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PRELIMINARY EVALUATION OF THE RADIOLOGICAL QUALITY
OF THE WATER ON BIKINI AND ENEU ISLANDS

Abstract

In June of 1975 a survey was
conducted to determne the residua
radi oactivity in the terrestria
on the two main islands
Atoll.

envi ronnment
(Eneu and Bikini) of Bikini
The objective was to evaluate the
potential radiation doses that could
be received by the Bikinians
scheduled to return to their atoll.
This report describes the radiol ogical

quality of the groundwater during
June 1975 (from data obtai ned from
wat er sanples collected at old and

new well sites on both islets) and

the cistern water on Bikini island.

Based on the anal yses of these sanples,

the cistern water from Bikini Island
is both chemcally and radiologically
acceptable as drinking water in
accordance with standard linits
established by the U, S. Public
Health Service. On both islands the
quality of the ground water varies
fromone site to another. At sone
wel | s both chenical and radiol ogi ca
quality are acceptable; at others one
or both is unacceptable according to

U. S. Public Health Standards.

I ntroduction

A project was undertaken to
evaluate the potential radiation doses
t hat
scheduled to return to their atoll.
Data were provided by a survey con-
ducted during June 1975 to deternine
the residual radioactivity in the
on Bikini and

Atoll. The

terrestrial environnent
Eneu |slands of Bikini
survey included the neasurenent of
environnmental ganma-ray exposure rates
and the collection of sanples of soil,

ground water, cistern water, and

could be received by the BiKkinians

vegetation for use in assessing the

internal doses via pertinent food

chai ns.
This report describes the radio-

l ogical quality of the ground water

during June 1975, based on data ob-
tained from water sanples collected
at old and new well sites on the
islands. Results are also included
on the radionuclide levels in three
I sl and.

rai nwater cisterns on BiKkini

The chemical quality and radio-

logical quality of the water are



conpared to standards established by
the U. S. Public Health Service and

to the recommended maximum pern ssible

wat er concentrations from FRC part 20

standards for protection against

o 1
radi ati on

Field Operations, Observations and Procedures

Bet ween June 16 and June 24,

1975,
surface water were established on the

five new wells for ground-
island of Bikini and two were estab-
lished on Eneu Island. The |ocations
wells (HFH 1 through
and the previously established
(HFH 7) are shown in Fig. 1
along with the locations of the three

of the new BiKini
HFH 5)
open wel |
rainwater cisterns sanpled. Figure 1
al so shows the locations of the new
wells FWR1 and FWR 2)on Eneu and the
previously established wells (FWR 3
and FVWR 4)

mar ks for

along with pertinent |and-

reference. The new wells

were | ocated to give the best possible
definition of the quality of the sur-
an island area
We had pl anned

wells in the

face ground water over
as large as possible.

to establish additiona
Bi ki ni

but were unable to do so because of

southern parts of and Eneu

time restrictions.

The wells were started by
excavating a pit with a backhoe to
the depth of the ground-water surface
Hard beach rock | ayers were encoun-
HFH 2 (2.7 m) bel ow ground
surface and at HFH 5 (at 1.4 m;

| ayers were not encountered at any

tered at

rock

-2

Then,
was used to |oosen

other locations. a gas-powered
hand- hel d auger
the coral aggregate below the water
surface to as great a depth as
physically possible, and slotted
2-in.-diam PVC pipe was forced into
the hole. The pipe was capped at the
bottom to prevent soil from back-
filling the interior of the pipe.
The slots above the waterline were
taped over to prevent surface debris
from entering the casing from above.
The hole was backfilled with the
excavated soil, with the renoved
bottom soil being returned to the pit
first.

Table 1 gives the depth to
which the slotted casing extends
bel ow the surface of the water table
and the depth of the water table
Most  of

depths were nmeasured during

bel ow ground surface. t hese
wat er
periods of |lowest tide. There were
no detectable differences in con-
ductivity throughout the accessible
| ength of each water colum. The
wat er

thi ckness of the freshest

| ayer at each location is at |east
equi val ent

in Table 1.

to the depths of water
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Fig. 1. Locations of wells on Bikini (upper) and Eneu (lower) Islands.
An asterisk indicates that the building had an associ ated rai nwat er
cistern that was sanpl ed.




Tabl e 1.

Depths of wells at Bikini

and Eneu |Isl ands.

Depth of well casing Depth of water table
| sl and Vel | bel ow water table (m bel ow ground surface (m
Bi ki ni HFH 1 1.21 2.48
HFH 2 0.73 2.72
HFH 3 0.87 2.33
HFH 4 0.82 2.80
HFH 5 0.73 2. 67
HFH 72 0.6°
Eneu FVR 1 0.54 2.43
FVR 2 0.81 1.92
FWR 32 9.0 4.0
FUWR 4@ --¢ --c
2014 wel | bCpen wel I under bl ock casing. “Not measur ed.
The water in the wells was particulate material; these filters

allowed to stabilize for one to two
days before sampling. Before sanpling
from each well, the entire punping

| east 100

wel |, and

system was purged with at
liters of water from that
all collection containers were
thoroughly rinsed to mininize cross-
contam nation of sanples. Sanples
were withdrawn by a battery-operated
punp (Fig. 2) through a section of
flexible plastic tubing lowered into
the pipe below the water surface. The
punping rate could be regulated by a
vari abl e-speed control over the range
froma few nmilliliters per minute to
Conductivity

was nonitored during punping by

8 liters per mnute.
channeling the water through an in-
[ine conductivity neter. The water
then passed through two filters

(1-um and 0.4 pm) to renove suspended

-4

wer e subsequently analyzed for radio-
nuclide content. The filtrate was
collected for radionuclide analysis
in 15-gal balck "Deldrum' containers;
smal l er volumes were collected for
analysis of chlorinity and other
constituents.

An experinent was designed to
follow the chenmical and radiol ogical
changes in the water that would result
fromcontinous punping at a constant
HFH 1 was

punped out continuously over a 8-hr

rate: Gound water at

period; a total of 3200 liters was
removed from the reservoir. Con-
ductivity was nonitored throughout
the entire test, and sanples were
collected for analysis at the start,
the test. If

consunption rate

m dpoint, and end of
the mean daily water

by humans is assumed to be 2 liters




Battery-opera ted pump

I n-line conductivity meter

Tygon tubing

7
1~=um filter-
™ 7
0.4-um Filter—\
\
\
Unfiltered

sample valve

15~gal drum for

radionucl ide samples or

1 -l iter containers for

stable-element and nutrient samples

Fig. 2.

per day, the total volune renoved
was equival ent to what could have
been used by 100 people in 16 days.
The usable ground water is therefore
a valuable resource to the people of
the atoll.

A simlar test was conducted at
FWR 1 on Eneu, but only 2400 liters

was renoved during a hal f-day punping

peri od. Sampl es were taken at the
beginning and end of this test. The
conductivity of the water during the

Di agram of the punp arrangenent

Ground level

Water

leve]

(CAR S
o

for collection of ground-water sanples.

punpi ng operations at these two wells

is shown in Fig. 3, which also relates
conductivity to the time of sanpling.
A 15-gal
was al so obtained fromthe ol d BiKkini
(HFH 7).
with the Bikini
own observati ons,

filtered water sanple

wel | From our di scussions

people as well as
from our | arge

quantities of the ground water from

this well are being wthdrawn al nost
Thi s

wat er has al so been used for drinking

daily for crop irrigation.
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Fig. 3. In-1ine conductivity vs

vol ume punped for wells
HFH 1 and FWR 1

during periods of drought. Large-
vol ume sanpl es were also punped from
the two old wells on Eneu (FWR 3 and
4) and from three rain-water

cisterns sanpled on Bikini Island
(see Fig. 1).

Well FWR 3 had been drilled and
cased to a depth of 13 m bel ow ground
level. No record can be found to
i ndi cate why, when, or for what pur-
pose this well was established. A
salinity profile of the water colum
was made (Fig. 4). The upper fresher

layer is approximtely 2 m thick.

Below it the salinity rapidly
increases in alnost linear fashion to
the bottom A total of 64 liters was
punped from the surface |ayer; no
change in water conductivity occurred
This well casing nust be slotted in
some manner to permt rapid horizontal
rechar ge. The bottom water, of course,
was bracki sh and snelled very strongly
of hydrogen sulfide; it contained a
consi derabl e amount of black suspended
material of unknown conposition

All of the 15-gal water sanples
were returned to LLL for processing
(The sanples for chenical analysis
were sent to Dr. R Buddereier at the
University of Hawaii.) One separation
technique is used to isolate 9OSr,
137C3, pl utonium and ot her radio-
nuclides from all samples regardless

of water salinity. Standardized

-z 0 1 1
c
3
o E 5 ]
z |
-_—Q 'IO_.. —
58
Lo
_-— | .
o o 15
O

20 | N

0 10 20 30
Salinity — parts per thousand

Fig. 4. Salinity profiles of

ground-wat er colum at
FWR 3.




solutions (containing

stable carriers of Cs, Sr, Co, Bi, Sb,

rare earths and either 242Pu or 236Pu

and 2*3An) are added to the acidified

m xed carrier

sanpl es. The radionuclides are

separated from the water and suspended
sanples using a published procedure2

with sone nodifications. A conplete

description of these nodifications and
our newer separation technique will
be published.3

samples with ferric

Precipitation from

the water
hydroxi de or manganese di oxide

scavenges any plutonium radionuclides,
241Am‘ 6000’ 207Bi‘ 1255b‘ or

radi onuclides. This precipitate

rare
earth
is then counted on |owlevel gamm
spectrometers for qualitative and
quantitative assay of the latter

gamma-emtting radionuclides in the

sanpl e.

In the 55-liter sanples, 60Co‘

20731‘ lSSEu‘ 1255b‘ or 241An1mere

| evel s above our
0.12, 0.10,
and 0.10 pCi/1, respec-
those radionuclides.

not detected at

| owest detection limts

0.15, 0.12,
tively, for
The filter sanples were dry-

ashed and counted on ganmma spectro-
137CS was detected. The

meters; only

other gamma-enitting radiocuclides

in the particulate phase were bel ow
the limts listed above

The ashed filters were then
processed to separate and anal yze
pl ut oni um and 90Sr.

No attenpt was nade to separate

or determne 55Fe or any beta-

emtting radionuclides such as 147Pm

or 151Sm which are known to be

in environmental sanples from

present
Bikin14 and Enewetak5 Atol | .

Water Quality Standards

The sections that follow give

general descriptions of our chenical

and radiological results. Before our
results could be conpared, it was
necessary to define a standard for

W use,

but only as a guide and reference for

the freshness of the water.
the reader, the recommended linmits of
U S. Public Health Service. The
foll owi ng two paragraphs are quoted
from Public Health Service Publication

956.6

(a) The follow ng chenica

substance should not be present in a
water supply in excess of the listed
concentrations when other nore suit-
able supplies are or can be made
avail abl e
Chloride 250 mg/1
Nitrate 45 mg/1
Sul fate 250 mg/1
Total dissolved solids 500 mg/1

(b) The Advisory Committee, in
considering limts which should be




established for drinking water,

reconmended |inits for only two of
Ra226, |131, Sr90’ Sr89
Radi um 226 (3uuc/1) and

Stronti um 90 (10uuc/1). Water

supplies shall

the above

nucl i des,

be approved without

further consideration of other

sources of radioactivity intake of
Radi um 226 and Strontium 90 when
the water contains these substances
in anpunts not exceeding 3 and

10upc/1, respectively."

Dose Assessment

The data obtained in this survey
will be used to conpute and interpret
the integrated radiol ogical dose to
an adult male fromthe ingestion of
any quantity of the ground or cistern
water. Table 2 lists information

obtai ned from updated dose codes Z

the dose value in mllirem which when

multiplied by the daily consunption

in picocuries, yields the integrated

dose. For exanple, assume that the

drinking water contains 200 pCi/liter

137C&

0.1 pCi/liter of
the water

of 50 pCi/liter of 90Sr, and

239’240Pu‘ and that
intake of the adult male is
2 liters per day. Under these con-

ditions,

the 30-year integrated dose

is 0.18 remto the whole body from
137Cs,
QOSL

and 0.26 nremto the |iver
239,240Pu

0.31 remto the skeleton from
and 0.25 nmrem to the skeleton
from
In the construction of
it

this dose table, was assuned that

the radionuclide levels in the source

Table 2. Integrated dose in millirem per picocurie ingested per day.

Years of 137Cs 9OSr 239Pu 239Pu
i ntake (Whol e body) (Skel et on) (Skel et on) (Liver)
1 0.014 0.058 0. 0021 0. 0017

5 0.095 0.44 0. 052 0.041

10 0.19 1.05 0.20 0.16

30 0.46 3.10 1.26 1.28

50 0.64 4.39 4. 67 3.22

70 0.75 5.18 8. 77 5.72




wat er remain unchanged with tine nmust be kept in mind, therefore, that

except for loss due to radioactive the dynam cs of radionuclide circula=-
decay. If the water concentrations tion in the ground water reservoirs
either increase or decrease with tine, nmust be understood before any realistic
the resulting real integrated doses | ong-term dose prediction can be

will be changed proportionally. It made.

Bikini Idand Cistern Water

Unfiltered water sanples were wel | as suitable for any househol d or
collected on 21 June 1975 from the agricultural use. Chloride and
rai nwater cisterns connected to Bl dgs. sul fate concentrations are well bel ow
5 and 24 and the school on Bikini the limts established for drinking
Island. The available chenical and water by the U S. Public Health
radi ol ogi cal data from these sanples Service. The total coliform content
are given in Table 3. of the water was not determ ned.

The data sunmmarized in the table The measured radionuclides
indicate that the water appears to be were also low in concentration in
chem cally adequate for drinking these sanples. The nmeasured 90Sr
purposes, as was anticipated, as concentrations are roughly two to

Table 3. Analytical data from cistern water sampled on 21 June 1975 on BiKkini
Island (Bikini Atoll).

Cheni cal s (ppm) Radi onucl i des (pci/1)?
Bldg. c1” so, St K Ca N M Tes Vs 239,240,
5 356 64 0.1 84 85 267 2.2 2.5(1) 1.1(11) 7.9 x 1073 (5)
23.1 3.8 0.1 9.1 10.5 19.8 1.3 1.8(2) 1.9(2) 13.7 x 107> (4)
3

2.5 0 0.2 6.0 18 16 0.7 1.7(2) 1.42(7) 29.0 x 107> (2)

#The val ues in parent heses are the 1-o counting errors expressed as percentages
of the listed val ues.

-9-



three tinmes the 1974 average concen-
tration of 0.5 pCi/liter in New York
Cty tapwaterS but are equivalent in
value to the average New York City
tap water concentrations neasured
during the peak fallout
1963-1966. The present
also simlar to the 1971-1973 water

in Lake Ontario

years of
| evel s are

concentrations

These present |evels of 9OSr in the
Bi ki ni
drinking-water limt of 10 pCi/liter

established by the U S. Public Health

Service for

wells are | ess than 20% of the

domestic supplies and are

0.4%of the FRC limt of 300 pCi/liter.

The 137Cs | evel s are higher than the

1974 tap water concentrations for

New York City but are only 0.01% of

t he maxi mum permi ssabl e concentrati on
of 20 nCi/liter based on FRC gui de-

lines.
239, 240

The average concentration of

Pu in the cistern water is |ess

than 0.0003% of
guideline. Interestingly, the

239,240
average

the FRC concentration

Pu concentration of
17 fci/liter in the cistern water is
greater than the average surface
groundwat er concentrations at Eneu
(9 £Ci/liter) but much |ower than
the average concentration (44 fci/
liter) in Bikini
Exam nation of the

surface groundwater.
radi onucl i de

concentrations in the cistern water

and conparisons with other data

reveal that the largest percentage of

the radioactivity in the water nust

-10-

originate, surprisingly, from sources
other than worldwide fallout. Con-

. . 137 . ,90
sider first that the Cs/”"Sr ratio

varies between 0.93 and 2.27 in the

three sanples. (ne would expect that

fallout depositions of these two
radi onucl i des would be much nore
the smal

uni form over ar eas

enconpassing the three buildings
attached to the cisterns.
Table 4 are the 908r
in rainfall at
between 1968 and 1974. WWen the

B- year

Shown in
concentrations

several Pacific islands

mean values are plotted as a

function of latitude, the interpolated

: 90
mean quantity of fallout Sr expected

in rainwater at the latitude of Bikini
At ol

ci sterns have,

isonly 0.1 pCi/liter. The
on the average, 15
Since the

1969,
90Sr

times this concentration.
cisterns were constructed after

fal | out
239,240Pu

we can only conclude that

and by anal ogy 137CS and

b

contribute only a snall percentage to
t hose radionuclides
Thi s

either the

the levels of
found in the cistern sanples.
assessnent suggests that
radi onuclides are being |eached
from the concrete of the cisterns

(which was locally derived and locally
sonme snal |

m xed) at but finite rate,

or that resuspended, airborne

| abel ed soil particulates accunul ated
on the roof drainage surface between
rains are subsequently washed into

the cisterns.



Tabl e 4. 908r in yearly rainfall (pCi/liter).?
I sl and 1968 1969 1970 1971 1972 1973 1974 6- year
mean

Wake 0.35 0. 47 0.44 0.35 0.28 0.07 0.25 0.32
Johnst on .36 .51 .26 .54 .14 .05 .68 .36
Guam .20 .11 .13 .13 .10 .02 .10 .11
Yap .12 .07 .11 .07 .05 . 008 .07 .071
Tr uk .08 .08 .10 .08 .03 . 003 .06 .061
Kor or . 095 .04 .07 .07 .05 .003 .06 .055
Maj ur o .11 .09 .14 .09 .03 . 006 .06 , 075
Ponape 0.08 0.07 0.09 0.10 0.03 0.008 0. 05 0. 061
a

Data fromRef. 8.

Eneu and Bikini Ground Water
The available chenical and of the ground water for human con-

radi ol ogi cal data for ground water sunption but to nake our chemica
sanmples from Eneu and Bikini islands, data available to the agency or group
respectively, are shown in Tables 5 responsi bl e for such assessnments. W
and 6. Al ground water was filtered can state, however, that by U S
through a 0.4-um filter. Thus, the Public Health Standards,6 the ground
table entry, for exanple, for 137Cs water at FWR 2 and FWR 3 on Eneu and

(Part.),

137Cs associated with the particulate

refers to the quantity of
material held on a O.4-um filter

t he
refers to the quantity

normalized to a liter

137¢s (sl )

t hat

vol une;

passed through the filter with
the water.
It is not the purpose of this

study to assess the chenmical quality

-11-

HFH 3 on Bikini would be considered
bracki sh; that at FWR 4 on Eneu and

HFH 2 and HFH 4 on Bi Ki ni
to be definitely potable; and at

FWR 1 on Eneu and HFH 1, HFH 5 and
HFH 7,
acceptable for

at

at appears

the water is chemcally
househol d and agri -
cul tural and for

pur poses, dri nki ng

if the taste can be tolerated. Recal
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that the water from HFH 7, considered

somewhat bracki sh by sone western
standards, has been used for drinking
in the past.

The USPHS reconmends that
S0,
respect -

dri nk-

ing water containing C, and
di ssol ved sol ids exceedi ng,
250, 250, and 500 mg/liter not

be used if other

ively,
| ess mneralized
supplies are available. However, it
should al so be enphasized that,
according to USPHS data, nore than
100 public supplies in the U S
provide water with nore than 2000
mg/liter of dissolved solids.
Newconers and casual visitors would
certainly find these waters al nost
and,

i ntol erabl e, al though sonme of

the residents use other supplies for

drinking, many are able to tolerate

if not to enjoy these highly
m neralized waters with no il
Hence,

be tolerated,

ef fects. if the taste can

the water from the

chemcally acceptable wells could

be used for drinking by the
Bi ki ni ans
has shown that the concentrations

of some water conponents such as SO4
Na, Ca, and d
supplies are close to or within

in some U S. water
chronic toxicity limts that could
lead to weight loss, diarrhea in

infants, wurinary disease, strong
and arthritic
Many of the

constituents neasured

physi ol ogi cal effects,
conditions in humans.

sanme chem ca

However, a recent study10

-14-

in the brackish and chenmically
acceptable wells on Bikini and Eneu
are close to the linits defined in

Ref.lo

ENEU | SLAND:  RADI ONUCLI DES

The radi onuclide concentrations

vary anong the ground-water sanples
collected from the Eneu |ocations.
The 137Cs‘ 9OSr‘ and 239, 240Pu
concentrations show no obvious

correlations with water freshness,

and the 137Cs/gOSr ratios in the

wat er show us apparent geographical
patterns. At FWR 1, for exanple, the
908r is higher in concentration than
127CS but is significantly |ower than

7Cs in both the surface and bottom

At FWR 2 the con-
the two radionuclides

water from FWR 3
centrations of
were conparabl e.
of both 137CS and 908r
FWR 4, the 908r

ceeded t he

Al'though the levels

are |ow at
concentration ex-

137CS | evel .

the radionuclides

In contrast,
in

t he

conparable to the

compari son of
Bi ki ni
908r

137Cs or

ground water shows that
was either
The two islands
to the
mechani sns regul ating the cycling of
with

much | ower.

differ either with respect

these two radionuclides or
to the relative inventories
of 137CS and 908r

supplying the water

respect
in the sources
reserviors

2.4% of the total
7CS was found associated with the

On the average,
13




“in the BiKkini
Except for

particulate material
gr ound- wat er
FWR 4,
to the average fraction at Eneu.

At FWR 4, 34% of the B37¢s in the
water is associated with particulate

sanpl es.
the fraction is simliar

material. This unusually high per-

this water
contains uni que particulates having

centage indicates that

1
a high affinity for > Cs.
The water at FWR 4 is of high

quality, however, and has low levels

of radionuclides. The |evels of

908r and 137

those in the Bikini

u S

%0 Sr | evel

Cs are conparable to

cisterns and in
fresh-water supplies. The

is 34% of the USPHS [imt
of 10 pCi/liter.

One point of caution

is advised, however, before recom

nmendati ons are nade regarding the
radi ol ogi cal quality of this water,

. 90

with respect to ~ Sr. W have not
yet analyzed all
for 90Sr,

probably will

particulate fractions
and since the Bikini people
use unfiltered water

the total

in the water

will for domestic purposes,
. 90
concentration of Sr
will be slightly higher. However,
the in-
be nmore than 20% of the

concentration in the soluble fraction.

we do not anticipate that

crease wl|l

This is a conservative estinmate based
on our present data and our ground-
FWR 1 has
ground water, but
t he OSr concentrations in the two

11
wat er data at Enewet ak.

the 9next freshest

sanpl es taken at the beginning and

-15-

end of the continuous punping ex-

periment exceed the USPHS linit of
10 pC/liter. The USPHS recomends
t hat

"when the concentration of

10 pCi/1 are exceeded, a water
supply shall be approved by the
certifying authority if sur-
i nt ake of

veillance of total

radi oactivity from all sources

indicates that such intakes are
within the limts recommended by
the Federal Radiation Council
for control action".

Therefore before this water is

recomended as usable, a conplete

dose assessnent of all pathways nust

first be conpleted. Al so, because

the concentrations in the water may

either increase or decrease with tine,
it must be renenbered that regardless
of the total assessnent, if the water

levels are critical to the total dose,

the dynamics of the radionuclides in

the ground water must be understood
before any realistic long-term dose
prediction can be nmade. The con-

centrations in the ground water will
the rates

depend on the soil burdens,

of leaching and groud-water recharge,
the ground-water residence time, and

other physical, biological and

cheni cal factors.

The freshness of the water at
FWR 4 apparently relates to the
geography of the area. The runway

probably acts as a large catchnent




system for rain-fall, draining |arge
quantities of fresh water that re-
charge the ground-water reservoirs
around the perineter. It is quite
possible that exploration of the area
between FWR 4 and FWR 1 and the area
south of FWR 4 al ong the runway
perimeter both to the east and west

wi || uncover quantities of usable
ground water. In a northerly
direction from FWR 1, the water tends
to be nore brackish (see FWR 2 data
in Table 5).

uncovering drinkable ground water in

The only hope of

the northern area would be to chance
upon a perched |ens.

BIKINI |SLAND:  RADI ONUCLI DES

The average concentrations of

137 9OSr] 239, 240Pu in the

Cs and

'

ground water fromthe newy established

wel I's on Bikini were nuch higher than

Interestingly, al-
239, 240,
u

those at Eneu.

t hough the 137CS and

centrations in the ground water at

con-—

the old established Bikini well site
(HFH 7) were higher than the respec-
tive levels at the old Eneu well
(FWR 4), the concentration of 905r
in the soluble fraction from HFH 7
is lower than the level at FWR 4
Except

for HFH 7, the 9OSr groundwat er

on Eneu by a factor of 3.

concentrations at the other Bikini
| ocations exceeded the USPHS recom
mended limt of 10 pG/liter.

-16-

As at Eneu, the radionuclide
concentrations in Bikini surface
ground-wat er sanples are variable.
Both the 9OSr and 239, 240

hi gher concentration in the ground

Pu are in

water from |ocations north of the
center baseline (HFH 3, HFH 4, HFH 5)
than in the waters south of this road
The 137Cs concentrations show no
apparent geographical correlation and
none of the radionuclide concentra-
tions appear related to water fresh-
ness. O the newy established wells,

HFH 4 is found to have the | owest
137

90

Cs concentration and the highest

Sr concentration in its water. The
last two sanples punped from HFH 1
were found to have the |owest 90Sr
concentrations and the highest 137¢s
concentrations anong the newy
established wells. These data

m ght suggest that the concentration

of 137Cs is inversely related to the

concentration of QOSL

but no such
rel ati onship appeared in our ground-
water data from Enewet ak

During the punping experiment
at HFH 1, the 137C‘s gr ound- wat er
concentrations increased over the
day, but both the 9OSr and 239, 24OPu
concentrations were lower in the
final sanples than in the first
sanple. These data denonstrates that
a single radionuclide should not be
used asuniversal indicator to
describe the tenporal variations of

ot her radionuclides in the



N

ground-wat er reservoirs. Coincident
with the radionuclide changes during
punping at HFH 1, the chenical
quality of the water slowy changed
over the day as well. Therefore, it
is recormmended that to assure the
best-quality water for any use,

wi t hdrawal rates shoul d not exceed
8 liters/min.

The nmean 137Cs concentration in
the surface ground waters at BiKkini
was 430 * 179 pCi/liter. An addi-
tional 2.4% is associated with the
particul ate phase. The present
t ot al 137Cs concentration is, on the
average, 2.5% of the recommended FRC
concentration guideline for drinking

water. In a recent report, Oonard12

shows 137Cs and 9OSr concentrations
in well water sanples from several

Bikini locations for the years 1971,
1972, and 1973. Since no |ocations
or identifications were given wth

Conard's data, we have averaged
137 90

both the Cs and Sr concentrations

for each year and have plotted the
val ues, together with our 1975 nean
concentrations, as a function of

time in Fig. 5. Although the
standard deviations during any single
year are large, the data strongly

137CS ground-

indicate that the mean
wat er concentrations have decli ned
over the last four years, while the

90Sr concentrations appear to have

increased over this same interval.
These data denonstrates again the

=17~

great need for detailed assessnent
of the mechanisms controlling the
cycling of individual radionuclides
in the ground-water reservoirs if
the long-term radiol ogical doses to
popul ations using this water are to
be properly assessed.

Al t hough there are significant
errors associated with the measure-

ment  of 238Pu in the water sanples,
theconcentrations of 238Pu are |ow
1000¢ %\ S
n ~0
\\\
< i 90 (3)
N
o Sr
2 (4 \
| 100 i
'5 ‘ (1) '///
§ * (2),7
= 7
j o
g e
5 il
(8] // J
E A
10
3l ! ] ! | ! |
70 72 74 76

Year of col | ecti on

Fig. 5. Changes in ground-water
concentrations of 137¢s and
90sr with time at Bikini
Island.  Nunbers in paren-
thesis are nunber of sanple
anal yzed.




The 238Pu concentrations in the sol-

ubl e fractions are on the average
2
1.3% of the 39, 240Pu
238
gener al

levels In
the | owest pu/239 240p,
rati os (averaging 0.004) are found
in the ground water at wells HFH 3
HFH 4, and HFH 5,

basel i ne road.

north of the center

From our ground-water studies at
Enewet ak, a relationship was devel oped

239, 240
Pu concen-

bet ween t he mean
trations in the surface ground waters
of any island and its nedi an soi

inventory. The relationship is

239, 2405, (tcifn)

surface ground water = (8 = 4.9
X 10_3) x 239, 240Pu (mCi/kmz)

in the respective island soi

in filtered

colum to a depth of 125 cm

-~]18~

ifthis relationship is applicable
to any Pacific atoll where simlar
mechani sms are noving plutonium to
the ground water reservoirs, it can
be used to predict soil inventories

data. The nean
239, 240,

from ground- wat er
concentration of u in the
soluble fraction in the Bikini ground
Using this

value and the above relationship, we

water is 27.6 fci/liter.

the median soil
Island is 3.5 *
The mean con-

estimate that
inventory on Bikini
1.3 x 10> mCi/kn’.
centration in the ground waters at
Eneu is 6.4 fCi/liter which, with
the above relationship, indicates
that the median soil burden on Eneu
Will be 0.8 £ 0.5 x 10° mCi/kn’. W
eagerly await conpletion of the soi
anal yses to adequately test the
applicability of this nodel in its
present form
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