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RADIOLOGICAL AND CHEM CALSTUDI ES
OF THEGROUNDWATERATENEWETAKATOLL

1. Sampling,FieldMeasurements,
and Analytical Methods

Abstract

A research programto study the
ground water on several of the islets
in the Enewetak Atoll is being con-
ducted jointly by Law ence Livernore
Laboratory and the University of
Hawai i

Di vision of Biology and Environnenta

under the sponsorship of ERDA

Research. The purpose is to provide

data characterizing the ground water
for possible use by returning
Marshal l ese and to investigate the
hydrol ogy and recycling of radionu-
This

first of a series of reports describes

clides in an atoll environnent.

the sanpling locations, field opera-

tions, and methods of analysis.

Introduction

In coordination and col | aboration
with investigators fromthe University
a programwas initiated
in 1974 to study
systematically the hydrol ogy and

of Hawaii
at Enewet ak At ol

ground-wat er geochemi stry on sel ected

i slands of the atoll. Chem cal and

radi ochenmical data will be provided
for water quality assessment on those
i slands designated for resettlenent
and for use together with other data
to interpret the nechanisns and rates
of recharge and di sappearance of
radi onuclides, nutrients and major
el enents in the ground water system
Since the resettlement of the atol

is inminent, it is necessary to begin
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sunmmari zing our available prelimnary
results. Because of the vast anount

of data collected during this program
it will be necessary to publish inde-

pendent reports on our results al nost
i sland by island.

The information contained in this
report is for reference and will not
be duplicated in future reports.
Fol I owi ng sections describe the |oca-
tions and characteristics of each of
the sanpling wells, the field instru-
ments and sanpling procedures, and
Appendi x A
gives the definition of potable water
recommended by the U S. Public Health

Servi ce.

the analytical nethods.




Background

An extensive radiol ogical survey

of Enewetak Atoll was initiated in
the fall

in the spring of 1973

of 1972 and was concl uded
The purpose
of the survey was to identify the
quantities and distributions of the
residual radioactivities in the atol
(the site of nuclear test series
during the 1940's and 50's) and to
exam ne the najor conmponents of nost
significance to radiol ogical dose
cal cul ati ons. The survey results
1973 as

It was concluded that the

were published in Cctober,
wvo-140.1
terrestrial food chain-coul d poten-
tially contribute far greater doses
to a returning population than could
the marine food

external radiation,

chain or inhalation.

The codes used for assessing dose
fromterrestrial radioactivity con-
si dered radioactive decay to be the
only nmechani sm for renoving radio-
Rai n-
penetration into the

nucl i des fromthe environnent.
fall
soi |

runof f,
surface, and mgration through
the ground water aquifers may al so
how

be inportant |oss nechanisns,

ever. Data collected during the
survey were insufficient to evaluate
the inportance of these other pathways
It was al so assuned that the
Enewet ak people, upon return to their

atoll, will continue their practice

of using catcbnent rain water for

drinking and that underground |ens

water will not be a part of their
diet. It is recognized, however,
that if fresh ground water were avail -

able it could supplenment the cistern
supply or be used for agricultura
Vel ls on

are being used in this

or househol d purposes.
Bi ki ni Atol
way at present.

In order to assess the water
quality at Enewetak and to develop a
total budget of nass flow through
the ground water of the atoll, we
proposed to drill a total of 14 wells,
some on islands designated for re-
habilitation and others on islands
exhibiting a variety of radiol ogica
bur dens.

A series of seismc experinents
initiated at Enewetak in late 1973
by the USAF under the code nane
" EXPCE"

i cal

i nvolved drilling and geol og-
core recovery. An agreenent was
negoti ated enabling EXPCE field per-

to drill

wel s and case the holes with 4-in.

sonnel fourteen | o-mdeep
slotted PVC pipe for our study.

EXPCE was also drilling '"and casing a
of 2-in. wells for their

nunber pr o-

gram  During the early drilling
operations in February 1974,

Dr. Buddenei er suggested that the
EXPCE pi pes al so be

slotted to provide us a number of

remai ning 2-in.

addi tional sanpling |ocations.




Drilling and casing was conpl eted
in late June 1974. CQur first field
programwas in May 1974, and the
wel ls conpleted at this time were
sanpl ed. Further sanpling prograns
were conducted during Jul y- August,
1975, and
Interim trips were
made in Novenber, 1974, April- My,
1975, and July, 1975 to relocate tida
gauges and profile the water col ums.

1974, January- February,
Cct ober, 1975.

Because of the extensive research
supported in the Marshall Islands by
the Atonic Energy Comm ssion
of a scientific research vesse
(LCU- 26, operated by the U S. Arny)
was funded by ERDA in FY1975 and 76.

This vessel was utilized on each

operation

maj or expedition to the atoll and we
can nost enphatically state that our
program coul d not have been inple-
mented w thout this support. Spec-
ifically we wish to acknow edge the
assi stance and cooperation provided
us during each expedition by Captain
Peter Beusasco and the crew of LCU 26.
LLL personnel designed and devel -
oped the necessary water-sanpling
equi prent and are responsible for
t he radi ochenical analysis and field
salinity studies of the ground water.
Dr. Buddenei er of the University of
Hawai i

el ement s,

is assessing major and m nor
nutrients, and bacteria in
the water and is maintaining tide

and rai n gauges on several islands.

Well Locations and Descriptions

When the original plans for the
Enewet ak ground- wat er
were laid in Novenber 1973, the

nunber and | ocations of the wells

i nvestigation

were chosen with consideration for
both scientific and practical factors.
Information was desired on the chem

i cal conposition, hydrology and
quantity of fresh or brackish water
on various islands as a function of
their size, shape and position on
the atoll relative to the type of

underlying reef. Radiological data

were desired, especially on those

islands to be resettled, but also to

gain an understanding of the distri-
bution and recycling of radionuclides
At the

sane tine, nore mundane factors such

in the atoll environnent.

as cost, accessability of the islands
to drilling equipment, transportation
schedul ing and weather had to be taken
into account.
Originally, a total of 14 wells
on 7 different islands were planned
for ground water studies. They were
to be drilled about 10 m deep and
cased with 4-in
(PVC) pi pe,

random but with at | east one 6-in.

pol yvi nyl chl ori de
slotted more or |ess at




slot per lineal foot, and capped to were drilled by EXPOE personnel .

exclude light and rain. About hal f-way through the drilling
One 4-in. well each on Belle, program it devel oped that many of the
Ursula, David, E mer, and Leroy, holes they were drilling for their

three on Yvonne, and six on Janet own core recovery could be cased with

Fig. 1. Enewetak Atoll.
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2-in.
addi ti ona

slotted PVC. This made 19
wells available to the
ground water program
wosets of wells were thus em
pl aced and | abeled with either the
prefix "A" (for AEC) or "X" (for
EXPCE)
(Marshal | ese)

and a nunber.

two letters representing the

name of the island,
Thus, AEN-1 is the

of a particular 4-in. well

(Janet), while XRU-1 is a

hol e on Runit (Yvonne).

| abel on
Enj ebi
2-in.
"

organic drilling fluid,

The
wells were all drilled with an
Revert, * con-
taining no clay nminerals that night
have undesirable effects on trace
The "X"

wells were drilled with a conventiona

el ement concentrations.
bentonite drilling mud.
Figure 1 shows the genera
of the atoll. In the follow ng de-
scriptions,
are labeled "(5)" and are £0.35 m
All others are estimted. Fallout
is reported in terms of dose rate one

hour after detonation (H+ 1 h).

BELLE (Bokonbako)
This island (Fig. 2, 0.19 km%) is

*Tradenark of the Johnson Division
of Universal G| Products Conpany.
Reference to a conpany or product
name does not inply approval or rec-
omendati on of the product by the
University of California or the U S
Energy Research & Devel opnent Admi n-
istration to the exclusion of others
that may be suitable

features

surveyed ground el evations

-5-

BELLE
( Bokombako)

ABM-1

100 m
L

Wl | location on Belle
(Bokonbako), Enewet ak.

Fig. 2.

one of the nmost contam nated islands
on the atoll. It
of 3382 R'h of fallout from25 events.
Radi ation | evels 1 m above the ground
in 1972 were 65-130 yR/h over nost
falling to | -2 uR/h
The two chief con-

received a total

of the island,
on the beaches.
tributors to the background gamma
137Cs and 6000.

Vegetation is dense over nost of the

radi ation are

i sl and.
ABM | ,
was | ocated

wel |, was
It
approximately in the center of the
island and drilled on 2/17/74 to a
depth of 11 mand cased to tota

dept h.

above nean sea | evel

Only one usefu
drilled on Belle.

The ground elevation is 2 m
(AVBL) .

JANET (Enj ebi)

Janet (Fig. 3), with an area of

1.11 kmz, is the largest island in




the northern part of the atoll and and three tests detonated on Janet
one of the nost contam nated. itself resulted in a total fall out
Twenty-three tests on nearby islands of 3501 R'h. Present l|evels of

AEN-2
L

JANET
(Enjebi)

Fig. 3. Vel | locations on Janet (Enjebi), Enewetak.
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contamination caused the background

to range froman average of SO 60 uR/h

inthe interior of the island down
to about 5-10 uR/h on the beaches.
As on Belle, 137CS and 60Co are the
chief contributors to the gamm back-
ground.
Fromits size and shape, Janet

woul d be expected to support a large
Native Marshallese

fresh water |ens.

al so reported that, at least up until
World War |1,

wat er for drinking and agriculture.

wel I's provided fresh
Since Janet is also a principal can-
di date for by the

it was decided to nake

resettl enent
Mar shal | ese,
use of as many wells as possible for
In

the ground water investigations.

addition to the six AEN wells, eight
XEN wel |'s were conpl eted on the

i sl and.

XEN-1

Located seaward of the east end

of the old runway, about 30 mfrom
t he beach, 190 m seaward of AEN-1.
Drilled from1/14/74 to 1/28/74 to a
depth of 89.5 mand cased to total
dept h.

AMSL(S).

G ound elevation is 1.93 m

AEN-1

Located near the east end of the

runway about 190 minland from XEN 1
and about 220 minland fromthe sea-
Drilled 2/19/74 to
2/20/74 to a depth of 11.5 m and

ward shore.

-7

cased to total depth. Gound eleva-

tion: 2.32 m AMSL(S).

AEN-2

Located approximately the mddle
225 m south of
t he beach al ong the north edge of
the island. Drilled 2/20/74 to
2/21/74 to a depth of 11.9 m and
cased to total depth.
tion is 2.32 m AMSL(S).

of the runway, about

G ound el eva-

AEN-3
Located near the west end of the

runway about 150 minland fromthe

| agoon near the northwest tip of the
About 300 mfromthe beryl-
lium storage bunker. Drilled 2/21/74
to 2/22/74 to a depth of 12.2 m and

G ound el evati on

i sl and.

cased to 11.6 m
is 2.10 m AMSL(S).

AEN-4 /XEN-4
Locat ed sout heast of the center

of the island, about 160 m west of
the south end of the test structure,
about 400 m northeast of the old dock
Drilled 2/1/74

to 2/7/74 with a mxture of bentonite

on the |agoon beach.

and Revert to a depth of 28.4 m and
cased to total depth with 2-in. PVC
Gound elevation is 2.04 m AMSL(S).

XEN- 9

Located at approxi mately the center

of the island about 48 m sout hwest
of AEN XEN-4. Drilled 2/25/74 to




3/5/74 to a depth of 77 m and cased
to total depth. Gound elevation is

2.10 m AMSL(8).

AEN-5

Located 35 mfromthe | agoon shore,
about 300 m northwest of the old dock.
Drilled 2/22/74 to a depth of 12,2 m
and cased to 11.6 m

is 1.86 m AMSL(S).

AEN-6
Located near the extrene southern

tip of the island about 80 mfrom
the | agoon edge and about 15 mnorth
of XEN-8. Drilled 2/23/74 to a depth
of 12.2 mand cased to 11.6 m

Gound elevation is 2.26 m AMSL(S).

XEN-8
Located on the extrene sout hwest
tip of the island, 10-15 m south of
AEN-6 and about 40-50 m from the
| agoon beach. Drilled in late Feb.
1974 to a depth of 54.8 mand cased
to total depth.
2.35 m AMSL(S).

G ound elevation is

XEN- 2
Locat ed about 80 m nort heast

of
the north end of the test building
about 350 m west of the seaward
Drilled 1/31/74 to 2/7/74 to
a depth of 70.3 mand cased to total
dept h.
AMSL.(8).

beach.

Gound elevation is 2.68 m

G ound el evati on

XEN- 3
Locat ed about 15-20 minl and of

the | agoon beachline directly behind
approxi mately centered
along the |agoon shore. Drilled
2/1/74 to 2/7/74 to a depth of 90.8 m
and cased to 19.8 m
is 1.65 m AMSL(S).

the old pier,

G ound el evation

XEN-5
Located about 300 m northeast of
the north end of the test building
and about 170 m west of the nearest
seaward beach.  About
of XEN1. Drilled 2/11/74 to 2/19/74
to a depth of 64.4 mand cased to
total depth.

2.50 m AMSL(S).

320 m sout hwest

G ound elevation is

XEN-6a

Located about 170 m northeast of
the north end of the test building,
270 mfromthe seaward beach.

Drilled 2/14/74 to 2/15/74 to a depth
of 31.6 mand cased to 31.2 m

Ground elevation is 2.62 m AMSL(S).

XEN- 7
Located on the extrene northeast

tip of the island, approxinmately 47 m
south of the beach. Drilled 2/19/74
to 2/22/74 to a depth of 36.6 m and
cased to total depth.
tionis 1.31 m AMSL(S).

G ound el eva-
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100 m
L

Fig. 4. Wel | locations on Sally (Aonon), Enewetak.

SALLY (Aonon)

At the beginning of the program
Sally, Fig. 4, was not anong the
i slands chosen for the ground water

st udi es. 2

Its small area (0.32 km
not including "Sally's Child") would
not |lead one to expect a freshwater

I ens of any size and the island had
been subjected to considerable earth-
nmoving activity in connection with
the PACE program of 1972.
t hrough the cooperation of project
EXPCE personnel
that they drilled for their own pur-
poses were cased with slotted pipe

However ,

the four 2-in. wells

and made available for the ground
wat er studi es.

Sally received a total of 1981 R/h
fallout from 16 events including 3
surface ground zeros. Soil sanples
taken during the survey show radi o-
activity concentrations increasing
with depth at some |ocations and
essential |y honmogeneous at ot hers,
These unusual distributions nmay have
resulted from construction activities
during the weapons testing period or
from PACE excavations. \egetation
has certainly been nodified by PACE
activities. Bet ween one-third and

one-hal f of the island has been




cleared of vegetation and a large

basin, excavated to the water table

exposes bare coral sand and beach

rock on nost of the southern half.

The remaining vegetation is typica
Messerschm dia and Scaevol a scrub

growt h.

Scattering in the basin are eight
water-filled circular craters pro-
duced by high expl osive charges dur-
ing the PACE program These craters
average 10 min diameter and are -3 m
deep. They were sanpled severa
times for whatever additional infor-
mation they coul d provide.

The four wells on Sally lie close
to a straight line drawn fromthe NE
tip of the island to the center of

the lagoon beach

XAR- 1
This wel |

is drilled in an area
of sparse vegetation on the |agoon
(sout h)
| ocated approximately at the center

side of the island. [t is
of the coast, about 20 minland from
the edge of It was
drilled fromé4/6/74 to 4/14/74 to a
depth of 74 mand cased to a depth

of 65 m El evation is 1.95 m AMSL.

the vegetation.

XAR-2 and 2a
These wells were drilled approxi-

mately 12 m apart on the northeastern
(ocean side) tip of the island in the
m ddl e of a bladed road through rel a-
tively dense (for Sally) vegetation.

The midpoint between the two wells is
about 35 minland fromthe inter-
section of the road and the beach.
XAR-2, the nore easterly well, was
drilled from4/18/74 to 4/22/74 to a
depth of 45 mand cased to a depth of
34 m XAR-2a was drilled from
4/28/74 to 5/7/74 to a depth of 44 m
and cased to unknown depth. Eeva-
tion of XAR-2 — 1.40 m AMBL, of

XAR-2a — 1.22 m ANBL.

XAR- 3

This well is |ocated about 270 m
NE of XAR-1 and 380 mslightly west
of south from XAR-2/2a. It was
drilled fromé4/22/74 to 4/26/74 to a
depth of 75 mand cased total depth.

El evation - 1.95 m AMSL.
URSULA (Roj oa)

The area of Ursula, Fig. 5is
0.11 kmz, placing it about mdway in
size between Leroy and Belle. It
fallout of 651 R'h
maki ng it second only

received a total
from 12 events,
to Leroy as the |east contani nated
of the northern islands. Twenty-seven
soil sanples and four vegetation

sanmpl es col |l ected during the survey

confirm the expectation of |ow |eve
. . 90 137

cont am nati on, Sr, Cs, and

60Co l[evels in the soil were |ess

than those found on Leroy while

239

Pu levels were higher. Vege-

tation is relatively dense

-10-




ARO-1

URSULA
(Rojoa)

100 m

L]
Fig. 5. Vel | |ocations on U sula
(Rojoa), Enewetak.

Messer schnmi di a- Scaevol a on the north
and western parts of the island and
scattered on the southeast third
Only one well was drilled on
ARO-1. It is located at the
edge of dense vegetation about 50 m

Ursul a,

NW of the center of the island, and
about 235 malong the road that runs
slightly N of E fromthe end of the
Usula-Tilda bridge. It was drilled
on 5/15/74 to a depth of 10.5 m and
dept h.

cased to total El evation -

2.04 m AMSL

YVONNE (Runit)

Yvonne, Fig. 6, is by far the

nost contanminated island in the atoll .

It received a total of 62 849 R h of
fallout froma total of 24 events

including 8 surface ground zeroes.
The total fallout is about 6 tinmes
what the next nost contam nated

i sland (Ruby) received and nearly 20
times the contamnation |evel of
Janet. Two nucl ear events, Cactus
and Lacrosse, conducted on the
northern end of the island, produced
Much of

the material ejected fromthese

two water-filled craters.

craters fell out on Yvonne and was
subsequently redistributed. In

addition to the usual fission and
90s 137
T, Cs

239Pu cont am

activation products (
6OC‘o), hi gh | evel s of
i nation produced by another nucl ear
Qui nce

over nmuch of the central and northern

devi ce, pose a serious problem

portions of the island. Soil Ilevels
ranging from fractions of a pCi/g of
239p, up to hundreds of pCi/g were
found in the 1972 survey. Construction
and clean-up efforts between and sub-
sequent to nuclear events have dis-
tributed the contam nants in a highly
random fashion. The radi ol ogi ca
picture on the northern half of
Yvonne is so conplex that it was
treated as a separate case in the
1972 survey and one should refer to
NVO 140 for the detailed information
Wth an area of 0.40 kmz, Yvonne
is fifth in size in the atoll, but
with an average length-to-width ratio
of 6:1, it was not expected to support
a fresh water lens of any size. Be-

cause of the inmportance of the

~11~




LACROSSE

YVONNE
(Runit)

Fig. 6. Vell locations on Yvonne (Runit), Enewet ak.
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i nvestigation of the radiol ogical con-

ditions, both fromthe standpoint of
present distributions as well as

future clean-up efforts, three wells
were drilled for groundwater studies
and five EXPCE wells were set with

slotted casing and made avail able for
sanpl i ng.
in the sparsely vegetated area i m

The wells are concentrated

nedi ately south of Cactus crater,

but one well was drilled about one-
third the length of the island from
Cactus near a suspected Pu buri al

site.

ARV 1
This is the well drilled near the
suspected Pu burial site. It is
about 925 m SE fromthe center of
about 25 m SWof the

road and 50 m NE of the | agoon beach.

Cactus crater,
Vegetation is very sparse. The well
was drilled on 3/6/75 to a depth of
10 m and cased to total depth.

El evation - 2.2 mAMSL(S).

ARU-2

Located about 125 mfromthe center
of Cactus crater along a line running
Drilled on 3/7/74
to a depth of 11 mand cased to total
depth. Elevation - 2.2 mAMSL(S).

just east of south.

ARU- 3
Located about 115 mfrom the center
of Cactus crater along a line running

m dway between east and sout heast.

Drilled on 7/15/74 to a depth of 10 m

depth.  Elevation

and cased to total
- 2.0 m AMBL.

XRU-1
Located about 65 m due east from
the center Drilled
from3/6/74 to 3/14/74 to a depth of
53 m and cased to total depth.

El evation -~ 3.05 m AMSL(S).

of Cactus crater.

XRU- 2a
Located about 115 mfrom the center
of Cactus crater along a |line running

east of southeast. Drilled from
3/8/74 to 3/14/74 to a depth of 50 m
and cased to total depth. Elevation

- 2.34 m AMSL(S).

XRU- 3
Located on essentially the same

ESE bearing fromthe center of Cactus
crater as XRU-2a at a distance of

about 190 mfromthe center of the
crater. Drilled from3/14/74 to
3/21/74 to a depth of 73 mand cased to
total depth. Elevation - 2.68 m AMSL(S).

XRU-5

Located about 60 mfromthe center
of Cactus crater along a line running
west of south. This well
lip, 65 minland
from the edge of the lagoon. Drilled
from3/21/74 to 3/27/74 to a depth
of 52 mand cased to total depth.

El evation - 1.83 m AMSL(S).

is just off

the crater about

-13~




XRU-6 sanples. Since Japtan wll probably

Located al ong the same west of be the first island resettled by the
south bearing as XRU-5 at a distance Marshal | ese, one well, AJA-1, was
of about 90 mfromthe center of drilled to assess water quality and
Cactus crater. Drilled from3/22/74 quantity. It is |located at the edge
to 3/29/74 to a depth of 47 m and of dense vegetation about 50 m south
cased to total depth. Elevation of the center of the island and 50 m
-~ 1.92 m AMSL(S). northwest from the metal comuni cations

bui I ding near the center of the

DAVI D (Japt an) island. The well was drilled 3/2/74

to a depth of 11 mand cased to total
This island with an area of depth. Elevation - 1.95 m AMSL

0.44 kmz, Fig. 7, is located at the

east channel entrance and was used ELMER (Parry, Medren)

as a rest area during the test pro-

gram It received about 1 R h of Elmer (Fig. 8, area of 0.74 kmz)

fallout and present background |evels was used as scientific headquarters

are about 1 uR/h over the entire during the test progranms and received

island. No elevated levels of con- only 2.6 R'h of fallout. Background

tam nation were observed during the soil and biota radioactivity |levels

1972 survey in either soil or biota are simlar to those on David. Like

David, Elnmer will be anmong the first
islands to be resettled and, at
present, is designated for a pernmanent

village. One well, APA-1, was there-
fore drilled to assess ground-water
supply. It is located approxinately
220 m sout heast of the southern dock
and 220 m nort heast of the boat ranp.
It was drilled 3/1/74 to a depth of
12 mand cased to total depth.

El evation - 4.03 m AMSL(S).

LEROY (Rigili)

Leroy, Fig. 9, is unique in severa

Fig. 7. Vel |l location on David
(Japtan), Enewet ak. respects anmong the islands included
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ELMER
(Party, Medren )

Fig. 8. Vell location on Elner (Parry, Medren), Enewetak.
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N XRI-1
.

L Om

vel |
(Rigili),

Fig. 9. | ocations on Leroy

Enewet ak.

Wth an

is snallest

in the ground water study.

area of only 0.065 kmz, it

of all the islands and the only one
with a naturally devel oped, mature
covering of vegetation. Large speci-

nens of Pisonia grandis and coconut

pal m formthe dense forest that ex-
tends alnmost to the beaches on al

si des. fall-
out of 235 R'h from 13 events,

of contani nation

Leroy received a total

placing its |leve
in an internediate position, a factor
of 100-200 above the clean southern

of 10-100 bel ow

Measur enent s
60

i sl ands, but a factor

i sl ands.
239Pu

the northern

of 90Sr 137

s Cs, ,and "“Co in

soi|l and vegetation sanples taken
during the survey confirmthis
Two wells

ARI -1

intermediate ranking
have been drilled on Leroy,

and XRi -1

ARl -1

This wel |

is located in an area

of dense vegetation on a line due
west fromthe center of the island
about 75 mfromthe center and 50 m
inland fromthe edge of the vegeta-

It was drilled on 5/6/74 to a

depth of 11 mand cased to tota

tion.

depth. Elevation - 3.05 m AVSL.
XRI -1
This well was drilled in |agoon

beach sand on the northwest side of
the island. It is approximately 8 m
| agoonward from the edge of the
vegetation and approxinmately 50 m
sout hwest of the intersection of the
coast and the nort hwest
It was drilled from5/6/74
to 5/18/74 to a depth of 76 mand

El evation - 1.28 m

nort heast

coast.

cased to 18 m
AMSL.

EDNA ( Sani | def onso) and
HELEN ( Bokai dri k)

These two islands are hardly nore
than sand bars with a sparse covering
of Messerschni di a- Scaevol a scrub
growt h.
fine as the vegetation covers only

Areas are difficult to de-
smal| parts of the islands and the
r emai nder
by tidal and current action. The
area of Edna, Fig. 10,
NVO- 140 as 2800 m2. Helen, Fig. 11,
was attached to Irene by a sandbar

is constantly being nodified

is given in

in 1972 and its area was included as
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part of Irene. From aerial photo- N
graphs in NVO 140 the area covered
by vegetation on Hel en can be esti-
mat ed as about 6250 mz. The sane
technique gives an estinate of

6900 m” for Edna, which indicates

the uncertainty in such estinates
HELEN

( Bokaidrik )

The principal interest in these

100 m
} L1 l

Fig. 11. Well location on Helen
(Bokai dri k), Enewetak.

two islands lies in their proximty
to the Mke and Koa craters. The

craters |ie between the two islands

with Edna on the southwest side and
Hel en on the northeast side. Both

i sl ands received substantial fallout,
Edna 9533 R'h from 16 events. Helen
5277 R/'h from 23 events. Average
background at 1 m above ground on
the two islands was only about

7 UR/h, which is probably explained
by the increased |eaching due to the

100 m exposed and transient nature of these

Lo o0 |

Fig. 10. Well location on Edna
(Sani | def onso), Enewet ak. cluded in the ground-water studies.

i sl ands.
Neither island was originally in—
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EXPOE operations nmade one well on

each island avail abl e, however.

XSA- 2

Located on the extrene sout hwest

tip of Edna approximately ni dway
between the extrene southwest tips
of the western and eastern out-
croppings of beach rock. Drilled
from6/4/74 to 6/14/74 to a depth of
68 mand cased to total depth.

El evation - 1.59 m ANSL. (XSA-1, on
the extreme northern tip of the
i sland, was not cased.)

XBK- 1 a

Located on the extrene northwest
tip of Helen's vegetation about mid-
way across the sandbar. Drilled
from5/29/74 to 6/10/74 to a depth
of 76 mand cased total depth.
El evation - 1.68 m AMSL.

Measurements

This section describes the typica
field equi prent and neasurenents,
net hods of sanple collection, and
types of analysis. Many specific
experinments or sanpling methods al-
ready conducted or planned are de-
scribed in the text in conjunction

with the results.

FI ELD | NSTRUMVENTS

In Situ Conductivity and
Tenperature Measurenents

All wells are routinely probed to
qualitatively describe the salinity
and tenperature profile of the water
colum. The meter is a portable
battery- power ed conductivity-
tenmperature neter with a digital
readout. Conductivity ranges are 1
10 and 100 mmho/cm full scale, tem

perature range/rm-5 to +45°C. Con-

ductivity and tenperature sensors are
enclosed in a 19-mm by 25-cm plastic
probe connected to the electronic
package by a 150-m cable. Two
spect rographi c-grade carbon el ectrodes
are arranged in the probe to forma
conductivity cell with a cell con-
stant of about 5 cﬁ#. Tenperat ure
is nmeasured by a resistor-thernstor
network (YSI #44202) linear over the
range -5 to +45°C. Range switching,
signal conditioning, digital output
display, and batteries are contained
ina 18 x 28 x 18-cm el ectroni ¢ package.
The conductivity cell is calibrated
with a lagoon water standard before
and usual ly after each neasurenent.
The tenperature probe is calibrated
with a laboratory nercury thernoneter
and neasurenents are good to *0.3 K
Conductivity accuracy, as deter-

m ned by conparing the conputed
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| a. Salinity determined in laboratory
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] b. Salinity indicated by conductivity probe
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Measured salinity of the ground water — ppt
Fig. 12. Conductivity-probe response as a function of salinity in water drawn

fromwells in coral soil on Enewetak

salinities froma series of probe
nmeasurenents to salinity converted
from | aboratory chloride nmeasurenents
averaged *5% over the range 10-36 ppt,
(Fig. 12). At
devi ations of as nuch as 50% are

| ower salinities,

found between the probe val ues and
This
difference is explained by the change

the converted chloride values
in conposition;, at lowsalinity
enough other ions |each fromthe
coral soil to affect the response of
the conductivity cell

It should be pointed out that the
probi ng and sanmpling are separate
operations. Wth the sharp gradients
that were evident in the water colum
it is difficult, even at |ow punping
speeds, to maintain a constant
salinity during sanpling. A con-
siderable fraction of the discrepancy

between the O --computed salinity

and conduct ance- pr obe-convert ed
salinity is due to this effect.
During probing operations the probes
were agitated by hand to ensure
stabl e and representative determ na-
tions.

The conductivity value at the
in situ tenmperature is converted to
salinity using Wyl's equations? or
Fig. 13.
salinity was then converted to a

the graphs of The conput ed
percentage of the average |agoon
salinity during the sanpling period.
This type of presentation was usefu
in the field, at least for the authors,
for quickly assessing the relative
freshness of the ground water at any
depth and for locating the desired
sanmpling depths in the water colum.
Al vertical salinity profiles in
this series of reports are expressed
At the

in these convenient terns.
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Specific conductivity — mmho/cm
®
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OM( ! | \ il

5 10 15 20
Chloride ion concentration — ppt

Fig. 13. Relationship between conductivity and C1 -ion concentration, gyer
t enperature range encauntered in Enewetak ground water, conputed
from Weyl's fornul as.
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same time, we made it a practice to
obtain separate sanples for absolute
salinity determination at specific

dept hs.

Oxygen Probe

All wells are probed to determ ne
the vertical distribution of dis-
solved oxygen. This is normally done
in conjunction with the salinity
probe by attaching the 0, sensor
beside (for the 4-in.

i medi ately above (for 2-in.

2

casi ngs) or
casi ngs)
the conductivity probe. The instru-
nment enployed is a battery-operated
O2 nmeter (YSI Mddel 51A) connected
to a standard pressure-conpensat ed
YSI pol arographi ¢ oxygen detector by
a 15-mcable. The field calibration
standard is sea water saturated with
air at known tenperature and salinity;
the instrument response is set to
tabul ated ©

2
probe is also equipped with a therm

solubility values. The

istor, providing separate tenperature
readout . I nstrument accuracy is
0.2 ppm O, and *0.7 K; readability

and repeatgbility are both better
than =0.1 pme2 and *0.3 K. During
probi ng operations tenperature and
conductivity values are read first
and used to set the 02
and tenperature conpensation controls.

neter salinity
During measurenment, the probes are
agitated by hand to ensure stable

and representative 0, det er m nati ons.

pH Meter
Water sanples are analyzed with a
battery-operated Beckman El ectromate
pH neter with a Becknan conbi nation
pH el ectrode. The unit is accurate
to £0.08 pH units,

reproduci ble to #0.02 pH units,

and readabl e and

Measurenents are normally nmade in
the field, with standardization
agai nst commercial buffer solutions
before and after each neasuremnent.
However, it is occasionally necessary
to make the initial pH determnation
in the laboratory |1-8 h after
sampl i ng

fashion are designated by an "L"

Val ues obtained in this

suffix in the data sumrmary.

Rai n_Gauges

Renot e-recordi ng rain-gauge units
have been situated on the islands of
Janet, Leroy, and Fred to determne
whether or not there is any systenatic
variation in rainfall around the atol
and to intercalibrate with the rain
observations routinely made by the
U S. Coast Guard on Fred
consi st of a standard \Weat her Measure
Corp.' P-501 tipping bucket

connected to a seal ed instrunment

The units
rain gauge
package containing a power supply

(four 12-V dry cel
oscillator timng

batteries), des-
sicant, a crysta
circuit, and a Practical Automation
6-digit printer (Mbdel MVWP-6). Each
tip of the rain-gauge bucket (equiv-

alent to 0.25 mmrain) is stored in
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the printer's nechanical registers,
and the accunulated total is printed
out once a day on signal fromthe

clock timng circuit.

Ti de Gauges
Si x Stevens Mde

were turned over to the project by
USAF/ USGS personnel when proj ect
EXPOE was terninated.

51 tide recorders

These are cur-
ef fi-
ci ency and phase lag in selected

rently in use to neasure tida
wells. They are Negator spring-
driven recorders with Chel sea cl ock
timer/regulators, a chart speed of
6.1 cmday (maxinmumtinme resolution
is about 15 min) and 6:1 pen travel

reduction.

WATER SAMPLI NG PROCEDURES

A battery-operated punp draws
ground water from a predeterm ned
depth through a tygon tube to the
ground surface. A variable speed
control permts punping rates from
-8 1/min.

filtered water

Either filtered or un-
can be collected from
the sanpling manifold. A separate
hose is used on each island and the
entire systemis adaquately purged
at each well before sanpling to
m nimze contam nation.

Dependi ng on the island and type
of analysis, a series of sanples
ranging in volume from25 m to 55 1

are withdrawn for neasuring radio-

nucl i des, major and mnor elenents,
nutrients, bacteria and suspended
material. Unless suspended nateria

and bacteria sanples are desired,
all water is first filtered through
a 0.4-1n Nuclepore filter. On occa-

sions, a 1-u filter has been used
ahead of the 0.4-u filter when a
heavy suspended |oad was encountered
or a large volume of water was fil-
The total

filter is nonitored and the filter(s)

tered. vol ume t hrough the

subsequently anal yzed for the quantity
of radionuclides associated with the
filtered material

ANALYTI CAL PROCEDURES

Radi onucl i des

Concentrations of QOSr, 137Cs

60Co 207Bi 155

ranic elements are deternmned in the
and the filtered

Filtered water

Eu, and the transu-

particulate naterial
l ens water. is acid-
ifiedto pH 1 in the field and re-
turned to the Il aboratory for proc-
essing. Standardi zed m xed carrier
solutions are added to the acidified
sanmpl e and equilibrated by stirring

for 6 h. Cesiumis extracted from

the solution by absorption on ammoni um
nol ybdophosphat e (AMP)
hydroxi de is added and the precipitated
Co, Bi, Fe,
ranic el ements are separated by decan—
After

adjusting the solution to pH 9,

Then sodi um
rare earths, and transu-

tation and centrifugation.
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strontium and cal cium are precipitated
The hydroxi de
fraction is directly counted on a
Ge(Li) spectroneter with-

with oxalic acid

| ow | evel
out further purification to assess

the levels of 60Co, 207Bi 155Eu

and other gamma emitters present in
the sanple

The cesium fraction is further
purified by dissolving the AMP with
NaOH and performing a ferric hydrox-
i de scavenge. Cesiumis reprecipi-
tated from a weakly acid solution
with AVP and this fraction is counted
on a gamma spectroneter.

The strontium oxal ate fraction is
deconposed with boiling concentrated
nitric acid and separated fromthe
3)2. After

repeated nitrate and scavengi ng steps,
Y90

908r parent.

added to the purified strontium

residual calciumas Sr (NO
is allowed to growin fromits
Yttriumcarrier is

fraction and precipitated as the
hydroxi de.  The hydroxide is dissolved
and | oaded on a Dowex 50 cation ex-
change colum. After washing the
Yttriumis renoved
a pH 5 with 0.5

pre-

colum with water,
fromthe colum at
al pha- hydr oxy-i so-butyric acid,
cipitated as the oxalate, ignited
and wei ghed as the oxide, and counted
on | ow background beta detectors.
Cheni cal recoveries of Co, Bi, Cs,
and Sr are determined by atonic
absorption

The pl utoni um i sot opes and

anmericium 241 are separated fromthe
hydroxi de fractions and purified on

3,4 The sub-
sequently purified fractions are

ani on exchange col ums.

plated and counted on al pha spec-
troneters

The filtered particul ate sanple
is dried and ashed at 450°C for
24-48 h.
directly on a Ge(Li) spectroneter

137Cs, 60Co, 207Bi and any ot her

The ash is counted

for
gamma-enitting radionuclides. The

ash is then dissolved in nitric acid

236

and strontium carrier, Pu and

243Amtracers are added and equili -
brat ed

anmericium are separated

Strontium plutoni um and
purified
and determined as above

Wt er
is extracted by sublination froma

for the tritium determination
frozen aliquot. The amobunt of tritium
is nmeasured either by gas counting

or by scintillation counting.

| ons

Maj or and M nor

Cations are deternmined by atonic
absorption spectrophotonetry (AAS),

using a Perkin-El ner nodel 303 AA
spectrophotoneter with a CZFE-air
flane. For K, Na, My, and Ca,

approximately 20 m. of sanple is
diluted to put concentrations in the
nost conveni ent working range for the
determination (dilution factor is
estimated on the basis of chloride
four ions are

concentration) and al

determ ned at the same dilution |evel.
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Secondary absorption lines are used
for Na and My to reduce interferences
and to permt analyses of all the
ions on the same dilution. Concen-
trations are determned from a
calibration curve based on mnixed
commrerci al standard sol utions. Sr
and Rb are also anal yzed by AAS, but
at lower dilution levels and by
standard addition rather than calibra-
tion curve methods.

Total alkalinity is determned in
the field,

of the day the sanple was coll ected.

normal Iy on the evening

The method used is titration with
standardi zed dilute HZSO4, with
potentionetric endpoint determ nation
using the pH nmeter described above.

Chloride concentrations were deter-
mned by titration with nercuric
nitrate at a fixed pH, using a mixed-
i ndicator reagent to determine the
endpoint.5

The method used for sul fide anal-
ysis is a portion of the nethod of

6

Johnson and Nishita“ for the micro~-

estimation of sulfur. To isolate
and prevent oxidation of sulfide ion
between the tine of sanpling and the
time of analysis, field sanples of
20 M of water are placed in bottles
al ready containing 5 m of the zinc
acet at e-sodi um acetate absorbi ng

sol ution. In the lab the sulfide is
filtered out on glass fiber filters
as ZnS. The filter ZnS is placed in

a beaker containing the amne and

ferric-ion solutions to convert to
met hyl ene blue. The resultant sol u-
tion is transferred to a volunetric
flask, diluted to volune and the
absorbance is neasured on a Beckman
600 nm  The

sul fide-ion concentration is deter-

DU spect rophot onet er at

m ned by comparison with a standard
calibration curve, prepared by anal -
ysis of several dilutions of a
saturated solution of Nazs-9H20.

Sul fate analysis is carried out
on the filtrate remaining after the
removal of the ZnS. The nethod used
is that of Dunk et aI.,7 an indirect
determ nati on whereby an accurately
measured excess of BaCl2 i s added
to the sulfate-containing samle
and the excess bariumis deternned
by atoni c absorption spectropho-

tometry.

Nutrients
In the field an aliquot of the
filtered water is placed in a brown,

acid cl eaned, polycarbonate 130-ml

bottle and iced inmmediately. It is
frozen within 8 h and kept frozen

thereafter until analyzed. Analyses

for NH3, NO3, Si(OH)4, and PO4 are

done on a Technicon Il autoanal yzer

usi ng standard seawater techniques

8

as nodified for that instrunent.

Bacteria
In wells with water of potable or
total coliform

near potable quality,
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concentrations are estimted by the sane day through a MIlipore

sanmpling an aliquot of unfiltered portable water quality lab kit

water into a sterile container, (XX63001150) using standard filtra-

refrigerating it, and processing it tion and incubation techniques. d
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Appendix A

Criteria for Potable Water

The reports that follow will present a general description of the results
of our chemical and radiol ogi cal anal yses of the Enewetak groundwater. In
the case of potentially potable water a standard needs first to be defined.
The following recomended limts, quoted directly fromU S. Public Health
Service Publication No. 956, * are provided only as a reference.

(a) The followi ng chemical substances should not be

present in a water supply in excess of the listed con-

centrations when other nore-suitable supplies are or can

be made avail abl e.

mg/1
Chl ori de 250
Nitrate 45
Sulfate 250
Total dissolved solids 500

(b) The Advisory Committee, in considering limts
whi ch should be established for drinking water, recom
mended limts for only two radi onuclides, Radium 226
(3 pCi/1) and Strontium90 (10 pCi/1l).
(c) Coliform colonies per standard sanple shall not
exceed 3/50 ml, 4/100 m, 7/200 M, or 13/500 nl in:
(1) Two consecutive sanples.
(2) More than one standard sanple when |ess than
20 are exanined per nonth.

*Dri nki ng Water Standards, U S. Public Health Service, Pub. 956 (1962).

RBC/1c/1me
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