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Executive Summary

Herein is described the results of a comprehensive radiological survey of Rongelap Island to
determine its compliance with agreed limits on annual dose-rate to residents subsisting on a
"local food only" diet. and americium and plutonium concentrations in soil, under the terms of
the Memorandum of Understanding reached between the Departments of Interior, and Energy of
the United States of America and the Republic of the Marshall Islands and the Local Government
of the Rongelap Atoll and signed on 21 February 1992. The present report is a non technical
summary based upon seven detailed appendices carrying the detailed results of the survey.

Given the terms and conditions of the MoU we find that the predicted dose-rate and soil
concentration of actinides are out of compliance on Rongelap Island and the neighbouring islands
but that they could be met. under the terms of the MoU, by appropriate remedial action making
the island safe for rehabilitation.

We recommend that:

o  Urgent consideration should be given. in close consultation with the Rongelap community
and their representatives, to agreeing measures to reduce the level of caesium in the local
food diet and to providing. through other measures. support to eliminate the need to gather
food from the more contaminated regions in the atoll.

o [In the light of information being gathered on the micro-distribution of actinides in soil and on
the degree to which children ingest soil, consideration should be given, again in close
consultation with the Rongelap community, to measures to reduce the availability of actinides
for incorporation into the body.

o In all above considerations careful attention should be pa’wl to the need to ensure that the
Rongelap community is comfortable with the safety of their islands as a future home for them
and their children in perpetuity. The need to offset the loss of well-being incurred by past
uncertainties concerning the radiological status of their homelands should be given a high
priority when exploring with the Rongelap communitv solutions to redress the radiological
status of their islands.

Scientific Management Team
Keith F Baverstock (Chairman)

Bernd Franke
Steven L Simon

April 1994 (revised November 1994)
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1. Introduction

1.1 Scope and Purpose of the present report

This report is intended to be a non technical summary of the objectives. methodologies, results
and implications of the first phase of the Rongelap Resettlement Proj It is backed by seven
technical appendices describing in detail the methods employed and the results obtained.

1.2 Historical perspective

On 21 February 1992 a Memorandum of Understanding was reached between the Republic of the
Marshall Islands Government, the Rongelap Atoll Local Govemment, the US Department of
Energy (Office of Environment, Saferv and Health) and the US Department of the Interior (Office
of Territorial and International Affairs). The agreement enacted two radiological limits which
must be in compliance before resettlement of Rongelap should take place. These are:

» An annual dose, over and above that from natural background radiation, of 100 mrem
assuming that the diet consists of only locally produced foods, and

» A surface concentration of plutonium and other transuranic elements of 0.2 uCi/m?2 which
was translated by the DoE to 17 pCi/g averaged over the top five centimetres of the soil.

The purpose of the first phase of the Rongelap Resettlement Project is to determine whether
either of the limits will be exceeded on Rongelap [sland and the neighbouring southern islands in
the Rongelap Atoll.

1.3 Summary of the strategy emploved
1.3.1 Criteria for compliance

The above limits are framed in the Mol in deterministic terms, i.e. that no one will exceed the
100 mrem/vear compliance limit and that at no point on the island will the 17 pCi/g compliance
limit for actinides in the top 3 cm of soil be exceeded. In the case of both limits determinism is
inappropriate since there are no circumstances in which their being exceeded could be excluded
entirely. In practice there will be a distribution of doses and activity concentrations within the
population from which either a probability that an individual or location will exceed the limit, or
a proportion ot the population or locations exceeding the limit, can be derived.

In order to overcome this difficultv we propose to re-define the criteria for the limits being
ceeded in probabilistic terms as follows:

ceed the
ding the

The limit will be deemad exceedad if 1% or more of the population or locations e:
compliance limits. or 2n individual or location has a 1% or more chance of exce
compliance limits.




The 100 mrem/year limit is taken to include all sources of exposure other than natural
background radiation. i.e. external radiation from nuclides in the terrestrial environment and
internal radiation derived from locally produced foods. In practice the dominant contributor to
both will be caesium-137 (137Cs) in the soil and transferred to the food chain. Other nuclides,
e.g. americium-241 (?41Am) and cobalt-60 (®UCo) contribute to external exposure and
strontium-90 ('9"0’55‘nr)| contributes to internal exposure. In the following dose rates from 137¢s
have been calculated and the additional contribution from other sources estimated.

1.3.2 Determining compliance

Natural background radiation from external sources is low in coral atolls due to the lack of
minerals in the terrestrial environment. Never-the-less, direct measurement of external exposure
with, for example. an ionisation counter. would entail subtracting a component for natural
background. Direct measurement of 137¢Cs allows the direct determination of exposure from
fallout.

The following integrated strategy has been adopted:

o in situ measurements of the gamma spectrum one metre above the ground and at 200 m
intervals over Rongelap Island have been made with a germanium detector and count rates
for 137Cs and 69Co determined from the spectra.

o  Four grid squares were selected, two in the vicinity of the main settlement (where soil
disturbance was likely) and two remote from it. and within each 25 further measurements
were made.

»  Determinations of the distribution of 137Cs with depth in the soil have been made at 12 of
the 63 locations measured.

* 13 7(35;_, 60Co. 241Am and plutonium-239.240 (23‘(-5’4214":’}"111) have been determined from a
composite of three 15 by 15 by 5§ c¢m deep samples taken within 15 m of each in situ
measurement.

¢ 1375 has been measured in samples of foodstuffs at a relatively small number of locations
primarily to confirm the much more comprehensive measurements of food samples by DokE.
Intercomparisons have justified the use of those data.

o  Maps of 137Cs count rates (S(x)) and total Pu and Am concentrations in soil have been

prepared by interpolation from the sample points.

o By application of the "radii of utilisation" maps of Cs count rate in soil averaged over radii
of 200, 500 and 1000 m (TR(x)) have been derived.

*  137Cs count rates have been convenied, with the help of the soil profile data. to 137¢s
concentrations in soil and compared with the soil determinations.

o  Plant:soil transfer factors have been derived from measured concentrations in vegetation
and soil and supplemented by earlier data collected by the DoE and the distribution of
values computed.

o  Doses from external exposure have been i\f"ri‘vwf'ci from the 137Cs in soil values and
measurements of ©0Co and 241Am for a series of "radii of utilisation” and conditions of
living (1.e. time out of doors. on lagoon etc.).



o A survey of the diet of the residents of Mejarto has been carried out and the distribution of
caloric intakes and the contributions from local and imported foods determined. (Since
1985 Mejatto Island on Kwajalein Atoll has served as the home of the relocated Rongelap
COmMIMUNity).

o  Following consultation with the Rongelap communities in Mejatto, Majuro and Ebeye, the
local food only diet to be used in dose assessment has been agreed.

o  Doses from internal exposure have been derived from the local food only diet and based on
the measured energy intake distribution for the Mejatto community and the derived soil
transfer factors for 137Cs.

»  Estimates of internal exposure to other nuclides (about 2% of total internal dose) are based
on earlier measurements by the Dok,

e  Concentrations of plun.(:nliu,uu.n in bone tissue were measured in deceased residents of
Rongelap.

o Historic whole body counting data for Rongelap residents between 1958 and 1985 were
analysed.

o No account has been taken of doses from inhalation or from the drinking of well water
where the contributions to total dose rate are expected to be very tiny.

lﬁdﬁaﬂrnemwmmmnenh;@fIKWLCSnuwnwtnmmﬁ:ﬂmywed:ﬁgm&ﬁcawtvaﬁaﬁom‘0f137f"*in'wnlacrﬁqq
the island which may indicate either differences in the retention of Cs in the soil, perhaps due to
umwﬁﬂhmwsiwmhe{mgwmmccxmnpmmemnﬂofthesmulord&mmwb&mma(hﬂMMn@p&mhm:uﬂ)nﬂidmesnnthh
&uﬂn(}hunnsmmhxvaﬁaﬂmmmg(%mmm:vd[ldﬁpend‘m)sonuackggee(mn;MMMmmm;memﬂhwwknn'nfthﬁ
inhabitants. To incorporate this aspect we have employved the "radius of utilisation”, R,
calculating doses for values ranging from 100 m to 1 km. Surveys«ﬂfbﬁhavkmn#by1mMmmmevwvﬁﬁn
the community on Mejatto and through observation and interview on an outer island have been
made in order to justify the choice of "R".

o Ee ] ‘y p - o S ":‘-V"', ~ g b an oy - T g a " .y 4 I +
1.3.3 Rationale for constructing 137Cs count rate and actinide concentration maps

Measurements made at discrete locations either by soil sampling or gamma spectroscopy are
subject to two kinds of error, namely the measurement error and the error due to having sampled
only a small area. a few hundreds of square cm in the case of a soil sample and about 100 square
metres in the case of gamma spectroscopy. The mapping process interpolates between sampling
points to derive a smooth surface, using adjacent points on the sampling grid to help reduce the
sampling error term. As such this process "averages” to some degree and so narrows the
distribution of concentrations when compared to the distribution of measured values. This
process has the effect of improving contidence in the exwreme ends of the distribution of count
rates.




2. Methodology

------------------------------------- IhI
2.1 Measurements of external exposure (see Appendix A3)

Hyperpure germanium detectors were used for all spectrometric measurements both in situ and in
samples taken of soils and vegetation for laboratory analysis .

All in situ measurements were made according to the method of Beck et al. (1972)! and
interpreted by their methods as well as by those described by Jacob and Paretzke (1986)%.
Laboratory detectors were calibrated by standard procedures and verified by a five laboratory

international intercornparison study.

In situ measurements were made at 63 locations on a 200 m grid over the island (see figure 2.1)
and at 100 locations within four 200 m grid squares at 40m spacing. These values were used to
construct maps of count rate. S(x), bv interpolation between points on the grid matrix and maps
of count rate averaged over various radii, TR(x) (see Appendix A3).

Count rate in the full energy peak is dependent on the vertical profile of activity in the soil due to
scattering of photons from deeply buried activity. Soil profiles to a depth of 30 cm (6 increments
by 5 ¢m depth each) were taken in order to correct for this effect.

Three soil samples were taken within 15 m of the sites of each in sifu measurement, packed,
dried and counted under standardised conditions in the laboratory.

60Co and 241 A m also make a contribution to external dose and measurements of the count rates
in the 60Co and =+ Am full energy peaks were also made .

Conversion factors for corrected count rate to ex posure r rate were taken from Beck (1972) and for
exposure rate to dose rate trom ICRP Publication 513,

2.2 Measurement of internal exposure

Levels of caesium contamination of vegetation depend on the soil concentration of Cs and to a
lesser extent, the plant species. The ratio plant:soil for 137Cs has been determined for a number
of local food types. the most important of which is the coconut. Although there is considerable
variability from sample to sample a value of 0.2 for both the liquid and solid components of the
drinking coconut is representative with 50% of all samples within a factor two above and below.
Calculation 2 uses probability distributions using data from this and other studies. The data
acquired in this study have been supplemented by earlier data collected on Rongelap by DoL.

'Beck. H. L.. DeCarnpo. J. and Gogolak. C. 1972 In situ Ge(Li) and Nal(tl) Gamma-ray Spectrometry. HASL-258
Health and Safety Laboeratory. US Atomic Energy Commission.

*Jacob, P. and Paretzke. H. G. 1986 Gamma-ray exposure from contaminated soil. Nuclear Science and Engineering,
248-261.

ICRP Publication 21,1989 Datwa For The Use In Protection Against External Radiation Annals of the ICRP, 20 (2).




The dietary survey yielded a distribution of energy intakes for the Mejatto population which was
corrected as described in the section on the Dietary Survey to reduce the overdispersion due to
the use of single 24 hour recall data set. Body mass and height data were recorded in the dietary
survey. Basal metabolic rates were estimated from the relationship of Schofield et al.4

2.3 Diet survey (see Appendices A4)

For more than 100 years, the Marshallese diet has consisted of a mixture of imported and local
foods. From the periods of the occupations by Germany in the mid-1800s. the Japanese, and
finally the Americans, the Marshallese people have subsisted on varying types and quantities of
imported food as an adjunct to their abundant but monotonous marine-based diet. As atoll
dwellers [and not agriculturists] the Marshallese and other people living in Pacific atolls have the
most restricted diet of all oceanic peoples.

A local food only diet cannot be measured directly since there appears to be no population in the
Marshall Islands which subsists for prolonged periods of time on a diet consisting of entirely
local food items with no consumption of imported foods. Even if one were to conduct a dietary
survey on more traditional islands, the problem would remain how to substitute imported food
items, such as instant noodles or rice, with local food items.

The dietary survey was designed to satisfy two requirements of the dose calculation, namely to
provide a distribution of energy intakes and to indicate the nature of the local food in the current
diet on Mejatto.

A 24-hour recall survey was chosen to give an estimate of the mean intake of nutrients and
energy. Given the small size of the Mejatto population and the desirability of including everyone
in the survey, a single 24-hour recall was collected from all Mejatto residents. Heights and
weights of the population were taken as an external validity check of the mean energy intakes. A

repeat survey of women 18 years and older was conducted.
Training was given to twelve volunteers of the Mejatto community during a five day workshop in
Majuro. The training program ensured that the interviewers understood the objectives of the

dietary survey; had a rounding in basic nutrition relevant to the Marshall Islands' food culture;
developed skills in i:nrl,ﬁ:lr“vif-wi]n g techniques; were able to use common food utensils and food
models to elicit amounts of food eaten by interviewees, were able to fill-in the dietary
ulne'sv onnaire; and understood the importance of the dietary survey in relation to the Rongelap
nt Project as a whole. A detailed description of the diet survey questionnaire, the use
01E UllL\E:]n,JSIl].E;., food models and measures, the recipes and the process of data collection can be

found in Appendix A4.

Dietary data was collected from 319 residents. with a repeat 24 hour recall of 48 women 18 years
and over. several days after the first recall. The survey was planned so that interviews were
spread evenly over the different days of the week. and so that interviewers carried out their

Schotield, W. N.. Schofield. C. and James. W. P. T.. 1985 Basal metabolic rate - review and prediction, together
with an anotated bibliography of source material. Human Nutrition: Clinical Nutrition 39C(Suppl 1) 1 - 96.

-8~



interviews in at least two households each day, and attempted to interview a mixture of men,
women and children each day. The age and sex distribution of those interviewed is shown in
Table 1.

Table 2.1 Description of population and measurernents obtained
Age-sex Weight data | Height data Diet data Repeat
grouping diet data
Males

< 5 yr 20 14 30

5-9yr 28 28 33

10 - 17 vy 36 35 42

18 - 60 vy 51 31 62

>60 yr 3 3 ‘; 6

Females

<5 yr 17 12 26

5-9yr 26 26 30

10-17vr 22 22 26

18 - 60 vr 48 34 54 42

>60 yr 3 10 10 6
The data from the survey were analvzed using the Nutritionist [V version 2.0 datal For

matrient information on local foods such as coconuts, the 1983 South Pacific Commission tables

were used.

The data for mean energy intake (EI) as well as consumption of protein, carbohydrates and fat
are commensurate with reference data (ICRP Publication 23). The average protein intakes of
men and women are higher than the US Recommended Dietary

y Intakes whereas the energy
intakes are slightly lower. Intake rates for males are higher than for fernales.

Table 2.2 provides an analysis of the observed energy intake rates in comparison with the
estimated basal metabolic rate. The observed mean energy intake for men and women of 1.6
times the estimated mean basal metabolic requirement (BMRggy) is consistent with sedentary-
light activity. The distribution is over-disperse with a small number of individuals reporting
energy intakes below their estimated basal metabolic rate. whereas the maximum reported energy
intake would be equivalent to unrealistically high physical activity levels.

Since annual mean values for energy intake are needed for the dose assessment. the variation in
intake is described bv a lognormal distribution of the ratio of EI/BMRgg; whereby the standard



deviations of the natural logarithm of the mean m is adjusted such that the 1st percentile of the
distribution is equivalent with a ratio of EI/BMR
associated with an average daily energy intake of

ast = 1.

Since very heavy physical activity is
3 EVBMReg for males and 2.0 for females

the 99th percentile reflects reasonable upper limits of E/BMR g

Parameter

Boys 10-17
yr
(N=38)

Girls 10-17
yr
(N=22)

Men
18+yr

| Women

18+yr
(N=41)

observed data:

EU/BMReqy, ave 1.6 1.7 L7 1.4

E/BMRaq,, min (.46 0.69 0.59 0.72
EI/BMR.q,, max 2.4 2.5 ) 2.3
esl

m (EI/BMRaqr) 0.41 0.51 0.45 0.33

s (EI/BMRagt) 0.33 0.32 0.39 0.28

adjusted data:

m (EVBMR () 0.41 0.51 0.45 0.33

s (E/BMReq) 0.18 0.22 0.19 0.14

EI/BMRcr, 01-percentile | 1.0 1.0 1.0 1.0

EI/BMReg, SO-percentile 1.5 1.7 1.6 1.4
EI/BMR.q, 95-percentile | 2.1 | 2.6 2.3 1.8

EI/BMR,¢. 99-rercentile | 2.3 2.8 2.4 1.9

A local food only diet was derived using the following principles:

o Energy intake derived from measured energy intakes of the Mejatto community.

[terns available on Rongelap and providing a good balance of nutrients.

o The selection of food items not be biased by availability or non-availability of radionuclide
data on the food item.

o Diet determined in consultation with local community.

[ ]

With the endorsement by the Rongelap communities, the following diets were selected:
(#1) "Meratto observed”
The current level of local food items as observed in the Mejatto survey (about 18% of
(#2) "Meato scaled”
Imported food items are replaced by local food items on a calorie-by-calorie basis in



in the same proportions as these local food items were consumed in the mean on the
same proportions as these local food items were consumed in the mean on Mejatto
during the survey.

(#3) "Mejatto scaled with rice”
same as #2 but accounting for the same mean rice consumption as observed on
Mejatto (between 25% and 30% of total energy intake).

(#4) "Naidu et al.. scaled”
Imported food items are replaced by local food items on a calorie-by-calorie basis in
the same mean proportions as these local food items were reported in the Naidu et al.
SUIvey. 5

(#5) "Naidu et al., scaled with rice'
same as #4 but accounting for the same mean rice consumption as observed on
Mejatto (between 25% and 30% of total energy intake).

Table 2.3 provides a nutritional analysis of the selected diets.

In addition, calculations of local food consumption in between the intake observed on Mejatto
and a 100% level were requested by the communities. However, the Diet #2 ("Mejatto scaled")
was endorsed as the basis for the dose assessment.

2.4 Determination of actinides in soil (see Appendix A6)

Concentrations of 239Pu and “40Pu and 241 Am were determined in pooled samples (15 by 15
c¢m by 5 cm deep) taken at three points within 15 m of the site of each of the in sitw spectroscopic
measurements. Americium concentration was determined by laboratory gamma spectroscopy
measurements of the 39.5 keV emission. Plutonium was determined radiochemically using
microprecipitation onto a neodymium fluoride substrate followed by alpha counting with
passively implanted silicon detectors. This technique was verified by interlaboratory comparisons
with laboratories in New Zealand., Germany and the USA.

Interpolation maps similar to those prepared for the I37Cs were prepared for actinides.

“aleulation of total dose from 137Cs (see Appendix AS)

This calculation has been carried out in duplicate at two separate locations (Majuro, RMI and
Sussex. UK) with entirely independent programming and according to the same protocol as
described in detail in Appendix 4 but with some small differences in approach. This was done to
ensure that the final result contained no artifacts of programming or misinterpretations of the
primarv data.

5 Naidu, J.R.. et al. Marshall Islands: A study of diet and living patterns. Brookhaven National Laboratory, Upton,
N.Y. July 1980. BNL 31313



Table 2.3 Key data for diet models to be used in Rongelap compliance assessment
(data for females >18 yr; data for males > 18 yr)

Diet : #1 #2 #3 #a | #5
Parameter | Mejatto | Mejatto Mejatto | Naidu et al. | Naidu et
scaled w/o | scaled scaled w/o | al. scaled
rice with rice | rice with rice
| ?
Total Energy Intake 1 1,900 { 1.900 1.900 1,900 1,900
(kecal/d) 2,750 2,750 2,750 2,750 2,730
Energy Intake from | 18% | 100% 75% 100%% 75%
Local Foodstuffs 7% 100% 70% 100% 70%
(Percent) |
Energy Intake from Rice ' 25% 0% 25% 0% 25%
(Percent) - 30% | 0% 30% | 0% 30%
Protein Intake (g/d) P72 r 82 71 100 87
110 | 130 110 150 120
Carbohvdrate Intake (g/d) 260 140 210 180 240
360 | 130 | 260 260 360
E
Fat Intake (g/d) 67 1120 92 80 61
95 | 200 130 120 83
|

Dose from 137Cs arises from two sources. namely external, from the radionuclide in the soil, and
internal. from the nuclide tansferred from the soil to the food chain either directly from the
consumption of leaves, vegetables and fruit or indirectly from locally grown animals such as
pigs, chickens and coconut crabs. Both components depend upon the concentrations of 137Cs in
soil. Soil concentration can be inferred from measurements of the count rate of 137Cs as
measured with a high resolution gamma spectrometer in situ under standard conditions (height
above the ground etc.) when allowance has been made for the burial of the Cs in the soil. Burial
has the effect of scattering radiation thus reducing the contribution to count rate in the
unattenuated energy band or full energy peak for the nuclide.

The external component of dose rate depends on the extent to which an individual moves around
the island. particularly if the count rate varies markedly from one part of the island to another. A
relatively immobile individual will have an exposure rate tvpical of the locality in which he or
she spends most time whereas a mobile individual will approximate to the average exposure rate



for the island. This "mobility" factor is allowed for in the "radius of utilisation” and is used in the
mapping procedure to convert the S(x) maps to Tr(x) maps. Because the construction of the S(x)
map involves interpolation between points on the 200m grid, the dispersion of values of S(x)
over the island is narrower than that for the original measurements (the interpolation is in effect
an averaging process over the order of distance equal to the grid spacing) and averaging over
greater di:
Calculation 1 uses the S(x) and TR(x) maps (for R=300) whereas calculation 2 is based upon the
measurements without interpolation or averaging.

.,

The internal component depends upon diet and the extent to which it includes contaminated local
foods. Caesium transfer is not highly selective and uptake from the soil depends on factors such

as the depth distribution of the Caesium in the soil in ways that are not fully understood. The
ratio between Cs in vegetation and soil is termed the plant:soil transfer factor. Calculation 1 uses

~

a single value of 0.2 and applies a sensitivity analysis in order assess the dependence of total dose
on this factor which lies in the range 0.1 to 0.4, Calculation 2 uses probability distributions using
data from this and other studies. In both cases the soil concentration is the reference for
calculating exposure so food gathered in a particular locality will reflect the caesium activity in
the soil at that location.

Both the external and internal dose rates depend on body mass. In the external case dose rate is
derived from exposure rate using standard ICRP conversion factorsé. For internal exposure dose
rate will depend upon energy intake, diet. and body mass. A diet survey of the inhabitants of
Mejatto was used to assess the contribution of local foods to the present diet and to assess the
distribution of energy intakes. The fractions of time spent in different activities was based on
previous DoE assumptions.

Dose was calculated according to the protocol given in Appendix A2. There are a number of
ways of carrving out this calculation. In selecting the method used we were mindful of the need
to use a method that was readily comprehensible as well as reliable. The approach has been to
calculate only the contribution from 137Cs. using sensitivity analyses to determine whether or
not the calculation is "robust” to reasonable uncertainties of fluctuations in values. Dose rate
distributions have been computed for men and women separately (i.e., for the community of men
in relation to body masses. Dose distributions were derived using a Monte Carlo technique,
drawing at random from the distributions of soil concentration, body mass and energy intake and
in calculation =2, plant:soil concentration ratios as well. Reference is then made to the assumed
diets. #1 representing the measured Mejatto diet. #2 the "local foods only diet" agreed w
Rongelap community and 3 other derived diets.

SICRP Publication 31 Data For The Use In Protection Against External Radiation Annals of the [CRP. 20 (2), 1989.



4, Results

4.1 Total Dose Rate

Results are calculated as cumulative dose rate distributions under differing sets of assumptions.
For simplicity they are presented herein as tables giving the annual dose rate for various
percentiles (from 5th to 95th).

The results of calculations are given in tables 4.1 and 4.2 for men and women respectively.
Calculation 1 is based on the T5p(x) map and a single value of the plant:soil concentration ratio
(= 0.2). Calculation 2 is based on the distribution of measured values of 137Cs count rate and
uses probability distributions for the plant:soil transfer factors for different plants. As anticipated
the dispersion of the distribution based on Tggq(x) (calculation 1) is narrower than calculation 2

due to the greater degree of spatial averaging involved. Conversely, calculation 2 is broader due
to the greater dispersion of the measured values and has a higher mean value due to the use of
individual values for the plant:soil ratio which are generallv higher than the "base value” of 0.2

used in calculation 1.

Table 4.1 Dose rates’ (mrem/year) for men over the age of 18

Percentile Calculation 1 | Calculation 2
Diet #1 Diet #2 Diet#3 | Diet =1 Diet #2 Diet #3
5 17.5 59.5 44.5 | 8.6 40.2 32.1
25 20.5 72.5 54.5 L 203 85.7 67.2
50 22.5 85.5 63.5 | 28.4 124.8 94.5
75 25.5 1015 74.5 i 36.7 168.4 121.5
95 30.5 [ 130.5 95.5 ! 52.% 280.6 173.8

Table 4.2 Dose rates® (mrem/year) for women over the age of 18

Percentile

Calculation 1

Calculation 2

Diet #1 Diet#3 ' Diet =1 Diet #2 Diet #3
5 17.5 34.5 43.5 j 8.6 36.2 30.3
25 20.5 67.5 53.5 | 19.2 76.2 61.1
50 22.5 78.5 61.5 | 282 108.0 86.8
75 25.5 91.5 71.5 o362 149.6
95 29.5 114.5 §8.5 Po49.8 216.1

. .
‘Developments in geostat

results of calculation 2 mav ead to a narrowing of the distribution.

§ -
8see note 7

tcal modelling presently in progress will lead to changes in the results of calculation 1. In
general the distribution for S(x) will be broadened and shifted 1o somewhat higher values. Spatial averaging of the




4.2 Dose from other radionuclides

External exposure due to 60Co and 241 Am will increase the external component by about 1%.
Strontium-90 may add a further 2% to the internal dose. Actinides, due to their very limited
uptake into the plants. contribute a few percent to internal dose.

4.3 Dose to Children

The smaller body mass of children potentially exposes them to greater doses than adults. It can be
demonstrated that although the dose per unit intake is higher for children than adults by a factor
1.4 to 1.5 for the 6 to 10 vear old, the energy intake more than compensates, such that under
identical exposure conditions the 137Cs doses to small children are typically 54% of those to
adult males and 74% of the adult female values.

For young children the intake of actinides from direct ingestion of soil has yet to be examined but
is unlikely 1o add much to the dose. It should, however. be examined as an issue in its own right.

4.4 Actinide concentrations in soil

On Rongelap Island 1.1% (2/175) of the measured values for Am and Pu exceed the compliance
limit of 17 pCi/g. The interpolation map was not used in the context of compliance since the
requirement is to ensure that there are no points with measured values above the limit. The map
does. however, help to locate those regions of the island that have consistently high values. For

neighbouring islands. measurements indicate 14% (6/43) of measurements fail to comply with
the limit.

5.1 Total annual dose rate

The results indicate that. on the basis of 137Cs exposure alone. between 25 and 75% of male
uu’mln rs ot t]hn ]E on E""]ldl[' <c‘mur.n_u.nlw Wmuhl exc ¢=»==d l]hii‘ mrn])lhmmw- lmnI of 11)1’)‘ miren |/w'
dose c‘lom:irnal:esﬂ The additional clornll:rilb»’urt;io1r1 l(oml ‘-’Ut_,u .;m.d. ‘-'4 lAm to ez:ﬂ.t:xml nf:;x.[.;(_»::.mt: is
small. perhaps of the order of 1% of that from ! 37Cs. Strontium-90 contributes to internal
exposure and may be expected to increase the internal component of dose by 2%. It is noted that
3 at higher doses and has a wider dispersion of values. This is because
of the higher plant:soil ratios used and the fact that the underlying distributions are lognormal.
Estimates of radiation doses made from whole body counting data of former residents of
Rongelap Atoll during the vears 1958 to 19835 indicate that if the same diet and food collection
patterns applied now. as then. with a mixture of local and imported foods. a small fraction of the
population would be above the 100 mrem/year compliance limit.

.....

m.oll zmdl are more, .;11.11.1 in

Island. ‘I h.f: tm:imcmad mod g_z::n:}?ner'lrrlg; 1s)lzmclﬂ ]u:: in r,hm: m:nmth 01’ 1.]‘!!5,



some cases considerably more, contaminated than Rongelap Island. The effect of gathering food

‘EZ'
from these islands would be much the same as increasing the value of the plant:soil ratio. We

consider it unreasonable to assume that in practice the gathering of food from these islands,
particularly in times of water and food shorages, can be effectively prohibited.

As stated earlier, attention has been concentrated on 137Cs because of its dominance and because
it is possible to reduce exposures by practical measures. There is for example considerable scope
for reduction of the internal component by treating growing areas with potash fertilizerd. A
reduction by a factor four, which can be achieved by this technique, will more than halve the total
dose values bringing almost all the population within the 100 mrem/year compliance limit on the
basis of a local food only diet. The consumption of imported foods will reduce doses further.

However, we believe more extensive measures than potash fertilisation are called for. The 100
mrem/year (ImSv/year) limit is widely!? regarded as the limit of acceptability for public
exposure to ionising radiation, for practices which give rise to exposures in addition to those
arising from natural and medical exposures, although it is generally accepted in radiological
circles that the health impact of such exposures is small. Public concern for health detriment, real
or imagined, is in itself a health detriment when health is viewed in its widest sense, that is,
including loss of well-being as a detriment. Thus measures which reduce the likelihood that
community members would exceed the compliance limit would serve to minimise the detriment
caused by concern for their health.

In the case of the Rongelap community the most likely contributing factor to increasing dose will
be the need to visit the northern islands at times of food and water shortages. Measures to ensure
adequate water and food supplies on Rongelap Island, such as ground or ocean water purification
and the capability to refrigerate and store protein foods, are examples of measures that contribute
in that direction. We recommend that careful consideration is given to this type of mitigation in
close consultation with the Rongelap community.

5.2 Actinide contamination of soil

While the failure to comply with the limit on Rongelap Island is margina has to be
acknowledged that there is more concern worldwide about exposure to actinides than other forms
of radioactivity. Given that many of the measured values are close to the limit we believe it
worthwhile to take some remedial measures, especially to reduce the possibility of intakes by
young children ingesting contaminated soil. Measurements are in progress to determine the
micro-distribution of the actinides which will assist in determining the best strategies for
remedial action but we have in mind the provision of, for example, radiologically clean coral to
provide actinide free surfaces around houses and in community areas. The study of plutonium in

9Robison, W. L. and Stone, E.L. 1992, The effect of potassium on the uptake of 137Cs in food crops grown on coral
coils: coconut at Bikini Atoll, Health Physics 62, 4196-5$11.

10 ImSv/vear is the ICRP recommended public dose limit for planned exposures when averaged over a lifetime. It
should be noted that implicit in this figure is the assumption that societal benefit is derived from the activities that
lead to this exposure. In the case of the exposures from living on Rongelap the exposed community derives no
benefits.
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bone from exhumed Rongelap residents does not indicate that the actinides are readily transferred
to man, even as children. On the basis of these measurements the contribution to the 100
mrem/year limit is about 1%.

The compliance limits are clearly exceeded on the neighbouring islands and attention will have
to be given to remedial measures appropriate to the use to which these 1slands will be put.

Given the terms and conditions of the MoU we find that the predicted dose-rate and soil
concentration of actinides are out of compliance on Rongelap Island and the neighbouring islands
but that thev could be met, under the terms of the MolJ, by appropriate remedial action making
the island sate for resettlement.

We recommend that:

o Urgent consideration should be given. in close consultation with the Rongelap community
and their representatives, to agreeing measures to reduce the level of Caesium in the local
food diet and to providing, through other measures, support to eliminate the need to gather
food from the more contaminated regions in the atoll.

o In the light of information lbf-iin;:' pat.lhmros:t:‘l on the micro-distribution of actinides in soil and on

the degree to which children ingest soil. consideration should be given, again in close
consultation with the Rongelap community, to measures to reduce the availability of actinides
for incorporation into the body.

o In all above considerations careful attention should be paid to the need to ensure that the
Rongelap community is comfortable with the safety of their islands as a future home for them
and their children in perpetuity. The need to offset the loss of well-being incurred by past
uncertainties concerning the 1r(.u.hu.>]t(_vgl‘ca]l status of their homelands should be given a high
priority when exploring with the Rongelap community solutions to redress the radiological
status ot their islands.
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MEMORANDUM OF UNDERSTANDING
by and between
THE REPUBLIC OF THE MARSHALL ISLANDS,
THE RONGELAP ATOLL LOCAL GOVERNMENT COUNCIL,
THE UNITED STATES DEPARTMENT OF ENERGY
QOFFICE OF ENVIRONMENT, SAFETY AND HEALTH
and
THE UNITED STATES DEPARTMENT OF THE INTERIOR,
OFFICE OF TERRITORIAL AND INTERNATIONAL AFFAIRS
for the

RONGELAP RESETTLEMENT PROJECT

February 1992



MEMORANDUM OF UNDERSTANDING
by and between
THE REPUBLIC OF THE MARSHALL ISLANDS,

THE RONGELAP ATOLL LOCAL GOVERNMENT COUNCIL,
THE UNITED STATES DEPARTMENT OF ENERGY
OFFICE OF ENVIRONMENT, SAFETY AND HEALTH
and
THE UNITED STATES DEPARTMENT OF THE INTERIOR,
OFFICE OF TERRITORIAL AND INTERNATIONAL AFFAIRS
for the
RONGELAP RESETTLEMENT PROJECT

This MEMORANDUM OF UNDERSTANDING (hereinafter referred to as "MOU"), is
made by and between the REPUBLIC OF THE MARSHALL ISLANDS (hereinafter referred
to as "RMI"), the RONGELAP ATOLL LOCAL GOVERNMENT COUNCIL (hereinafter
referred to as "RALGOV"), the UNITED STATEMENT DEPARTMENT OF ENERGY
represented by the Office for Environment, Safety and Health (hereinafter
referred to as "DOE/ES&H"), and the UNITED STATES DEPARTMENT OF THE INTERIOR
represented by the 0ffice of Territorial and International Affairs
(hereinafter referred to as "DOI/OTIA").

WITNESSETH:

WHEREAS, the purpose of this MOU is to implement provisions of Title I,
Sections 103(i) and 105(c) of U.S. Public Law 99-239; and

WHEREAS, in furtherance of the foregoing provisions of U.S§. Public Law
99-239 and Nitijela Resolution 1986-62, RMI and RALGOV have caused to be
prepared the "Rongelap Atoll Resettlement Project Scientific Work Plan”, a
copy of which is attached hereto (and hereinafter referred to as the "Rongelap
Work Plan"); and

WHEREAS, in furtherance of the foregoing provisions of U.S. Public Law
99-239, the U.S. Congress has appropriated funds for the implementation and
support of the Rongelap Work Plan pursuant to Public Law 102-154; and



WHEREAS, RMI and RALGOV have agreed to and shall by a future separate
agreement establish a Rongelap Resettlement Project (hereinafter referred to
as the "Rongelap Resettlement Project”) in order to fully implement and assure
the day-to-day management of the scientific studies and conduct other
resettlement activities; and

WHEREAS, all the parties to this MOU are committed to taking all actions
required in order to assure the timely implementation of the Rongelap Work
Plan and such future resettlement activities and actions as may subsequently
prove necessary such that the resettlement of the people of Rongelap may be
secured;

NOW THEREFORE, be it agreed as follows:

ARTICLE T - GENERAL
Agreement generally by and between the signatory parties:

1. The activities of the Rongelap Atoll Resettlement Project Scientific
Work Plan, otherwise referred to herein as the "Rongelap Work Plan”, are
hereby endorsed by each of the signatory parties as the proper scientific
studies that are necessary to characterize the radiological and environmental
conditions of the southern islands of Rongelap Atoll, and upon which the
determination for resettlement of the southern isTands will be made and
further that:

2. The signatory parties commit themselves, one to the other and each to
all, that upon receipt of funding for the Rongelap Work Plan pursuant to U.S.
Congressional appropriation they shall fully cooperate in and support the
completion of the Rongelap Work Plan and the studies undertaken pursuant
thereto.

ARTICLE TI

AGREEMENT BY AND BETWEEN DOI/OTIA AND DOE/ES&H, RALGOV, AND RMI
FOR THE IMPLEMENTATION AND CONDUCT OF THE RONGELAP WORK PLAN
IN SUPPORT OF THE RESETTLEMENT OF THE PEOPLE OF RONGELAP

The Department of Interior/0ffice of Territorial and International
Affairs, the Department of Energy/Office of Environment, Safety and Health,

the Rongelap Atoll Local Government Council on behalf of the People of
Rongelap, and the Republic of the Marshall Islands further agree that:

[The initial stage - Determination of readiness for resettlement]

1. The study and ultimate resettlement of Rongelap shall be undertaken
in stages, beginning with an initial environmental and radiological assessment
of Rongelap Island and those islands comprising the southern one-haif of
Rongelap Atoll, said area to encompass on the western side of Rongelap Atoll
from Bokonlep Island south and on the eastern side from Erebot Island south.
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2. The primary condition of a determination to initiate resettlement for
the area defined in tion 1 of this Article is that the calculated maximum
whole-body radiation dose equivalent to the maximally exposed resident shall
not exceed 100 millirem (mrem)/year above natural background, based upon a
local food only diet, such that if the radiological assessment undertaken in
accordance with the Rongelap Work Plan demonstrates that no individual would
receive an annual radiation dose equivalent in excess of 100 mrem above
natural background, resettlement will ensue. RALGOV may at its discretion
give consideration to additional potential measures {i.e., application of
fertilizers) to reduce individual and population radiation exposures to the
returning population further below the 100 mrem/year lTimit.

[h =) ¥

3. The "local food only diet" declaration is meant to constitute a
traditional Rongelapese diet consisting of local food taken, grown and/or
gathered from the southern islands of Rongelap Atoll and the immediately
surrounding waters as defined in Section 1 of this Article. It is agreed that
the makeup of a Rongelap "local food only diet", and for comparison purposes a
more "realistic diet", shall be more precisely determined and quantified
pursuant to the Rongelap Work Plan, in consultation with the Rongelap
community. In its determination of what constitutes a "local food only diet”,
the Rongelap Atoll Local Government Council may at its discretion include
imported foods that are staples of the diet, e.g. rice.

4. (a) An additional condition of mitigation is the extent of
transuranic contamination, especially plutonium contamination of soil. The
parties are agreed that this issue, as well as the possible need for an
environmental cleanup program solely for transuranic contamination, requires
careful deliberation. To this end, it is agreed that the studies undertaken
pursuant to the Rongelap Work Plan shall include measurements of transuranics
in the environment of Rongelap Atoll, utilizing as an action limit the
screening Jevel of the U. S. Environmental Protection Agency (“"EPA") of 0.2
microcuries per square meter, which has been translated by the DOE/ES&H into
an activity concentration of 17 picocuries/gram (pCi/g) of transuranics
averaged in the top 5 centimeters (cm) of soil. The action limit has been set
at 17 pCi/g of transuranics in soil. Measurement of transuranic contamination
in the environment and determination of whether the action limit has been met
or exceeded will be made pursuant to an appropriate environmental sampling
plan developed by the Rongelap Resettlement Project.

(b) Should the Rongelap Work Plan investigations determine that no
soil concentration of transuranics is in excess of the aforementioned
prescribed action limit, then no further consideration for soil clean-up of
transuranics is warranted. If, on the other hand, it is determined that soil
concentrations exceed the prescribed action limit, then recommendations as to
the need for remedial activity and/or clean-up shall be included as part of
the report prepared pursuant to the Rongelap Work Plan.

(¢) To the extent that transuranic contamination exists in excess of
the prescribed action Timit but is limited in nature, controllable, and does
not impact designated dwelling, food gathering, food growing, and/or
recreational areas, then resettlement may ensue while mitigative measures are
considered and/or undertaken,



5. In the event the assessment of Rongelap Atoll conducted pursuant to
the Rongelap Work Plan demonstrates that radiological conditions on Bokonlep
Isltand or Erebot Island (and their immediate waters) exceed the herein-defined
standards for resettlement, the overall determination to initiate resettlement
for the southern islands of Rongelap Atoll shall be made without consideration
of, and to the exclusion of, radiological conditions on Bokonlep I[sland or
Erebot Island.

[A determination of non-readiness for resettlement]

6. In the event that the environmental and radiological assessment
undertaken pursuant to the Rongelap Work Plan demonstrates that the southern
islands of Rongelap Atoll are not ready for resettlement without first
undertaking a clean-up and remedial program, the Rongelap Resettlement Project
shall immediately prepare a report for presentation to the parties hereto
containing recommendations as to clean-up requirements and optional remedial
activities designed to make the southern islands of Rongelap Atoll ready for
resettlement.

[Need for further surveys]

7. (a) In the event the Rongelap Work Plan report(s) to be prepared by
the Rongelap Resettlement Project in accordance with Article I1I, Section 6(a)
of this MOU demonstrate(s), based upon the standards and criteria herein set
forth,

(1) that the southern islands of Rongelap Atoll are fully
resettleable, the second stage of project study shall be the radiological
characterization of the northern islands of Rongelap Atoll; or,
alternatively,

(2) that the southern islands of Rongelap Atoll are not fully
resettleable without remedial activity and/or clean-up, even after
consideration of Section & to this Article, then the Rongelap
Resettlement Project shall immediately propose for consideration by the
parties an extended environmental radiation characterization necessary to
support the development of remedial actions and/or clean-up, as
prescribed by Section 6 of this Article, environmental radiation
characterization in such other areas as Rongerik Atoll and Ailinginae
Atoll and further, upon completion of these objectives, the Rongelap
Resettlement Project would proceed with the evaluation of the northern
islands of Rongelap Atoll as prescribed in subsection 7(a)(l).

(b) It is the intent of the parties to ensure that appropriate
environmental and radiological assessments are ultimately conducted of all of
the ancestral homeland of the Rongelap people to include the remainder of
Rongelap Atoll, Ailinginae Atoll, and Rongerik Atoll. It is understood that
these additional studies contemplated by this section are subject to and
conditioned upon future U.S. Congressional funding.
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[Resettlement ]

8. Rongelap community resettlement will ensue if the initial assessment
described at Section 1 of this Article establishes that no individual residing
on the southern islands of Rongelap Atoll and consuming a local food only diet
would receive a calculated dose of 100 mrem/year or more of radiation above
natural background in the Marshall Islands.

9. Once a determination of readiness for resettlement by the Rongelap
Resettlement Project is made and affirmed by the parties to this MOU, planning
for resettlement and implementation thereof shall immediately commence, with
the full cooperation of all parties to this MOU. It is the understanding and
expectation of the parties that funding for rehabilitation and resettlement
shall be provided by way of separate U.S. Congressional appropriation, the
funds to be transferred from the U. S. Government to a Rongelap Resettlement
Trust Fund in accordance with the trust agreement between DOI, RMI, and RALGOV
for utilization consistent with this section and any conditions or
requirements imposed by Congress.

10. For purposes of resettlement, "Rongelap community resettlement”
refers to the voluntary return to Rongelap Atell of the Rongelap people now
residing on Mejatto Island and such other citizens of the Marshall Islands who
by virtue of their land rights in Rongelap Atoll voluntarily wish to be
resettled.

11. The parties recognize that health concerns may exist for many members
of the Rongelap community by virtue of their prior exposure to radiation.
Additionally, they recognize the need for continued radiological monitoring
both of returned citizens and of the Rongelap Atoll environment upon
resettlement. Accordingly, the parties agree to address these problems as
part of the resettlement program.

12. The parties also agree that in the event of a determination for
resettlement and subsequent resettlement, relevant revisions to recommended
individual exposure levels as expressed in International Commission for
Radiation Protection ("ICRP") and National Council on Radiation Protection and
Measurements ("NCRP") guidelines will be reviewed to ensure that radiation
exposures are maintained at an acceptable Tevel of risk.

[Future]

13. If in the future applicable radiation protection standards (e.g., the
NCRP and the ICRP) are significantly reduced to below current recommendations,
or post-resettlement whole-body measurements indicate that Rongelap residents
are being exposed to radiation levels in excess of the 100 mrem/year limit
established by Section 2 of this Article, then the parties agree to reevaluate
the individual doses being received by the population or an individual at that
time to determine that no individual is being exposed to any undue risk, and
take such remedial action as shall at that time be deemed appropriate.

«
J
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ARTICLE I1I

AGREEMENT BY AND BETWEEN THE RONGELAP ATOLL LOCAL GOYERNMENT COUNCIL (RALGOY)
AND THE REPUBLIC OF THE MARSHALL ISLANDS (RMI)

The RALGOV and RMI further agree that:

1. In order to facilitate the implementation of this MOU and the
Rongelap Work Plan, RALGOV and RMI shall establish a separate entity, to be
known as the Rongelap Resettlement Project, which shall serve as the
contracting authority for implementation of this MOU and the Rongelap Work
Plan, and which shall be governed jointly by one representative of RMI and one
repreS@ntative of RALGOV.

2. The scientific direction and operational management of the Rongelap
Resettlement Project shall be de1egated by RMI and RALGOV, through the
Rongelap Resettlement Project, to a Rongelap Resettlement Project Scientific
Mdndqpmunt Team (hereinafter the "Scientific Management ltamﬂ) In addition

to his/her dMile and obligations as set forth in Section 3 of this Article,
one member of the Scientific Management Team, mutually selected by RMI and
RALGOV, shall serve as principal scientific advisor to the Rongelap

Reset tl@mpni Project.

3. The Scientific Management Team shall be selected by RMI and RALGOY
and be comprised of not less than two nor no more than three appropriately
qualified scientists. The members of the Scientific Management Team shall be
assigned joint responsibility for the scientific direction and operational
management of the Rongelap Resettlement Project, notwithstanding that their
respective duties and responsibilities under the Rongelap Work Plan may vary.
At least one of the ;ri@mtisf" shall have demonstrated expertise in
environmental and radic ical analysis. Upon appointment of the scientists
comprising the Su1an.li|g Mam&gumemt Team, RMI and RALGOV shall through the
Rongelap Resettlement Project provide a service contract for each individual’s
term of appointment.

4. RMI and RALGOV shall utilize such funding as is made available by the
Government of the United States, puw<uand to Congressional appropriation, and
the assistance of the RMI Nationwide Radiological Study pursuant to Article
VI, paragraph 7 of this MOU and Article II, Section 1(e) of the Agreement
Between the Government of the United $ atw& and the Government of the Marshall
Islands for the Implementation of Section l// of the Compact of Free
Association ("the Section 177 Agreement”), to fulfill the scientific and
technical qu1vememls of the |@ng@1ﬂp Work Plan as well as the reporting
requirements that are mandated by this MOU.

5. The RALGOY and RMI shall also mutually establish and contract for a
Rongelap Resettlement Project Scientific Peer Review Group (hereinafter the
“Scientific Peer Review Group"), to provide scientific peer review of the
implementation of the Rongelap Work Plan and other technological aspects of
the conduct of the Rongelap Resettlement Project. The Scientific Peer Review
Group shall be available for consultation to the Scientific Management Team as
necessary to execute the Rongelap Work Plan. The RALGOV and RMI may upon
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mutual agreement change membership on the Scientific Peer Review Group as
resettlement proceeds, and needs dictate.

6. (a) The RALGOV and RMI shall charge the Scientific Management Team
with the responsibility of providing the following reports, in both English
and Marshallese, to the Rongelap Resettlement Project established pursuant to
Section | of this Articie:

(1) On or before May 1, 1992, a preliminary report on the readiness
of the southern islands of Rongelap Atoll for resettliement in order to
permit the parties to decide whether to pursue the study option set forth
at Section 7(a)(2) of Article II of this MOU in preference to the option
described at Section 7(a)(1).

(2) Upon conclusion of the Rongelap Work Plan, a comprehensive
report, in both English and Marshallese, shall be prepared on the
radiological conditions on Rongelap Island and the southern islands of
Rongelap Atoll, pursuant to such requirements and such schedules as may
subsequently be deemed necessary by RMI and RALGOV. Said report shall
address each component of the Rongelap Work Plan, any necessary and
appropriate recommendations following therefrom, and shall include: a
summary of study results; dose to infants and children; dose assuming a
local food only diet; a comparison and analysis of the dose assuming a
"local food only" qiet as compared to a "realistic diet” that includes
imported foods; and dose due to plutonium.

(b) Upon conci.sion of subsequent stages of the Rongelap Resettlement
Project, comprehensive reports shall be prepared pursuant to such requirements
and schedules as may subsequently be deemed necessary by RMI and RALGOV.

7. Upon receipt of a Scientific Management Team report pursuant to
Section 6 of this Article, the Rongelap Resettlement Project shall provide
copies of same to the Scientific Peer Review Group for review, comment and
recommendation. Resulting recommendations of the Scientific Peer Review Group
shall be formally accected or rejected by the Rongelap Resettlement Project.

8. RALGOV and RMI shall, through the Rongelap Resettlement Project,
forward any report received pursuant to Section 6 of this Article to the
parties to this MOU. Reports forwarded to the DOE/ES&H shall be accompanied
by any comments and/or recommendations thereon received from the Rongelap
Resettlement Project Scientific Peer Review Group.

[Assurance of future funding]

9. RALGOV and RMI hereby commit and pledge to one another that in the
event the findings, ccrclusions and recommendations resulting from the
Rongelap Work Plan warrant additional U.S. Congressional funding -- for
further studies, clean-up and remedial programs, and/or for resettlement of
the Rongelap pecple -- they will diligently and in good faith work together to
obtain the additional Zongressional appropriations and funding required.



10.  RALGOV and RMI agree to do everything within their respective powers
to maintain the scientific integrity of the studies and assessments undertaken
pursuant to the Rongelap Work Plan, and to report in writing any compromise
thereof to the other parties teo this MOU.

ARTICLE IV - DEPARTMENT OF ENERGY, OFFICE OF ENVIRONMENT,
SAFETY AND HEALTH (DOE/ES&H)

The DOE/ES&H further agrees that:

1. The DOE/ES&H shall cooperate with and support the Rongelap
Resettlement Project, specifically the Rongelap Work Plan, as requested and to
the extent feasible, by providing whenever pU‘&lhTP during the execution of
its routine biannual environmental monitoring MIR%W@ﬂﬁ such logistical and
other support as is mutually agreed, that will assist the Rongelap
Resettlement Project in transporting necessary personnel and equipment to and
from Rongelap Atoll.

2. Subject to modifications as the parties to this MOU might in the
future agree, and Congress might ,mhﬁuqm@ntﬂy endorse, DOE/ES&H shall continue
the conduct of its bipassay and medical missions for the Romgaﬂap people
during and after resettlement of Rongelap, pursuant to Section 103 (h)(1) of
Public Law 99-239.

3. Copies of rﬁpmrts received pursuant to Article III, paragraph 8 of
this MOU shall be transmitted by DOE/ES&H to the NAS Scientific Peer Review
Group for review and comment.

4. The DOE/ES&H shall give due (mﬁﬁﬂdﬂrdllmn to the recommendations of
its scientific peer review group (NAS). DOE/ES&H shall also assure all
communications and recommendations by th@ NAS scientific peer review group are
forwarded to RALGOV and RMI, for transmittal to the Rongelap Resettlement
Project Scientific Peer Review Group.

5. Upon request by the Rongelap Resettlement Project and/or the Rongelap
Project Scientific Management Team, DOE/ES&H shall furnish requested data
relevant to the successful 1mpl@mpn.&tl0n and completion of the Rongelap Work
Plan to the Rongelap Resettlement Project.

6. The DOE/ES&H agrees to conduct its Rongelap Atoll scientific
activities and 51ud1e5 in a manner best calculated to complement and support
the Rongelap Work Plan and the Rongelap Resettlement Project. To this end,
DOE/ES&H shall regularly consult with the Rongelap Resettlement Project, the
Rongelap Scientific Management Team, and other appropriate RALGOV and RMI
representatives as to planned and ongoing DOE/ES&H or DOE/ES&H-contracted
projects and activities related to or otherwise affecting Rongelap.

7. The DOE/ES&EH shall provide ur make available to RALGOV, RMI, the
Rongelap Resettlement FW(YMN‘,;MN1NJI the Scientific Management ln@mu without
charge, requested declassified information, documents and data in DOE’s
possession, or under its custody or <nnlrol concerning past atmospheric and
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terrestrial measurements relevant to the resettlement of the Rongelap people.
To the extent if any documents of established relevancy are found to be
classified, DOE/ES&H shall, upon request, immediately initiate a
classification/declassification review in order to ensure, to the maximum
extent possible, full disclosure of all information relevant and necessary to
the Rongelap Resettlement Project and successful completion of the Rongelap
Work Plan.

ARTICLE V - RONGELAP ATOLL LOCAL GOVERNMENT COUNCIL (RALGOV)
The RALGOV further agrees that:

1. As set forth in Article Il of this MOU, RALGOV agrees on behalf of
the People of Rongelap that if the initial environmental and radiological
assessments of the areas described in Section 1 of Article Il establishes that
no individual resettling to the southern islands of Rongelap Atoll and
subsisting on a local food only diet would receive an annual radiation dose
exceeding 100 mrem/year above natural background or would be incidentally
exposed to concentrations of transuranics in the soil in excess of the
prescribed action Timit of 17 pCi/g, Rongelap community resettlement will
ensue without consideration for mitigation. However, consideration may be
given by RALGOV to additional potential measures (i.e., application of
fertilizers) to reduce individual and population radiation exposures to the
returning population further below the 100 rem/year limit.

2. RALGOV shall support the timely completion of the Rongelap Work Plan
through:

(a) Making the RALGOY Members available to confer with the
Scientific Management Team upon request;

(b) Securing any necessary permissions for access, entrance, and
the conduct of the Rongelap Work Plan from individuals that may be
required so that the Rongelap Resettlement Project can undertake and
complete all project field work;

(c) Serving as a liaison between the Scientific Management Team and
the Rongelap community at large;

(d) Providing local personnel and community support as necessary to
accomplish the objectives of the Rongelap Work Plan and any forthcoming
approved activities related to resettlement.

ARTICLE VI - REPUBLIC OF THE MARSHALL ISLANDS (RMI)
RMI further agrees that:
1. The Rongelap Resettlement Project and Rongelap Work Plan shall be

undertaken in conjunction with the RMI Nationwide Radiological Study conducted
pursuant to Article II, Secticn 1(e) of the Section 177 Agreement.
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2. RMI shall, upon receipt of funds from the DOI/OTIA pursuant to this
HOU, assur the : va:lah:luiy of these funds to the Rongelap mwse‘t1@m@m‘
Project within five (5) |M$IFM”‘»4ddV‘ of receipt thereof, pursuant to the
terms and conditions to be set forth in a separate agreement to be entered
into and by and between the Rongelap Resettlement Project, RMI and RALGOV.

3. RMI assures that it will comply with all applicable U.S. Federal
laws, regulations and requirements as they relate to the upp]imatimn
acceptance, use and accounting of funds provided pursuant to this MOU.

4. An SF-270, Request for Advance or Reimbursement, will be submitted by
RMI to DOI/OTIA for release or drawdown of funds on a qudrtemﬂjflmasiﬁ. Said
Requests shall be made in consultation with, and pursuant to instructions
received from the Rongelap Resettlement Project.

5. An SF-269, Financial Status Report, will be submitted by RMI to
DOI/OTIA quarterly.

6. RMI shall provide copies of all Financial Status Reports and
Requests for Advances or Reimbursements, and any other reports required
pursuant to this MOU, the Rongelap Resettlement Project, which shall in turn
make same available to the parties to this MOU on a quarterly basis.

7. Utilizing the funds made available to the RMI Government pursuant to
Article 11, Section 1(e) of the Section 177 Agreement, the RMI Nationwide
Radiological Study shall contribute certain of its services to the Rongelap
Reassessment Project.

8. RMI s to assure the clearing and maintenance of the air runway on
Rongelap Island during the course of the Rongelap Resettlement Project
sufficient to permit air traffic to and from Rongelap Island.

ARTICLE VII - DEPARTMENT OF THE INTERIOR,
OFFICE OF TERRITORIAL AND INTERNATIONAL AFFAIRS (DOI/OTIA)

The DOI/OTIA agrees that:

1. The DOI/OTIA shall transfer to the RMI the appropriate portion of
such funds as are appropriated by the United States Congress, pursuant to the
FY 1992 Appropriation Act (P.L. 102-154) for the Department of Interior for
the purpose of implementing the Rongelap Re&@liﬂwm@nt Project/Rongelap Work
Plan.

2. The appropriate portion of funds specifically appropriated by the
U.S. Congress for the purpose of implementing the Rongelap Work Plan shall be
transferred to the RMI on a quarterly basis pursuant to, and upon receipt by
DOI/OTIA of & guarterly SF-270 Request for Advance or Reimbursement.

3. Copies of all financial status reports submitted to DOI/OTIA, and any
other reports required to be submitted to DOI/OTIA by this MOU, shall be
provided on a timely basis to all parties to this MOU.
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ARTICLE VIIT - ADDITIONAL AGREEMENTS
A1l parties further agree:

1. The Rongelap Resettlement Project shall be initiated on or about
March 1, 1992, or as soon as practicable ﬂffﬂr funding is made available by
the United Smateﬁ Government. It is the understanding and intent of the
parties to this MOU that the Rongelap Resettlement Project shall conclude its
mandate and submit its final report pursuant to the Rongelap Work Plan and
this MOU on or before April 1, 1993.

2. This MOU shall remain in effect pending completion of the Rongelap
Resettlement Project. This MOU may be amended by the mutual consent of the
parties hereto.

3. This MOU shall be governed and interpreted in accordance with
applicable laws of the United States and the Republic of the Marshall Islands.
In the event of dispute with respect to the interpretation or execution of
this MOU, the parties agree to in the first instance seek to resolve such
dispute through good faith negotiations by and between themselves. Should
such negotiations fail, resolution of the matter in dispute shall be governed
by the Conference and Dispute Resolutions provisions of Title Four, Article
II, of the Compact of Free Association, although nothing contained therein
shall be construed as a bar to direct and immediate participation by RALGOV in
any conference or dispute resolution activities thereunder.

4. Program Funding - The details of the levels of support to be
furnished between DOE/ES&H and DOI/OTIA with respect to funding will be
developed in specific interagency agreements or other agreements, subject to
the availability of funds. This MOU shall not be used to obligate or commit
funds or as the basis for the transfer of funds. The DOE/ES&H and the
DOI/OTIA will provide each other mutual support in budget ju<fiFirmTﬂnm to the
Office of Management and Budget and hearings before the Congress with respect
to programs on which the organizations collaborate,

5. Management Arrangements - This MOU envisages direct communication
between DOE/ESEH and officials of other organizations involved in managing the
work to be performed. Interagency agreements or project plans will set l@rth
specific arrangements for program implementation. Such plans set forth
necessary (Ounﬂr&lMVP arrangements and procedures for handling decisions
required by various Government officials. Specific funding and tasking will
be implemented through interagency agreements.

6. Public Information Coerdination - Subject to the freedom of
Information Act (& U.S.C. 552), decisions on disclosure of information to the
public regarding projects and programs referenced in this MOU shall be made by
DOE/ES&EH or DOE/OTIA following consultation with the other parties
representatives.

6. Amendment and Termination - This MOU may be amended by written
agreement between the parties. lhws MOU may be terminated by the mutual
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written agreement of the parties or by any party upon 45 day written notice to
the other parties.

7. Effective Date - This MOU shall be effective upon the latter date of
signature of the parties. It shall remain in effect for a 5-year term from
the effective date.
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DRAFT
MEMORANDUM OF UNDERSTANDING
ikijien im ikotan
REPUBLIC OF THE MARSHALL ISLANDS,
RONGELAP ATOLL LOCAL GOVERNMENT COUNCIL,
UNITED STATES DEPARTMENT OF ENERGY
OFFICE EO IKIJIEN ENVIRONMENT, SAFETY IM HEALTH
im
UNITED STATES DEPARTMENT OF THE INTERIOR
OFFICE EO IKIJIEN TERRITORIAL IM INTERNATIONAL AFFAIRS
kin

RONGELAP RESETTLEMENT PROJECT

MEMORANDUM OF UNDERSTANDING in (jen kio manlok naj na etan
"MOU"), ej komon ikJiiilHl im ikotan REPUBLIC OF THE MARSHALL ISLANDS
(jen kio manlok naj de1”tdll'"hwn‘")" RONGELAP ATOLL LOCAL GOVERNMENT
COUNCIL (jen kio manlok naj na etan "RALGOV"), UNITED STATES

DEPARTMENT OF ENERGY eo ej jerbal ikijien ej Office eo ikijen
Environment, Safety, im Health (jen Xkio manlok naj na etan

"DOE/ES&H") , im UNITED STATES DEPARTMENT OF THE INTERIOR eo0 ej
jerbal ikijien ej Office eo ikijien Territorial im International
aAffairs (jen kio manlok naj na etan "DOL/QTIAM).

I10 KAMOLE:

EINWOTKE, un eo an MOU in ej non na kitien eon ko iloan Title
I, Section 103(i) im 10%(c) ilo U.S. Public Law 99-239; im

EINWOTKE, ilo an wor kitien eon ko ilean U.S. Public Law 99~
239 im Nitijela Resolution 1986-62, emwij an RMI im RALGOV ketobrak
”Rmngh”dpjlALH.RﬂbﬁlﬁlﬂmPﬁt‘WH)NW1 Scientific Work Plan" eo, copy
eo an ej ekejel ijin (im jen kio manlok naj na etan ”hunguldp Work
Plan"; im




Law 99=-
im rie

EINWOTKE, ilo an wor kitien eon ko ilo U.S.
239, emwij an U.S. Congress Kejemoj money ko non |
Rongelap Work Plan eo ekkar non Public Law 102-154; im

EINWOTKE, RMI im RALGOV rar erra im naj bar erra ibben dron
kin juon kon eo tokelik non eiki Rongelap Re: -lement Project eo

1 kio manlok naj na etan ”Rmngﬁlmpiwwwwﬂtnumwm Proejct™) non
jerbale im non kabin bwe bok edroin jerbale ekatak ko im

jerbal ko jet eierlok wot; im

EINWOTKE, emﬂ@w»pmmty‘km> ”HJ]WM] in rej kalimur bwe renaj
kxomone ijoko kunaier non lale im 1li jere Ronglap Work Plan eo
bwe jerbal km<w..*nrirﬂu ko tokelik en maron kalikar im kajejjet
an armij in Rongelap bar jeblak;

KIO KIN MEN IN, ej bin bwe en einwot in:

ARTICLE I - GENERAL
Kon eo ikijien im ikotan party ko rej likit eltan peier:

1. Jerbal ko an Rongelap Atoll Habitability Project
scientific Work Plan, ilo juon wewin bar lMxﬁNﬁWl“Wmmmmdap‘mek
Plan®, par ‘ rej erra iben dron kaki ke ierkein rej jerbal
im makit . . ! hmmmwn ekatak ko im rej kalikar im jone
JHMMMHHMU““ﬂ.im.ava.;f .on ilo turoktata in Rongelap
Atoll, lm,hwn'wﬂmmd.Lm.mmnl }mMJxrﬁmaj kwmhdk*ﬂmﬂrﬂ:ﬁw»mlﬂmm
ekkar im Jjejjet non bar j"uLakl@k non ene kein turoktata ilo
Rongelap Atoll.

2. Party kein rej sign rej kalimur ibiermake, juon non eo
juon im juon non aolep, bwe ilo an tokektok money ko ikijien
Hunupldp Work Plan eo ekkar non kejemoj ko an Conc ao an U.S8.
rej aikuij lukkun karejar ibben dren im jerbal ibben dron bwe en
dredrelok Rongelap Work Plan eo im ekatak im etali ko naj komoni
ekkar non jimwe im jejjet ko air.

ARTICLE IX

KON EO IKIJIEN IM IKOTAN DOI/OTIA IM DOE/ES&H, RALGOV, IM RMI
ILO LIBJERJERE IM KOMONE RONGELAP WORK PLAN EO
NON JIBAN BAR KEJEBLAK LOK ARMIJ IN RONGELAP

Department eo an Interior/Office rwm‘ﬂthMK‘WmWKYMMmMML im
International Affairs, Department of Hnr*qy’@f ice eo ikijein
onment, Safety nn]@u]th, Mmmu'hmvhtnll Local Gove

rnment.
il ilo etan armij in Rongelap, im H@puhlLu of the
Islands rej erra bwe:

[Ilo Jinoin - Etale bar Jeblaklok eo]




1. Ekatak im kin an lukkun komon jeblaklok eo non Rongelap

ej aikuij in komon ilo lor jet bunten ne ko, jinoe kin
environmental im radimlmqiﬂal assessment ilo Rongelap Atoll im ene
ko jet turo a im ﬂhW@ i -an in Rongelap Atoll, jikin in

ekitbuij JLurwlxh in jen Bokonlep iturok im iturear in

Erebot turocok.

2. Jonak eo non lale ekkar ke bar jeblaklok non ijekein
konono kaki ej alikar ilo Section 1 ilo Article in

3. "local food only diet" ej melelein bwe mona in Majol ko
ilo Rongelap rej mona jen i, Xkadroki im bokitok jen ene ko
turcktata ilo Rongelap im mona ko jen lojet ko kemel i ilo
section 1 in Article in. Ewor buru-wot-juon bwe wewin keboje mona
in majol ko ilo Rongelap en tiljek komoni im en wor jonan mona jen
i ekkar non Rongelap Work Plan eo ilo bek melele im kabilek jen
community eo an Rongelap. Non lale mona rot rej mona in Majol,

Rongelap, kin konan eo an, emaron bar kakobaiktok mona ko jen likin
im emakijkij im ekka wot mona jen 1i.

4. (a) Wewin eo ej aikuij drikleok ej ikijien paijin ko
rekajur einwot p]nimrwum eo ilo bwidrej. Party ko un1@w rej bar
erra bwe katak kin paijin rot in im kab karreo eo ikijien bwirej
rej aikuij in let im bolel komadmodi. Kin mein, ej weppen bhwe
karkan ekkatak eo ilo Rongelap non bar lale jonan eo ilo bwidrej
Kajeon loor jonak ko an U.S. Environmental Prote ion Agency (EPA)
eo im ej 0.2 microcuries ]uwn square meter eo im DOE/ES&H e:
likit ilo jonak ko an bwe enyl | ocuryes/gram (PCIL/g transuranlcs
«@ntlmvivr« Jonan eo enwij karoke

ilo bwidrej eo ilon im ej bed &
ej 17 pCi/g transuranics Nen kal r jonan jorren eo ilo bwid)
im non lale jonan emon ak an MWIdrmw kein laplok air jorren

walok jonak ier jen wot ekatak in.

(b) Elane ekatak in enaj lo ke ejelok bwidrej en elaplok
jorren eo ie jen jonan eo ej kalikar ke erreo, inem ejamin menin
aikuij bwe kareo eo en komen. Botap, elane ej alikar ke jorren eo
an bwidrej eo ella ion jonak eo emwij karcke, inem aikuij wor
xmmmmmmﬂdatinn.mmrunlI@]mmlmw-@n\mn:hmmmm»LMJMMHmmmmM‘ i

ion kein
rej erom mottan report eo naj komon in Rongelap Work Plan eo.

(¢) Elane enaj alikar ke jorren eo elaplok jen jonan eo
karoke, ijoke ewor kile boprae an laplok im eba nwot jab walok
.hum&»xm;mmmmrjlmﬁ|ijwm ie, ijoko mona ko rej edrek ie, ilo jikin
ikkure ko, inem emaron wor bar jeblaklok, botap enaj wonmanlok wot
komadmad ko non bukot kilen an driklok.

5 Elane enaj walok jen ekatak ko kin Rongelap ekkar non
Rongelap Work Plan eo rej kalikar bwe jonan radiation ilo Bokonlep
ak Erebot (im lojet eo ebake ir) elaplok jen jonak eo emon non
jokwe ie, inem jemlok ak bebe eoc eliktata 1h111@nkhmr jokwe ilo ene
ko turoktata in Rongelap en jab komon ekkar non jonan radiation ko
ileo Bokonlep ak Erebot
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[Temlok eo ej kalikar bwe ejjab emon bar jeblaklok]

6. ]thm» ekatak ko jmﬂjem.@wmﬁrwmmwmmn1 im radiological
assessme ko emwij komoni ilo air ekkar non Rongelap Work Plan eo
e kmdakﬂr bwe ejjab emon bar jeblaklok non ene ko turoktata ilo
umnqwlup '1@ an ejelok kareo rmImeJMHmwulmwﬂMMmm,memmLMmm lap
R . Project eo en komone juon report - ilo ien eo emokajtata
nn}wwnmm nmn nmr'ylMMmmlmlﬁn*sziﬂm: ; 20 recommendation ko
ikijien kareo im wewin komoni kajimwe ko rekkar bwe en wor bar
maron in ]@b]dklﬂk nen ene ko turoktata ile Rongelap Atoll.

[Menin aikuij non bar komon ekatak)

T (a) Elane Rongelap Resettlement Project eo enaj komoni
report ko an ikijen Rongelap Work Plan eo ekkar non Article IIT,
section 6. (a) ilo MOU in rej kwalok kin wewin im unleplep kein
ijin ilal,

(1) bwe ene ko turcktata ilo Rongelap Atoll remaron baxr
jeblaoklok non i, wewein eo tok juon ej non komoni ekatak ko
non lale jonan radiation ilec ene ko tuicontata ile Rongelap
Atoll; or, elane ab,

Ji

(2) bwe ene ko turcoktata ilo Rongelap Atoll rejjab maron
bar jeblaklok non i ilo an ejelok kajimwe ak kare 20, mene emwis
-1 wewin ko j walok ilo Sﬂriiun 5 ilo Article in, inem Rongelap
settlenent Project eo en ilo ien WlimMWMuldld kalikar non party
ko kin bar kaitoklok ekatak eo.dkijen jonan radiation non juon tere
ec enaj dredrelok non komon bwe en wor bar komoni kajimwe ko ak
kareeo ko, einwot an kemlet ilo Su,. 6 ilc icle in, im jonak
radiatien ilo jikin ko jet einwot Rongerik At Cim Adilingae im bar
wonmanlck kake, elane enaj dredrelok kotobar kein, Rongelap
Resettlenent Project eo emaron etal wot kin evaluation ko an ikijen
ene ko tuiontata ilo Rongelap einwot an kemlet ilo subsection
T(ay ().

in non lale bwe wewin ko
vl im

(b) Ej kotobar eo an party ke
rekkar im Jjimwe 1ilo komoni ekatak ko kin enwviromnme

radmmlmql.ml \ﬁb@ﬂﬁMﬁﬁﬁ ren dredrelok ileo jukijuk im amnak jolete

ilo Rongelap im en bar atok ijoko jet rejanin dredrelck jerbali

le Rongelap Atoll, Ailingae Atoll, im Rongerik Atoll. Ewor melele

bwe ien xomoni ekatak kein kemelet ilo section in rej wawa-wot ion
karok ko im money jen U.S. Congress ilo ran Ko tokelik.

[Bar Jeblaklok)
8. Jujjuk im bed eo ekel ilo Rongel: enaj lale bwe elane
ekatak ko imantata einwot air walok ilo ion 1 ilo Article in

rej kalikar bwe ejelok armij, ro rej jokwe ilo ene ko turcoktata ilo
Rongelap Atoll im rej mona mona~in Majol, en ej bok uno ko tarin
100 mrm ilo juen year ak laplok jen jonan eo emwij karoke non boke
ilo Marshall Islands.
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ewor juon jemlok ebin non bar jeblak lok jen ibben
Rongelap lement Pro- > im ejuburuon party ko iloan MOU in,
karok ko ikijien bar jeblaklok im wewin libjerere ren mokaj im
ijine, kin juon-wot buru ikotan party kein iloan MOU in. Ej melele
eo in im k@jwfrwhrwk eo an aolep party kein bwe money Ko non kakeik
aikuij ko ikijien bar Jjeblaklok naj kawor-kitier Jjen U.S.
(Mmmmmmmmm;nuu_mn¢md.kmamm] welap Resettlement Trust Fund eo ilo
an lor trust agreement eo ikotan DOI, RMI, im RALGOV bwe money kein
ren jerbal ilc jelok idabtok iben section in im aolep kon ak
karok ko jet Congress eo an United States ear kakien kaki.

~

10. Non wot melelein bar Jjeblaklok, nan in "Rongelap
community .@t?l@muniw ej melelein jabrewot armij in Rongelap eo
ej jokwe kio ilo Meja im jabrewot armij in Rongelap eo ewor an
bwirej ilo lap im ej bar jeblaklok non Rongelap Atoll kin
konan eo an mdkeo

11. Party kein jimor rej kile problem eo iki mnn ejmour eo
emaron walok non Rongelap community itok wot jen air kar baj
naninmij mantak wot. Kobatok ibben men in, rej bar kile bwe emenin
aikuij bwe en wor wot kakolkol non armij in Rongelap '
naj jeblaklok im jokwe. Inem kin menin, party Keir
buru ilo ereilok ileocan problem in kin ajwmnrtahmmn
bar resettlement program eo.

12. Party kein rej juon-wot-buru bwe ilo ien eo ej wor bebe
non bar rollok im jokwe, jonan level in naninmij eo ej walok ilo
International Commission eo ikijien Radiation Protection (“"ICRP")
im ile Antional Council eo ikijen Radiation Protection im
Measurements ("NCRP") naj bar etali non lale bwe jonan level in
radiation eo en bhed wot ilo jonak eo ejimwe im jejjit.

[I1ju im Jeklaj]

13, Elane ilo ilju im jeklaj jonan radiation (non wanjonak
NCRP im ICRP) elap jen jonan an driklok jen jonak eo kio, ak elane
kakokol in enbwinin armij ro rej jokwe ilo Rongelap rej kwalok bwe
jonan 1 ation elaplok jen 100 mrem ilo juon year einwot an kemlet
ilo Section 2 ilo 2 lcle in, inem party kein rwﬁ juon-wot-buru im
bar etali jonan uno ko armij ro rej boki ilo air bar jokwe ijen im
:m$jlx:hwu«*mﬂ«ﬁ.mrmmjcww«wuu\wmriMmmMMMmmmmmmw im aikuij komoni
wewin ko rekkar non komon kajimwe kKo.

™~

ARTICLE IITI

KUN]HDZﬂmuﬂmmlIM,IKU%MN]WMWHWMM?IWKHJATDWAL GOVERNMENT (RALGOV)
IM REPUBLIC OF THE MARSHALL ISLANDS (RMI)

RALGOV im RMI rej bareinwot erra bwe:

1. Non kemon bwe en mokaj libjerjere jibarbar ko an MOU in
im Rongelap Work Plan eo, RALGOV im RMI rej aikuij ejake juon maron
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eo ejonolok, im naj na etan Rongelap M@m@ttl@mant Project, eo enaj
jerbal einwot juwn<mmMHWMWIwmyamwhmr1ty non libjerjere MOU in im
Rongelap Work Plan eo, eo im enaj aikuij bok an malim in komoni
jerbal ko jen ibben RMI im juon representative an RALGOV.

2. Repelten Jjerbal im edroin jerbal eo an Rongelap
Resettlement Project ej aikuij in tellokin wot RMI im RALGOV, ilo
etan Rongelap Re: lement Project, ilo an ilok repelten im edroin
kein non juon management team eo na etan Rongelap Resettlement

Pro- Management Team (jen kio manlok naj na etan
"wey -

Scient: . ment Team"). Ilo an kobalok iben jerbal ko an
jet einwot air elejrak ilo Section 3 ilo mrvlrlw in, juon member

in jimor RMI im
advisor non

jen Scientific Management Team €0, eo im k
RALGOV, enaj jerbal einwot juon principal : Cl““'luu?
Rongelap Resettlement Project.

3. Scientific Management Team eo naj kelet in RMI im RALGOV
im uaan en jab iietlok jen ruo ak lonlok jen jilu scientist ro elap
air kabel. Naj bar Xkelet ro im relukkun ekkar mmmk]utmmd.jum
Ijelokkin men ko kunan kajojo csientist rein, erwoj naj jerbal
ibben dron non libjorjore makitkit ko ilo project in. RMI im
RALGOV jimor renaj lale bwe scientist rein en wor air contract in
jerbal.

4. RMI im RALGOV renaj kejerbal money ko kejemoj in ki
an U.8. non jerbal in, im an eo jen RMI National Radiolog
study, ekkar non Article VI, 7 ilo MOU in im Article II, Sec
1(e) ilo Compact in Free Association eo ikotan Kien eo an Uni
States im Kien eo an Marshall na etan [Sn:iimn 177 Agr .
t¢1|k1|mwnlnn|kmmun ekkatak kein an scientist rein ikijien jerbal
eo ilo Rongelap im bareinwot kommon report ko kappe-in MOU in.

5. RALGOV im rej jimor ejake im contract eo Rongelap
Resettlement Project Scientific Peer Review Group (jen kio manlok
naj na etan W%whmﬂﬁﬁﬁwvP@*TIWWWMM«GH@M@W)H im jerbal eo an ej non
etale wonmanlok ko ilo jerbal eo ion Rongelap im makitkit ko jet
rejelet m@h]uh 1mk eo non ailin eo. RALGOV im RMI remaron ukot ro
uaan ient Peer Group in jabrewot ien elane emenin aikuij bwe
en alndman«

6. (a) RALGOV im RMI renaj kemaron Scientific Management
'eam eo non an komon report ileo kajin belle im Marshall non
kejelaik lok Rongelap Resettlement P:npww e0 kin makitkit
otemjej ekkar non karok ko ilo Section 1 in Article in:

(o

(1) Ilo ak mokta jen May 1, 1992, ej aikuij tobrak
report eo imantata kin ene ko iturok in Rongelap
Atoll non bar jeblaklok bwe en emman an party ko
telokkier melele kin elane emenin ke alkumw non Lo

mokta option eo iumin Section 7 (a)(2) in Article
1 ilo MOU im jab option eo konono kake ilo Section

7 (a)(1).
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(2) Elane edredrelok jerbal eo ion Rogelap, ej
aikuiij wor juon report ilo kajin belle im Marshall
ikijien jonan radiation ilo Rongelap Island im ene
ko turoktata ilo Rongelap Atoll, ekkar non karok ko
aikuij lori einwot rej menin aikuij Jen RMI im

RALGOV. Report in ej aikuin in wor kemlet ikijien

~ikin katak eo; un ko ninnin im ajiri; drettan
in Majol eo emwmij mona jene; jonak eo ikijen
an mona in majol &0 emwij mona jen e im keidi
tan €0 na ibben jonan da I mona o boktok jen
Llikin: im un ko ikijien plutonium.

to

(b) Elkin an dredrelok u@ﬂmll ko an Rongelap
Resettlement Project eo, report ko rej aikuij in dredrelok
ekkar non men ko aikuij lori im karok ko im naj aikuij i jen
RMI im RALGOV.

7. Elkin an wor rmwwﬂ:jwﬂnhmzwwwﬁjﬁm:PMwmmwmwmt Team eo,
ekkar neon melele ko ileo Section 6 in Article in, inem Rongelap
R@:.;: smetn Project eo enaj komon copy in report in im jilkinlok
non fic Peer Review eo non aer ekatak kake im komon aer
m@leb&1dlj|lulr@pux:ew»im.MLMJ:nmﬂJ%mmehﬂpFMmmmmieMﬁntJMMxHMm:
@0 bwe en lale ej kweppene ke ak jaab.

8. RALGOV im RMI renaj jerbal ibben Rongelap Resettlement
anﬂwﬂ.imliMijMMmmﬂmm:JMWNquxm . ekkar non Section 6 in Article
in non party ko iloan MOU in. Report ko rej ilok non DOE/ES&H ena’j
bar ilok ibberlok elmkwot ak lemnak ko an Rongelap Resettlement
Project Scientific Peer Review Group.

[Kakirmol kin Money ko Renaj Itok Ran ko Tokelik]

9. RALGOV im RMI redj jimor erra im kalimur ke elane tobrak
ko, jemlok ko im bebe im lomnak ko renaj walok jen Rongelag
Plan eo rej kwalok ke rej bar aikuij money jen U.S. Congress
non bar komon katak, kareo im komon kajimwe, im/ak non bar
kejeblaklok armij in Rongelap =--- renaj ilo buru eo emol jerbal
ibben dron non ketobrak aikuij eo ikijen money jen Congress.

10, RALGOV im RMI rej erra bwe renaj lmr]wx]uk@ ijoko kunaier
ilo kejbarok im tiljek kaki tokjen ekatak kein im jerbal ko an
Rongelap Work Plan, im report ilo jeje kin jabrewot bebe ko ikotair
nen party ko jet mottair ile MOU in.

ARTICLE IV - DEPARTMENT OF ENERGY, OFFICE
SAFETY AND HEALTH (DOE/ES&H)

OF ENVIRONMENT,

DOE/ES&H rej bareinwot erra bwe:

1. DOE/ES&H enaj rerik im jiban Rongelap Resettlement
Project kin emakit im jeblak eo, im elaptata Rongelap Work Plan eo,
kin jona wot ijo remarone. Jiban ilo tore ko im rej komone
kakolkol ko ilo melan ko, bokto-boktak menin aikuij ko im bar

»




makitkit ko jet einwot an kar kalimur bwe enaj jiban leto-letak
armij im kein jerbal non im jen Rongelap.

rej Lo

2. Wewin eo emaron oktak elane party ko iloan MOU
ke rekkar im Congress ej erra ilo je 1l eo an DOE/ES ilo an
komone jerbal in kakilen armij ro ile tore in im wﬂkin er jeblak
non Rongelap, einwot an walok ilo melele ko ilo Section 103 (h) (1)
ilo Public Law 99-239.

non Article III paragraph 8 ilo MOU in ikijen

. ilok non DOE/ES&H renaj ilok wot non Scientific
Eview Mlmup eo bwe en lali im kwalck an lomnak ikijier.

4. DOE/ES&H na‘j aikuij komon an lomnak ikijien
recommendation ko an Sceintific Peer Review Group eo HMMM,
/ES&H e aikuid in 1 » bwe aolep communication ko im
recommendation ko an NAS 1 fic peer review group rej ilok non
RALGOV im RMI, non air mdr@n Lmbxdhluk iben Rongelap Resettlement

P

Project Scientific Peer Review Group eo.

5. Elane ewor kajitok jen Rongelap Resettlement Pmrmmi
;nm%w:j@nluwmnlmpIRmemAzsmmunilfm Management Team, DOE/ES&
aikuij kel jabrewot data ko kajitok kaki non wot bwe en
dredrelok mntrmw ‘ rbale Ronglap Work Plan eo im kwaloki lok non
Rongelap Resettlement Project eo.

6. DOH/HS&H ej erra im komoni jerbal ekatak ko kin Rong
a1

Atoll ilo wewin eo emon im jimwetata non kadred klok im ji
Rongelap Work Plan eo im Rongelap Resettlement Project eo. Ilo an
komone wewin in, DOE/ES&H ej dlkulj aolep ien kebaak im kejelaik
Rongelap Resettlement: Pux] - e0, Rongelap Scient] s Management
Team, im dri utiej ro wlwhh:v' jen RALGOV im RMI ka]@wmjmmmal
ko tellokin im ko ej lo bwe rekkar non an bar jibiwi im bareinwot
project ko DOE/ES&H naj aikuij in contract i tok bwe ren jerbali
im remaron in naj jelet Rongelap.

7. DOE/ES&H naj aikuin kwaleok non RALGOV, RMI, Rongelap
Resettlement Project im/ak ientific Management Team, ilo ejelok
wonen, aolep melele ko x&q]aw»mMMMmlxwﬁwwm im jabrewot log in
jerbal ko ikben DOE, ak iumin wonake eo an, ien aolep mel
k non kalikar jonan ijo armij in Hnnq@]ap rel

il
e

MQ;wwujimmdn‘man. 3 =]
ie. Elane ewor melele Xo rej aikuij in bed wot ilo air HM|dk" inem
Uuh/F“hM enaj, elane ewor kajitok bwe en komone, komone juon ien

etale non lale ta ej nojak ak ta ejjab menin nojak, bwe aocleg
nmd.ue kein ren maren in droijleok bwe en maron dradm&hﬂ(
jibarbar in jerbal eo an Rongelap Resettlement
Rongelap Work Plan eo.




ARTICLE V ~ RONGELAP ATOLL LOCAL GOVERNMENT COUNCILL
(RALGOV)

RALGOV ej bareinwot erra bwe:
1. Einwot an alikar ilo Article II ilo MOU in, RALGOV ej
erra ilo etan armij in Rongelap bwe elane ekatak eo kin melan ko
im drettan paijin eo einwot ej ailikar ilo Section 1 in Article II
ej kwalo ke ejelok juon ian ro renaj jokwe ilo ene ko iturok im
mona mona ko ie, enaj laplok radiation eo ibben jen 100 mrem ak
jorren eo ilo bwidrej eo ej jab laplok jen jonnan in 17 pCi/g, inem
lemnak eo non jeblak enaj ijino. Ijoke, enaj wor wot lomnak ko non
bukot kilen bwe en driklok jona paijin eo jen 100 mrm iloan juon
year.

2. RALGOV enaj lorlorjake bwe en dredrelok Rongelap Work
Plan eo ilo ien eo emwij karoke bwe en dredrelok ie ilo an komoni
wewin kein:

on bwe en wor member in RALGOV rej kwelok ibben
inagement Team eo elane ewor kajitok bwe en

(a) Kom
Scientific M
eindrein;

(b) Kotlok ak lelok maron non droij-drelon ak etale
jerbal ko an Rongelap Work Plan eoc ibben armij ro tellokier
bwe kinke Rongelap Resettlement Project en etal wot im
kadredreiklok aolep project ko an;

Jerbal ikotan Scientific Management Team eo im
im bed 20 an Rongelap.

(d) Kabbok dri jerbal jen jukjuk im bed eo im jiban jen
armij ro ie einwot an naj menin aikuij non wot K TMML
jerbal ko an Rongelap Work Plan eo im kab naj menin aikuij ak
jerbal ko jet naj aikuij non ketobrak jeblak lok in.

ARTICLE VI - REPUBLIC OF THE MARSHALL ISLANDS (RMI)
RMI ej bareinwot erra bwe:
1. Rongelap Resettlement Project eo im Rongelap erk Plan
ec renaj wonmanlok ibben ekatak eo an RMI kin bar paijin kein
einwot ej walok ilo Article II, SEction 1 (e) ilo Section 177
Agreement eo.

2. Elkin wot an RMI ron ennan jen DOI/OTIA einwot melele ko
ilo MOU in, inem enna enaj etal non Rongelap Resettlement Project
eoc iloan wot ran ko 5 elkin an walok ennan in. Jekjek in ej walok
ile juon kon ikotan Rongelap Resettlement Project, RMI im RALGOV.

i
| aand

3. RMI ej bareinwot erra ke enaj lori kakien ko an Federal

ikijen kejerbal im leto-letak money ekkar non MOU in.
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4, Juon Form in km|xtuk money (8F-270 Request for Advance
ak Reimbursement) RMI enaj jilkinlok non DOI/QTIA bwe en i money
ilo kajojo kuata. FRajitok kin money naj aikuij in komon e n bhok
an dron lomnak iben im 1lo an ekkar non karok ko rej itok jen
Rongelap Resettlement Project eo.

5. Juon EWWW\ (SF=-2 Status Report) RMI naj

6. RMI naj aikuiij py in report in makitkit ko an
money hmkmmmﬁmmmm;mqﬁyju1kajjlmk ko an ikijien money, im jabrewot
copy in report ko im rej aikuij in wor ilo an ekkar non MOU in, non
Rongelap Resettlement Proeijct eo. Copy kein naj aikuij in bar
komon an party ko rej bareinwot ekejel im mottan MOU in. RMI ej
aikuij in komone wewin in ilo kajojo kuata.

s,

7. Non kejerbal money ko rej walok ikijien Article II,
Section 1 (e) 1lo Section 177 Agreement eo ilo Compact in Free
Association eo, Nationwide Radiological Study eo an RMI ej aikuij,
ilo an wor lok kajitok non ibben jen Scientific Management Team eo,
dror ijo kunan ikijen kein jerbal im dri jerbal kin n eo im
aurokin bar $250,000 non jiban kadredreiklok @0 an
Rongelap Resettlement Project eo.

8. RMI ej aikuj lorlorjake bwe airport eo ilo Rongelap Atoll
en erreo wot im tiljek non kejerbale ilo im toon wot an komon
Rongelap Resettlement Project eo non wot itoitak jen im non
Rongelap island ilo palun.

ARTICLE VII - DEPARTMENT EO AN INTERIOR,
OFFICE EOQO AN TERRITORTAL IM INTERNATIONAL AFFAIRS

(DOL/OTIA)

DOI/OTIA ej bareinwot erra bwe:

1. DOY/OTIA ej aikuij lelok non RMI drettan eo ekkar im
jejjet ikijien money ko kejemoj in United States Congress, ekkar
non Appropriation Act ec an F¥92 (P.L.102-1%4) eo an Department of
Interior non un ko ikijien jinoe Rongelap Resettlement Project
im Rongelap Work Plan eo.

2., Drettan money eo ekkar im jejjet kejemoj in U.S. Congress
non wot un €o non jinoe Rongelap Work Plan eo naj aikuij ilok non
JMI ilo kajojo kuata ekkar non, im ilo an tokeklok ibben DOI/OTIA

port eo ilo kuata otemjej na etan SF-~-270 Request for Advance or
Holmbur%nmunt”

3. Copy in aolepen an kar money kein jerbal ko rej ilcok non
DOT/0TIA, im jabrewot report ko rej aikuij in ilok non DOL/OTIA
ekkar non MOU in, naj aikuij ilok non aclep party ko iloan MOU in
ilo ejelok rumij kaki.
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ARTICLE VIII - KON KO JET

Acolep party kein rej erra bwe:

1. Rongelap Resettlement Project eo en ijino ilo
iturinleok March 1, 2, len eo emokaj im melak elkin an ali
money jen Kien eo an United States. Ej melele eo in im jibax
e0 in an party kein ilo MOU in bwe Rongelap Resettlement P ot
eo en kejemlok eddo in an im Komone report eo an eliktata ilo an
ekkar non R ap Work Plan eo im MOU in ilo ak meokta jen April
1, 1993,

2. MOU in en bed wot im wor kitien mae ien eo ej jemlok im
elok Rongelap Resettlement Project eo. MOU in emaron in wor
ak kakobaba non e kin buru-wot-juon an aolep party kein ie.

dredr
oktak

3. MOU in ej wor kitien im melele ko iloan ren lori kakien
ko rekkar im jejjet an United States im Hunuhllﬂ eq an Marshall
Islands. Ilo ien an wor oktak an dron lomnak ikijen melele in ak
wewin kejerbal tokjen im kotobar ko an MOU in, inem party kein rej
erra bwe wewin eo en komon imantata ej non bok im keidi an dron
lomnak ikotair wot non dron. Elane ebin air bok an dron lomnak,
inem wewin na3j kejore aban in naj aikuij in komecne ekkar non
Conference im Dispute Resolution ko rej kemlet ilo Title Emen,
Artice II ilo Compact in Free Association eo, mene ejelok juon
wewin einwot drolul in iekajet non komon bwe RALGOV en maron bok
kunan ilo makitkit ko ilo Conference im Dispute Resolution eo.

4. ) Fung . Tibrikin drettan fJiban ko Jjen
DOE/ES&H im DOI/OTIA ijen money enaj alikar ilo kon ko renaj
komon ikotaier non dmmn“ ekkar non jonan ﬂr@tniu money ko renas
alikar non Xkomon bebe ikijier. MOU in enjab einwot juon menin
kalimur ke enaj wor money ak einwot bar MMM'1WMMUu]MMhmHtwmmd
noney none. IMWM@HMM[Lm DOI/0TIA renaj Jjimor jikan dron ilo komoni
kajitok ko airro jimor ikijien budget non JLuw: e an Management
im Budget im non ien ronjaki ko iman Congre ijien program ko
im rej tellokin ra kein ruo.

5, i MOU in ej kile Xe enaj wor
kennanik dron ikotan DOE/ES&H im dri utiej ro ilo ra ko jet im ewor
lok air ilo jerbal 1n“ Kon ko ikotan agency kein non dron ak plan

ko lomnak in jerbalil naj kalikar ien jinoe jerbali kotobar ko an
program in. Plan kein naj aikuij kalikar ta ko kunan agency kein
im lajrak in kilen komoni jerbal kein non an dri utiej in dri kien
ro komoni repelten im kilen jerbale program in. Wewin an money ko
jerbal im oran dri jerbal im kein jerbal rej aikuij in alikar ilo
kon ko rej komon ikotan agency kein.

6. =L m - Ilo lor Freec of
nEm:mﬂiumn‘Mmt (5 USC $52), maron eo non kmﬂrumjluh melele non
pnhlm. ikijen project im program kein ile MOU in ej telokin

DOE/ES&H ak DOE/OTIA elkin bok lomnak ko an party ko jet.
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n MOU in emaron in oktak kin
otan party kein. MOU in emaron in jemlok kitien
ibben dron kake im ej walok ilo jeje im jen ibben
ein ilo an komon kejela ilo jeje non party ko

&, Al
kon ko ilo je
n kon eo erra
brewot ian party Kk
iloan 45 ran.

7. iffective Date - MOU in ej wor kitien ilo ran eo elkin
ran eo party ko rej dror eltan peier ie. Ej aikuij bed wot im wor
n iumin juon tere eo ej 5 year aitokan ijino jen ran eo ej wor

kitien kon in le.

",
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THE PROTOCOIL BEING ADOPTED FOR ASSESSMENT OF RADIATION DOSES
IN THE RONGELAP RESETTLEMENT PROJECT, AS REVISED 28 MARCH 1994

1. INTRODUCTION

Data arising from the various studies being undertaken as components of the Rongelap
Resettlement Project (RRP) have to be interpreted in terms of the radiation doses that
would be received by members of the Rongelap community following resettlement. This
interpretation implies the application of a suitable dosimetric model and it is this model
which is defined herein. The general requirements of the model are that:

[

i)  The quantities calculated shall be relevant to determination of compliance with the
criteria set out in the Memorandum of Understanding;

ii)  The model shall make the most effective use possible of the data arising from RRP
studies, and shall take into account other data of relevance, as appropriate;

iii) The model shall be so structured that the views of the Rongelap Community on key
issues can be properly taken into account,

iv)  The model and associated input data shall be documented in such a way that all the
technical and social assumptions made in defining the assessment basis and
undertaking the quantitative calculations are clearly and explicitly identified.

With respect to the quantities to be calculated, the Memorandum of Understanding provides
quantitative compliance criteria relating to whole-body dose equivalent and to transuranic
contarnination of soil. These two criteria are essentially hmiepenmknm:znm1‘Huhlmmmhﬂm
proposed for evaluating compliance with them are described separately in Sections 2 and
3 below.

2. ASSESSING COMPLIANCE WITH THE CRITERION ON WHOLE-BODY DOSE
EQUIVALENT

In the Memorandum of Understanding, it is stated that the primary condition of a
determination to initiate resettlement is that the calculated maximum whole-body radiation
dose equivalent to the maximally exposed resident shall not exceed 1 100 mremy" (1 mSvy™)
above natural background, based upon a local food only diet. The local food diet is to be
a traditional Rongelapese diet consisting of local food taken, grown and/or gathered from
the southern islands of the anq,"aq)amwnkand1ﬁf=nwmnedhmARv‘mnx(numlmurvmeJs“dndlm
to be defined in consultation with the Rongelap Community. Furthermore, in its
determination of what constitutes a local | En@ul()nhr1lw“, the Rongelap Atoll Local
Government Council may, at its discretion, include imported foods that are staples of the
diet.

2|

3
e

It is also stipulated that, for comparison purposes, a more realistic diet shall be precisely

determined and quantified.
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In practice, the maximum whole-body radiation dose equivalent to the maximally exposed
resident is not well defined, so the mpprnarhuaduwnedAmuduewlﬁdl«)&wuﬁﬁunyllm-dl‘;lnuuow1
of individual doses which might be received by both external and internal exposure. This
distribution can then be used to comment on whether a reasonable assurance of compliance
with the criterion can be given. It is emphasised that the distribution of doses over the
exposed population is more relevant, in public health terms, than is the dose to the
maximally exposed individual. Furthermore, the distribution of individual doses provides
atdinmﬂ:nmmmmm%:nfmkr'ﬁacTMMl4ﬁ1tm=]mnnuLN1nm assessed as exceeding the criterion. This
measure of compliance/non-compliance is not available if the assessment is based upon the
characteristics of the maximally exposed individual.

Thus, the adopted model requires three components:

i)  Atechnique for computing the probability distribution function (pdf) for internal dose;
ii) A technique for computing the pdf for dose due to external exposure;

ili) A technique for combining the pdfs generated under components (i) and (ii).

These three components are specified below.

2.1 COMPUTATION OF THE PDF FOR INTERNAL DOSE

The internal dose derives primarily from ingestion of ’Cs, but the methodology set out
below allows the pdf of dose from ingestion of any other radionuclide to be computed
similarly. For any one radionuclide:

Dy = QH (Eqn. 1)

where lhnkmm'y”)isthw"nkmhﬂ dose;
) (Bc ““)N;HN-QHMUAIlmhmﬁ:nfthﬁlnuhunu(hdu,dnd
l[( \r[kl ) is the dose per unit intake.

Values of H depend upon body mass and various other factors. Thus, for a particular

individual:
H = f(m) + ¢ (Eqn. 2)
where f(m) is some function of body mass, at the time of intake; and
¢ is an uncertainty term representing the effects of other factors, e.g. variations
in individual metabolism from the standard model used to compute f(m).

In radiological protection, it is conventional to neglect the e term and to take H as precisely
determined bv m (see, e.g. [1]). This is the approach adopted here, on the assumption that
the criterion was originally set as a conventional dose limit. Thus, the assessment basis
adopted ts that:

H = f(m) (Eqn. 3)
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Where a radionuclide is well retained in the body, f(m) for juveniles may take into account
the increase in body mass with age after the time of intake. In practice, the radionuclide
of primary interest is *’Cs. In this case, f(m) varies to only a limited degree with body mass
because of the longer biological half life of retention in individuals with larger body mass.

Values of ) are determined by the annual masses of foodstuffs consumed and the activity

concentrations in them. Thus:

- "---.\ ~ 2 o A
2. i G (Eqn. 4)

where w; (kg y') is the mass of foodstuff i consumed per annum: and
C; (Bq kg') is the annual average concentration of the radionuclide in

foodstuff i.

Both w, and C, will vary from individual to individual and it is proposed that this variation
be taken into account in computing values of Dy,

Similarly:
r= Y ow g Ean. §
r= oy ow g, (Eqn. 5)
where r (kcal y') is the annual calorific intake of an individual;

w, (kg y') is as defined above; and
q; (kcal kg') is the calorific content of foodstuff i per unit mass.

Equation § i1s conveniently rewritten as:
ro= W’E;:uﬁ‘qi (Eqn. 6)
where W (kg y') is the total mass of foodstuffs consumed per annum, i.e.
W=3%" w (Egn. 7)
i
and:
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Li=wl W (Egn. 8)

i.e. f; is the fraction of the total mass of the diet contributed by foodstuff i.

From Equation 6:

- .

MV = ,r/'E; fl' qlf (qu’l (;')

ey

i

and

- LN o _— .
Q=r3y £iCI3 fia (Eqn. 10)
i i

Equation 10 is proposed as the basis for calculating Q values. In this expression, r and C
are taken to be subject to uncertainty, g; are taken as fixed values without uncertainty from
standard dietary tables and f;, the relative proportions of various foodstuffs in the diet, are
taken to be defined in consultation with the Rongelap Community.

It is noted that m and r are likely to be quite strongly correlated. Thus, the overall
procedure for computing a pdf for D is as summarised below.

(i)  Select a pair of values from the joint pdf on m and r using a Monte Carlo approach;

(i) Compute H (m);

(iii) Select a set of C; values from the joint pdf on C, where C is the vector (C,, C, ... G
K

(iv) Compute Q using the wel

r

of r and C;;

l-defined f; and ¢; values together with the sampled values

(v) Compute D,;
(vi) Repeat steps (i) to (v) to generate a distribution of values of D,,; i.e. a pdf of Dy,.
Note that the pdf of Dy, is conditional upon:

(a) A deterministic model for dose per unit intake values given a specified body mass;

(b) A diet fully charactenised in terms of the relative proportions of the different
foodstuffs, but not in terms of total annual mass of food ingested.

T - 172.MCT



It is noted that several different dietary compositions, i.e. sets of f, may be used. These

could comprise alternative versions of both the local food only and more realistic

diet.

The origins of the various pdfs and other data required for the computational procedure set
out above are summarised below.

(i)

(iv)

The joint pdf on m and r will be derived from the dietary survey data collected as part
of the RRP. In practice, data were obtained relating to P(m,r’), the joint probability
density function on body mass and the daily calorific intake, r'. Transformation of
P(m,r’) to P(m,r) should take into account the greater degree of variability in ' than
inr. This can be done by the use of physiological constraints on the distribution of
r and/or by the use of data from repeat surveys.

H(m) will be computed directly from the age-dependent model adopted by the ICRP

(1].

Values of f; will be proposed by members of the Oversight Committee working in
conjunction with the Scientific Management Team, and will be refined and agreed in
consultation with the Rongelap Community. Several sets of values may be adopted
for both local food only and realistic diets, but two sets of values (one for a local food
only diet and one for a realistic diet) will be identified as primary for compliance
purposes. The other sets of values will be utilised to investigate the sensitivity of the
results obtained to the relative dietary compositions adopted.

Values of q; will be taken from standard dietary tables. It is recognised that these
values are subject to some uncertainty, but ﬂumlslumlLnuu*ammﬂhskmq&ﬂymmnm¢mmmmwed
for by using the same q; values in calculating r’ values in the dietary survey. Itis also

emphasised that pdfs for the g; values are not readily available.

The joint pdf on C will be derived from the measured radionuclide concentrations in
foodstuffs together with the estimated distribution of radionuclides in soils. The
primary interest will be in "Cs and the approach adopted for this radiomuclide is set
out in detail below.

FTOWUITM:LmsﬂMW gamma measurements, it is possible to predict the spatial variation
of the count rate, S(x), at any location x. Specifically, the predictor is chosen to
minimize the mean-squared prediction error given the observations. The estimate of
S(x) is converted to an estimate of soil concentration, C,(x), on the basis of particular
assumptions about the soil profile. Thus:

Cyx) = u S(x) (Eqn. 11)

A limited number of soil profiles are available from various parts of the island and
these may be used to compute a best estimate value of u, u, and an uncertainty, as
reflected in the standard derivation of the measurements about p,0. As a basis for
assessment, it is proposed that u be used in Equation 11, but that the effects of varying
u over a reasonable range be explored in sensitivity studies.

For each foodstuff, i, the concentration in that foodstuff is taken to be given by:
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Ci (x) = F, C, (x) (Eqn. 12)

where C,(x) is the concentration in foodstuff i; and
F, is a soil:plant transfer factor for foodstuff i, which is assumed to be
independent of location.

Values of F, are to be calculated from observed values of C; at specific locations
together with estimated values of C,(x). Again, best estimate values of F; are to be
for assessment purposes, with uncertainty in these values being taken into account
in sensitivity studies.

£

For assessment purposes, it is appropriate to use spatial averages of S(x), Cyx) and
Ci(x), rather than point estimates. For this reason, the following derived quantity is
defined.

T(x) = (v R | § (x-y) dy (Eqn. 13)
where the integration is over a disc of radius R, centred on the point x.
Various values of R are to be studied, to investigate the effects of different degrees

of spatial averaging, but a single value should be agreed with the Rongelap
Community as a basis for assessment.

Taking spatial averaging into account;

C,(x) = F, u T(x) (Eqn. 14)

2.2 COMPUTATION OF THE PDF FOR DOSE FROM EXTERNAL EXPOSURE

BCs concentrations in the areas

in the exposure rates in these

In this case, the primary determinants of dose are the
utilised by the individual. These concentrations are reflectec
areas. QOwerall:

I e fy pl (Eqn. 15)
4'::! “ D e -f ‘”eu ]l 1] ( i 1 ?)
where D.. (Svy™') is the dose rate due to external exposure;

EiSITW‘ﬂnmﬂimn4uflkr time spent in residential areas;
D™, (mR y* nsllm:awv'lgm‘mmpnwmmﬁlamﬂimlreﬁht“mﬁﬁd'mn"wy
D, (mR oy ) is the average exposure rate in utilised areas other than
JMNﬂdeurkﬂ:anmwm

¢ (Sv mR™) is a conversion factor between exposure and whole-body effective
d{m@ equivalent.

Thus, the various potentially uncertain quantities associated with the calculation of D, are
f, D™, D" and . These are discussed separately below.
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Values of f relate to the fraction of time spent within houses or in their vicinity. This
fraction will differ from one individual to another, notably between men and women, and
may well be different for children. However, relatively few data are available concerning
this quantity and no data have been acquired specifically as part of the RRP. Since this is
&Iymh&vmnMnHHMhule,,&n.hwwmnﬂlT)Yhe‘mﬂecmkmm(ﬂialxmnjmuhuﬂy11Mnafy<ummmmm§mkm1'Ti%
Proy that the Oversight Committee and Scientific Management Team determine a
reference f value to be refined and agreed in discussion with the Rongelap Community.

It is assumed that individuals will utilise a wvariety of residential areas and that, in
consequence, variations in D™, between individuals will be only limited. In view of this,
it is considered that the use of a single deterministic value of D™, will not result in
significant underestimation of variations in individual dose due to external exposure.
However, it will be appropriate to comment on the se mmwﬁnly1}llhf'rvauhs obtained to
fferent reasonable choices of f and D™,,,. Furthermore, it is noted that D™, should be
based on values observed in residential areas on Rongelap at the present day. Specifically,
no allowance should be made for the effects of development and reconstruction during any
proposed reoccupation of the island. Qualitatively, such development and reconstruction
is expected to reduce dose rates, but the degree of reduction cannot be quantified at this
time.

Values of ¢ depend upon body mass. Thus, the appropriate approach is to select values of
m from the pdf on m, P(m) and then to calculate a value of ¢.
The principal uncertainty is in D", the mean exposure rate for an individual outside the
residential area. The exposure rates have been demonstrated to vary substantially at
different locations on Rongelap. However, individuals average out these variations to some
extent by their utilisation of a spatially extensive resource area.

This is dealt with by utilising the spatially averaged in situ measurements defined in
Equation 13. Thus:

D*"x) = q T) (Eqn. 16)

ext

where 7 is the conversion factor from count rate to dose rate. The value of 5 is weakly
dependent upon the soil activity profile and the limited number of soil profiles available
should be used to compute a best estimate value of n to be used as a basis for the
assessment. Because the dependence of # on the soil profile characteristics is only weak,
a sensitivity study varying 5 is not judged to be required.

Finally, it is proposed that the same samples of x be used in generating D**_(x) as are used
in generating C,(x) in Equation 14. Similarly, the values of m selected should be identical
to those selected in solving Equation 3.

By using a Monte-Carlo approach, selecting multiple pairs of m and D", as described
above, and substituting into Equation 15, an appropriate pdf for D,,, is developed.

N - 1722.MCT



2.3 COMPUTATION OF THE PDF FOR TOTAL DOSE

The computations described in Sections 2.1 and 2.2 result in pdfs for Dy, and D,
respectively. In order to compute a pdf for total dose, D, the degree of correlation
between these two distributions must be considered. In practice, some correlation (positive
or negative) will exist because of physiological characteristics, as both internal and external
doses are taken to depend upon body mass, m. There will also be a strong positive
correlation because internal dose depends on the concentrations of radionuclides in
foodstuffs drawn from the utilisation area and these concentrations will depend, in part, on
the concentrations in the underlying soils, which are the primary determinant of external
exposure rates. It is proposed that perfect correlation between the internal and external
dose estimates be assumned, recognising that this will result in a slight over-dispersion of the
final distribution.

This perfect correlation is achieved in the methodology set out in Sections 2.1 and 2.2, by
selecting sets of m,r and x for use in both the internal and external dose calculations
because together these three quantities completely determine both internal and external
exposures for an individual with the selected physiological characteristics occupying a
resource area centred on x.

3. COMPLIANCE WITH _THE CRITERION. __ON TRANSURANIC
CONCENTRATIONS IN SOIL

In this case, the compliance criterion is that the total concentration of transuranics (in
practice *’Pu, *Pu and ' Am) should not exceed 17 pCi g* (629 Bq kg').

The main consideration here is the area over which concentrations may appropriately be
averaged to compare with the criterion, since surface soil samples to a depth of 5cm are
specified as part of the criterion. In the RRP, soil samples are composites from three
locations within a few metres of each gamma survey point. Thus, they are characteristic of
average soil concentrations on a spatial scale of a few metres and are taken on a rectangular
grid of side 200m. Soil concentrations are likely to be heterogeneous on a variety of spatial
scales, but the distribution of concentrations measured in the RRP will be more broadly
distributed (over-disperse) than the average concentrations appropriate to spatial scales of
more than ~ 10m. This is because the variations between the observed concentrations are
due to both sub-grid scale and super-grid scale variations, so that spatial averaging at the
grid scale tends to suppress sub-grid scale variations while leaving super-grid scale variations
unaltered.

As with the in situ gamma measurements, it is possible to predict the spatial variation of soil
concentrations, Cy,(x), at any location x, using a smooth function that minimises the mean-
squared prediction error given by the observations. It is the smoothed predictor that is used
for comparison with the compliance criterion, since it eliminates small-scale and sampling
variability, which is of little consequence in determining whether individuals are g ;
exposed to soil concentrations exceeding 17 pCi kg™

It is also possible to define Tyy(x) values using:
TUN ™,
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B U S oY DO Sy gy
Ty () = (R R7) ]LmﬂwwMaU

where the integration is over a disc of radius R centred on x.

Values of Tyy(x) may be used to investigate the average soil concentrations encountered
over different resource utilisation areas. However, it is emphasised that Cyy(x) and not
Tyru(x) should be used in the evaluation of compliance.

of Radionuclides: Part 1. Annals of the ICRP, 20(2), 1989.
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SUMMARY REPORT ON RADIOLOGICAL MONITORING PROGRAM
FOR RONGELAP RESETTLEMENT PROJECT

S. L. Simon and J. C. Graham

INTRODUCTION

The purpose of this chapter is to explain the objectives, design and methodology of the

radiological monitoring activities as carried out in support of the Rongelap Resettlement Project

(RRP). These methods were used in partial fulfillment of the overall objectives of the Scientific

Work Plan of the Rongelap Resertlement Project (i.e., that plan submitted to the U.S. Congress

on 19 September, 1991).

Review of Rongelap Resettlement Project Objectives:

The two main objectives of the overall Project were to determine the suitability of reinhabiting
Rongelap Island and the southern islands of Rongelap Atoll based on two criteria which must be

found to be in compliance before resettlement should take place: (1) projected doses to all

members ot the Rony gw-l’ p community snould not exceed 100 mrc::nn/“yt::au: above l:»a(:lﬁ:;g;rcnu:nu: , and

(2) the concentration of transuranics in the soil (averaged over the top 5 cm) does not exceed the
current EPA recommended screening ievel of 0.2 uCi/m2. Both of these criteria were developed

in order to ensure the safety of the popuiation, should they decide to reinhabit Rongelap Island.

Other lesser objectives were also a part of the scientific investigations conducted by the RRP.

These included the study of the microdistribution of plutonium in soil, urine and in bones of
deceased and previous residents of Rongelap. Findings from these research initiacives are reported

in other ¢

ap ers.

Objectives of Radiological Monitoring Program

The objective of the radiologicai monitoring program was to collect environmental
radiological data on Rongelap Island and the southern islands of Rongelap Aroll (see Appendix
A3

Ly

Section (iv) for a map of the studv area) which could be used: (1) to compare with dara from

other institutions, (2) to perform the ragiological assessment as specified in the Memorandum of
Understanding, (3) to provide advice and guidance abour the potental risks in resettlement, (4) ro
provide advice regarding the need for remediation programs, and (5) to assist in determining
appropriate recommendations for remediation ir required. The sampling density was determined

a l measurements,

by several factors including the available funding for conducting the radiologic

availabilitv of transportation to Ronge.ap and the availability of other services required for the



c0ﬂmhmm(ﬂ7dmmm”mqmm!ﬁmrmmmdlguwdamurvmr.uuﬂiluiounudhm?lhﬁ(ﬂqeuuvesvﬂmmvaomﬂbk'Im

particular, the number of in-situ spectrometry measurements on Rongelap Island for 137Cs was

intended to ensure that the 95th percentile of the that distribution was not underestimated at a
confidence level of 95%.

4 23942407 C thi ‘
Measurements of 137 (J.‘f”}MWland.lj)“”””hJ\mmm::;ummmﬂarmirmmdczm]pmm'ufthmummm@n

Measurements of “OSr were not planned because of limitations of equipment, time and funding

resources. Moreover, it was perceived that measurements of 0S¢ from LLNL could be used
ﬁNWmmdngthmnhuenxumpmrﬁom»mfdhﬁac%\wdmwwwmﬁomuw“dﬁm
The Need ro Compare Data From Qther Studies

One objective of the program was to collect environmental radiological data and perform a

comparison with samples measured by Lawrence Livermore National Laboratory (LLNL) or with

dara reported in the literature, e.g., in the 1978 Aerial Survey of the Northern Marshall Islands

N

EG&G (1981). The usefulness of this exercise was to confirm a larger data set of information than
could be accumuiated by the RRP monitoring program. Considerable costs savings to all parties

could be realized by confirming data, rather than by replicating it.

The data reported in EG&G (1981) were island-averaged rerrestrial exposure-rate and soil
mmnﬁmnunnnmlwﬂumsanml@m@mmmmwnﬂezumisoﬂ«mmmxmnnmiunzxnummmmmemlkﬁﬁuwfl;mmd(mmlaim
soil) superimposed on aerial photographs of the islands. (see Figs. D-41, 42, and 43 of thar report
for data or Rongelap Island.)

Other data from Rongelap for possible comparison has been reported by Robison and Phillips

(1989). However. a more relevant objective was satisfied by a splic sample comparison program.
Results of comparing data from both of these sources is presented in this report [see Appendix

A3, Section (i1 .

Summary_of Mernodologies Used in Radiological Survey

Consistent with the objectives of the radiological monitoring compenent of the Rongelap

Resettlement Project, the following radiological measurements and sample collections were

made.

(1) In-situ gamma spectrometry - High resolution gamma spectral measurements were
recorded 1o quantifv the local inventory of gamma photon emitting radionuclides in the soil on an
d basis. This information was used to calculate above-ground exposure and dose-rates

e

area-avera

and areal inventory of garnma photon emitting radionuclides. Sampling plans are discussed in this
documert.

laboratory gamma spectromertry - Soil profiles were collected

(2) Soil prozie collection and
for the purpose of determining the vertical concentrarion gradient of gamma photon emitting

radionuc:ides iz the soil by laboratory measurement. The main radionuclide of interest was

-
2



37Cs, however, 241Am and %0Co were also measured where present. The profile measurement
results were to determine relaxation lengths, a quantity useful in calibrating the in-situ gamma
51wnmmnmmmﬂ-lwwuhnys(u1lmxnwdmd1nxdm51t@mmtinlﬂppcndhﬁﬁﬁk.mmnumn(ywh

3) Surface soil collection and laboratory alpha and gamma spectrometry- Surface soil

mmmpmm;(ﬂ--Sicnuckmmh)‘wen:cmﬂecmxivm<immwnﬂn£<mmwwﬂmmmm~wddmthc4LP%s3(uwwump value
for transuranics in soil as outlined in the Memorandum of Understanding (see Appendix I, this
report). Radiochemical extraction of plutonium, followed by alpha spectrometry was conducted
to evaluate the surface soil concentration. Findings are provided in this report in Appendix A3,

Section (iv).

(4) Sampling of locally grown foods and laboratory gamma spectrometry - Local | foods were

sampled as available and analyzed in the RMI radiological laboratory for gamma emitting
rmdhmmmdhdﬁcmmmenr.Pumdmﬁﬁ:mrqpnmhdcdiﬁ)hhﬁmmwmmtnnlnppendh{fﬁi‘SmHMQm1T¢L

(6) Sampling of native vegeration and laboratory gamma spectrometry - Vegetation from
plants other than those used for foods were sampled on a limited basis for laboratory analysis of

1 A7 e~ ~ . . .y N N . ' - ~ . ey,
LJNL&.qudumgsanzpmovmhxiunmhu;mqmmnmmlﬁqMMHMMXJAj,EmcHUMIUvL

wip RITLE ne

The following equipment owned by the RMI Nationwide Radiological Study was made
g equig h g Y

available in support of the activities of the radiological field survey of Rongelap.

* Two portable HPGe gamma qpmtxnmwﬂrrsfnrln situ measurements - Canberra® coaxis

r--

high purity germanium (HPGe) 40% efficiency detectors with 7 liter liquid nitrogen dewars;

portable, battery-operated, multi-channel analyzers (Canberra $-10* with 4096 channels); dara
storage tape recorders, portable computer, tripods, water-resistant carrying cases, supply of liquid
nitrogen.

o Two FIDLER detectors - Bicron® FIDLER low-energy photon detectors optimized for

detection of 241Am: 2 mm thick Nal crystal oprically coupled to 3" diamerer photomultiplier

tube, 0.010" thick aluminum window (95% transmission at 60 keV), ruggedized, with aluminum

carrying handles, two Bicron Micro-Analyst® integrating or instantaneous count-rate scalers with
single channel analyzers (SCA), waterproof carrying cases.

ble h‘d<(nummnﬁ‘w5twns«(nmr‘”:xfi:mmd(nm:l"):]w[ﬂkaatvmmfﬁcnmnIMMcmy

* Two port
Analyst® integrating or instantaneous count-rate scalers with single channel analyzers, waterproof

car l'y'l ng cascs.

* One portable pressurized ionization chamber - Reuter-Stokes® hqdulmw"sunmed argon
ionization chamber and electrometer (0-100 mR/h) with LCD readout, memory for holding 500
data points, battery operared, tripod, water-resistant carrying cases

“"Tkwu}Mnuiimﬂd(ﬂmmgy<xmnoﬁnmmxd.hﬁkwoJRemlsunmm'mmmmm--Eﬁumnnﬁ4nln Rem® tissue-

equivalent survey meters. organic scintillator, 0-20 UR. prem, pSv/hr full scale, waterproof

carrying cases.



* Two GPS (Global Positioning System) readout devices - Magellan Nav 1000 Plus® GPS
devices, hand held, waterproof, LCD readout, provides longitude and latitude of location to # 25

bsolute on earth's surface: used for documenting sampling and measurement locations.

T

Nonreusable field and sampling supplies, e.g., polyethylene sample bags, plastic containers for

idquids, etc. were purchased as needed.

The following equipment owned by the RMI Nacionwide Radiological Study was made

obtained in the field

ble in support of the activities of the laboratory analysis of sampl

avails

survey of Rongelap.

* Two extended low-energy HPGe gamma spectrometers - Canberra® coaxial high purity
germanium (HPGe) 40% efficiency detectors with electrocool compressors (liquid helium
recirculation) and computerized gamma spectrometry system.

+ Two alpha spectrometry detectors (vacuum chambers, passively implanted planar silicon
detectors (PIPS) and compurerized alpha spectrometry system.

* Facilities for preparing soil for measurement (drying, crushing and sieving) and use of a

complete radiochemistry laboratory ror extraction of plutonium.

SAMPLING CONSIDERATIONS

The sampling plan for this study had three main considerations: site selection, number of samples
Hu'xmewnmenmmnu”malmi1eum1<r allocation. The most fundamental limitation to sampling was
available resources, in particular, laboratory operating costs and time which could be spent in the
field. The latter was a function of time in which the support vessel {provided by the U.S.
Department of Energy) could provide logistics support for each field trip. A secondary limitation

was the number of samples which couid be processed in the RMI laboratory.

SITE SELECTION

Site selection for in-situ gamma spectrometry

The selection of gamma spectrometry measurement sites in the survey of Rongelap was
different than that for most other island surveys conducted by the Nadonwide Radiological
Study. Tvpically, the most undisturbed sites available are sought as measurement sites and

abour | per 0.2 km?. The undisturbed locations which are sought generally

sampling density is
best represent the original deposition ar that location. On Rongelap Island. however, the objective

differed and consequentlv. the sampling design differed. For the purposes of the Rongelap

Resettlement Project, it was required to obtain data which could be used to predict the

distribution of doses among a community of possible future inhabitants. Thus, it was required to

)
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obtain environm

ental radiation daca at a much hm%mT'mwmphrm'd<nsmy.Ehurhmmnohm‘dmrspmdal

variation of present day exposure conditions was of more fundamental interest than artempting to
determine the original deposition value.

Other standard criteria for site identification were applied. These include ensuring that all
measurement locations were at least 30 m from the high tide line on both ocean and lagoon shores
and at least 30 m from any manmade structures. In places were human habitation was evident, the
measurement site selected was generally where there was least evidence of environmental
disturbance.

Data sheets were filled out in the field for every measuremnent and for every sample obrained.

These records are on file ar the RMI Nationwide Radiological Study Laboratory.

Site selecrion for surface soil samples

Surface soil (0-5 ¢m mixed) was collected for radiological analysis of transuranics o
determine if there are locations which exceed the allowed concentration defined by the EPA
screening level. Each surface soil sample was a composite of three smaller subsamples taken in in
the immediate area (within 10 m) of the gamma spectral measurement. Three 15 x 15 cm areas
were identified which appeared to be relatively undisturbed. All vegeration and litter was
carefully removed from the surface of the three sampling sites. Using a sharp trowel, the soil was
removed to a depth of 5 cm and placed in a marked bag. The extracted soil from each of the three

sites was 1125 ¢cm3. The composite sample weighed about 4500 g. Each composite sample was

double bagged and stored in a waterproof bag on the ship for transportation back rto the
laboratory.

The choice of sampling sites for surface soil wz s carried out with two facrors in mind: (1) to
provide data on locations with environmental conditions (e.g., soil type, organic laver depth, etc.)
1ep:WKnunvw=@ttfrlwmqmutvuﬂ'ﬁn’anlrnawwon.nw1ﬂand,anul[f)KO(xﬂnckh:Mdduthclocaﬂmm

Ci‘.’ an in-sicu !Z;Ellﬂ.’lﬂfl:!l S]:ME:C‘[I[’:EL], ﬂ[l‘(iﬂLEil..ll['“E:l'ﬂl(f.‘[MI.l

Sixe selecrion for soil profiles

A 5arru)lu1r'<u(r for the vertical distribution of soil radioactivity (i.e., for soil profiles) was

- selected with two factors in mind: (1)

normal rrovide data on locations with environmental

conditions (e.g., soil tvpe, organic layer depth, ctc.) representative of the majority of the land
mass on an island. and (2) to coincide with the hwauhmn(ﬂ;ag;nmwmlqmmﬂhﬂwmmmﬁunnnﬂntfbrthe

puwpomﬁ;ofdkmmnow<xdﬂanNML

IThe second requirement had only indirect bearing on the evaluation of transuranic radicactivry. The matched location data
s . . . . \ . . YR

was used 1o predict the amount of plutonium present in the soil by the relatively easy measurement of - ilAm by gamma

spectromerry. The predicted value was used to estimate tracer spiking levels before pluronium radiochemical analyis was

carried ous.



In sampling the profiles, vegetation and litter was removed from the surface of the soil. A large

hole, approximately 1 m by 0.5 m was excavated. One side of the hole was then caretully cleaned

of loose soil which mav have been pushed up or down by the digging and, therefore, would not

represent the depth from which it was to be taken.

The soil profile was sampled in 5 ¢m increments to a depth of 30 cm, the first sample being

composed of the top 5 cm of soil. Abour 2.5 liters of soil was put into prelabeled plastic bags.
Each double bagged sample was stored in waterproof container on the ship for transportation back
to the laboratory. '

Fewer soil profiles than gamma measurements are obtained to prevent redundant effort.

Generally the ratio of soil profiles to in-siru gamma measurements was 1:5.

Twelve profiles were collected from Rongelap Island on the survey trip in November 1991 as
well as four from other islands. Thirteen more were collected in April of 1992 and five more in

September of 1992. Further information concerning the number of samples obrained on each crip is

provided in a set of tables at the end of this section.
A data sheer was filled out in the field for every profile. Additional data sheets are on file

F['*[)l'.ﬂt th(E! 1:3[!:)0lf:il[()l{'y rmeasuremendts.

Sampling of locally grown foods

Sampling of locally grown foods was carried outr as part of the data collection and
confirmation monitoring program. Locally grown foods sampled included coconut, Pandanus,
breadfruir, banana, and arrowroot. It was not possible ro devise a statistical sampling plan for

fruits, rather fruit samples were obtained as could be located.

The onlv a
low disturbance and usually near a gamma spectral measurement location. The only requirement

placed on tree selection is that the nuts were of drinking marurity. The coconut sample consisted

of 5-10 nurs collected from the same tree. The nuts were drained and the sample was stored in a

plastic conrainer. The total volume collected from one tree was usually 1 to 2 liters. The mede
(soft coconut meat) was collected from nuts after the milk was collected. It was carefully

rﬂﬂanﬁd,Emnm‘ﬂhc13u15wvh¢1axspocm)to‘prevmmx:xﬂlcnnwannﬂmuimm.'Tkm:rnﬂdm was stored in plastic

containers or ziplock bags.

A soil sample was also collected at the base of the sampled tree to provide data regarding the

uptake ratio. The soil sample was from approximately 0-30 cm depth, and was collected equally

from two holes.
As with all sample collected. a data sheer was filled out in the field and laboratory dara sheets

were maintained.

buwmkwu:&Mh{vmm(mmxmmﬂn’Fhe{xmnmmmsmnnpkm\wengcnenﬂhfcoﬂccmxlhnzmemsof
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Sampling of narive vegetation - study of traditional medicinal plants

Sampling of cerrain native vegetation species for radiological analysis was carried out to
complement other measurements used in the assessment of potential exposure via ingestion. The
plant species of particular interest were those used in traditional Marshallese medicine. The
monitoring of these plants was a unique aspect of the overall radiological evaluarion.

Findings are reported in dara tables in Appendix A3, Section (iv) and are reported in more

-y

detail by Duffy (1994). Five species were sampled from a list of p

ants developed in consultation

with an historian at the Alele Museum in Majuro. These plants are known to be ingested for

medicinal purposes, thus, thev are of interest from a radiological protection perspective. Some
in&dnmmwknmmmldumes4mmmmzm]ionpchprwmﬂxtpormxlbylemmmduwn(lﬂﬂq) however, in that case,
the emphasis was not on evaluating the dose contribution from medicinal plant usage.

Sampling design was of limited use for these plants. Some species, #ino in particular, were
difficult to find. Thus, a limitarion was in locating adequate plant specimens. The desired sample

mass to be collected was approximately 4 liters of plant material. In addition, soil from the root

zone of the plant was sampled.

The medicinal tvpe plants which are reported here include:

Scientific Name Marshallese name Plant part

Tournefortia argencea kiden leaves

Morinda citrirolia nen frutr, flowers, leaves
¥

Scaevola taccada kinnat leaves

Triumfetta procumbens arat leaves

Polvpodium scolopendra bin AN
Polypodium scelopendra kino CAVES

SAMPLING PLANS -STATISTICAL CONSIDERATIONS

The sampling plan used for gamma spectral measurements and surface soil samples on
Rongelap Island was systematic. A diagram of this sampling plan is shown in appendix A3,

an Cl uni ix'.C) rm

Section (iv). Svstemaric sampling was chosen to ensure a relatively con
coverage of the entire area of Rongelap island. In this sampling plan, the population for the
panmrmgqmmxnﬂ‘wmnmunmne"urw"smh4huwﬂYOIMTrhﬂsmrmﬂiﬂlﬂndepemdent(Lqumonﬂwwmimmpqu
circular areas of approximately 20 m radius?. This is the approximate area which is viewed by the

. . - ” Yoo f
m-situ gamima sp pecrrometer. I'_JElCIhl ot lIhETS(Z‘ units are appro ximate v 1260 m=. Since (fh(f? total land

IThis land area contains over 90 of the radinactive !37Cs atoms whose gamma photons are detected by the spectromerter.

i



area of Rongelap Island plus the other islands in southern Rongelap Atoll is approximately 6.2

sossible sampling

km<, there are approximately 5200 independent samples. The majority of the |
units are on Rongelap [sland itself because it encompasses the greatest portion of the land area.

deposition, thus. it is quite unlikely

The contamination of Rongelap Island resulted from aeri:

that any spatial

periodicities would be the main reason for not selecting a systematic sampling plan. Moreover,

marn-made disturbances on Rongelap Island from years of habitation would have diluted any such

phenomena if they were to have existed.

As stated in the Republic of the Marshall Islands responses to the U.S. Congress, October 1991,
a range of doses was to be predicted from the dose assessment. This was the intended assessment
endpoint because there is a distribution of average intake-rates among the population and because
there are variations in the amount of radioactivity present at various locations on the island. To
enable these calculations to be made, a high degree of coverage of the island was attempred in the
sampling plan.

The sampling plan attempted to specify the proportion of the range of sample values that

‘V'VCII.I‘C Jl KClYy D¢ C‘(]Il'l\[El]..l'lf.?C iJ(l the sampie, at a stated con ]C cnce :(T?VWE! . jilﬂn(lii? [he degree o :
Id likely t | in d ple, at a stated confidence level. Since the degree of

ﬁnvﬁmmmmmuM&vanabﬂhy‘wmsmun known a priort, nonparametric estimation methods were
employed to estimate the required sample size.

Sampling density was also determined by the practical limitation of time available to work on
Rongelap Island. This parameter was generally determined by mission requirements of the U.S.
Department of Energy's environmental monitoring programs conducted through the Lawrence
Livermore National Laboratory. In some cases, resource limitations (e.g., food, fresh water, fuel,

Id

etc.) of the ship supporting the mission had to be considered in planning the length of a fie
survey trip.

Related to the time allotment of the supporting vessel was the time required to obtain gamma
qMNKnﬂ:WMmSUhﬂTmﬂWSCW)FHMMNﬂap]SHWNL:M?FH“(HH!leF’HMlePW{W%M»dFHMdeHb(hﬂn‘Armnh
through the underbrush to reach each measurement location, setting up the spectrometer system,
obtaining the spectral measurement (usually only a few minutes), down-loading the spectrum to a
computer, packing up the equipment to prevent damage during movement and moving to a new

location.

Although the RMI radiological study owned two portable gamma spectrometry systems,

limitations in nmuuymw%rwummﬂhw(ﬁcuumd dmm:omdycmneswﬁnnm was mlcwmmanonh‘hach:gmmmwx

required a minimum of four persons. A number of tasks had to be completed by this team
including: determining the next measuremnent location with compass and steel tape, cutting

through the brush, moving the equipment (including weatherproofing gear, drinking water, etc._,

operating the equipment. raking field notes and collecting the surface soil sample.

The overall sample size (sampling densiry) was determined from a combination of the resource

limiration and statistical considerations. The basic question which the sampling design attempred

O answer @ Z)’ZOW of []k 1€ survey ][‘I'llt‘..»l()\ ns was: hCHN many SJE[]TFI]_:)L(ZS (01:' Tll(f:}LSLl]UETITrl‘ES1'11[5) were JntE?(E?{]lC‘ld. to

periodicities of contamination should exist. The suspected presence of

)



characterize the distribution of values such that the extremes (the high end in particular) would be
well represented (i.e., not underestimared).

kauyﬂaplﬁkmuﬂwmm;emimmmmd1&0mnaﬂmmﬂF&mﬂogmmﬂm;m@lm:npymoxhvmmﬂynlfikmmzlamd:Mfm

(aside from open beach). This area can be approximately divided into sixty 200 x 200 m units.
We examined the potential of characterizing the island with 60 sixry measurements. The sampling
| 13 ) pling

design question was thus reformulated to be:

T . . - - L m 2
* What is the proportion of the full range of soil concentrations? and localized exposure-rates

thmxwmmmhﬂbm:mmmphxlbyw@ﬂlncamummmmmm:umivﬂmummlimummmmhumdnummﬂdﬂn@ﬂb@wﬂ?

Tﬂunﬁmwmnewkzmﬂmmﬂcclmnns(nwyﬂdmi)mtm:udﬁmﬁlM)evﬂummlmh;qudonmCanWH

(1980) shows that for sam it

ple size of n, the probability is 1-a that the random interval from X; to

Xn+l-m inclusive contains a proportion 'q or more of the population according ro the estimarion:

1

+ 7 {r+m-1) where x1.g is the (1-0t) quantile of a chi-square random variable
La

with 2(r+m degrees of freedom and r=m=1 for a two-sided limic.

The use of tolerance limits assumes that the samples have been selected at random. Sampling

was carried out, systematically with an arbitrary starting point. Further, the environment is

believed to a be random field, i.e., without periodicities. Thus, random sam

pling was probably
accomplished satisfactorily. In any case, the uximﬂqum‘ckmcmmmml:ﬂmwu:wwms*umnﬂ1amhrfbm

ruidance.

We determined that samping at least 93% of the range was acceptable to be sampled at a 90%
4 4 f

confidence ‘zvel. In this case:

1

=779 ~ 4+ 7 (1+1-1) = 6C
% : l--Ofﬁﬂ' 2(}01 1) = 60

The estimation of sample size also addressed an equally important question concerning the

phubmbﬂhwwafdﬁmmwnhﬂm@;ﬂm:rmmr1maxnum'wﬂuesCWIHhsiﬂamdhfklmuyﬁk%mirokmmnccﬂhmhtvmm

also determined to address the question of what portion of the population may exceed the largest
value sampied.
We determined that 39 samples would not underestimate the 95th percentile of the true range ar

959%, conficence:

= s;p:a,\[ialll'v Gl\'{f!’:‘;g(:!il over JJ.PPl"()IXI‘lIT)Bﬂ[C]'\' 20 m racius.

gp



Both staternents were used to confirm that 60 spectral measurements on Rongelap Island would
adequately characterize the wrue distribution. Because the design called for a systematic grid (o
ensure complete geographic coverage), the time required to complete the sampling was recognized
to be significandy longer than acquiring random samples.

A systematic division of the island into sixty-three, 200 x 200 m cells is shown on the sampling

map in the Appendix A3, Section (iv). The grid was design to run parallel to a N-S and E-W

direction.

SAMPLES OBTAINED

In Eljg]f'ﬁ!(:Il'llftl'll[ w1 [I.h\ the Siikl'ﬂl]:llill’lg; ‘3'1:311.'1 ) in-situ !!' amima Ei]:’(:'(:lﬂf‘()Jﬂ.’l(‘.’!(.'lfj}' measurements were J!'l’li!(d[t! on

a 200 x 200 m grid on Rongelap Island and - = southern island of Rongelap Atoll. A surface
soil sample was collected at each site and prcti?l.le:;s; were obtained as shown on the island .‘5;:2[](]’1]’)]“11?;

map. Twenty-nine profiles were collected from the southern islands. Each profile contributes si

increments; the total profile increments equalled 175.
Because che MOU agreement calls for an evaluarion to determine if the toral dose (above

background) exceeds 100 mrem, it was determined important to try and ascertain if there might

be areas of the island of any significant size with higher exposure-rates than we observed in the
sampling of the 200 m grid. Following discussions with statistical consultant, Professor Perer

Diggle of Lancaster University, it was decided to supplement the Rongelap Island database with a
Bg ) PE gela)

limited number or measurements taken at closer spacing. Four of the grid cells (i.e., the 200 m
area blocks) were chosen for the purpose of acquiring additional measurement data and as

represencative of two different scrata. Grid cell H2 and J3 were selected as "communiry land”, ie.,

and that is likelv to have been significantly discurbed. Grid cells R27 and Q29 were selected to
represent wildland” or areas of the island that have likely been less disturbed. All four cells, were
systematically divided into smaller grids of 25 measurement sites, 40 m aparc. This added
another 98 measurement points (two of the subsample locations were off the edge of the lagoon

shore).
METHODS

Soil _Sample Preparation

e processing for the particular needs of the RMI Nationwide

Radiological Survev were a variation of guidelines ;p r»:::sf:rurf:d in the UJ.8. DOE Environmenta

Procedures tor soil samp

Measurements Laboratory Procedures Manual (EML 1992). Cesium-137 is the main radionuclide
of interest in deep soils, though surface soils were also analvzed ﬁo»r transuranic radioactivity as
well. Cesium-137 is known to accumulate on clay size parricles of 2-4 pm or less (Dicrionary of

Geological Terms 1976; USDA 1989) and clay minerals (“3'5%-' illire, kaolinite and

10



montmorillonite), whereas soil in the Marshall Islands consists mainly of coral and humic

material. Particles in the size fractions comparable to fine sand and clay result from weathering of

se the entire sample contributes to the above-

larger coral rocks mainly by wave action. Bec
4 . .
ground exposure-rate, none of the sample e.g., large rocks, erc.®, was excluded from the soil

5»:ElJflfl'EJ;lff? pr«::]_:r:;.ra‘t.i«:nn. process.

Soil samples were dried by spreading the sample in aluminum trays with liners under 120V,

75W flood lights for up to 130 hours. The samples were dried to completion as determined by

reaching an equilibrium weight irrespective of drying time. The maximum time to reach 99% of

dryness for the samples in this study was 90 hours.

A mechanized shaker sieving device was used to separate soil samples into particle size
fractions. In this method, rare wmvlh(& tor sieve tra ys #10 (>2 mm), #20 (0.85 mm - 2.0 mm), #40
(0.425 - 0.85 mm), #60 (0.25 mm - 0.425), #80 (0.18 mm - 0.25 mm ) and the 1u::(::|f:i.vzilng pan (0 -
0.18 mm) were first recorded. Samples were sieved through these trays at a shaker setting which
minimized dust production. The time required for sieving was determined by measuring the
minimum length of time such that the weight of the sieve trays did not continue to change
substantially. The greatest change in weight of the trays occurred in the first § minutes during
sieving. After 5 minutes of sieving , less than 1% change of sample mass in any tray was evident

over the next 45 minutes. A sieve time of at least $ minutes was used for all samples.

As recommended in the EML guide, soil should be reduced to <1.3 mm (15 mesh equivalent 3
to ensure an homogeneous mixture. In our methodology, any sample fraction not passing through
trays #10 (>2 mm) and #20 (0.85 mm - 2.0 mm) were subsequently ground in a ball mill
overnight. Any fraction of the sample which still did not pass chrough tray #20 (0.85 mm - 2.0

mm) was crushed in a manuallv operated device.

After completion of sieving and crushing, soil was mixed to ensure uniformicy and aliquots

were removed for gamma spectrometry and radiochemical extraction for plutonium analysis.

Determination of exposure-rate from _individual radionuglides:

A high pressurized argon ionization chamber (HPIC) with electrometer was used on occasion
for direct measurements of exposure-rate (WR/hr). The final reported values of exposure-rate (see
Dara Tab

measurements. Details of the calculation steps to determine exposure-rate of individual

spectrometric

les, Appendix A3, Section (iv) were derived from in-situ gamma

radionuclides is described in the following section.

18ee Sec. 2441 of HASL.30D

SSee Sec. 2.4.4.2 of HASL-300




Monitoring for 241-Am

At many measurement locations, hand held low-energy photon detectors (FIDLER type) with

single channel analyzers were used to obtain low-energy gamma measurements indicative of the

catrered

;ﬂmmnm:of244Anm This measurement, however, is confounded with the Compton s
component of the 137Cs gamma rays and was determined as too difficult to interprer.
Fmﬁlmpmwmkwmmﬂoflmﬁmnwmm(mmmmﬂi%mnﬂﬂnmumwwmmwmwmwmuﬂﬂmﬂhmmmﬂ
samples (0-5 cm). Americium concentration in surfae soil samples was determined by laboratory
mmvwmasmmxmnmwmwwycﬁ"ﬂmzSﬂkﬁlmﬂftﬂnhmhmm.(kummmasmmxmmmmmrqwrmmmmuﬁmmmum*wmrn{madﬁ

boratory of the Nationwide Radiological Study on two, hyperpure germanium (HPGe)

in the la
detectors with low-energy sensitivity extended to less than 20 keV. Estimation of exposure-rate
- 24 T - -

trom “41Am is discussed in the next section. QOur reported values of soil concentration and

- V4 . . . - ~ . .
exposure-rate from 241Am are reported in data rables in Appendix A3, Section (iv).

Tansuranic analysis_of surface soil samples

P ~ ’, X . - o .
Laboratory measurement methodology for = 41Am is described above. Plutonium

concentrations were determined from laboratory radiochemistry using a technique of

microprecipitation onto neodymium fluoride substrate, followed by measurement of alpha
[ f ) ¥

emission using passively implanted planar silicon detectors (PIPS) in a computerized alpha

spectrometry system. A complete description of the radiochemical extraction procedure is

pwovmhmi1n‘Ap¢mwmﬁx‘A3ukamkn1(ﬁl

To confirm the precision of the methods used in the RMI laboratory, the Nationwide
Radiological Study laboratory conducred its own interlaboratory comparison with blind sample
mthmh;cxmmducnmi at four other participating laboratories including Lawrence Livermore

National Laboratory, Colorado State University (Department of Radiological Health Sciences),
National Radiation Laborarory of New Zealand and GSF Institut fur Strahlenschurz (Germany).
Results of comparing values measured in the RMI laboratory with intercomparison results for the

)2

) Iy P . 2 N w
measurermnent of Zilﬁmn )%'“QOPMl(ﬂmd.lj’(Aﬂ‘WTT@‘WEL[VVMTHFI&CCGPW&

ble limits. A report of the

intercomparison results was furnished to all participating laboratories.

imating soil concentration and areal inventory:

The estimation of soil concentration and areal inventory can be accomplished by at least two

methods: (1) laboratory measurement exclusively, or (2) in situ gamma spectrometry and

supporting laboratory measurements. The second method was utilized in this study. In this

method, in-situ gamma spectrometry measurements and laboratory measurements of soil profiles
obtained from the entire Marshall Islands nation were correlated. From that data, calibration
ractors for determining areal inventory and exposure-rate were determined. Details of these

methods are described in the nexr section.

4—)‘
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Rongelap Samples Collected by the RMI Navionwide Radiological Study
f_) [ lr » 1.) )

11-17 November 1991

Island

In-situ
Gamma

Measurement

Deep Soil
Profile
(0-30) cm

Coconut
Mear / Milk / Soil

Medicinal

Plants / Fruit

Surface
Soil

(0-5) cm

Rongelap 58 12 2 9 58
Likoteka 2 1 2 2

Erabot 1 2 S

Keroka 1 2 3
Enekan im 1 1 2 6

Batbiten

Arbar 1 1 2 6

Total = 63 16 12 31 58

Rongelap Sampies Collected by the RMI Nationwide Radiological Study

24 April - 2 May 1992

Island

In-situ

Gamma

Measurement

Deep Soil

Profile
{0-30) em

Coconut
Meat / Milk / Soil

Medicinal

Planes + Frui

Surface
Soil
(0-5) cm

Rongelap 5 9 21 20
Bokjalto 2 ! ] 2
Bokankokir 2 2
Likoteka 4 | 1 3 4
Eonbeje 3 ! 1 3
Enealo 3 ] 2 ] 3
Looj 4 1 2 4
Bokantarinae 3 1 3
Eneaetok 20 3 3 20
Erabot 2 1 2
Burok 6 1 2 6
Keroka 12 1 12
Enekan im 6 4 6
Batbiten
Arbar 5 1 5
Total = 77 13 17 34 92




Rongelap Samples Collected by the RMI Nationwide Radiological Study

20 - 21 September 1992

In-situ Deep Soil Surface
Gamma, Profile Coconut Medicinal Soil
Island Measurement {0-30) cm Meat / Milk / Soil  Planes / Fruic (0-5) cm
Rongelap 25 5 4 50
Total = 25 5 4 50
Rongelap Samples Collected by the RMI Nationwide Radiological Study

17 - 26 April 1993

In-situ Deep Soil Surface
Gamma Profile Coconut Medicinal Sail
[sland Measurement (0-30) cm Meat / Milk / Soil  Plants / Fruit (0-5) crn

Rongelap 85 48

16
10



Summarv Graphs of Measurements of Radionuclides by Island In Southern Rongelap Atoll

{ 1 ')‘
(i1)
(i11)

(iv)

hﬁ;(l;awealimvenmory*ﬂﬁq/niz,OHSO cm)
2304 240D, y (R ()-5 \
239+240Py in surface soil (Bq/kg, 0-5 cm)

241 Am in surface soil (Bg/kg, 0-5 cm)

GQCk»husur&mesmﬂlﬂ&qﬂqy(lficnw
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RMI Nationwide Radiological Scudy

METHODOLOGY AND RESULTS OF
DETERMINATION OF ANNUAL EXTERNAL DOSE-RATE

S. L. Simon and . C. Graham

RMI Nationwide Radiological Study

March 1994

revised January 1995

Introduction

Exposure- and dose-rate resulting from external irradiation by 137Cs in the soil was estimated
in this assessment using data obtained from in-situ gamma spectrometric measurements and soil
profiles. Exposure- and dose-rate from external irradiation due to 241 Am was inferred from data

collected from laboratory analysis of surface soil samples and soil profi

les.
Total outdoor exposure-rate (mR/y, i.e. cosmic + terrestrial + contamination) can be directly

determined by instrument measurement, e.g., with a high-pressurized ion chamber, however, the

exposure trom natural radiation must first be subtracted to get the exposure from residual fallout
radioactivity. Though that method is inherendy simple, ion chamber measurements were not
routinelv made in the field survey of Rongelap. Rather, in-situ spectrometric measurements were
used to determine exposure-rates. Although the latter method is more complex, it also allows for
the the determination of the areal soil inventorv (Bq/m?), a quantity useful for other purposes, e.g.,
predicting radionuclide accumulation in food crops.

External dose-rate to future inhabitants of Rongelap Island (i.e. mrem/y) was estimated by two
different methods and compared. First, exposure-rate was calculated from 137Cs using results

from in-situ gamma spectrometric measurements and by applying the detector calibration

methodoiogy o f Beck er al. (1972), supplemented with data from Helfer and Miller (1988).
Exposure-rate was then converted to dose-rate. In a second method, dose-rate (Gyly) was

estimated using data from photon transport simulations by Jacob and Parerzke (1986) and an

’

empiricaliv determined relationship between in-situ count-rates and laboratory measured soil
radioactivity from the Rongelap field survey.

In both methods, the exposure- and/or dose-rate was determined separately for each gamma-
emitring radionuclide. The total exposure- and/or dose-rate was computed as the sum from the

individual radionuclides.

Instrument and Sample Description

Three rvpes of samples and/or measurements contributed to the information needed for

estimation of external dose.



RMI Nationwide Radiological Study

First, in-situ gamma spectrometry measurements were made on a systematic grid running N-S

and E-W: measurernent points were spaced at 200 m. Some allowance from the exact center point

of each grid cell was made for natural or man-made obstacles, e.g., houses, coral boulders, etc. No
measurement points were located close enough to the waters edge to necessitate count-rate

corrections resulting from an island edge-effect. The first point (see map) AQD was located at the

NE end of Rongelap Island. All other points were located relative to the first point by on-ground

measurements made with a compass and steel measuring rape. Some degree of error exists in the
| ol o]

location of measurement points. Although rhe amount of error in point locations i1s unknown, that
error does not effect the exposure-rate calculations. The absolute location error probably did not

increase geometrically with distance from the first point because compensating errors along the
way likely occurred either in measuring distance and/or angle.
At other islands in Rongelap Atoll, in-situ measurements were made at the same spatial

frequency (200 m apart). A surface soil sample (0 - 5 ¢m depth) was a
] ) [ I f

lso obtained at each

measurernent site. The surface soil sample was actually a composite of three samples taken nearby

(wichin 10 m) to the gamma measurement site. Finally, soil profiles were obtained from

numerous measurement locations. Each profile consisted of six, 5 em increments to a total depth

o~

of 30 cm.
Generally, the ratio of profiles to in-situ gamma measurements was 1 to 5. Each measurement

l

notential site with

and sampling site was determined by first locating the approximate grid point. Then, a visua

assessment was made in an effore to find environmental cues which indicated a

lictle historical disturbance relative to areas around it. Furcher informartion about sampling and
measurement protocol is provided elsewhere in this reporr.

The in-situ gamma Spectromerry Imeasurements were macde with hy]:n::r pure 1E;l:tl.'1rl'l:!u'liil.lm

detectors (HPGe) manufactured by Canberra™ Industries, Inc. Two detectors were used for all
spectrometric measurements made by the NWRS during the field monitoring surveys. The

characteristics or the HPGe detectors are noted in Table 1.

Table 1. Characteristics of HPGe detectors used for in-situ gamma spectrometry
measurements. Both detectors closed-end coaxial type, nominal relative efficiency of 40%

with atrached “-liter LNy dewar and enclosed preamplifier.

'

Serial No.  Diameter (D) Length(L) L/D Active Volume
Detecror 1 =901937 G1.5 mm 52 mm 0.846 144.5 ¢cm?

Detecror 2 <901809 57.6 mum 62.5 mm 1.085 146.7 cm?

e

ot
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Summary of measurement data available for exposure-rate calculations

137 Cesium

Rongelap Island was surveyed on a systematically spaced grid of 200 m between measurement
points. There were 63 measurement sites (or grid cells) at this spacing on Rongelap Island. To
study the variability within the grid cells, four cells (200 x 200 m each) were selected for more
detailed study: H2, 3, R27 and Q29. Grid cel

of the island that was most intensely utilized by the community, and hence,

Is H2 and J3 were selected to represent the portion

ikely to have been

disturbed to a greater degree than other parts of the island. Grid cells R27 and Q29 were selecred
to represent the portion of the island that was less likely to have been disturbed. Each of the four
grid cells were subdivided inro twenty-five, 40 x 40 m subcells and a gamma spectrometric
measuremnent was made within each. This process added another 98 gamma measurements sites for
Rongelap Island (two of the one hundred additional samples where off the island’s edge).

The raw count-rate daca for 137Cs expressed as a Coefficient of Variation (¢/x) was used to
rank the cells by degree of variation H2 (CV=0.41) > Q29 (CV=0.30) > ]3 (CV = 0.25) > R27
(CV = 0.20). Because the CVs for the community land areas were not distinct from the non-
community land areas, there was no clear evidence that a simple and seemingly, intuitive
distinction could be made abour the degree of variation of count-rates in different locations of the

island.

241 Americium

Laboratory measurements of surface soil samples obtained at the site of cach in-situ gamma
spectrometric measurement were used to assist in exposure-rate estimation. In many grid cells, the
the counting times used for the in-situ spectrometric measurements were not long enough to insure
high precision of the counting data for 241 Am. At some locarions, americium was undetectable in
the given counting time, however, it was detectable at all Jocations in laboratory measured soil

samples.

60Cobalt

Because of the relatively shore half-life of 60Co (r1/7 = 5.2 v), the cobalt inventory in the soil is
b 1/2 ) ),

low compared to that of 137Cs. Thus, the counting times used for the in-situ spectrometric
measurements were usually not long enough to insure high precision of the counting data for 60Co,
In many cases, the 60Cqo invento ry was below the minimum detectable concentrarion for the
counting time used in che field survey.

A relationship berween the in-situ count-rate of 137Cs and ¢0Co was determined using data

from the entirery of Rongelap Atoll. This relationship was determined to be:

60Cq (cfs) = 0.00023 x 137Cs (c/s) (r* = 0.92, n = 4%) (nH
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The relationship shown above was umxlto‘mnhwmme:a(xnmmbrwm:fdr‘“”:o:mtcadh«MFthciﬁdd

locations for which there was no darta.

Correlation of Soil Profile Results and In-Situ Gamma Spectrometry Measurements for 137Cs

[ndividual increments of the soil profiles were prepared and analyzed for gamma emissions

according to standard laboratory protocol. Plots of radioactivity concentration with depth are

provided in Appendix A(3), Section (iv). The results of laboratory measurements of the soil
profile resulted in an estimate of the concentration (e.g. 137Cs or 24} Am Bq/kg) within each depth
increment at each profile site. The relationships berween in-situ dara, surface soil sample data and
profile data were examined and the results are discussed here.

The toral areal concentration (Bq/m?) of 137Cs in each profile was estimated from
measurements of the areal inventorv in each profile increment by summing over the 6 depth

increments. ‘h1awe.qw:wu&<&wn,m'niWl)gﬂcmﬁ‘umm:nmumumifbrmhcmzcmhxﬂaﬂomy

G
. W' Be | ke l g 5E4 ¢m3 ‘
Profile areal inventory (total Bq/m=) ) | """ ﬂ} ! 2 X 3 ) (2)
ofile areal inventory (total Bg/m~} = X T x T X . 2)
’ 1 b " kg ' 1000 g = cm? m#

1=

As expected, the in-situ measured count-rate was strongly correlated with the rotal area

inventory (Bq/m?) of each soil prorile. The relationship berween Bq/m< and in-situ measured
count-rates for 137Cs (c/s) was examined. The following function was fit to the dara:
fel
““W:s(ﬂqﬂnfﬁ>:<LLT545'x(QM)L04, R2=0.92 (n=163) (3)
Method 1: Determination of external empmmuuhlau:ammﬂmhwm‘mmm‘lﬂradhhmaﬁmmncd’ﬂhcimw
sith gamma spectrometer

Theory

The methodology for determination of exposure-rate by calibration of the in-situ gamma

spectrometer can be summarized as rollows (Beck et al. 1972, ICRU 1994):

(4)

where,
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= ratio of the full-energy peak count-rate (c¢/s) due to a unit flux of gamma photons of

energy E incident on the detector parallel 1o the axis of symmetry of the detector; this ratio is

y oo " N . “ -
known as the “effective area” because units can be reduced to area, i.e., ¢/s per Y/cm=-s = cm?.

= the angular correction factor to account for the side response of the detector from

T = the ratio of the flux at the detector due to a parallel beam of gamma photons from

the nuclide of interest to the corresponding exposure-rate for that nuclide; this ratio is a funcrion of

the depth distribution of the radionuclide in the soil

The above three terms were determined as follows.
(1) The rerm Ny/¢ was derermined for 137Cs and ©9Co both by direct measurement as well as by
prediction using the results of Helfer and Miller (1988).

The emission-rate from a radioactive point source placed over | m distance from the detector

was measured to determine the counting efficiency for a parallel beam of phorons. The "effective
area’ was determined to be 7.71 ¢cm? and 4.80 cm?, respectively, for the 661.5 keV photon of
137Cs and the 1173/1332 keV photon pair of ¢0Co.

The "effective area” was also predicted by the regression model developed by Helfer and
Miller (1988): In(N/¢) =a - b In E, where 2 and b are regression constants as defined below and

E is the photon energy in MeV, where

-~ AW AeTaTA - AV W &)
a = 2.689 + 0.4996 In € + 0.0969(In €)* (5)
b =1.315-0.02044 € + 0.00012 €4, and (6)
£ = manufacturer's quoted detector efficiency, measured at 1332 keV relative to 2 7.6 x 7.6 cm

(3 x 3 inch) Nal(Tl) detecror.

oy - . Ve . " . - LS 1T
Using the above formulation, the "effective area” was estimated to be 7.69 cm* for 137Cs, and

tive

‘%9@$cwﬁlﬂM”MN:oqhmwh‘wnywdnmemowﬁmﬂrrmmmmwed\mwumL'Thexﬂmammmmlvmhmﬁ(ﬂﬁdm:Wﬁ%

area” were used in subsequent calculations.

S ok WT LW . 1¢ . - Q7 e 1 :\‘ - . ISR & O F o
(2) The N¢/N, term was determined by prediction ror 137Cs and L(LLJC)IJSHIIg the resules of Helfer
and Miller (1988). The angular response of HPGe detectors is mainly determined by the crystal

dimensions. i.c.. the ratio of the length to diameter. Values were found by interpolating the dara

l.’

-
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in Table 5 (i.e., Angular correction factor for downward facing detector and sources distribution
of a/p = 0) of Helfer and Miller (1988).

The approximate values of N¢/N, for ! 37Cs are 0.92 and 1.05 for detectors #1 and #2,
respectively.

The approximate values of N¢/Ng for 60Co are 0.93 and and 1.03 for detectors #1 and #2,

respectively.

(3) The term ¢/1 was determined from the calculations of Beck et al. (1972). The exposure-rate

» ~ el e ) . . . . . 3
per increment count-rate for 137Cs and 90Co is weakly dependent on the vertical distribution of

the radionuclide in the soil (i.e., o/p). For equal count-rates, radioactivity which is distributed
deeply will have an additional Compton scatter component which adds to the exposure-rate as

compared to radioactivity near the surface.
Application of method 1

Above ground exposure-rate is weakly dependent on the vertical profile of the radioactivity in

the soil column. The rate of decline of radioacriviry concentration with depth is the vertical
distribution or "profile” and is described by a "relaxation length”, measured in ecm. The relaxation
length is equal to 1/0 in the widely used exponential model:

§ = Sge (a/py{pz: (7)
where § is the mass concentration at depth z, o is the inverse of the relaxation length and measured
in l/cm, p is the soil density (g/cm?), and z is the depth (cm).

The exponential model is useful because it describes the profile of aged fallout radioactivity in

undisturbed soils. A plane source model is useful for radicacrivity which has not significantly

penetrated the soil, for radioacrivity which has onlv a low energy emission or for fresh fallout

which has no applicaton here. For low energy emitters, the surface soil acts much like a plane

source by effectively shielding above ground receptors from the lower soil depths.

The correct determination of 0/p is important for several reasons. In particular, o/p is needed
for determining the exposure-rate from in-situ gamma spectrometric measurements but is a more
critical parameter for estimating the areal soil inventory ( ]Eir(;[/'lrlfliz"]i . The determination of a/p,
while theoretically simple, is sometimes difficult to determine in practice. In particular, fitting
each ser of six depth increments to a smooth mathematical model (e.g., Spe-%%) is often
problematic. Moreover. the uncertainty still exists as to whether any fitted depth profile is
applicable to any other location, even if relatively close by.

The numerical value of & for each profile was determined by linear regression using the soil

concentrations (Bq/kg) of the depth increments as measured in the laboratory. In routine

calculations of fitting profiles ro the exponential model, only the concentration values for the

topmost three increments (i.e., 0-5 cm, 5-10 ¢cm, 10-15 c¢m) were used. This eliminates any effect

on the slope from deep layers which might deviate from the exponential model. Such layers
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would effect the fit of the slope but would be too deep to significantly effect the observed above-

ground count-rate. However. both the relaxation length from 0-15 and 0-30 ¢m are discussed here.
Soil density measurements were not routinely made as part of this study. However, the surface

soil samples obrained at the site of each in-situ gamma measuremnent were of a specified area and

depth and were thus used to empirically determine the surface soil density. Wet soil density

values were computed from the dry weights and volumes of 179 soil samples of five cm depth

each. Values ranged from a low of 0.2 g/cm? to 1.3 g/cm? with a mode value of 0.6 g/cm3 for the

surface soil. Although this value appears relatively low, it is consistent with the porous nature of

coral based soils and agrees with data from Rongelap Island published by Gessell and Walker

(1992) from studies conducted in the late 1950's and early 1960's. The soil density will be

somewhar greater in the environment due to the normal moisture content. Soil density values of

1.5 g/cm3 were reported by Tipron et al. (1981) from a study made at Enewetak Atoll on surface

soils, however, these data do not appear applicable here.

Although the soil on the island likely increases in density with depth, it is only the uppermost
layers that contributes most to the in-situ measured count rate and it is in these layers that the

densitv is most likely the lowest because of higher organic matter content. An analysis of the

profile inventories of 31 profiles from Rongelap Atoll shows that 70% of the 1375 activity
resides in the topmost 10 cm. Thus, it is the topmost soil layers that are most important for
exposure-rate determination.

The table below gives the lila..[(:iULl:ELIi(:d values of the relaxation length (1/0. measured in ¢cm) for

137Cs derermined from profiles from Rongelap Atoll (n=27, including 12 profiles from

Rongelap Island). The relaxation l(::ng(:h was calculated both for the depths of 0-15 ¢m and 0-30

cm depth.

Relaxation length 0-15 ¢m 0-30 cm
SUIMImary statistics depth depth
from Rongelap profiles {cm) {(cm)
Minimum 4.9
Maximum 115.5 507.9
Points 27 27
Mean 11.6 26.9
Median 6.2 7.3
Std Deviation 21.6 96.2
Standard Error

of the mean 4.2 18.5

3

[n this method, an estmated value of 0/p 1s needed for ecach in-situ gamma spectr

measurement so that exposure-rate and/or the soil inventory can be determined. The dara above

shows the median relaxation length is berween 6.2 to 7.3 c¢m.

ometric

7
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Using a larger data set of profiles [m m thu' Nationwide Radiological Study, median values of
the relaxation length were determined: 7.3 cm for 0-15 cm depth (n=108), and 8.7 ¢cm for 0-30

cm depth (n=81). The coefficient of (1n=-1 ermination (R2) for all these profiles was »0.90.

Depending on the value of soil density assumed for the top layers of the soil, a range of o/p values
can be determined as shown below.
median value of o/p o/
relaxation length (cm) o assuming p=1 glem?  assuming |;‘==:(’i 6 g/em?
from RMI profiles (1/em) (em?/g) (cm?/g)
(see texc above)
7.3 0.137 0.137 0.23
8.7 0.115 0.115 -~ (see footnote a)

A density of 0.6 g/cm? for the depth range of 0-30 cm is considered unlikely

An estimare of the value of o is also needed for ¢¢Co. Five profiles in which there was
sufficient 60Co to determine an estimate of the profile slope showed thar the cobalt had

1R~ ~ ~ . ' ~
penetrated more deeply than 137Cs. An average value of 0.048 cm"! was determined from the five

profiles. Using a range of soil density from 0.6 to 1.0 glem3, a/p for 99CO was estimated

,
berween 0.048 and 0.08 cm</g.
Theoretical conversion factors for in-situ measured count-rates to exposure-rates

The factors for conversion of count-rate to exposure-rate were determined by the method
outlined in Beck (1972). Taking into account the slightly different geomerry of the two detectors

resuited in two different sets of conversion factors for 137Cs and for 60Co.

137Cs Figure 1 shows the firted conversion factors (WR/hr per 137Cs c/s in full-energy peak) as a
function of o/p. The two sets of data are specific for the efficiency and geometry of the derecrors
described in Table 1. For simplicity, however, it is ju stifiable to use a single average conversion
factor:

uR/hr per ¢fs = 0.249 (ovp) -0.122 (8)

241Am Exposure-rates from 24!Am were estimated using the results of laboratory
measurements of the concentration in surface soil samples. The laboratory determined mass
concentrations were converted to areal concentration using a surface soil density value of 0.6 g/em?
for the 0-5 cm layer. The areal concentration value was used to predict exposure-rate using the
conversion factor from Beck (1980) for an infinite plane source:

uR/hr per Bg/m~ = 9.05E-6 (9
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There is, of course, in implicit assumption in this calculation 1 that the soil sample is representative

of the grid cell.

60Co Figure 2 shows the ficted conversion factors (WR/hr per ©0Co ¢fs in full-energy peak) as a
function of a/p. For simplicity, however, it is justifiable to use a single average conversion factor:

WR/hr per ¢fs = 1.23 x (o/ p)-0.1 006 (10)

Method 2: Determination of external dose from in-situ spectrometry measurements using

kerma factors

Theory

This method for determination of external dose-rate (e.g., mrem/y) from radioactivity in the

soil uses the theoretical development of Jacob and Paretzke (1986) and our er mpn,'.(::adly derived

relationship berween Bqg/ m< in soil profiles and the n-siru count-rate.

Jacob and Parerzke (1986) used Monte-Carlo calculations to determine the spectral energy

fluence at 1 m above the air/ground interface from point isotropic gamma-ray sources in the soil.

The results of their calculations were a set of kerma factors of Gy/y per y/s crm~? as a function of

energy and source depth.
We fit the kerma-rate factors of Jacob and Paretzke of energies of interest (e.g., 662 keV for

137Cs) to depth-dependent functions for the purpose of interpolating to depths not reported by

them. Functions for the kerma-rate factors ( K = Gy/y per y/s » ¢m -2} for infinite, homogeneous

. . . . 27T
1SOLropic :»l:au'u:: sources 1n Iﬁhﬁf gZro lJLFll:l ]F()l,’ 137 Cs Ell['ld, 241 Aufn werg (lif:lf(f‘ ['lfﬂtl.[l(:td. to \bu(:j:
i

K; (for 137Cs) = 1.26E-4 x exp(-0.174 x d;) + 1.OGE-4 x exp(-2.349 x dj) + 1.5E-6 (11)
R = 0.999

K (for “H1Am) = 1.58E-5 x exp(-0.439 x d;) + 8.92E-6 x exp(-3.716 x d;) + 8.9E-9 (12)
where d; = midpoint depth (cm) of increment 1.

The function for the kerma factor for 2"‘“}&1.171 was actually determined by interpolation of the
fitted coefficients for the energies of 40, 50 and 100 keV. This is the reason that a correlation is
not given. However, the fitting for the energies of 40, 50, and 100 keV was characterized by R
values of 1.0, 1.0 and 0.9999, respectively. Therefore, it is expected that the interpolated funcrion

fL)I 241 Am 15 4.1‘Llli‘[1f: CﬂlC)SG: Lo 1ts FII'C)PI?]’ ‘."JEL].UKZ"

\("
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Application of method 2

The a

product of the K factor from the functions above, the total areal activity of each profile, and the

bove-ground dose-rate to air at the location of each soil profile was determined by the

gamma-branching ratio:
Gyly -~ Bgq 1 m¢ 0.85 v/s

. - ~e s R T b e R S S SRR ARr JUTUI W S B
Gylv for pronie increment i (137Cs) = Ki (o ) x x : 50X (13)
T l " ' “yls e em2 7 T me T 104 cm? Bq R

- . EI . . 2 » -y
where the value of Bq/im~ is determined from laboratory measurements (see equation 2).
. 5y P
Gyly Elq 1 m? 0.36 /s

) x T X (14)
* m2 11)4* cm? Bq (14)

Gyly for pronle increment | (241 Am) =

where the value of Bqim* is determined from laboratory measurements (see equation 2).

Because the concentrations in the increments of the soil profiles were average concentrations, the
K facrors should be derermined at a depth equal to the increment midpoines (i.e. 2.5 cm, 7.5 cm,
12.5 ¢cm, 17.5 ¢m, 22.5 cm. and 27.5 cm).

Soil density must also be considered. The kerma facrors calculated by Jacob and Parerzke,
hall

Islands (-1.0 g ‘em3), the above-ground exposure-rate will be slightly higher per unit of

were for a soil of densitv 1.6 g/c m3. Because the soil is rypically less dense in the Mars
radioacrivity in the soil. Thus, kerma values for the lower average soil density in the Marshall
Islands were derermined by multiplying the increment midpoint depth by the ratios of the

densities. Thus. :ne value or depth d'; used in the kerma equations was:
F i ]

(1%)

d'j =

The above-ground dose-rate (to air) was then determined by summing the calculated kerma

values from eac: of the six separate profile increments:

6
e L N Gy iy
Gyly from 7 Cs (from rotal profile) = L. | =™ i (16)
) v -
-y

6
W' -G y ~
.li::ml [_ ________ J’ i ‘( 1 /7 )

1= ‘

Gy/y from -7

le)

Am (from rotal profi
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Calculation of External Whole Body Effective Dose Equivalent

—~ . o | . ~ - \ \ | e .
Conversion coethcients b'!l\[‘&’il’t?(tiﬂ exposure in free air from ”):hu(]tl?(]ll'lli Elll'ld ‘W'Jh.‘(]llﬁi b()Cl" ‘!:IHF(SI(II‘EIIVI.'J
y

dose equivalent are found in ICRP (1987), Table 3a for a variety of ex

posure geometries. The

conversion coefficients are given in thar reference as a function of energy. These coefficients refer to

pawwnp&dcKﬂmnﬂmwmzuwaFmﬁntimi%mﬂahr1lmlamwwrrhﬂ rround.

isotropic irradiation of an anthro
The conversion coefficients for 241Am, 137Cs and 0Co are approximately 0.59 x 10-2 Sv/R,
0.613 x 10-2 Sv/R and 0.65 x 10-2 Sv/R, respectively.

F

These factors effectively account for body shielding and are appropriate for adule body sizes.

Factors appropriate for children’s body sizes will be greater.
Because these f:
determined in the method by Beck. Using these factors with the dose-rates calculated by the

actors convert from ﬂ_pmu re (i.e., R), they are easily used with the exposure-rates
1wmmhod«mf}mxﬁ)amdlPanmzkcr@qmnc;mladdmmonalmxpuIxmilmmnwmﬁmnmummwﬁmmwnlmﬂovm

Method 1: Theoretical Calibration of In-Situ Detector (Beck, 1972):

137-Cesiurm

e o) 17970
From equation (8): WR/hr per c/s = 0.249 (o/p) 0.122
137Cs Whole Body Effective Dose Equivalent (EDE, mrem/y) =

4 MR/hr 24 hr 365d 1 mR  0.61E-2 mSv 100 mrem

cls d y 1000 pR mR mSv

0.249 (oup)-0-122

mrem/y

1.33 (o/p)-0-122

cls

241-Americium
From equation (9): pR/hr per Bg/m? = 9.05E-6
24|Awn‘mﬂhok:BodyiﬁﬂbcﬁveI)o&sﬁkthnhwniﬂﬂﬂﬁi mrem/y) =

UR/hr 24hr 365d 1 mR  0.59 E-2 mSv 100 mrem

9.05E-6 (18)

Ekyan d y 1000 LR mR mSv
. mrem/v
= 4.69E-05 = .

Bq”nﬁ
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12
Method 2: Theoretical Calculation of Kerma (Jacob and Paretzke) and Empirical Calibration
of Detector:

137-Cesium.

To determine exposure-rate by this method, equations 13,
at the location of emdn:mmﬂ[w(%MP

mpomutﬂmm:ﬁnWﬂwvjmm

¢

5 and Mwwewwmmdrﬂchmwnumwkﬂdy
The conversion of units to mrem/y!

is shown below. The
alculated at each profile location

137Cs Whole Body Effective Dose Equivalent (EDE, mrerm/y)

Gy ( 137¢)

R 0.61E-2 Sv 100 rem 103 mrem
y 000876 Gy© R Sy O *

rem
A relationship was then developed berween the exposure-rate from
determined b

determined by the kerma method) and the n-situ measured count-rate
us to determi

(19)

137Cs in soil profi

les (as

count-rate. This relationship allowed

us to determine the exposure-rate at locations where only an in-situ count was obtained. The
equation we fit was:

mrem/y (1 37Cs) = 1.59 x (c/s)105 R2 =093 (n=163) (20)
where count-rate {c/s) is obtained from

an in-situ measurement.
24 1-Americium

Y
./

o determine exposure-rate by this method. equations 14, 15, and 17 were used to determine
Gy/y at the location of each soil profile

he conversion of units to mrem/y! is shown below
cposure-rate (mrem/y) was calculated at each profile location

The
*1Am Whole Body Effecrive Dose Equivalent (EDE, mrem/y) =
Gy (¥41Am) R 0.59E-2 Sv 100 rem 103 mrem o
y ¥ 0.00876 Gy © R sy X rem (21)
nnuwnyykldkﬁmi)z 1.28E-03 x (B kaYUQ“ R2 = 0.97 (n=96) (22)
where Bq/kg is the

concentration (“t 241 Am ina Slllll'idk ¢ ')()ll Sam

ple (0 - 5 em depth).

!

mrem/yv were the units used to determine compliance

1 the Memorandum of Understanding
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The final step ror either Method 1 or 2 is to determine the rotal ( 137Cs + 24YAm) effecrive dose

equivalent-rate by summing the contributions from the individual radionuclides.

total EDE (mrem/y) = EDE (137Cs) + EDE (241Am) (23)
Comparison of Two Dosimetry Methods
137-Cesium

The method or Beck (1972) uses the concept of relaxation length to theoretically determine the

above ground exposure-rate. At an in-sitw count rate of 7 c/s (representative of the data from

Rongelap Island), the exposure-rate is estimated to be 11.6 mrem/year.
The second merhod uses the kerma calculations of Jacob and Paretzke (1986) and an e l’l'l])llfll(..nl]
calibration of iz-siru count rate to areal inventory (Ba/m?) in the soil. At an in-siru count rate of 7
/s (representative of the data from Rongelap Island), the exposure-rate is estimared rto he 12.0

mrem/year.

241-Americium

Using the method of Beck (1972) and a surface soil concentration representative of Rongelap
Island of 70 Barkg (approximately equal to 2100 Bg/ m?), the exposure-rate was estimated to be

0.099 mrem/vear.

The second method uses the kerma calculations of Jacob and Paretzke (1986) and an empirical

calibration of soil concentration (Bq/kg) to exposure-rate. At a surface soil concentration of 70

Ba/kg (representative of the data from Rongelap Island), the exposure-rate was estimated to be

0.080 mrem/vear.
The agreement between the two methods was found to be, on the average, very close.
General Findings
Method 2 wwas used for routine calculations in the dose assessment reported in Appendix AS,

Section (1).

External exposure-rate from 137Cs on Rongelap [sland was found to have a median value of

approximately - 1.3 mrem/y. The variation of exposure-rate measured on the 200 m grid and the
4 small grids zre shown below. The coefficient of variation (6/x) of the 200 m grid data was
about 449%.

External exrosure-rate from 241Am on Ron gelap Island had a median value of approximately

0.07 mrem/v. jation of exposure-rate measured on the 200 m grid and the 4 small grids
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I e . . ~ LER . )
are shown below. The contribution to external exposure-rate from <*!Am is generally less than 1%

of that from 137Cs.

13?‘(:5 1:37{[‘!7!'[]:SL[-'dC)S*(! .Z'OO m g fi{d l.' '}[.2‘ Z'f'idl JES ‘;Hdl R:.).;y ;'l'i(l (:;'2‘9 1'l'i1:[
B (4 £ 5 S

{mrem/y)

Minimum 0.3% 3.42 77T 6.64
Maximum 24.90 18.24 19.85
Points 63 23 25 25
Mean 11.41 10.53 11.84 16.89 14.43
Median 11.26 10.88 10.78 16.95 12.59
Std Deviation 5.03 2.99 3.15 3.47 5.41
Std Error 0.63 0.62 0.69 1.08
241 Am external- 200 m grid H2 13 R27 Q29
dose (mrem/y)
Minimum 0.001 0.006 0.002 0.008
Maximum 0.226 0.318 g.112 0.138
Points 64 24 26 25
Mean 0.079 0.073 0.056 0.098 0.055
Median 0.074 0.062 0.057 0.087 0.047
Std Deviation 0.051 0.061 0.031 0.0%9 0.027
Std Error 0.006 0.012 0.006 0.012 0.005

Consideration of Spatial Variations

The external dose received by any individual depends on. aside from body size and the degree

of shielding provided by houses, the amount of time spent on different parts of the island. Some

locations, due to lower soil 137Cs inventories, have lower associated external dose-rates.

-

Because it is impossible to predict the future behavior of any individual, it is not possible 1o
predict the dose that will be received by individuals. However, it is possible to determine a
distribution of dose-rates which will likely be received by different, bur unidentified, members
of the communiry.

The distribution of dose-rates in this analysis explicithy depends on the distribution of cesium

inventories on the island. Thus. the distribution of annual exposure-rates in the grid cells is used

here to estimate a distribution of annual exposures that would be received by a population which is
equally distributed among all of the grid cells. However. the annual dose for persons who travels
among the grid cells will be a time-weighted value of the dose-rates in the cells in which they

move amon £
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= size for the purpose of collecting

Each grid cell is 4E4 m-~ in area and thus, is of a reasona

food. However, to the degree that each individual travels over the island and spends significant

amounts of time in different sections of the island, their annual external dose will be determined
by the weighting factors (i.c.. fractions of the total time) describing the amount of time spent on

different parts of the island:

n
\ T o (24
Annual average exposure-rate = 2 Wi Aj (44, )
P
where,
wi = fraction of the vear spenr at each location 'I', and

wen

X; = annual exposure-rate at each location '1',

Each measured count-rate which is used to predict exposure and dose can be assumed to

pulation of values within each 200 m grid, or it can be assumed as an

represent the average of the

estimate at a small point in space which varies from location to location, even within a single grid
cell. These different assumptions have received considerable discussion and it is acknowledged

here that there exist alternate methods for determining a distribution of meaningful exposure-rates

for the community, particularly when it is assumed that residents will move about, but that we

have no knowledge of the expected patterns of movement. Spatial averaging, in general, will

produce annual doses less than the high end values on the distribution.

A separate section (Appendix A(3), Section 5) gives the results of using the set of in-situ

measured count-rates to develop and calibrate a geostatistical model describing a smoothly

. " - "W . -
varying exposure-rate "surface”. The geostatistical model is used mainly for the purpose of

predicting the count-rate at locations in between the measurement sites. The predicted values are
rhz:‘nn spatially averaged over a variery of radii which may describe various degrees of movement
for members of the popuiation. These spatially averaged values can be used to predict a

distribution of annual dose-rates for various assurnptions concerning community mobility.
Consideration of Shielding by Buildings

Consideration should be given to the effectiveness of Marshallese houses in shielding against

external exposure. Most houses are constructed of plywood and many have a layer of crushed coral

around the homes. Assuming that :he coral layer is taken from the shore and is radiologically

clean, the combination of the plywood house and coral layer will lead 1o a reduction in the

exposure-rate in air. In this assessment, the reduction is assumed to equal 50%. The degree of

etfect of home shielding ir. mitigating the external dose for any individual. depends on the time

spent there. Thus, the annuat dose can be determined by a formulation such as the following

External Annual Dose-Rate = { Xoe x [1- tindoors) ) *+ (Xoue ¥ SF X tindoors ) (25)
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where,

Xour = average dose equivalent-rate (mrem/y) outside of the house and away from crushed
coral layer,

SF = shielding effectiveness of houses (e.g., 50%), and

lindoors = proportion of total time spent indoors.

In the dose calculations provided in Appendix AS by Simon, it is assumed that 9 hours per day
are spent indoors. The remainder of the day is spent o ut-of-doors. Other assumptions can be easily

input ro modifv the calculated annual external exposure.
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APPENDIX A3, SECTION (i)
METHODOLOGY: Detection limits, Gamma spectrometry methodology,
Gamma spectrometry error calculations, Plutonium measurement methodology,

Alpha spectrometry error calculations

S. L. Simon, J. C. Graharn and A. Borchert

ESTIMATION QF MINIMUM DETECTION LIMITS

I. In-Situ count-rares

The minimum detectable count-rate (¢/s in full energy peak) for in-situ measurements for 137Cs
was calculated for the maximum in-situ count time of 2 hours. The average peak channel (number
1552) and region-of-interest (ROI) width (41 channels) was determined from 10 randomly
selected in-situ spectra. Ten spectra were selected with count-rates less than 0.01 ¢/s in the 137Cs
ROI. Using the average peak channel and peak width, the average background integral count-rare

for 137Cs was determined to be 0.022 c/s. The minimum detectable full energy peak count-rate

was then calculated 1o be 0.0085 ¢/s using the following equartion:

Minimum detectable peak count-rate (¢/s) =

( \/ Bkg " 4.65) + 2.71  (~ \J 158.4 * 4.65) + 2.71
= = = ( ) :' 45 CLS
=300 < 7900 s 0.0085 c/s

where:

Bkg = background integral counts in 2 hours (0.022 ¢/s x 7200 s)

II. Laboratory Concentrations

Minimum detectable concentrations (MDC) for laboratorv measurements were calculated for

137Cs, 241Am and 99Co. The MDC for these nuclides was calculated in units of Bg/kg and
converted to areal inventory in the environment ( Bg/m=<).

The detector efficiency for the radionuclides of interest was determined using a radioactive
sand source made in the RMI Laboratory. Marshall Islands soil with low organic martter content

le to the Naronal Institute of Standards

was spiked with a liquid radioactivity standard traceabl
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o

and Technology (NIST). The background integral peak counts for the maximum count time (12
hours) was calculated for the three radionuclides using 5 background spectra and 5 sample spectra.
g g f pic s

The sample spec

channels in the radionuclide region-ot-interest (ROI). This information was used with the 5

background spectra to determine the background integral counts in the radionuclide ROI. The

minimum

peak area counts in 12 hours per kg was determined from the fo

llowing equation:

N ]Eil(‘_g x 4.65) + 2.71

MDecounrs =
m £

where,
MDcounts is the minimum detectable counts in the full energy peak area
Bkg = background integral counts in 12 hours
m = sample mass (kg)

£ = derector efficiency for the full energy peak
The minimum detectable concentration (Bq/kg) was determined using the equation:

o MDc/ R
IMDC g =

where,

[MDC jass is the minimum detectable concentration in units of Bg/kg

R = the radionuclide branching ratio tor the gamma photon energy

t = the count time in seconds (12 hours = 43200 5)
The [MDC) teal (Bg/m=) was calculated using the following equation:
(IMDC jreal = IMDC]nass x 50

where,

[IMDC eal is the minimum detectable areal acrivity in units of Bq/m?

50 = the conversion from Bg/kg to E‘»q/m*- for a 5 cm profile increment using a density of
1 g/em?.

Using the calculations above the MDC imass and areal) for the three radionuclides was

calculatea and is found in the following table.

-a were used to determine the median peak channel and median number of
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Radionuclide MDC (Bq/kg) MDC (Bg/m? )
2414 2.0 100
1375 0.3 15
60 0.2 10

. - . - R0 A1 -
The minimum detectable concentration for 239:240Py was not calculated because of procedures

used in our laboratory that depend on the anticipated concentration of the radionuclide in the

" » I . ~ V4 » ~ . . .
hods which we have devised, the concentration of 241Am is first estimated in soil

sample. In mer
ye . ~ 3G 240 . . 1 r
samples by gamma spectrometry. The concentration of 239:240Py is then estimated from the
: v B )
241Am concentration using an empirical relationship established from previous samples. The soil

sample mass for plutonium determination is then calculated so that a count-rate will be obtained

such that 90% precision can be reached in a 12 hour counting time. Thus, very low concentration
samples are compensated by using a larger amount of sample. In some cases, soil samples with
low anticipated concentrations are split and run through several extraction columns to keep the
columns from becoming saturated. The maximum amount of soil sample that can be used and the
maximum number of columns that can be used to give reliable results has not been determined.
However, the minimum concentration measured in our laboratory for 239.240Py is on the order
0.04 Bq/kg or 2 E‘»(lnrn“ Using the method described above, this concentration was derermined

with 90% precision (+ 10%).

SUMMARY OF GAMMA SPECTROMETRY METHODOLOGY

In-Sien Gamma Spectromertry

The amount of '37Cs activi ty in the soil at each atoll was first estimated from eicher literature
information or by interpolation or extrapolation from nearby islands or atolls. The estimated
137Cs soil activ iry was used to estimate the length of the in-sizu count time to reach 90% precision
(commonly called 10% counting statistics). We determined that peak errors less than or equal to
10% were considered adequate for our data analysis purposes. In the most contaminated locations,

han 10% in 1 minute or less. In these

some in-situ measurements obtained a peak error of less
cases, counting rime was normally extended to a minimum of 5 minutes while data sheets were
completed for the in-siru measurement site. A maximum count time of 2 hours was set so as to

ensure that a surficient number of measurements could be conducted during a 10 day field trip.
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Supplies of liquid nitrogen which could be carried on board ship for the hyper-pure germanium

(Kiﬂp(ﬁe)<ietcct0r$‘umu;(rnﬁ cnnmhdﬁra[hunlinx&ethhﬂg‘ﬂne field trip lengeh.

.Ammvhnmmﬁw3ﬂﬂ)mmw%wvmmwmwnmdimtthhM[Rmmum“lﬂmmwmy(mlwm»HT@m
detectors. One limiration of the RMI Radiological Study was the number of samples that could
LW
241

137¢ Am peak

be counted on the 2 detectors. The minimum count time depended on the Cs and
count-rates. Counting of samples was generally stopped when 90% precision or greater (10%

counting statistics or less) was reached. Some samples required less than 2 hours for the 137Cs and
241 Fumtpqusmn reach this level of precision. Other samples were counted for up to 12 hours or

unmﬂliw-lguusmmuk error reached 90% precision or greater (10% or less counting statistics).

Peak Area and Error Calculations!

lhc:ncA<ﬂg0mnh11u(wnpunw.du=lwmxmnwmmw«nfuoumtﬁxn=1m1unmluﬁhnmmem:UR(1U,ix;,thc

number of counts above the average background within the ROI. To determine the average

background count-rate in the ROI, the ROI is separated into the peak and side channels outside the
S I

peaks. The algorithm used in our analysis systemn for the Background Area averages K points on

either side of the peak (K is usually equal to 3), then calculates a straight line between the rwo

averaged values.

Net Area = Integral - Background Area

The Integral is the total number of counts in the current ROI. The ROI is defined ro extend

from the ROI's start channel to the ROI's stop channel, inclusive:
Integral = JQ
A=l
where,

u = the ROI's stare channel
v = the ROT's stop channel

¥a = counts in channel a

The Background Area is the average of the number of counts among the ROI's channels in the
33 o4 g

absence of any peak:

! The System 100 User's Manual. Version 3.0, 1987-1990. Canberra, Industries, Inc,

&
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= ‘C;C‘I/Z % { B 1+ B 3 )

Background Area

1
wnere

C d = the number of dara channels

By = Averaged height of the background on the left = |

1 = the ROT's start channel
v = the ROI's stop channel

K =4, the number of end-points considered

Percent Error signifies the precision (often cal

= Averaged height of the background on the right

u+ K+ 1

Wy
AR %
‘l‘:nn‘ g } l.\_
FEINS
v
"';"‘I
b Y 1K
= [ guXa JK

a=v-Ka 1

led counting stacistics) of the

area calculation.

The percent error is automarically calculated by the computerized counting system in the

rollowing wav.

mo

arca

% Error =

where,

m = 1.65, the confidence level in sigma units.

s = '\/ G + (N/2)2 (1/K) (By + B)

In the above equation, G is determined as:

v-K
5
Lo 2

a=u+K

where,

o

G = the gross counts in the peak

»

N = the number of channels in the peak = Cq - 2K

—

Cq = the number of data channels
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K
B
B-

v
Xa

4, the number of end-points considered

-=th'wwwﬂlwq4n[uflhwkmmkf!numdbmmthm]r1
= Averaged height of the background on the right
. the ROI's start channel
- the ROI's stop channel

. counts in channel a

ERROR _ANALYSIS FOR GAMMA SPECTR

" MEASUREMENTS

I. Conversion tfrom count-rate of standard (Marinelli beaker geometry) to activity of standard
Bq X + Oy ® “’“,WF )3 X ( x\’
T o= = T 7N/ ) +2pxeox0o.T T
cls ¢+ OUc C ii‘ ’ Pxe Ox Ce A
X
=TT g
(e

I1. Conversion from count-rate of sample

III. Conversion from activity of sam

- has unirs of Bq per ¢/s.

to activiey of sample

_ X5 - ¢ ) (ol 3
t €. 5+ O o ’ i [
XC o + ,;] = c ...‘ (\ X + \
XS
- ' 5“ t €ycs

has units of Bq and is the activity of the sample.

o concentration in

sarrm ]:)

e

6
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cm

IV. Conversion from concentration in sample

increment (i.e., Bq/m=~ in 5 ¢m thick increment).

cm

= 4+ £ a

) .I e o ) 1 L 1 ~ . s [T
4 has unies Of 4[)(.11' m~a ﬂL(.l 15 l,]liff IEllflffElJl inv lffl'.ll:(:)]f"_‘»' ot asi ﬂlgi;l(ﬂ Dcm 1[],') ll(.l‘k. merement.

has units of Ba/g and is the concentration of the sample.

(Bq/g) to areal inventory in

I ) f oy 2 R, 2 o . B 4
l g ems + 0.2 g/(::m-s_] [ 5E4 cm? per m~ per S ¢m thickness | =

a single depth

IV. Conversion from areal inventory (]B»ql/rxibz") in a single & cm thick increment (increment 'i') to

areal inventory (qu/'m:) in total depth profile from 0 to 30 cm depth.

0

ot
=1

=arT + ET

In the above eq

-
) (a €

'l
a & ""...J

Y £4% + 2012 €41 €2 + -
1

uation, Pyo is approximately equal o 1.0. Note
P12 | Yy ed

- that there are additional cross

product terms under the square root sign, le. (P13 €, €,3), (P14 €11 €a4), (P15 €a1 Eas5),

(P16 €a1 €a6), (P21 €22 €a1), crc.

'aT' has units of Ba/m< and is the total areal inventory ror the depth profile from 0 to 30 cm.
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In-Situ Measurements

Estimates of area

. -~ % — . P . - . . .

| inventorv of '37Cs (Bq/m#4) are determined from the product of the in-siru
\ - . [ N . - Ty - e

measured count-rate (c/s) and an empirically determined calibration factor (Bq/m# per ¢/s). The

determinacion of the calibration factor used dara (i.e., lth“/rnnz') from 194 soil profiles which were

counted in the laboratory and in-situ measurements (i.e., ¢/s) at the same location. The analysis of

this data is discussed in Appendix A3(i) though a summary is provided below.The calibration

factor data set (n=194) is close to a lognormal distribution. Note the closeness of the sample

median and the geometric mean in the rable below. A log-probability plot of the calibrarion
factors dara (see Appendix A3(i)) also confirms the closeness of the dara set to log-normality.
The confidence limirs for the median of a lognormal distribution are provided by Gilbert

(1987, eq. 13.20):

expv)

[(3)( p 5;.1';',) l t T-af2 n-l

PA

< exp(ly) = exp(y)

[ exp (s ~) } U.ot/2 n-1

where exp(lLy) is the geometric mean, exp(sy) is the sample geometric standard error and ty.qy2,n-1

is obrained from a table or quantiles of the t-distribution (e.g., Table A2, Gilbert 1987). The

sample summary statistics are shown below.

sample mean............ 5504.4
standard deviation... 5742.7
sample median........ 4060.0
geometric mean...... 4047.7

geometric standard
deviation......oooevenen 2.15
sample size.............. 194
sample geometric

standard error.......... 1.06

4060

= to (4060 x

6
1.060-86) or 3861 to 4244 B al m-= per ¢/s. The relarive error on the median value of the calibration
factor, "Bg/m? per c/s" about 6%

The toral error on the arzal inventory is the combined error resulting from the product of the

calibration factor (Bg/m= per ¢ps) and the in-situ count rate:

dsy2 Bafm?

+0 |x[c/s+ 0. - Bg/m?# "\ ( I ) [ x cls |
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= ]E!‘ q[/'l.’l‘.l:z' i& ‘Ci;Bq/ITI.‘Z},

[n the equation above, the counting error is determined from the in-situ data [see data rables in

Appendix A3(iv)].

REFERENCES

Gilbert, R. O. 1987, Statistical Methods for Environmental Pollution Monitoring. Van

Nostrand Reinhold Co., New York. Chapter 13.



MEASUREMENT OF PLUTONIUM IN CORAL BASED SOTL!

Soil Preparation:
1) Following sample collection. dry soil to required level of dryness.

2) Remove 25 grams of well-mixed soil and piace in a tared medium size ceramic crucible. (Watch out for soil
clinging to the lid of the storage container.)

3) Record the exact dry weight of the sample: 25 g is used in this procedure.

4) Wipe the crucible and the storage container off with a wet towel.

5) Cover the crucible and place sample in a muffle furnace. Ramp the temperature up to 200°C for 2 hours, then ash
at 840°C for several hours/overnight to remove organic component of the soil. (Make sure you draw a sample

arrangement map of the samples in the oven because the sample number will be burnt off during muffling.)

6) After cooling, remove the samples from the muffle fumace and wright the correct sample number on each
crucible

Soil Leaching [:

1) Transfer the soil to a 250 mL heavy duty beaker. Use a polypropylene policernan to transfer as much sample as
possible. Added about 10 mlL of distilled water to moisten the scil. (This will allow the addition of concentrated

N

HNO3 without splattering.) Place the polypropylene policeman in the center of the beaker while holding it up right
and slowly pour 100 mL of concentrated HNOy down it's side until the reaction comes to equilibrium. Using a
Pasteur pipet. add 5 mL of concentrated HNO3 to the crucible, then use the polypropylene policeman to scrape the
sides. Rinse the crucible three times with concentrated HNO3 and transter the washings into the beaker.

2) Cover the beaker with 2 Speedy-Vap cover. (This will help eliminate cross contamination.)

3) Place the sample on a hot plate and heat the sample at high heat.

4) As the HNOj boils off, the sample will become pasty: at this point add 5 mL of 30% H»O5 .
(This process helps get rid of any left over organic components.)

5) Heat the sample to near dryness.
6) The sample should be whitish in color although some samples may have a yellowish color indicating iron.
Soil Leaching 11:

1) Redissolve the sample with 50 mL of concentrated HNO3, if needed use a polypropylene policeman to break up
any undissolved particles.

2) Place the redissolved sample on a hot plate and boil for several minutes to allow for sufficient leaching.
3) Boil off the HNOz until the sample becomes pasty. at this point add 5 mL of 30% H»O> .
4) Heat the sample to near dryness. then redissolve the sample in 50 mL ot 8 M HNO5.

%) Decant the sample from the beaker to a 100 mL graduated cylinder, wash the beaker 3 to 4X with 8 M HNO+ or
until the final volume reaches 100 ml. The sample is now dissolved as 25 g soil per 100 ml solution.

5

ldeveloped in (::mrl.:s;l_xltt.am‘m:n "vi th Dr. Shawki Ibrahim. Department of Radiological Health Sciences.
Colorado Srate University, Ft. Collins, CQ.
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Determine Aliguot Size for Extraction:

1) The Aliquot size in this method is determined by several factors, most importantly, the estimated 239,240 py
concentration of the sample and the desired count time. The preferred counting time is 6 to § hours or less.
Accordingly, the sample activitv and the tracer must have sufficient activity such that a reasonable level of precision
is reached within the time interval,

The aliquot size used and the amount of tracer added, are both chosen so that the measurement achieves at
least 90% precision (at the | sigma confidence level) within the 6-8 hour ume frame. The required amount of tracer
to do this is about 8 to 10 dpm. The aliquot size is estimated such that the activity of the tracer and the activity of the
sample are approximately egual and will, therefore, reach about the same Iew:]l of precision within the counting
interval. The required aliquot size can be determined by first estimating the plutonium activity of the sample from
the enclosed figure and the ~*!Am activity as measured by gamma spectrometry. The aliquot weight (g) is then
determined from the following equation:

Number of counts need to get st least 0% counting statistics

.
( Estimated =39. 2140 Pu dpmig ) x (Average chemical yield) x (Detector efficiency ) x (Desired count !ilm:]!

i.e; if the desired

2) From the dissolved sample (25 g /100 mL) pipet an aliquot equal to the sample weight needed, i
sample weight is 1.25 g, then pipet an aliquot of 5 mbL of the dissolved sample into a beaker.

3) Spike the sample with the amount of tracer as noted above.

NOTE: Samples may now go on through the column extraction procedure or they may be co-precipitate. Co-
precipitation may or may not be needed depending on the clarity of the sample solution. If sample clarity is good
proceed to the Column Extraction procedures.

Calcium Oxalate Co-Precipitation:

1) Place the spiked sample into a 250 mlL Teflon beaker.

2) While stirring. add concentrated NH4OH dropwise until pH is about 4. The pH can be monitored with indicator
paper. The solution will be si:ghtly cloudy.

3) Add oxalic acid in an amount roughly equivalent to the original weight of the soil sample. Heat the solution. but
do not boil.

4) Add 2 10 3 mL of NH3OH to bring the pH back to about 4 by checking with pH paper. Bring solution to a low
boil for 5 minutes.

5) Remove from heat and cool to room temperature. Filter the solution through a medium flow, ashless filter paper.
Discard the supernate.

6) Place I”m’ t'ilrf-r and filtrate in & heavy duty, 250 mL glass beaker. Cover with a porcelain crucible cover and dry at
80 to 100 °C. (Overnight dring is fine.)

7) Place the dried sample in 2 muffle furnace at 200°C for 2 hours, then murfle it at 350°C for at least 8§ hours.

8) Remove the beaker from the muffle furnace and add about 20 mL of concentrated HNO3 acid. heat the solution
on a hot plate until the solution becomes pasty, at this point add 5 mL of H>C+ to ash the sample free from organics.

9) Heat the sample to dnmess and redissolve in 25 ml of 8 M HNO3. The sample is now ready for column
extraction.



12

Column Extraction:

1) Set up the plastic columns with added reservoir. Add approximately 4 grams per sample of SIGMA DOWEX 1
column resin (only use the strongly basic anion exchanger type, 50-100 dry mesh in it's chloride form) into
approximately equal amount of 8 M HNO+ untill a slury is formed.

2) Wash the anion exchange column with 8 M HNO3 until the wash is chloride free. To test if the wash is chloride
free, put a few drops of the 8 M HNO3 into a clean beaker and add a few drops of a 10% solution of AgNO3. A
white precipitate indicates that the wash still has chloride within it, if this is the case, continue to wash with 8§ M
HNO3 until no precipitate is produced.

3) Sample should now be dissolved in 25 mL of 8M HNO3. Add a pinch of sodium nitrite, then run the sample
solution through the column at the rate of | drop per second. (If sample is to be analyzed for americium, the wash
should be saved.)

4) Wash the column with 3 to § volumes of 8 M HNO3 ( 200 mL of 8 M HNO3 removes americium)

8) Wash the column with 3 to § volumes of 9 M HCI (Removes thorium).

6) Elute the plutonium using 60 mL of ammonium iodide reagent.

7) Add 3-5 drops of concentrate H450y to the solution

8) Place the sample on a hot plate on high heat and evaporate the solution to near dryness.

9} Add concentrated HNO3 and evaporate while periodically adding a few drops of 30% peroxide. When dryness is
approached, add more concentrated nitric, then allow to evaporate to dryness. (This will oxidize the jodine salis

which are formed as the sample evaporates.)

RECIPES

Oxalate Co-Precipitation

10% Oxalic Acid
10 g oxalic acid/100 mL

Column Extraction

gM HNO3
water to acid ratio of 1to
SM HCL,

water to acid raticof 1103



Ammonium lodide Reagent (11M HCL + 0.1M NH4I)

Volume HCL H-O NH4I
ml, mL, ml aTams

60 55 5 0.864

100 91.67 B.33 1.44

120 110 10 1.72

180 165 15

240 220 20

300 275 25 4.32

360 330 30 5.18

13

5g/50 mL
MICROPRECIPITATION: NEODYMIUM FLUQURIDE MOUNTING

1) Dissolve the prepared plutonium sample in 1 or 2 mL of IM HCL
2) Transfer the solution to a plastic centrifuge tube. Wash the original sample vessel 3X with 1 mL washes of 1M
HCI. Use a rubber policeman to scrub the beaker and to aid in the transfer of the washings to the centrifuge tube,
then gently shake the mixture.
3) Add 100 uL of the 0.5 mg/ml Nd carrier solution to the tube with a micropipet dispenser. Mix.
4) Add 10 drops (0.5 mL) of 48% HF to the rube and mix well.
%) Place the mbe in a cold-water ice bath for at least 30 minutes.
6) Insert the polvsulfone filter stem into the seven outlet vacuum manifold. Put the support screen in place.

Ty Prepare the filtration apparatus by placing a 25 mm Tuffryn filter on the support screen. (Place the dull side of the
filter face up. The filters are usually shipped that way. but should be visually inspected anyway.)

8) Pull a weak vacuurn. then wet the filter with 80% ethvl alcohol.

9} Lock the tilter chimney in place. Open the vacuum to full.

10) Wash with §0% ethyl alcohol. followed by a filtered, deionized water wash.
1) Draw 10 mi of neodymium substrate solution into a plastic pipet.

12) Add 5 mL of the neodymium substrate solution down the side of the filter chimney. Allow the filter to suck dry

13) Add 25 ml. of filtered. deionized water to the sample solution. Place in ultrasonic bath for one minute.
14) Pour the sample down the side of the filter chimnev and allow to suck dry.

15) Add about 3 mL of 0.58N HF to the tube and place in ultrasonic bath for two minutes. Pour the wash down the
filter chimney. Repeat 2X.

16) Add # mL of filtered. deionized water to the tube and put in ultrasound bath again. Pour the wash down the filter
chimney. Repeat 2X.
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17) Wash down anv drops remaining on the chimney sides with 80% ethy! alcohol. (Do not disturb the precipitate
by pouring directiv onto the filter.)
18) Without turrng off the vacuum, remaove the filter chimney.
19) Reduce or turn off the vacuum. Place the filter onto the mounting disc. Discard the filtrate.
20) Drv the filter under a heat lamp for several seconds prior to counting,
RECIPES

Microprecipitation Stock

1) 20 L filtered. de-ionized water
21N HCI (2 liter)
3) Neodymium carrier (1000 pg/ml.)
4)48% HF
SYETOH (100%%)

LINHCL

Add 83.3 mL of concentrated HCL to 916.7 mL of distilled HyO

Neodvmium Carmer Solution: 0.5 mg/ml.

10 mL stock into 20 mL total

Neodyvmium Flucnde Substrate: 10 mg/Liter

5 mb neodvrum stock 460 mL of 1IN HCL 40 mL of 48% HF

Add 20 mi 8% HF to 980 mL of H-O 980 mL
80% ETOH

ETOH : Water in the ration of 80 to 20
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ERROR PROPAGATION_FOR _ALPHA SPECTROMETRY MEASUREMENTS

1) Dilution of spiking solution to make tracer

SWAd + Ogwad = (W B + Oy H ) - '[ WA + Owa )

K TT LT N p { - - desk / ~ N
= (WB - WA) + \ oyp?+ Swa> **(see Footnote 1)

’ CTsw ag,

SACAd + Osacay = (SWAJ)(SC) + "'\l ';:‘;5;;';;;5 [(SWAdYSO)]
**(see Footnote 2)
(SAcAd + Ggacng)
TC + Gre =
{ L + o )
,
SAcAd - » o2 SAcAd.
= TTosNGR Y U
where,
SWR = solution weight before (g)
SWA = solution weight after (g)
SWAd =  solution weight added (g)
SC =  solution concentration (dpm/g)
SAcAd = solution activity added (dpm/g)
L =  amount of liquid of diluted solution (ml), i.c., tracer + acid
TC = tracer concentration (i.e., of diluted solution, dpm/g)

NOTE: All error terms (¢'s) have the same units as variab
The range of plus or minus one sigma (F) should be considered as equal to the 67% confidence
g f 8 |

interval and inclusive of the known random errors.

! oyg and GWA = 0.0001 g as determined by precision of laboraton analvtical balance

3 . . . y \.
2 g was determined from manufacturer’s standardization

e to which it applies, not percentage.

15
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(2) Spiking of sample with tracer

TWAd + Grwag = (']["v‘u]!» + O W]Ei) [ TWA 4 Grwa }
= (TWEB - TWA) + \J{ Crwe’ + Orwa®  F*(see Footnote 3)
SA + Osa = (TWAd + orwaa) (TC £ ore)

- / Orwad, Orey?
N
V| TWAW

where,

TWB = tracer weight before (g)
TWA = rracer weignt after (g)
TWAd = rtracer weignt added (g)
SA == spike activity (dpm)

. v \df

(3) Determination of sample concentration, detector efficiency and chemical yield

[__v E!' I _:I___ ('i( S
€ 4 O
‘ (DSt 4 Gpsi) st
I o / esn?, (Opsy:?
DSt 1y, & V (es) *(pse)
(CﬂWﬁt(kTJ

3 oTwWR and 6TWA = 0.0001 g 35 determined by precision ot laboratory analytical balance

t Oga)

Co + oce
- ( CT- 0»'{:‘%) ( w U+ owuy)
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(CSa) (sa) A / ( 2 ’21  ( e | (CSa) (SA) -
= i+ e + 3 B i b
) (WU) — ‘\J *CSa SA ‘c1tr WU Merr) (WU )J

where,

A - PPN
| = [ (£)(SA) ]
I o R
A - ¢ P
2 "( 5 ) [ (csa)(SA) ]
Ow oyl " .
3 "Uwu ) | (cTe)(WU) ]
£ = counting efficiency (including intrinsic detecror efficiency, geometry, etc.)
CSt = counts of standard
tst = time for counting of standard (min)
Dst =  Disintegration rate of standard (dpm)
Y = chemical yield
CTr = counts of tracer
CSa = counts of sample
tsa = time for counting of sample (min)

Co = concentration of radionuclide
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APPENDIX A3, SECTION (iii)
RESULTS OF A MEASUREMENT INTERCOMPARISON BETWEEN THE RMI
NATIONWIDE RADIOLOGICAL STUDY AND LAWRENCE LIVERMORE

NATIONAL LABORATORY

J. C. Graham and S. L. Simon

Several different intercomparisons were performed between the RMI Nationwide
Radiological Study and the Lawrence Livermore Laboratory (LLNL, a contractor of the U.S.
Department of Energy). This process was important to the Rongelap Resettlement Project because

one objective was to verify or confirm previouslv reported data from the U.S. Department of

Energy and its contracror laboratories.
p Island. These 12 sites
d

trip in November of 1991. After excavation, LLNL personnel collected soil samples from depth

One comparison made was among 12 soil profiles sampled on Rongela

were selected by Dr. Steve Simon and excavated using a DOE backhoe during the course of a fiel

increments of 0-5 ¢cm, 5-10 ¢m, 10-15 ¢m, 15-25 c¢m, 25-40 cm and 40-60 cm. Personnel from the
RMI Radiological Study then collected soil samples from the same excavation pit from depths
0-5 ¢m, 5-10 cm, 10-1 ﬂcnn,1543@(mn,20u25cmn;mm125w30cmnaInl&ﬂsEwwﬂcuhmrcmmgthe]ﬁLhﬂJ
and RMI personnel collected samples independently rather than splitting a single sample.

The preparation procedures of the two groups varied slightly. In the preparation of the soils for

gamma counting, LLNL removed all particles >2 mm. The RMI laboratory, however, did not
remove anv size particles prior to counting but rather crushed the large particles to a smaller but

uniform particle size.

Only the top three layers of the profiles were used for the comparison because of the differences
. . - e . - . - 127 ~ )
lnzmwnphrmrdcwthsf@r(kmzdﬁejerlawmﬁ.llm:ﬁmnomﬂmanomtﬂﬁmqpnmflj”Lﬁxﬂmmmumxihywﬁmrﬂﬂdl
Radiological Study was divided by the concentration (Bg/g) of 37Cs as reported by LLNL. The

average and median ratios (i.e., RMI/LLNL) for the 36 samples was calculated to be 0.79 and

0.62, respectively. The addition of the large particles by the RMI Radiological Study laboratory

likely added very lictle radioactivity, thus diluting the sample compared to the LLNL

procedures. The net effect would be a lower average concentration for the RMI data relative ro the
LLNL data. This effecr is verified by the average and median ratios which are less than 1.0,
However, it should be noted that even with the differences in the soil preparation, the average and
median ratios compare fairly well,

Profile samples were also collected from Rongelap Atoll jointy by LLINL and RMI personnel

during August of 1993, A rotal of 77 profile samples were collected. These profile samples were
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mixed in the field and spiit berween the RMI and LLNL laboratories. The concentration (Bq/g)

of 137Cs measured by the RMI Radiological Laboratory was again divided by the concentration

(Bq/ p)ud] 3 Cs measured by LLNL. The RMI laboratory measured 57 of these samples using the

DOE soil processing procedures, i.e., without particles > 2 mm in size. All 77 samples were also

measured with the partcles > 2 mm size. The median and average ratio and the number of

samples are given in the rable below. From the data shown in the table it can be seen thar the

median and average ratios between the laboratories for the samples without particles » 2 mm

agree very well. The values for the RMI samples that included the > 2 mm particles are lower as
expected.
Median Average N

0-5 cm depth increment

With Particles > 2 mm 0.74 0.66 13

Without Particles » 2 mm__ 0.97 1.22 3

0-10 cm depth increment

With Particles > 2 mm 0.60 0.62 26

Withour Particles > 2 mm___0.94 1.03 18

0-30 cm depth increment

With Particles > 2 mm 0.60 0.60 77

Withour Particles > - mm _0.87 0.95 57

Data of the !?7Cs concentration in the top 5 c¢m of soil from the grid locations on Rongelap
Island was also compared. These samples had been obtained during field trips conducted in

November of 1991 and April of 1992 though the LLNL and RMI laboratories collected and

analyzed mmv¢dm;indﬁpﬁﬂdcndW'hmnm‘onm‘anoﬂhﬂn LLNL reported concentrations (pCi/g) of

137

2/ Cs in the top 5 cm of soil; we converted these values to units of Bq/kg. The RMI concentrarion
data (Bq/kg) data for *° Cs in surface soil samples from the grid locations was again divided by

the LLNL data and the median and average values calculated. From the 56 samples, the median

and mean ratios were. 0.83 and 1.2, respectively.
Samples from plants were also measured by LLNL and the RMI laboratory and compared.

Three

samples were used in tnis comparison. The coconut samples included the juice and meat co

specified species) and 24 coconur

pandanus fruit samples, four plant leaf samples (of

llecred

from 12 individual trees. Each tree had one juice sample and one meat sample. For the 31 planc

samples, du’rmﬂhmnla“a.A%WJWexa[u)cd(unutwnrdnuns1[{NUV[lJﬂ[\'wmm=cahxﬂamw{wu be 1.0

~
)

P
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and{l.lylmmpccﬂwthw‘fixvdnhmmmn and maximum nuim‘of(lﬁﬁ$amml1L57}‘mmpm£MWw+%.wwm;
observed.

A comparison was also made berween the exposure-rates reported by the U.S. DOE from an

aerial survey of the northern Marshall [slands in 1978 and those calculated from data acquired by

1370

s §

the RMI Radiological Study. The external exposure rates (measured in mR/h) from

reported by the DOE! were compared to the RMI data at approximately the same locations (i.c.,

as well as could be determined). The RMI exposure rate data was calculated from our in-situ
gamma spectrometry measurements and decay corrected to the same date as the DOE data. The
RMI data was divided by the DOE data at each location and an average rauo for each island was

calculated. The median and average ratio for 283 locations on 27 islands on Rongelap Atoll was

calculated to be 1.07 and 1.32, respectivelv. The individual ratio values at each island (i.e., RMI

value/DOE value) are shown on Figure 1. A probability plot of the ratios from all locations in
Rongelap Atoll which could be compared are shown in Figure 2. The data in both figures are

centered about a ratio of approximately unicy.

All five comparisons with the LLNL showed quite good agreement. The comparisons made
included data resulting from different types of samples and different preparation methods. The
differences that were observed in the ratios is believed to be mainly related to sample preparation

and sampling variabilicy.

lTﬁphnn W R.A. Metbaum. 1978, An aerial radiological and photographic survey of eleven atolls and two islands within the
northern Marshall Islands. EG&G tor the .S, DOE Division of Operational and Environmental Safety. EGG-1183-1758.

3
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APPENDIX A3, SECTION (iv)

RADIOLOGICAL SURVEY FINDINGS:
List of Island Names
Sampling Maps
Soil Profile Results
Table of Radiological Data from Rongelap Survey
Probability Distributions of Radioactivity Measurement Data in Local Foods

Small Grid Interpolation Maps

S. L. Simon and J. C. Graham
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chart (Japanese o

SLAND NAMES IN RO

Ldanﬂ:mmwaiﬁwm\navuyn'

LAP ATOLL

Marshallese names of islands
used in this

report!

Rongelap
Bokujarito
Roggutsu

Busch

Weolbiji
Rigonman
Enialo

ILdpuDLS
Bigannuo
Enyhbe
KLE“hlePhl
Gogarn
Anidijet
Mellu
Gabelle
Bokoen
Labaredi]
Ribiyurgan

Ar
HrllT'gpu
Lukuen
Gejen

Ge
Lomuilal

Yugui
Aerik

VALOYaros

Pwkoreppu
Burok

Arugaren
Tutfa
Eniran
Eniroruuri
Bikien
Arbar

-names supplied by Mr. Randy Thomas or Rongelap

Rongelap
Bokjalto
Bokankokit
Lilkot
Eonbeje
Ll kommar.
Ene
Looj
Bokantarinae
Eneaetok
Crapbot

31
|et
Msuh;
Kabelle
anmeu

L are]
Libirukan

Wujuonen
Lo
Namen
E1Plah Kan
tr i irdppu
Jlkoun
Keen
Lomilal

Eko7
Aldrik
Bokanker
Jokdrik
Bokanleep
Burok

A lnaren

Keroka

Enekan im Batbiten
Enerolul

Bikien

Arbar
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RONGELAP Map 16

(200 x 200 m sampling grid)
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Rongelap Map 17

(200 x 200 m sampling plan)
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RADIOLOGICAL DATA FROM RMI NATIONWIDE RADIOLOGICA

"UDY

.
Iabl

e 1. Radiological measurement data of soils from southern islands Rongelap Atoll.

ands of Rongelap
gelag

Table 2

Atoll.
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IDuttv, S. 1994. Cs-137 in Med:cinal Plancs of the Republic of the Marshall Islands. Masters Thesis. Department of

Radiological Health Sciences, Cc

‘orado State University, Fr. Collins, CO.
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