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14, SCOPE:

A progrem of rzdionuclide me asurenznts in soil, water, end biota, radio-
ecologicel transport modelinz, znd dose evaluation in the larshsll Islands is propose
to fultill two imm i te objectives end one long-term goal. The immediate
objectives are (2 ) meet present high-priority needs for ef fective rerabilitatl
of Enewetzk Atoll {2) to suprort the onv01ng evaluation at Bikini Atoll. Tre
long-term goal is te sssure a continuinz evaluation effert in support of the
implementation of resettlement eand rehabilitatlon in both regicns.

2
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The Enewetak Survey and Eveluation effort that resulted in the report NVO- 1:0
(Enewetak Radiolcaiceal Su*wev) provides a comprehensive description of the .
radiological staztus of that Atoll et cne voint In time, for the specilic rurpcse
of eveluating constraints on rehzbilitziicn and rcr developinz cleanup plans. Tre

implementation of resetilement, however, reguires additicral studies over a longe
time-range to assess the time-dependence of rzdionuclide removel from the Atoll as
well as to support a continuing evaluation effort.

i

Previous eveluations of the atolls were beased upcn & limited amount of direct
sampling of c*1t“ﬂal 7ocds in the terrestri“l food; these fcods (cocconut, '
pandanus fruit, arr o‘ ani breadfruit) were very scarce on Bikini — znd on
Enewetak as well. doses, therefore, were based on correlation svudies
that atterxpted to r dionuclide ccncentrations in soils to those in food
plants and enimals.

evaluations were Zevelored witrou‘ the benefit of time-dependence inform
relating to the envirocnmentzl residence timee ol the eritical radicnuzllil
Thus, there is need both for intensified studies of radionuclide trensport in
terrestrial fcod chains and for long term studies of the cycling and fate of the
long-lived radionuclides. ’
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This justificaticn for operating funds therefore proposes an LLL pregran
with the following specific objectives:

*l. To make mees nts at both Atclls that will delineﬂ the raturzl
< r ra . redistrisution, ‘er
2egvstenm, and To develpD or refin
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3. To use these new deta ana constants to reline tne or ¢
published in IVO- 1L0 for Enewetezk and in the prelimi nhry gssessment

report for Bikini.

4. To define the need for and to develop guidelines for eny lona-term
radiocecolosicel surveillznce on rnewetek.

5. To develop & comprernensive understanding of the resusrension pathway
on inhzbited lMarsnzll Izland envircnments.




6. To produce an ecolorical syvsiems model cf redicrueliée transyort,
' recyeling, and Tate Jor thne Jonr-lived ragiornuzliiiss Cn these

coral island envircnmentis.

7. In the long-tern, to provide a continuinc evaluative carvability cf
dose-to-ran, so that DBER and DOS can czll upon us o provide
gquaniitative descriptions of radiological conseguences 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 (elready
. funded by DBER, RX-02-02 V. E. Noshkin).

Both field work and the assessment and evaluation for Bikini will be ci
coordinated with those for Enewetak, 1o mzintain & high degree of conircl en
uniformity in ah:ole collection, agricultural methods, analytical procedures,

and Tollow- assessments. The finzl assessment would te so integrated izt
infozvatwvn derived from both studies would be apriied to extend our previcus
evaluaticns of both Eneweiek and Bikini. <«
The EneweteX veople, the Micronesian Leval Services, and the Trust Territory
wvere told that within a S—ye r pericd we could produce definitive infeormzticn

k=]
concerning the time-dependence of the radicnuclides in the environment and 2
C

rore defiritive time-tazle for use of the northern rart or the atcll. It
irportant inat the necececary field work =t Enewetzi and Bikini begzan irmmedi
But some of ihe necessary research invelves planting cof fcod crovs and sval
of agriculture praztices which in many cases involve lag times of three o
years before rezulits will begin to be availzble.

Ve propose, therefore,
started at the ezrliest vossi

sunport becone evailable, The necesssry legisti Tere is ¢f
prinary importance in any studies concucted in t ol (Hé:e ceteils

he Pacifi
on lhe requirements are desscribed in the bedy of the lo)'s
Victor Koshkin, Grour Leader for Marine Sciences at LLL, is alreacv Tunied
by DBER for marine end groundwater studies at Enewetak Atoll. le is scrneduled
for & tour zi Erewvetak Atoll in January znd February cf 1675 =lcng with
personnel from the University of Hawaii and will have the ICU =zt his dic
Part of his pregram includes lens-water studies on many of the northern
al Enewetek Atoll where we must perform the necessary terrestrial ecology stulies
znd evaluate the agricultural practices. Ve have discussed with Lcshkin tha
-coordination of the nececzary terrestrial and agricultural work and duzl use
of the ILU; we find that the two progrems would be very compatible. The
evailable space &nd the capebility of the ICU should be entirely adequzie to
supporl the implementation of both progrems because they involve the sare area.

|- '45



| : L Py [ e
~k- { BES o cm
= buiad o
Simultaneous fielding of our prozrem with Koshkin's alleviates one of the
major concerns end problers associated with resezrch in the Pzcific giclls.
Therefore, if funding were supplied for the monpower for the terresiriszl
part of the program and for the necescary travel and agriculture suprplies,
the program could be initiated jmmediately (January, February 1975).

The specific projects for Enewetzk end Bikini are now discussed in
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A, Enewetak

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

+ 1., Test Plantinzs and Radlio .xcl;ne Recveling

Test plots of coconut, pandanus, and breadfruit will be planted immedialely.
Depending cn the size of the starier plants a lazg tine ol three te five yeers
can be expected before fruit will be available. 1hcre;ore, additionel test

plantings of arrcwrest, sguash, pareyz, bananas and sweet potzices will z21:0

-~ ’ A 2
be initiated irmadiately. These crops will rroduce very cuicxly. In C““‘ur“t‘“"
with data on raziicnuclide cencentraticons in soll, they will lead to
concentration factcors for Tood p::ducts and also to direct measuremnts of
radionuclide cenc entration in fced products. Tritiated water will be injected
into the groundwazter at the rcot zone to determine the magnitude and rete of

uptake of soil groundwater by the different plant species.

Various forms of fertilizers will also be evszluzted for any reduciicn of
radionuclide up: nd Sr) by these food chain vlants. TFor exampie,
high-potassiun ay signilican tly requce the upteke of Cs, and
efTects of prhcaon wn, nitresen end other trace metals may recult in
greatly eltered th Cs and Sr.» Mulehing could be used to increzace

the vegetaiion cut for clearing on "cold" soutnzr
as a mulch in the "hot" northern islznés.

the K content. b s
islands should be tested

« Clean transvorted soil beds will zlso be established on the northern isl
with clean soil from southern islands such as Jepten and Parry. The clezn beds
will enable us to directly evaluate the role of vegetation as a major T ac
mechznism in the cyeling of radionuclicdes in the atoll ecosystem. The us
clean beds, the removal of litter drcpred from the vegetation, and mulching
with clean vegetation from the south could serve to interrupt the cyclirg of
radionuclides.

As indicated, the decay of litter to form humus material may well be the

primary source of available radionuclides to plants. It is essential to
valuale the ebove-ground kinetics that produce the inputl to the grourndwater

system. Therefcre, biomass measurements will be made on Engebi to dOup_A inc
the standing-crop inventories of redicnuclides. Litter-fall collectors and
litter-bags will be employed to determire rates of litter fall and l;tter
decay. These measurements combined with data on groundweater cycling will be
important for a couprehensive understanding of radionuclide cycling and retlen
in the Atoll ecosystem.
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2. Distributicn of Radionuclide

The importance of the recyeling end turnover times of radicruclides was
s

recognized by our marine group and emphasized in their researcn cTrograts.

The recent research on marine and lens water at Enewetax Atoll revealed several
important aspects of tne terrestrial ecolegy that were not evident during tne

1972 survey but which have considerable signilicance in the wlticete dose to

man as he reinhzbits the atoll. Preliminery datz from the lens wailer progren

at Fnewetak Atoll indicate that recycling end turnover of radionuclices in the
atoll ecosystem can be contrclled bty the groundwater and the humus produced

from the decuh of litter dropred from the growing vegetation. It arpears thot
effective concentration factcrs should be based upon the soil water ccncentreiicns

[
of radionuclides rather than on the total soil concentrations.

Further research is required (1) to clzrify the role of groundwater in
controlling the disappearsnce of radionuclides in the Atoll, (2) to determine
the actual cycling process involved in order to evealuate pot eﬁu‘al methcds of
blockinr nchiﬂﬂ u“ z¥e in plant crveclies in the foed cheain, () to detormine
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factors can be deternined Tor the various Tcod end Indil
and Pu, Ccncentration factors determined previously frcm soi
a vide range perhaps because the total soil concentreticn is nct the critical
factor. Thercfore, predictive evaluations could te made rore relieble by

developing concentration Tactors based upon soil water rether Than upon soil.

. 2 O
RS

There is some question whether the plants of the Atoll are really shzllovw,
surface-rooted or whether they may actuzlly use lens water for growth .“e“e
the lens is of very low saline content. ILysimeters will be installed 1
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 water extracted Irom iihe
surface horizons of the soil. Yhen thece data are availsble, concentration
factors can be calculated for 9°Sr s 137cs end Pu, to provide acfditional estinzates
of the rate of input of radionuclides into the len water from the soil column.

3
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This information, combined with the lens-volune measurements er the
data on efflux via exchange with seawoter (tidal effects) being 1
Noshkin's current liens-wzier progrem will lead to a model for the ¥
the soil/plent/lens-water system.

3. Turncver of the Iens-Waler System

In the lens-water studies of the marine grcup, importunt resulis zre being
obtained on dynamics, com3051t10n, and geograrhic distributicn of lens-water
systems on many of the islands. An independent m2asurerent of lens-vater
volume and dynamics can be made by using an elffective water iracer such as
tritium. The samples that are being cbizined in the Nesniin-pudemeler study

are used effectively to mezsure the volume, turnover, inter—lens ormunic
end input dilution effects from rainfazll end seawater. These resultc cen be
verified by injecting the eprprovriete amcunt of tritium into
on the contaminzted islands. The present program, if augmenf
studies, perhaps both by lebelling of the iInternal lens-water
lebelling of tie soil above az lens, will yield independent
rmeasurerents of lens-waiter characteristics., This ig impor
possibility thrat the turncver rstie of the lens gystenm coul
controlling factcr, other than radioactiive dec bt remova
from the atoll environment.

ol - —~ 9 T
1 of redicrnuclides

L. Evaluztion of Externz) Beta Dose

In PVO»lhO the beta dese was given only minor altenticon In the external
dose measurements and calculeticns. In reviewing the data, Beck end Mobzughiln
estimated that the -~Sr/>“Y beta free =2ir dose at cne reler could be four

as Ti used on Inewetek hzi scrme

times the lJle gomma dose.
sensitivity to betas, th Y :
practically none. Limited reswlts Trcn T measurenments during the survey
indicate considerable lower bete exposures than the estimeles,but neither
can be considered reliable due to the limited datz base.
. .

To complete the external dose estimates,the range of beta to gamma qose
rates shculd be determined. The range of ratios must be erphasized as The
ratio should vary widely due to ground cover, depth of burizl, etc.

A network for measuring beta doses will be established on two or three
islands using a grid similer to that of the 1972 TLD survey. Belle and Dailsy
or Belle and Janet are good candidates due to loceaticn, exposure rales end
range of ground cover offered. Adeguate data can be obtained wilh minirza
instrumentation such as TID's with special holders for beta response and thin
windovw &l survey 1nstrumento with panczke @1 probes and rerovalble shields.

Data from these exverirents will permit & more compreliernsive assessment
of external dose to the skin of persons inhabiting the atolls.



5. Continuing Assessment of Radio lcricel Situction at Znewetzk Avoll

The dose assessments reported in 1W0-1%0 are based upon aata obtalined
during the 1972 survey. Long-term dose predicticns are based urcn these
date without benefit of time-dependence informzticn. Also, botn the initizl
and long-term dose estirates are based ugon ccncentration factors deriv eﬁ
fromw & limited ézte base end from correlation analysis mc thods. With data
obtained in this Tollcw-up reseerch, we can eliminate much of the unperzalnby

in the initial dose estimates.

We will therefore continus to updete both short-term and long-temm dose
assessments in the light of the criticzl and very relevant informztion cbtained
in the follow-up work described above. The uzdated assessments will be guite
+zticns of northern Islands, as well 2s

useful in develecring plans for renabil i
for land-use nlhx ing end for specific egriculuural vlan xiuo Most 1rﬂﬁ*'antly,
3t will fulfill the AEC committment to the Enewetak pecple, the licronesian

legal Services, and the Trust Territory.

6. Ecoleozmical Sisters lModeld

\‘:

The data base of the 1971 Erewetsx Survey is perhaps the most comnrencnsive
radioecologicel G=2ia base in existence. It provides an cproriunity To Tormuleate
a comprehensive ecosystem model of elerentel flcow, and would nave specizl pzyelT
value for corperative eveluzations of ©%Co, sy, 131Cs, end ©2%Pu. The
present data bzce adegualcly describes tne state of the system; cnzoing and
proposed DEZR reseszrch will provide the kiretic Intormaticn nceded To deszoribe
transfer betwsen comparimenis. NMuch of the rescarcn needed to aevelop futa 2
model is =zlready in progress or is prerosed in this 169, The An2lysis &rad
Assessment Group, the Marine Group, and the Terrestrial Beoology Group will
continue to integrate the new data, as it becomes aveilable, into a syciens
model. In the process they will define areas where further research is neecded.
B. Bikini Atoll

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

1. Sampling of Available Food Chain Products end Correcvonding Scils

The major food crops planted five years ago on Bikini atoll provide &
five-year head start for initial assessments as outlined under the objeclives
of the program. Bznana znd papaya will be collected immediately for direct
measuremcnt of redicnuclide up tzd

uvtake. Corresponding soil sauples will be colle
from the area surrounding the root zone. These soil samples will be separst
into fractions so that we can determine which soil component contains tihe
activity. The fraction of the total radionuclide inventory in th soil availeble
to the plants will be determined by leaching studies, and approprieate
concentration Tactors will be cdetermined. As the coconut, pandanus Truit, and
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breadfruit becore available over the next two yezrs, similar zzrple collections
ani znalyses will be conducted. As dele vecome ovoilable from éirect znzlysis
of these food products, the results will be ¢ mraored with the precicticns
derived from the soil-concentraticn correlation technigaes to evaluate tue
accuracy of previous predictions for both Bikini and Eneweteix.

Biomass measurerents for typiceal 011 egriculiural arcas will be
.canducted =t Plkln*vand»EnexetaLwislanis. Semplos w 1) be eollected in litter-
a1l collectors and litter-bzgs to detern fall and
litter-decay in an egricultural aree. Px marine 1ens-

water progrzm indicate that these profess 3 irs actor in
controllWﬂ" rodionucslide cycling. More definitive date must be cbiaired to
develop an understand T e 3y 1 Th
™m
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i ihe above-groun Sy =nisms, Thase datla
will be of primary importance in develoning the ov“ral ecosysten model for
an atoll envircnment. Further, they will form the L e:
effort desigred to minimize rzdionuclifce uniaie in jote
and thercby to rminimice dose to man. N

Certain areas of Bikini Atoll thet have been replented will zlso be uced
as test plots to determine the effect of agriculiurzl bractlccs cn radicnuclide
uptake. As at Enewetax, Tertilizers will be evalusis for iheir efTects it
reducing the urtate of radicznuclice by tre varicus < fTfecte 2
litter clean-up, Tertilizaticn, and mulching will © r effective-
ness in interrupting and reducing the recyciing of lzble

radicnuclides.

L, Continusd Assessments

This effort will be a closely integrated onc based upcen dalz from both
Enevetak and Bikini, end as daia become evaileble, ihey will be used to modify
previous dose predictions and to develop new assesements of the short-term and
long-term use of both Bikini and Enewetsk. '

15. RELATIONSHIP TO OTHER PROGRAMNS:

This project is integral to our DBER program in LLL, and utilizes
capabilities across the program. Centrel to this project, the Analysis and
Assessment Croup of the LLL Environmental Reseerch Section will coordincte,
overview, and describe the results of the study as it did for the Enewetuk
Survey and Evaluation.
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16. TECHWICAL PROGRESS IN FY 1975:

This is a new effort. However, a prelimirary revort, similar to the
Enewetak evaluation, was developed for Bikini zn rresented to DOS. In additiocn,
wve have been working continucusly with DBER and DO3 cn followup assessments
relative to interpretaticn of LVO- 140 data and cther matters involving Erewelek
and Bikini.

£

A7.. EYPECTED RESULTS IN .FY 1975:

A. Enewetzk Atoll

Results for FY 1975 would includie the establishment of test plots, both
regular and clean-bed, on the northern islands. Also, soil cores would be
collected, leachzd, serarated end frzcticnated, to assess the availebility of
redionuclides to vlants and to assess the soil meceity with which the redicnuclides
are associszted. ©oth orgenic and inorzznil soll comrilnents will be “n;T“"ea
and lhe radicnuclide concenirsziticn in scil watler il £ g
will be evaluzted. Also, in combinaticn with Dr. Viezor lios: 1, &l
assessrent will be mede of the turnover time of ihe lens systens on dll:”?ént
norhtern and southern islends.

These data will lezd to more generzl understanding of the cycling
phencuena in the atcll eccsysten as well as to better assessment cf conczentration
factors for indicaztor piant stecies now aveilable on Bicus
measurements will ve made Tor Engebil and rerhars cone T

-
“

The rate of litter Tzll and of 1i r decey will be
situation cn Engebi. The results will be used to es a mod
ground kinetics leading to radionuclice input into the root-zone grouniwater

systemn.

B. Bikini Atoll

S

The initial trip to the Atoll would establish the necessary eyp rice
plots and the necessary supvorting eguivment for sarnling collecticn ani czmple
processing. It is expected that three trirs per year s will be required T
next few years to complete the experirent end to cbtain the necessary szanpl

Initial samples of banara and pepaya will be collected, along with
corresponding soil szmples, and returned to LLL for analysis. iew concentration
factors will be developed LTO“ these date and the seoil fractions containing

the activity will be uf“*n . Also, the measured concentraticns in the fruits
will be corpared to dlCtJOnS based upon the eprrozch ucsed in IVO- 140 zrd the
preliminary B*“ ni zssessment to test the accuracy of the predicted concentrations

in fruits and the doses based upon these predictions. Experimenis to mzasure
litter-Tall and litter-decay rates in an agriculturzl system will be initiated
during ¥Y 1975.
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Fertilizers would also be avplied to test plots of pavaye, benzre,
coconut, pandznus fruit,end brezifruit to besin an assessment of the elfect
of fert11¢7L*” upori redionuclide urtexe. Initizl clean-up of litter on othner
plots would be started to a2zsess the possible interruplicon of the recycling of
radicnuclide Soil semples will &lso be collected from these nliots; tre
recycling of rgdlopu"llde is blocked, it will be possible to determine the
effective removal Ltime of the radionuclides from the terrestrial environment

18. EXPECTED R=SULTS FY 1975:

A. Enewctal Atoll

Results for FY 1976 would include the harvesting of crops suc h as squash,
arrowroot, pavayve, bansnz, and sweel totato end the direct measurement of

radionuclides in Toci products. Frem thece datz and Trom the continuing anzlysis
of soil/soil-water date, we will be zble to estzblish concentrauion Tacters

for these foocd products. Effcets of fertilizer cn the urtzke of redicnuczlidcs
will also be zsse egsed. during thls Tiscal year, In 2ddliticn the elfect of clean-
bed proceduwres, clesnusnol littery and nulshing with ecsentisgdly clean vezelatign
from southern islends will be eveluated for these faster-growing orop srelliss.
Tre clean-bed procedures and the use of feriilizers will be continued Ior ‘
coconut, pandanus, end breadfruit with expectation of reszulis fronm these efforis
in FY 1978 Directly reasured radienuclide conzeniraticns in fccd procuzis will
be comrared with those used in the ascessments In 1W0-14C, which were besed

upon coencentrziions predicted Trem ocorrelaticn studies.
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Experiments on test plots with fertilizers and clear-up ~pcedures for
will be contirued to evaluzte the effect of a;r:cul‘urhl vrac
or the recycling of rzdienuclides by rlants. Samples of papa) :
continue 1o be collected to determine by direct reasuremsnt the half-iime oI
13Tcs and S05r in the unaliered environment. Messurements of litter-Tall and
litter-decay rates will be completed furing this fiscal yesa
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Coconut should becore availeble during this year; thz assessments would
expand to include this significant fcod product. FPendanus Ifrult apd brezdfruit
would of course be included if aveilable. All data woula be Tacitored into
continucd assessments of the radioclosical imrlicatien ol develcping various
food chains and agricultural practices and in the evaluaticn of these scenarios
-for immediate and long-term use of both Bikini and Enewetek.

19. MAJOR MATERIALS, EQUIPMENT AND SUBCONTRACT ITENS:

FY 1975 FY 1976 ¥y 1977

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

Miscellaneous l,,000 £6,C00
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. TOTAL $14,000 $6,000
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20. PROPOSID OBLIGATIOCIHS FOR RELATED CONSTRUCTION ITEMS:

None.



