil available

eathing studies, and appropricte

ned. As the coconut, pzndanus fruit, and

imrm

o4

LtQ
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Lo e
breadfruit become available over the next two yezrs, similar szmple collections
and snalyses will be conducted. As dete beceme oveilable from direet analysis

cts, the results will be ‘th the cdicticns
2 luat

of these food preodu b
derived from the scl centraticn correlati
accuracy of previous predictions for both Biki

Biomass measurerents for typ
~econducted ai Bikini and Enewels:
fall collectors and 1i
litter-decsy in an &gar

wvater progrem indicat et e 3 ins

controlling radicrnuclide cycling., More definitive deta rmust be cbtalirned to
develop an understanding of the above-ground cycling moechanisms, These dala
will be of primary impcrtance in develoning the oversll ecosysten model for

an atoll envircnment. T e 2 111 he basis for ine implermcniation
effort cdesigrne re C in terrostirield fcod crzins

Certain areazs of Bikini Atoll that hazve been replonted will zlso be uced
as test plots to determine the effect of asriculiurszl nrazctices con radionuclide
uptake. As at Enewetax, fertilizers will be evalusted for iheir effectis in
reducing the upgtale of rzdicnuclicde by the varicus tz., Une elfecte cof
litter clean-up, fertilizaticn, and mulching will be evaluszted for effectiive-
ness in interrupting and reducing the recycling of presently aveilable

radicnuclides,

L, Continusd Assessrments

This effort will be a clocsely integrated one be a
Enewetsk and Bikini, end as dabta become availeble 111 be used to modify
previous dose predictions and to develor new assessments of the short-term and
long-term use of both Bikini and Enewetszk.

-

15. RELATIONSHIP TO OTHER FPROGRAMS:

This project is integral to our DBER program in LLL, and utilizes
cgpabilities across the prozram. Central 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 Enewetck
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 continucusly witn D3ER and DO5 on follewup assessments
relative to interpretaticn of IIVO-140 data and cther rmatters involving Erewetek

end Bikini.

~
ava

T
]

AT7.. EXPECTED RBSULTS IN.FY 1975:

A, Enewetzk Atoll
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c
l 0, in combiraticn witr
assessrent will be made of the turnover time of
norhtern and socuthern isleands.

These data will lecad to more general understanding of the cycling
phencmena in the ate l eccsysten as well as to b“ute“ essessment cof concentration
factors for indicsztor piznt srecies now available on the islands. Biomals
reasurements will pe made Jor Engebi and rerhars cne of the edjacent izlanis.,
The rate of litter ©2l1i znd of litter decay will be ass 2d for & nonacriculiurzl

-

ec
situation cn Erngebi. The results will be use
ground kinetics leading to radionuclice input into the
systemn.

B. Bikini Atoll

S

The initial trip to the Atoll would establish the necessary eyp-rirental
plots and the necessary supoorting eculvment for sarmling collecticn and cample
processing. t is expected that three trirs per year will be reau*rﬂd 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 returnsd to LLL for ”1'1}518. iew concentration
factors will be developed irom these data end the soil fractions containing

the activity will be defined. Also, the measured concentraticns in the frults
will be corpered to predlctzons based upon the approzch used in IVO0-1Lk0 znd ths
preliminary B*“lnl assessment to test the accuracy of the predicted concentrations

in fruits and the doses based upon these predictions. Experimenis to mzzsure
litter-fall and litter-decay rates in an agriculturzl system will be initiated
during FY 1975.
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Fertilizers would also b
coconut, pandanus fruit,and b
of fert1117 rs upor radic 1i
plots would be started tc aszs
radicnuclides Soil zeamples will &l
recycling of rgdionuclide is blocked,
effective removal time of rad

18. EXPECTED RE3ULTS FY 1975:

A. Enewctal: Atoll

Results for FY 1976 would include the harvesting of crops
evayve, bansna, end sweel votato and the direci measurement of

arrowroot, p

radionuclides in fccd preducts. From thece datla end Irom the continuing analysis
of soil/soil-water data, we will be zble to establish concentration la"to“s

for these focd products T fertilizer th : lides
will also be asseszed. d Isozl year f t = cleon-
bed rrocedwres, clezn 4 mulzching with essentieldly cl;an xegetati;m
Tfrom southern islands wi ated Icr these Taster-zrowing crop srecisc.
Tre clean-bed procedures 21 2 of fertilizers will e continued Ior
coconut, pandanus, and breadiruit with expectation of results from these efforis
in FY 19,8 Dire ctly measured raidicnuclide concentraticns in feccd procucts will
be compared with those used in the assesecments in IVO-2LC, whnich were beased

uron concentraztions predicted Irom correlaticn stuiies. ‘

B. Bikini

Experiments on test plets with fertilizers end clean-up procedures for 1i trr
2311 be contirusd to eveluzte the effect of agriculiural practices on the pt
or the recycling of rzdicnuclides by rlants. Sazmztles of vapaya and banzna Wi ll
continue 1o be collected to determine by direct reasuremsnt thes half-iime of

3Tes and S05r in the wnaliered environment. Measurements of litter-Tall and
litter-decay rates will be completed furing this fiscal yeear.

Coconut should becore available during this year; ihz assessments would
expand to include this significanl fcod product. Pandanus frult and bresdfruit
would of course be included if aveilable. Al) data would be ractored irnto
continucd assessments of the radiological implication of develcring various
food cheins and egricultural practices and in the evaluztiicn of these scenarics
-for immediate and long-term use of both Bikini and Enewetszk.

19. MAJOR MATERIALS, EQUIPMEINT AND SUBCONTRACT ITES:

FY 1975 FY 1976 ¥y 1977

i Drying Ovens a $1500 each $ 6,000
2 Generators (5 kwz) a 1500 each 3,000
TID's and Gl Probe ) .1,000

Miscellaneous L, 000 &6, 000
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. TOTAL $14,000 46,000
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PROPOSZD OBLISATIONS FOR RELATED CO:

None.
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