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INTRODUCTION

options and methodologies for the development of fresh water
supplies on Bikini Atoll are much the same as those practiced
in the rest of the Marshall Islandsr and for that matter,
most atolls in the central Pacific Ocean Basin. That is,
rainfall distribution on Bikini produces a distinct wet
season, lasting from about May through November, with the
remaining months being generally dry. As a result, fresh
water from surface catchments tends to be plentiful during
the wet season? but is usually scarce during the dry months,
and alternative sources such as groundwater must be utilized
during this time. On Bikini the problems of fresh water
supply are somewhat more difficult than for most Marshall
Island atolls because rainfall is only about half the
Marshall Island's average. Tus water supply is a critical
factor limiting the carrying capacity of Bikini Atoll.

To address this problem BARC has undertaken a study of the
Bikini Atoll water supply. Te primary objectives of this
work are to determine: (1) alternatives available for fresh
water supply, 2 the amounts, location and quality of
available supplies and 3 optimal development methods.
The studyr planned for one's year duration, has been underway
only since the summer of 1985l and is thus not yet fully
completed. Howeverr work done to date, which is presented in
this report of preliminary findings, provides a reasonably
accurate picture of Bikini's fresh water supplies and the
various options available for their development. The work
remaining to be completed will mainly add refinements to the
water supply picture presented in the sections to follow.

GROUNDWATER SUPPLIES

Monitorina C-11A

To determine groundwater development potential, a total of
53 monitor wells 21 on Bikini, 30 on Eneup and each on Nam
and Enedrik) were utilized to measure various groundwater
quality and quantity parameters. Of these 49 have been
constructed during the BRC study and 4 were constructed
previously by scientists from Lawrence Livermore National
Laboratory (LLL). Figure I shows the well locations and
Table well details.

The purpose of the monitoring well program is twofold. To
assess the suitability of groundwater for drinking and
agricultural use various water quality parameters such as
salinity, chloride concentration Cl)r electrical
conductivity, and radionuclide concentration are being
monitored on a regular basis. This program began in August
1985 and will continue through at least the summer of 1986.
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Results obtained to date are presented in te following
section on Water Quality Monitoriag. Te second purpose of
the well monitoring program is to obtain quantitative data on
the physical nature of the aquifers, primarily from
groundwater tidal responses and pump testing. This
information can then be used to evaluate such things as long-
term aquifer sustainable yield and responses to alternative
groundwater development schemes. The physical aquifer
testing began only in February 1986 and results will be
presented in a later report.

Groundwater Ouality Monitor'

A program involving three different types of groundwater
quality monitoring has been undertaken. First, an effort is
being made to delineate overall groundwater salinity, both in
time and space, for the atoll. Field and laboratory
measurements of total salinity, chlorides, and electrical
conductivity of groundwater from Bikini and Eneu islands were
made in August and November 1985 and February 1986.
Additional measurements are planned for May and possibly
August 1986. In addition groundwater from wells on'Enedrik
and Nam was tested in Novemeber 1985. All the 1985 results
are given in Table 2 (the February 1986 results have not yet
been processed). It should be noted that U.S. drinking water
standards require Cl concentration of 250 mg/1 or less
(salinity of 046 ppt) and TTPI standards are slightly less
stringent at 400 mg/1 (salinity of 074 ppt).

To evaluate in more detail te suitability of groundwater for
drinking purposes, during February 1986 groundwater samples
from wells B4-12 and HFH-7 on Bikini and wells E5-12, E-271
E8-15 and FWR-4 on Eneu were collected and are presently
being analyzed for a complete suite of inorganic constituents
of greatest interest for drinking water. These results will
be described in a later report.

Finally, groundwater samples were collected in November 1985
and February 1986 by scientists from LLL for radionuclide
analysis, specifically Sr-901 Cs-137 and transuranics.
Results of these analyses are not yet completed and also will
be published in a later report. Some radionuclide data have
been collected previously by LLL, and they are shown in Table
3. As can be seen, groundwater on Eneu generally meets U.S.
standards (Sr-90 - 0 pCi/1 and Cs-137 - 200 pCi/1) but
Bikini groundwater does not. Results from the most recent
sampling cycle should further confirm the groundwater
radionuclide picture.

Historic Data

In addition to the data collected by the BARC study a limited
amount of groundwater quality data has been collected by
previous investigators. These data are summarized in Figure 3
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and Tables 4 and 5. From these data it appears as though
the quality, at least in terms of C1 and total salinity of
Eneuls groundwater has not changed appreciably during recent
years. However, early data from Bikini suggest that
groundwater there once was somewhat fresher than at present.
The U.S. Geological Survey work (Emery, Tracey and Ladd,
1954) indicates that in 1946 groundwater on Bikini was
appreciably fresher than today, at least in the few wells
sampled. It is quite likely, however, as alluded to in their
report, that the very low Cl observed was mainly a function
of rainfall standing in the well bore and did not reflect
true groundwater quality at that time. Likewise, several of
the very low C1 values reported by Noshkin &I Al 1977 in
1975 undoubtably are measurements of pure rainwater and do
not reflect actual aquifer conditions. The C values
reported in 1972 by Tenorio for Bikini groundwater probably
are much more accurate representations of true aquifer
conditions as the samples were collected during periods of
very low pumping rates and not simply skimmed off the top of
the water column in the well bore. These values also are
slightly fresher than the values we are observing todaye but
are in the same general ballpark.

It is likely that the overall salinity of Bikini groundwater
has increased during the past decade. This can be accounted
for by: (1) lower rainfalls during the past several years
(the average annual rainfall for Bikini is 50+ inches but in
1984 it was only 32 inchest in 1985 46 inchest and 1983F
although not recorded was also an extremely dry year), and
(2) probably more important, the increased water usage of the
maturing coconut trees. In all likelihood a greatly reduced
portion of the total rainfall is able to recharge the
groundwater body today compared to earlier times when uptake
by coconut tree was considerably less. However, as long as
the present density of coconut trees is maintained it is
unlikely that groundwater recharge will increase
substantially and thus the present high groundwater
salinities can be expected to persist.

Results

Based on the water quality data presented in Tables 23 it
can be seen that Eneu is te only island in the atoll with
any appreciable fresh groundwater resource. In terms of both
radionuclides and salinity Bikini at present has no water
that meets drinking water standards. Likewise, from the
standpoint of salinity, it is virtually certain that none of
the other smaller islands have potable groundwater. The most
favorable of the smaller islands (because of their size) are
Nam and Enedrik. Although groundwater samples were collected
only once from a single site on each of these islandst the
sampling wells are located in sites that should be favorable
for fresh groundwater accumulation, and yet the analyses
showed very saline water, about 30% seawater on Enedrik and
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almost 50% seawater on Nam. Thus it is extremely unlikely
that any of the other even smaller islands in the atoll would
contain fresh groundwater.

To show the location and general extent of fresh groundwater
resources, salinity contour maps (Figure 3 and hydrogeologic
cross-sections (Figures 4 and 5) have been constructed for
Eneu and Bikini. For Eneu these show the extent of the 250
and 400 mg/1 isochlors (U.S. and TTPI drinking water limits),
and for Bikini the 1000 and 2000 mg1l isochlors (useful only
for irrigation purposes). Based on the areal extent and
depth data contained in the isochlor maps and cross-sections,
and assuming an average aquifer porosity of 20%, crude
estimates have been made of the volumes of fresh water
contained in the Eneu and Bikini groundwater bodies. These
are as follows:

Eneu (apron/runway area): 250 mg/1 C.....,,,17,,000,000 gal
400 mg/1 C1 ........ 25,000,000 gal

Bikini (near B-4 & B-8): 1000 mg/l Cl...........180,000 gal
2000 mg/l C ........... 550,000 gal

SURFACE WATER

Rainfall

Rainfall gathered from rooftops and other catchment areas
will constitute the primary source of fresh water supply in
Bikini. Rainfall characteristics, at least from the long-
term statistical sense that is generally required for precise
hydrologic evaluation, are not available for Bikini Atoll.
LLL has been collecting rainfall data since 1982 and has
complete records only for the years 1984 and 1985 (Table 6.
During both of these years annual rainfall was well less than
the generally-reported average of 50+ inches.

In addition to the LLL data, Holmes and Narver previously
developed a rainfall distribution curve for their 1975 master
plan for Bikini based on an average annual rainfall of 57.4
inches (Figure 7. Both the Holmes and Narver planning
rainfall distribution and the actual rainfall as measured by
LLL will be used for computation purposes in this report. It
should be recognized that during any given year the total
amount of rainfall and its monthly distribution may vary
considerably from the Holmes and Narver model and the actual
rainfall measured in 1984 and 1985. However, since the
rainfall catchment computations.in this report are of a
preliminary nature and will be used primarily for comparative
purposes, these limited rainfall data should be adequate.
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Catchment Svstems

Two principal rainfall catchment systems can be used on
Bikini Atoll, individual rooftop catchments and larger
impervious catchments such as the Eneu runway/apron surface
and any other impervious surfaces constructed especially for
rainwater catchment.

In addition to the amount and seasonal distribution of
rainfall, which determines the water input into the system,
other factors that determine relative efficiency of catchment
systems are the catchment area, the storage volume, and the
rate of water consumption. If values for these four
variables are known a running budget of water in storage from
the catchment system can be computed. For the case of Bikini
Atoll several sample budgets have been computed using the
Holmes and Narver planning rainfall distribution together
with various combinations of roof catchment area, storage
volume, and daily consumption. These computations indicate
that roof catchment areas of at least 1200-1400 q ft and
storage tank volumes of 5000-6000 gallons will be required.
As an example, Table 7 shows budget calculations for three
different consumption rates, 20, 15, and a mixed 15 and 12
gallons-per-day/person (gpd/person) and assumes the following
conditions: Holmes and Narver planning rainfall distribution,
1400 sq ft roof catchment area with 85% catchment efficiency,
6000 gallon storage volume, and persons per household.
These computations indicate that roof catchment should be
effective in producing water supply at modest consumption
rates throughout the rainy season but in most years
additional supplies will be required during the driest
months. Only for the case of consumption rates of 5
gpd/person during May-December and reduced rates of 12
gpd/person during January-April was it possible for roof
catchment to approach supplying 100% of total consumption.
During very dry years roof catchment will have to be
supplemented by other sources to a much greater extent. For
example, Table shows budget calculations for conditions
similar to those modelled in Table 71 but using actual
rainfall data measured on Bikini for 1984, one of the driest
years on record throughout the central Pacific Basin. Under
these conditions roof catchment would have provided the very
modest consumption rate of 12 gpd/person for only about half
the year, and the slightly higher rate of 15 gpd/person for
only 4 months in 1984. It is interesting to note that on
Enewetak, where rainfall is about the same as for Bikini,
roof catchment systems with 6000 gallon tanks were used
during the 1983-84 drought and no severe water shortages are
known to have occurred. Actual consumption rates during this
period are not known. 

In addition to individual roof catchments, two other
catchment options are available. The runway/apron area on
Eneu is already in place and if additional sealing work were
done, it could provide up to nearly one million sq ft of
usable catchment surface. On Bikini, if desired, an
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impervious surface could be constructed specifically for use
as a catchment basin. In both cases collection and storage
facilities would have to be constructed.

If it is assumed that these surface catchments have an
efficiency of 60-80% (personal communication, W. Toelkest IBC
and A. Kubo, BDM Corp) each 1000 sq ft of surface area will
produce between 375 60% efficiency) and 500 (80% efficiency)
gallons of water per inch of rainfall. At these rates, if
the entire Eneu runway/apron surface is used for catchment,
it will produce about 370r000-490,000 gallons of water per
inch of rain, assuming of course that sufficient storage
capacity is available to store the water. The approximate
costs of sealing the runway/apron area and constructing new
impervious catchment surfaces including appurtenant
conveyance and storage facilities are discussed in the
following section on Water Suppl Options.

WATER SUPPLY OPTIONS

outer islands

Fresh water supplies for all the small outer islands are
extremely limited. Our observations of groundwater
occurrence on Enedrik and Nam, the largest of the outer
islands and thus the most favorable for groundwater
accumulation, indicate that no fresh groundwater presently
exists# and it is extremely unlikely that any fresh
groundwater will ever accumulate in these islands except,
perhaps, during extremely wet years. Even if small amounts
of potable groundwater do accumulate during very wet periods
its existence will be very ephemeral. Thus the only
conceivable fresh water supply for the outer islands must
come from constructing impervious catchments or importing
water.

Eneu

Of all the islands in the Bikini Atoll, Eneu by far is the
most favorably endowed with fresh water sources. If as
expected, individual roof catchment and storage systems are
utilized, during most years they should provide adequate
fresh water supplies for household use during all but the
driest few months each year when additional sources will be
required (the time when additional supplies will be required
will of course depend on the rainfall conditions, the size of
the catchment and storage system and the rate of
consumption). During those times when rooftop catchment
sources are depleted groundwater supplies and/or runway/apron
catchment water can readily be utilized.

According to the calculations developed in the previous
section on Groundwater Supplies some 17 to 25 million gallons
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of fresh groundwater (depending on which drinking water
standard is used) presently are in storage beneath and
adjacent to the Eneu runway/apron. The usual procedure for
determining the amount of sustainable yield from such
groundwater aquifers is based on calculations of recharge
from rainfall which has not yet been completed for Eneu.
However, experience at other atolls in the Marshall Islands
and elsewhere in the central Pacific indicates that as much
as 10% of the fresh groundwater in storage can be developed
each year. This would potentially provide some 15-2.5
million gallons of additional fresh water annually, ample to
supply Eneuls needs during the dry months when roof catchment
water is not available. Costs for groundwater development
have not been computed but they certainly will be low
compared to other options, probably a few $100rOOO at most.

As calculated in the previous section on Catchment Systems,
the Eneu runway/apron area is capable of producing some
400,000+ gallons of water per inch of rainfall. Thus if
adequate storage were constructed surface catchment from the
runway/apron could provide several million gallons of water
per year, again adequate to satisfy all Eneuls dry season
water needs plus most likely those of Bikini as well. It
should be pointed out that any water collected from the
runway/apron area by surface catchment will no longer be
available for groundwater recharge and thus will reduce the
amount of groundwater that can be developed. Costs for
sealing the Eneu runway/apron area and piping, pumping and
storage facilities are given in Table 9 of the following
section.

Bikini

It is anticipated that roof catchment and storage systems on
Bikini, as for Eneu, will supply individual household water
needs during all but the driest months in normal rainfall
years. Any additional fresh water needs for agriculture and
for household use during very dry years must be obtained from
other sources. Bikini, unlike Eneup cannot rely on
groundwater to supply these requirements. As indicated
previously Bikini's groundwater contains unacceptably high
levels of both radionuclides and salinity. It is likely that
if soil and vegetable removal is the clean-up option chosen,
radionuclides will be flushed from Bikini's groundwater
system within a few years. Furthermore, it is possible that
with the wholesale removal of coconut trees during suc a
clean-up, recharge to the groundwater will increase and the
groundwater body will freshen somewhat. It is unlikely,
howeverv that Bikini's groundwater body will ever be capable
of providing substantial fresh water supplies. Tus
alternative fresh water sources must be considered for Bikini
Island.

Three options have been examined in this reportr construction
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of a large impervious catchment system on Bikinir use of the
Eneu runway/apron catchment system and transport of water by
pipeline to Bikini, and desalting. Technically all are
feasible (although desalting presents many technological
challenges in the harsh Bikini environment), and all are
capable of producing the amounts of fresh water required.
Table 9 summarizes very rough costs for various combinations
of each of the three alternatives.

Using the 1984 Bikini rainfall distribution as a worst case,
budget calculations for water in storage from a large
impervious catchment surface (following the same techniques
as used in Tables 7 and for individual roof catchment
systems) indicates that a catchment area of approximately
25OyOOO sq ft with 2 million gallons of storage will supply
151000-20rOOO gpd (about 20 gpd/person for 800-1000 persons)
during the dry times when water from individual roof
catchment systems is depleted.

Thus for comparative cost purposesr the catchment systemr
whether it be the existing Eneu runway/apron area or a newly
constructed catchment on Bikini, was assumed to have an area
of 250,000 sq ft with 2 million gallons of storage. From
Table 9 the rough cost for using the Eneu runway and piping
the water to Bikini is 2,240,000 ($900,000 for runway
sealing and water collection, 440,000 for 2 million gallons
of storage with floating roof, 900,000 for Eneu-Bikini
pipeline and pumps). The cost for a similar system
constructed on Bikini is about 1,700#000 $lt250,000 for the
catchment system and 440,000 for 2 million gallons of
storage).

There are advantages and disadvantages to each system. From
a purely cost standpoint it appears the Bikini system would
be preferred, especially since operational pumping costs have
not been considered in these estimates. It must be recognized
however, that these cost estimates are very approximate, and
firmer figures would have to be obtained before actually
making a decision. A Bikini system would have the additional
benefit of being situated on Bikini and thus would not be
subject to any possible pipeline or pumping problems.
Conversely, such a system located on Bikini would occupy
about 10 acres or more of very valuable landr whereas the
runway and apron on Eneu are already in place. Finally if
the present Eneu runway/apron were used it could serve the
dual purpose of water supply for Eneu as well as Bikini. To
summarize, from a cost standpoint both systems are in roughly
the same ballpark, but perhaps even more important, both of
these systems are simple to operate, relatively maintenance-
freer and have very low energy operating costs, all factors
of primary importance in the Bikini environment.

A comparative evaluation of the costs of the desalting option
is much more difficult. The Cost estimates given in Table 9
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for desalting cannot be transferred directly to the Bikini
situation with any reasonable degree of confidence for
several reasons. Firstj for the most part, these figures are
based on much higher production rates than those anticipated
for Bikini. Thus scaling factors will be very important and
these were not readily available. Generally speaking, per
unit desalting costs are much greater at low rates than at
higher ones. Secondly, each cost figure is very site
specific. For example, the system presently being
constructed on Ebeye, an atoll environment in the Marshall
Islands similar to Bikini, will use waste heat from the new
Ebeye power plantr thus energy operating costs will be much
lower than those for Bikini. The Honolulu demonstration
plant will produce more than 50 times the amount of water
required from a Bikini plant# and will desalt brackish water
only about one-tenth as saline as the seawater a Bikini plant
would use. Furthermorey it is located near Honolulu where
realtively low-cost energy and highly trained technical
personnel are readily available. Even for the Johnson Island
reverse osmosis system, which would seem to be the most
similar to that required for Bikini, the cost estimates
listed in Table 9 are somewhat suspect. It is quite likely
that because Johnson Island is a U.S. military installation
such items as energy, transportation and manpower costs are
all much less than would actually be charged for a similar
plant on Bikini.

Thus before the desalting option can be seriously considered,
a more detailed evaluation must be made of the capital and
operation and maintenance costs of a desalting plant actually
located on Bikini, operating at a rate directly applicable to
Bikini's needs. Careful consideration should also be given
to the very stringent technological requirements for
operation in the Bikini environment and the availability of
technical expertise required to operate and maintain the
system,

SUMMARY OF CONCLUSIONS

The results presented in this report can be summarized as
follows:

(1) Fresh water supplies on the small outer islands (all
islands except Bikini and Eueu) are extremely limited.
Fresh groundwater is not available thus all potable
water must come from constructed catchment systems or
importation.

(2) Eneu Island has relatively plentiful fresh water
supplies. Individual household roof catchment water can
be readily supplemented by groundwater sources and/or
catchment from the runway/apron surface.
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(3) Bikini Island fresh water supplies are limited. Fresh
groundwater is not available, thus individual household
roof catchment water must be supplemented by either (1)
water from a new catchment system constructed on Bikini,
(2) water from the Eneu runway/apron catchment system
which is then transported to Bikini via pipeline, or 3)
desalting.

(4) All three options listed above are capable of providing
the quantities of supplemental fresh water required for
Bikini Island, however, the true costs of catchment
versus desalting are not well defined at this time.
Capital costs for the two catchment options (1 and 2
above) are roughly comparable, and probably are
considerably higher than for the desalting option.
Operation and maintenance costs (especially energy and
technology requirements) for desalting at Bikini Atoll,
though not well definedr undoubtedly will be extremely
high. Thus before a final decision can be made on which
option to user more detailed study of the costs,
especially those for desalting, must be undertaken.
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TABLE 1. Bikini Atoll Test Boreholes.

Well Number Depth J111 LocatiQn

BI-12 12 Bikini
BI-19 19
Bl-28 28

B2-12 12
B2-19 19
B2-26 26

B3-12 12
B3-19 19
B3-28 28

B4-14 14
B4-19 19
B4-29 29

B5-12 12
B5-19 19
B5-27 27

B6-14 14

B7-12 12
B7-19 19
BP7-19 19

B8-12 12

El-12 12 Eneu
EI-19 19
EI-29 29

E2-12 12
E2-19 19
E2-29 29

E3-12 12
E3-19 19
E3-29 29

E4-12 12
E4-19 19
E4-27 27

E5-12 12
E5-19 19
ES-27 27
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Well Number Depth (ft) Location

E6-11 11 Eneu
E6-19 19
E6-28 28

E7-10 10
E7-19 19
EP7-19 19

E8-11 11 w
E8-15 15

E9-9 9 m

E10-9 9 a
E10-13 13.5 6

Ell-11 11.5 a

E12-11 11 a
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TABLE 2 Bikini Atoll Water Quality Measurements.

Salinity cl Salinity ci
Well (put) (mg/1) Date (Rvt) (mg/1)

BI-12 7/26/85 19.5 14377 11/18/85 19.8 13450
Bl-19 23.2 23.1
BI-28 25.5 24.8

B2-12 21.2 17.2
B2-19 24.8 23.7
B2-26 24.5 23.0

B3-12 3.8 3.9 2574
B3-19 24.8 23.5
B3-28 27.0 18095 25.9

B4-14 4.2 2068 1.0 690
B4-19 21.0 19.9
B4-29 25.5 24.5 18090

B5-12 16.5 11078 15.6 10850
B5-19 23.3 15306 22.0 15450
B5-27 26.0 24.7

B6-14 20.5 20.9

B7-12 n 20.9 21.8
B7-19 22.1 19.6
BP7-19 22.9 20.3

B8-12 2.3

HFH-7 715/85 2.0 1124 4.0 450
(Bikini)

El-12 7/26/85 0.2 56 11/19/85 0.2 62
El-19 7.0 3975 4.9 2979
EI-29 16.3 19.0

E2-12 7/28/85 0.6 174 0.5 186
E2-19 6.1 3588 5.1
E2-29 21.2 15050 19.7 14770

E3-12 6.7 4337 7.6 3900
E3-19 10.5 7600 10.1 5144
E3-29 18.0 16.9

E4-12 0.8 431 0.8 368
E4-19 10.2 9.8
E4-27 15.0 10093 14.6 10640
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E5-12 7/28/85 0.1 23 11/19/85 0.1 23
E5-19 0.1 30 0.1 16
E5-27 0.1 21 0.1 15

E6-11 0.8 287 0.9 281
E6-19 1.5 652 1.6 724
E6-28 7.5 4683 8.0 5158

E7-10 4.0 2247 3.5 2059
E7-19 11.4 8159 11.2
EP7-19 4.4

EB-11 0.2 61 0.2
E8-15 0.1 22 0.1

E9-9 0.2

E10-9 0.4 209
E10-13 0.8 418

Ell-11 2/19/86 0.5 180

E12-11 2/19/86 0.4 135

FWR-4 7/23/85 0.1 18 11/19/85 0.1
FWR-6 ---- w 0.8

Nam ---- 11/16/85 15.0 10167

Enedrik ---- 11/9/85 10.0 7567
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TABLE 3 Cesium-137 and Strontium-90 Concentrations in
Bikini Groundwater (after W. Robisonr LLL,
unpublished results).

Island W-PU DAIte Sr-90 (pCi/1) Cs-137 NCi/l)

Bikini HFHI 6/21/75 57 601
1/24/77 7.2 ---

11/19/77 25.5 ---
11/8/78 12.3 ---

HFH2 6/19/75 77 294
11/23/77 7.3 ---
11/19/77 77.5 ---

11/9/78 13 ---

H�M 6/20/75 227 335
1/24/77 4.0 ---

11/20/77 73.6 ---

E�H4 6/20/75 260 226
1/24/77 21.9 ---

11/20/77 92 ---

HFH5 6/19/75 180 530
1/23/77 4.2 ---

11/20/77 4.0 ---

E�V 6/20/75 1.0 250
1/24/77 4.2 ---

11/20/77 6.4 ---

Eneu FWRI 6/24/75 58.3 32.7
1/27/77 9.9 ---

11/17/77 8.2 ---

FWR2 6/22/75 66 69
1/27/77 3.9 ---
11/7/77 1.3 ---

FWR3 6/22/75 1.3 32
W 1/27/77 4.2 ---

FWR4 6/22/75 3.4 1.1
1/27/77 9.5 ---
11/7/77 2.8 ---

FWR5 1/28/77 32.6 ---
11/19/77 10.7 ---
11/7/78 7.7 ---
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TABLE 4 Historic Groundwater Salinity Data From Bikini
and Eneu Islands.

Island Well Date Salinity (pvt) Chlorides G/1)

*Bikini 2A 9/24/46 --- 32
v 2B a --- 86

+Bikini B-1 4/25/72 --- 909-3000
B-2 4/26/72 --- 1015-1115
B-3A 5/3/72 --- 1245
B-4 5/3/72 1040
B-5 5/3/72 --- 1025
B-6 5/2/72 --- 955-1547

xBikini HFH1 6/21/75 0.90 475
HFH2 6/19/75 0.06 6
HFH3 6/20/75 2.56 1390
HFE4 6/20/75 0.14 53
HFH5 6/19/75 0.67 344
HFH7 6/20/75 0.61 315

xEneu FWR1 6/24/75 1.07 559
FWR2 6/24/75 3.33 1820
FWR3 6/22/75 2.61 1420
FWR4 6/22/75 0.10 30.9

*After Enery, Tracey, and Ladd, 1954, U.S.G.S. Prof. Paper
260-A.

+After P. Tenorio, 1972, TTPI memorandum to file.
xAfter Noshkin, Robisonf Wong, and Eagle, 1977, LLL Report

UCRL-51879, part 4.
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TABLE 5. Detailed groundwater quality analysis from Bikini & Eneu

U. S. DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

WATER RESOURCES DIVISION

Analyses by Geological Survey, United States Department of the Interior
(milligrams per liter)

Laboratory Number HAW 2736 HAW 2737 HAW 2738

Date of collection May 2 1972 May 3 1972 May 4 1972
1400 hours 1105 hours 0815 hours

Silica (SiO2) ............. 2.0 1.5 1.2

Iron (Fe) .................
Manganese (Mn) ............

Calcium (Ca) .............. 80 113 56
Magnesium (Mg) ............ 75 200 32
Sodium (Na) ............... 370 1740 62
Potassium (K) ............. 19 85 2.7

Bicarbonate (HC03) ........ 376 326 260
Carbonate (CO3) ........... 0 0 0
Sulfate (SO4) ............. 109 374 31
Chloride (Cl) ............. 640 3000 115
Fluoride (F) .............. 1.0 1.2 1.2
Nitrate (NO3) ............. 18 37 .8

Dissolved solids
Residue on evaporation at
1800C Calculated 1500 5710 430

Hardness as CaCO3 ......... 509 1110 271
Noncarbonate hardness as -

CaCO3 .................. 198 838 58
Alkalinity as CaCO3 308 267 213
Specific conductance

(micromh.os at 250C) ...... 2730 9610 802
pH ........................ 7.8 8.3 8.2
Color .....................
Carbon dioxide C2)calcula-

ted ...................
Temperature (OC) .......... 29.0 24.7 28.0

Dug well B-6 Dug well B-7 Camp well (dug)
Bikini Isl. Bikini Isl. Eneu Island
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TABLE 6 Monthly rainfall for Bikini and Eneu (provided by W. Robison,
Lawrence Livermore National Laboratory).

Rainfall, inches

Date Bikini Eneu

1/82 No Data 0.03
2/82 No Data 0.55
3/82 No Data 2.64
4/82 No Data 3.89
5/82 No Data 11.36
6/1-22/82 No Data 0.78
7/10-31/82 No Data 9.56
8/82 No Data 10.01
9/82 No Data 11.06
10/82 No Data 12.01
11-482 No Data 7.39
12/82 No Data 2.37

No Data Z 71.65

1/83 No Data 1.51
2/83 No Data Data tape problem;
3/83 No Data Data still to be
4/83 No Data retrieved.
5/83 Mo Data sIme as aDove
6/83 No Data same as above
7/83 No Data same as above
8/83 No Data same as above
9/83 No Data 7.6
10/1-16/83 No Data 0.38
11/83 No Data 0.01
12/83 No Data 1.61

1/84 0.23 0.66
2/84 0.97 1.08
3/84 1.57 1.92
4/84 0.50 0.71
5/84 0.24 0.13
6/84 4.47 3.90
7/84 0.51 0.96
8/84 6.76 5.87
9/84 4.01 3.13
10/84 4.73 7.76
11/84 3.98 7.22
12/84 3.76 3.18

131.7 Z36.5

1/85 0.39 3.3
2/85 0.64 0.08
3/85 1.32 2.50
4/85 2.59 1.55
5/85 7.15 8.79
6/85 4.53 3.25
7/85 2.35 1.97
8/85 6.69 5.27
9/85 7.95 5.70
10/85 6.58 5.22
11/85 3.21 3.04
12/85 2.27 1.93

Z45.67 Z42.60
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TABLE 7 Roof Catchment Storage Budget (note: values in the
deficit (Def) column represent the amount of water
not available from roof catchment that must be
supplied from other sources).

Assumptions: Rainfall: 1975 Holmes Narver Planning Rain
Roof Area: 1400 sq ft
Catchment efficiency: 85%
Storage volume: 6000 gal
Household size: 
Condition #1 usage: 20 gpd/person
Condition 2 usage: 15 gpd/person
Condition 13 usage: 15 gpd/person May-December,

12 gpd/person January-April

Condition #1 Condition 2 Condition 3
Month Input In-Use Z= Dif Tn-T7-c;p Z-= D-e-f In=_jj&a S= DAL

July 5400 +600 600 0 +1800 1800 0 +1800 1800 0
Aug 5400 +600 1200 0 +1800 3600 0 +1800 3600 0
Sept 5400 +600 1800 0 +1800 5400 0 +1800 5400 0
Oct 7450 +2650 4450 0 +3850 6000 0 +3850 6000 0
Nov 4700 -100 4350 0 +1100 6000 0 +1100 6000 0
Dec 2600 -2200 2150 0 -1000 5000 0 -1000 5000 0
Jan 750 -4150 0 2000 -2850 2150 0 -2150 2850 0
Feb 1400 -3400 0 3400 -2200 0 50 -1500 1350 0
Mar 1350 -3450 0 3450 -2250 0 2250 -1550 0 200
Apr 1300 -3500 0 3500 -2300 0 2300 -1600 01600
May 3800 -1000 0 1000 +200 200 0 +200 200 0
June 3150 -1650 0 1650 -450 0 250 -450 0 250
July 5400 +600 600 0 +1800 1800 0 +1800 1800 0

Note: all quantities are given in units of gallons.
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TABLE 8. Roof Catchment Storage Budget Using 1984 Bikini
Rainfall (Note: values in the deficit column
represent the amount of water not available from
roof catchment that must be supplied from other
sources).

Assumptions: Rainfall: 1984 Bikini rain
Roof area: 1400 s ft
Catchment efficiency: 85%
Storage volume: 6000
Household size: 
Usage condition #I: 12 gpd/person
Usage condition 2: 15 gpd/person

Condition #1 Condition 2
Month Inr>ut In-Use Z= Dal In-Use Stor D&L

July 400 -2500 0 2500 -3200 0 3200
Aug 5050 +2150 2150 0 +1450 1450 0
Sept 3000 +100 2250 0 -600 850 0
Oct 3500 +600 2850 0 -100 750 0
Nov 2950 +50 2900 0 -650 100 0
Dec 2800 -100 2800 0 -800 0 700
Jan 150 -2750 so 0 -3450 0 3450
Feb 700 -2200 0 2150 -2900 0 2900
Mar 1150 -1750 0 1750 -2450 0 2450
Apr 350 -2550 0 2550 -3250 0 3250
May 200 -2700 0 2700 -3400 0 3400
June 3350 +450 450 0 -250 0 250
July 400 -2500 0 2500 -2500 0 2500

Note: all quantities are given in units of gallons.
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TABLE 9 Cost Estimates For Freshwater Alternatives
(items 1-5 after W. Toelkesr International Bridge
Corp; items 6 and 7 after Holmes Narverl Honolulu
office; item after CH2MHill Cot Honolulu Office).

1. Eneu runway (sealing, piping, pumping):
total apron/runway area ...... $3,600,000
500,000 sq ft ...... 60616044606 18001000
250,000 sq ft ..... 00600000000 900,000

2. New catchment construction ($5/sq ft):
500,000 sq ft ...... *ee***9e**$2r500r000
250FOOO sq ft ..... 000000000* 1250,000

3. Storage tanks (rubber-lined earth berms):
Without floating roof: $.20/gal - $200,000/million gal
With floating roof: $.22/gal - $220,000/million gal

4. Eneu-Bikini pipeline (6-inch sch. 0 PVC
buried in concrete): $22.50/ft 3r000 ft ... 795,000
Pumping station .... 1008000

$895tOOO

5. Desalting (Ebeye power plant waste heat):
Capital cost ...... oooooooeeoeeoo$41,5OOtOOO/l6OrOOO gpd
Operating cost .... gal

6. Desalting (Johnson Is. reverse osmosis):
Capital cost ...... 0*000000090000*0$75OfOOO/l4OlOOO gpd
Operating cost ....... 9�*e*�ee*9oee** ...... $10/1000 gal

7. Desalting (Bikini LLL camp reverse osmosis):
Capital cost., .... oooooooooooooooooo$20,000/2tOOO gpd
Operating cost not available

B. Desalting (Honolulu I mgd demonstration
plant using combination of reverse osmosis
and electrodialysis reversal):
Capital cost ..... ee**oooooeooo$4,215,000/lrOOOFOOO gpd
Operating cost ....... ....... $3/1000 gal

B 31




