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CONVERSION TABLE

The following table may be used to convert measurements in the inch-pound

system to the International System of Units (SI).

Multiply

inch (in)

foot (ft)

mile (mi)

nautical mile (nmi)

square foot (ft

square mile (mi

acre-foot (acre-ft)
cubic foot (ft3)

gallon (gal)
million gallons (Mgal) ----------

By
Length

1233
0.02832
3.785

3785

- -

To obtain

millimeter (mm)
meter (m)
kilometer (km)

kilometer (km)

square meter (mz)
square meter (mz)

square kilometer (kmz)

cubic meter (m3)
cubic meter (m3)
liter (L)

cubic meter (m3)

Volume Per Unit Time (includes Flow)

cubic foot per second (ft3/s) -
gallon per minute (gal/min) -----

gallon per day (gal/d)
million gallons per day (Mgal/d)

cubic foot per second per
square mile [(ft3/s)/mi .....
foot per day (ft/d) =-====c===e--

micromho per centimeter at
25° Celsius (umho/cm at 25°C) -

0.02832

0.06309
90.85

0.04381

Miscel laneous

0.01093
0.3048

1.000

xiii

cubic meter per second (m3/s)

cubic decimeter per second (dm3/s)
cubic decimeter per second (dm3/s)

cubic meter per second (m3/s)

cubic meter per second per
square kilometer [(m3/s)/km2]

meter per day (m/d)

microsiemens per centimeter at

25° Celsius (uS/cm at 25°C)



DEFINITION OF TERMS

Water Resources

Acre-foot (acre-ft) is the quantity of water requhred to cover one acre to a
depth of one foot and is equivalent to 43,560 cubic feet or 325,851 gallons.

Cfs-day (ft3/s)-d is the volume of water represented by a flow of one cubic foot
per second for 24 hours. It is equivalent to 86,400 cubic feet, 1.93875
acre-feet, or 646,317 gallons.

Control designates a feature downstream from the gage that determines the stage-
discharge relation at the gage. This feature may be a natural constriction
of the channel, an artificial structure, or a uniform cross section over a
long reach of the channel.

Cubic foot per second (ft3/s) is the rate of discharge representing a volume of

one cubic foot passing a given point during one second and is equivalent to

7.48 gallons per second or 448.8 gallons per Iinute.
Discharge is the volume of water that passes a givenh point within a given period
of time.

Mean discharge (mean) is the arithmetic average of individual daily mean

discharges during a specified period.

Instantaneous discharge is the discharge at a particular instant of time. If

this discharge is reported instead of the daily mean, the heading of the
discharge column in the table is '""Discharge."

Dissolved is that material in a representative water sample which passes through
a 0.45-um membrane filter.

Drainage area of a stream at a specific location is that area, measured in a

horizontal plane, enclosed by a topographic divide from which direct
surface runoff from precipitation normally drains by gravity into the river
above the specified point.

Gage height is the water-surface elevation referred to some arbitrary gage
datum.

Gaging station is a particular site on a stream where systematic observations of

hydrologic data are obtained.



¢

Hardness of water is a physical-chemical characteristic that is commonly recog-

nized by the increased quantity of soap required to produce lather, due to
the presence of alkaline earths (principally calcium and magnesium) and is
expressed as equivalent calcium carbonate (CaCOB).

Micrograms per liter (ug/L) is a unit expressing the concentration of chemical

constituents in solution as mass (micrograms) of solute per unit volume
(liter) of water. One thousand micrograms per liter is equivalent to one
milligram per liter.

Milligrams per liter (mg/L) is a unit expressing the concentration of chemical

constituents in solution as mass (milligrams) of solute per unit volume
(1iter) of water.

Partial-record station is a particular site where limited streamflow and/or

water-quality data are collected systematically over a period of years for
use in hydrologic analyses.

Runoff in inches shows the depth to which the drainage area would be covered if

all the runoff for a given time period were uniformly distributed on it.

Sediment is solid material that originates mostly from disintegrated rocks and is
transported by, suspended in, or deposited from water; it includes chemical
and biochemical precipitates and decomposed organic material, such as
humus. The quantity, characteristics, and cause of the occurrence of
sediment in streams are influenced by environmental factors. Some major
factors are degree of slope, length of slope, soil characteristics, land
usage, and quantity and intensity of precipitation.

Specific conductance is a measure of the ability of a water to conduct an

electrical current. It is expressed in micromhos per centimeter at 25°c.
Specific conductance is related to the type and concentration of ions in
solution and can be used for approximating the dissolved-solids content of
the water. Commonly, the concentration of dissolved solids (in milligrams
per liter) is about 65 percent of the specific conductance (in micromhos).
This relationship is not constant from stream to stream, and it may vary in
the same source with changes in the composition of the water.

Stage is the water-surface elevation referred to some arbitrary gage datum (gage
height).

XV



Stage-discharge relation is the relation between gage height (stage) and volume

of water per unit of time, flowing in a channel.
Streamflow is the discharge that occurs in a naturaj channel. Although the term
'"discharge'" can be applied to the flow of a canal, the word ''streamflow'
uniquely describes the discharge in a surface stream course. The term
""'streamflow'" is more general than ''runoff'' as streamflow may be applied to
discharge whether or not it is affected by diversion or regulation.
Turbidity of a sample is the reduction of transparency due to the presence of
particulate matter. In this report it is expressed as Nephelometric

Turbidity Units (NTU).
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Geology

Alluvium: Soil, sand, gravel, or similar material deposited by running water.

Andesite: A volcanic rock of fine-grained texture, consisting chiefly of
plagioclase feldspar and ferromagnesian minerals, without olivine.

Basalt: Dark-colored, fine-grained igneous dike or flow rock of relatively high
specific gravity, composed primarily of plagioclase feldspar and pyroxene,
with or without olivine.

Basement rock: The assemblage of metamorphic and igneous rocks that underlie the

sedimentary and unmetamorphosed volcanic rocks in any particular region.
Breccia: A rock consisting of consolidated angular rock fragments larger than
sand grains.

Conglomerate: A rock made up of water-worn and rounded pebbles of other rocks

cemented together.

Dike: A tabular body of igneous rock that cuts across the structure of adjacent
rocks or cuts massive rocks.

Fault: A break or fracture in material of the earth's crust, along which there
has been movement.

Muck: Organic material which is decomposed so much that identification of plant
parts is impossible.

Peat: Unconsolidated soil material consisting largely of undecomposed or

slightly decomposed organic matter accumulated under conditions of
excessive moisture.

Pyroclastic rock: A general term applied to detrital volcanic materials that

have been explosively or aerially ejected from a volcanic vent.

Sill: A tabular body of igneous rock that has been injected, while molten,
between layers of sedimentary or igneous rock.

Talus: An accumulated heap of rock fragments derived from and lying at the base
of a cliff or very steep slope.

Trachyte: Light-colored, fine grained, igneous flow or dike rocks differing from
andesites chiefly in having more alkalic feldspar and less dark minerals in
the fine ground mass.

Tuff: Indurated pyroclastic rocks of grain generally finer than 4 mm, the

indurated equivalent of volcanic ash or dust.
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WATER RESOURCES OF THE TRUK ISLANDS

By Otto van der Brug

ABSTRACT

The Truk Islands consist of 19 volcanic islands and about 65 coral islets.
The volcanic islands and some of the coral islets are scattered in an 820-square-
mile lagoon enclosed by a 125-mile long barrier reef. Moen, although not the
largest, is by far the most developed island and is the administrative,
commercial, educational, and transportation center of the islands.

This report summarizes all hydrologic data collected and provides interpre-
tations that can be used for development and management of the water resources.

Monthly rainfall records are available for most years since 1903, although
they were not collected on the same island. On Moen, the average annual rainfall
is 144 inches and runoff-rainfall comparisons show that about half of this
rainfall runs off as surface water into Truk Lagoon.

Flow characteristics of the major streams, based on more than 11 years of
record, are provided and the application of data for possible use in the design
of reservoirs and rain catchments is included.

Historical and present development of all water sources are given.
Virtually all water produced in the Truk Islands comes from the Administration
area on Moen, where a 90-acre catchment area and the only known large aquifer in
the islands are located. Runoff from the catchment area ranges from 15,000 to
150,000 gallons per day depending on the amount of rainfall, and production of
ground water ranges from 500,000 to 800,000 gallons per day depending on the
number of wells in operation and their pumping rates. The chemical analyses of
surface and ground water on Moen, with the exception of water from well 9,

indicate that the quality of the water is good.



INTRODUCTION

Cooperation

In 1968, the U.S. Geological Survey and the Trust Territory of the Pacific
Islands entered into a joint funding agreement to collect streamflow data. This
program was expanded in 1972, with the addition of several rain gages, and again
in 1974, when a senior geologist, Dan Davis, was assigned nearly full-time to
Trust Territory Headquarters to advise on exploratory drilling and ground-water
development. Water quality was introduced into the program in 1979 with the
collection of biannual samples from surface and ground water for chemical
analyses.

Under the cooperative program, the Trust Territory Government provided
labor, equipment, services, and funds to be matched on an equal-value basis by
the Geological Survey. The Survey assumed responsibility for supervision, data
compilation and analyses, and publication.

After formation of the Federated States of Micronesia, the responsibility
for the matching funds and services was transferred from the Trust Territory

Government to the separate States.



Purpose and chpe

The purpose of this report is two-fold. First, it seeks to provide a
summary of available water-resources data for the Truk Islands and second, it
provides interpretations that can be used by planning and public works officials.

The bulk of the hydrologic data collected since 1954 on the Truk lIslands
consists of surface-water records for most of the principal streams. More
recently, the data base has been expanded to include information on ground-water
resources, on water quality, and on rainfall. Data collected prior to mid-1960
were published by the U.S. Geological Survey in '""Surface Water Supply of Mariana,
Caroline and Samoa Islands through June 1960'" and in 'Military Geology of the
Truk Islands," (Valenciano and Takasaki, 1959).

Most of the data collected since 1968 have been published by the Geological
Survey in the annual release '"Water Resources Data for Hawaii and other Pacific
Areas.'" For 1968-70, the information also was published in Water-Supply Paper
2137: "“Surface Water Supply of the United States, 1966-70; Part 16. Hawaii and

other Pacific Areas.'

Geographic Setting

The Truk Islands, located about 2,100 miles southeast of Tokyo, 2,200 miles
east-southeast of Manila and 3,500 miles west-southwest of Honolulu, consist of
19 high volcanic islands and at least 65 low coral islets (fig. 1).

Many of the coral islands are a part of the 125-mile-long barrier reef that
encloses an 820-square-mile lagoon in which the volcanic islands and remaiGIng
coral islets are scattered (fig. 2). The volcanic islands are the erosive
remnants of a partly submerged large shield volcano, which has long been
inactive.

The volcanic islands comprise about 97 percent of the total land area of 35
square miles and range in altitude from 30 to 1,460 feet above sea level. Many
have sloping sides which end in narrow coastal flats where the inhabitants live.
Frequently, the flats are- poorly drained and, in some places, are bordered by
mangrove swamps. The volcanic islands are drained by streams, most of them short
with small drainage areas. Vegetation is tropical and lush, except on some high

ridges where it is sparse because of rocky soil.
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The climate is uniformly warm and humid. Temperatures average 27.3°C,
relative humidity 82 percent, and rainfall 144 inches per year. From November to
June, northeasterly trade winds are prevalent and for the remainder of the year,
the islands experience moist southerly winds as they are influenced by the
Intertropical Convergence Zone.

Tol, the largest and historically the most pbpulous island, has an area of
13 mi2 (square miles) and consists of four volcanié areas separated by deep bays.
Mangrove swamps fringe the coast. Mount Winipot (called Mount Tumuital on the
Army Map Service map, 1957), the highest point of the Truk |slands, stands 1,460
feet above mean sea level.

Moen, with a land area of 7.2 miz, is the second largest island; like Tol,
much of the area consists of steep and rugged terrain, with Mount Tonoken being
the highest point (1,212 ft). Moen is the administrative, commercial,
educational, and transportation center of the islands. Continuing migration to
Moen from the other islands occurs because of employment opportunities, educa-
tional facilities, and the attractions of urban life. The population has
increased fourfold during the last two decades reaching 9,077 in the 1976 census
(Austin, Tsutsumi and Associates, 1977) with nearly 70 percent of the increase
due to migration from the other islands (Hawaii Architects and Engineers, 1968).

Fefan, 4.7 mi2 in area, is a continuous mountain ridge. Coastal areas
consist partly of mangrove swamps, freshwater marshes, and beaches, while inland
areas support agriculture.

Dublon Island, 3 miles south of Moen with an area of 3.4 miz, was the
administrative and military center during the Japanese Administration (1914-
1945) and the most developed island during that period. Two volcanic mountains,
Mount Tonomwan and Mount Foukenau, with altitudes of 1,129 and 811 feet respec-
tively, form the main mass of the island, with two eastward projecting
peninsulas. The slopes of the island are steep, except in the saddle between the
mountains and at the base of the peninsulas.

Udot, 1.8 miz, consists of three volcanic highlands connected by narrow
necks and Uman, 1.6 miz, is a conical-shaped volcanic rock.

The remaining islands are much less than one square mile in area and have
few inhabitants.

The economic base of the islands is narrow, as the government is almost the
sole employer. Only a small amount of income is derived from tourism, fishing,

and copra production.
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Historical Development

The first Westerner to view the Truk Islands was the Spanish explorer,
Alonso de Arellano, aboard the ''San Lucas' on January 17, 1565. Natives in
canoes invited him into the Truk Lagoon to the large island of Tonowas (Dublon
Island) where he was attacked, but he managed to escape. This was the only
recorded contact with Truk until the 19th century. Truk did appear on maps in
the 18th century, but only through information from native sources and was marked
as "Torres' or Hogoleu' (Hezel, 1973).

Rudimentary maps were drawn by the French explorer Manuel Dublon, who
visited the islands on December 10, 1814, and by Louis Duperry, who talked to the
natives on June 24, 1824, but did not enter the lagoon.

In 1881, the captain of the missionary ship '"Morning Star'' wrote: 'There is
but one white man in all of Ruk (Truk) Lagoon and worldly influences have not
been felt'" (Hezel, 1973).

When the Spanish interests in the Pacific were challenged by Germany in
1885, Pope Leo XII| mediated the dispute in favor of Spain, and, in 1887, the
first Spanish governor of the Eastern Caroline Islands arrived on Ponape (Pompey
1969). The people in the Truk Islands were left alone until Germany purchased
the Caroline lslands from Spain in 1899. Early in 1901, the Germans sent a
Ponapean, Henry Nanpei, to Truk to mediate the warfare between the islands
(Bernard, 1977). All warfare ended after two German warships arrived in 1904 and
confiscated the weapons sold by Japanese traders (Dolan, 1974). The Germans
encouraged copra production by requiring every household to plant a number of
coconut trees each year (Coulter, 1957). They surveyed the land and gave title
to its owners.

At the outbreak of World War |, in 1914, the Japanese occupied the islands
and after the War, Japan was given a mandate to administer the islands by the
League of Nations. The Japanese built roads and began to develop the water
resources. Large Naval and Air Force installations were in operation on the Truk
Islands, until they were neutralized by intensive American bombing during 1944.

The Americans occupied the islands on September 3, 1945. The islands remain
under American Administration until their impending independence as one of the

Federated States of Micronesia.



Population

In 1827, the number of people in the Truk Islands was estimated to be 35,000
(Austin, Smith and Associates, 1967). The population was decimated by imported
diseases, but began to increase again at the beginning of the 20th century. In
1920, the estimated population was 9,800, and in 1935, the population had
increased to 10,344, according to Japanese figures (Great Britain Naval Intel-
ligence Div., 1945).

Before World War |l, there were few Japanese civilians in the islands and
Truk was used mainly as an anchorage for the Japanese 4th Fleet. Between
November 15, 1940, when the Japanese Lth Defense Unit was organized, and February
17 and 18, 1944, when successful raids on Truk were made by an American task
force, the Japanese military presence rapidly escalated. In 1945, at the end of
the war, the Japanese forces numbered 38,360, of which 14,220 were civilians
working for the Navy (Stark and others, 1958). All Japanese were repatriated
shortly after the end of the war, and in 1946, there were 14,032 people left in
the islands (Coulter, 1957).

In 1957, the population of the Truk Islands had increased to 18,605, of
which 2,694 or 14.5 percent lived on Moen (U.S. Dept. of State, 1957 Annual
report to the United Nations), and by 1967, the population had grown to 25,107,
with 5,687 or 22.7 percent residing on Moen (Hawaii Architects and Engineers,
1968).

The 1976 Trust Territory census information shows a population of 9,077 on
Moen. This indicates an average annual growth rate of more than 5 percent, which
is very high even by the Southeast Asian standard of 3 percent (Austin, Tsutsumi
and Associates, 1977). Preliminary figures of the 1980 U.S. census show 37,383
people residing in the Truk Islands (The New Pacific Magazine, 1981).

The growth is expected to continue and the population of the Truk Islands
could reach 50,000 by 1995, with 18,000 people living on Moen.

“
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Previous Investigations

No water-resources information is available from the Spanish and German
periods, except for some rainfall records collected during the latter adminis-
tration. Although the Japanese accomplished substantial development of the
water resources, few data are available.

Since the end of World War 11, a number of studies have been made by the U.S.
Geological Survey. Piper (1946-47) was the first to make an appraisal of ground
water in the islands as well as surface-water sources on Moen. He described some
of the Japanese water systems on Moen and the potential for development of the
Wichen River. Arnow (written communications, 1953 and 1954) collected informa-
tion on surface-water sources and supply facilities on Moen and Dublon Islands.

Carson (Stark and others, 1958) visited 12 volcanic and 16 coral islands in
1955 and established staff gages, read twice daily, on streams on Moen, Dublon
Island, and Tol. Stark described the geology, Paseur the soils and vegetation,
and Hay and May the terrain features in '"Military Geology of Truk Islands' (Stark
and others, 1958).

Valenciano and Takasaki (1959) made a reconnaissance of the ground water on
seven volcanic islands and one coral island. They also made many miscellaneous
streamflow measurements on the seven volcanic islands (tables 44-49). In their
"Military Geology of Truk Islands, Water Resources Supplement,' they listed most
water sources in use during 1957.

Stark and Hay (1963) made a structural, stratigraphic, and petrographic
study of the rocks of the Truk Islands.



Acknowledgments

Throughout the years, cooperation from the Headquarters Staff of the Trust
Territory of the Pacific Islands in Saipan and officials in the Truk District has
been outstanding.

Special commendation is made to Koichi L. Wong, who was involved in all
phases of the work since 1965; to Louis F. Irving, who acted as our liaison with
the Trust Territory Headquarters; and to those listed below who did most of the
data collection:

Bernard Y. Pillimon (1968-69)
Nehpoad Ben (1969-74)
Misaro Phares (1974)
Kinchiro Small (1974)
Carmelo Sam (1974-78)
Siongau Ezra (1981-present).

10



DESCRIPTIVE GEOLOGY

The volcanic islands of Truk are the erosive remnants of a partly submerged
large shield volcano, which has long been inactive. The Truk volcano rises
16,000 feet from the ocean floor to 1,460 feet above sea level. At one time, it
was at least several thousand feet higher (Stark and Hay, 1963). This volcano
was built by basalt, andesite, and trachyte lava flows, and is interspersed with
dikes and interbedded with pyroclastic rock and conglomerates (Stark and others,
1958). These volcanic rocks make up the bulk of each of the high islands.
Younger sediments lying on them consist of slope-wash talus at the base of steep
slopes, alluvium in valley bottoms and coastal lowlands, calcareous sands and
minor amounts of limestone along the shores, with muck and peat found in coastal
marshes and swamps.

Quoting from '"Military Geology of the Truk Islands,'" (Stark and others,

1958):

The volcanic rocks are thoroughly and deeply weathered in each
island, except on the steepest slopes. |In places they are weathered to
depths of 30 or more meters. The permeability of weathered rock is low;
however, it appears generally higher than that of most fresh volcanic rock.

Surficial sediments make up only a small part of the total bulk of the
high islands. The slope wash consists of disintegrated and decomposed
volcanic rock which forms a discontinuous mantle of variable thickness on
the mountain slopes. Its permeability is low but generally is higher than
that of undecomposed volcanic rock. The talus is composed of generally
coarse debris derived from the volcanic rocks in which varying amounts of
fine material are mixed. Alluvial deposits underlying valley flats and
coastal lowlands consist mostly of poorly sorted gravel, sand, and clay.
The talus and alluvium generally are more permeable than the volcanic
rocks.

Calcareous sand and limestone on the high islands are confined to
generally narrow discontinuous bands along the shore. The calcareous sand
consists of beach deposits of unconsolidated, wave-worn coral and shell
fragments, and the limestone of slightly cemented fragments of coral and
shell. Both have relatively high permeabilities. The swamp and marsh
deposits in the coastal lowlands consist of muck and peat which interfinger
on the seaward edges with calcareous sands.

The ltow islands consist mostly of unconsolidated calcareous debris
ranging in size from sand to boulders. The material is generally poorly
sorted except in the beaches. Sand is predominant in the beaches of the
lagoon islands and in the lagoon-facing beaches of the barrier-reef
islands. Wave-worn coarse detritus forms the ocean-facing beaches of the
barrier-reef islands. Coralline limestone, formed by the growing reef,
occurs locally, and consolidated beach deposits, or beach rock, is present
in narrow bands along the shore of some islands. Depressions in the
interiors of some larger islands contain a few feet of organic muck.

11



CLIMATE
General

Because the Truk Islands lie near the equator in an immense ocean, the
climate is invariably warm and moist.

Temperatures are uniform; the mean monthly long-term average varies only
0.3% throughout the year. Relative humidity is high and averages 82 percent; it
is lowest during January to March (79 percent).

From November to June, the northeasterly trade winds are predominant, with
an average velocity of 8-12 miles per hour. Southerly winds prevail from June to
November and tropical disturbances are more frequent during this time of the
year.

Typhoons are not common to the islands as they normally pass well to the
north or west of the islands. In recent years, typhoon ''Lola'' (November 1957)
and '"Ophelia' (January 1958) passed north of Truk bringing 70 miles-per-hour
winds to the islands. Typhoon '"Amy' moved directly over the Truk Lagoon on May
1, 1971 with a peak wind speed of 113 miles per hour, and typhoon '"Pamela'’ caused
ten deaths on Moen on May 18, 1976.

Rainfall

Records of rainfall are available for most years since 1903 and were
collected on several islands. German records, collected on Eten for 1903-11,
were published in millimeters in "'Strategic Bulletins of Oceania,'" No. 7 (lInst.
Human Relations, 1943); for 1903-12, in millimeters in the annual publication
'"Mitt(h)eilungen von Forschungreisenden und Gelehrten aus den deutschen
Schutzgebieten''; and for 1903-13, converted to inches in '"Climatology of Truk''.
For the months with small dffferences between the publications, values published
in millimeters were used after conversion to inches (table 21).

Rainfall records, collected on Dublon Island by the Japanese during 1927-
40, were converted from millimeters to inches in 'Climatology of Truk'. For
1935-40, they were reported in millimeters in 'World Weather Records, 1941-50"
(U.S. Weather Bureau, 1959). Many values in the two publications differ
slightly; for 1935-40, the values, converted to inches from ''World Weather
Records'', were preferred, as errors in the totals of the other publication were

noticed (table 22).
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During 1932-34, the Japanese also collected weather records on several
other islands: Udot, Tol, Moen and Uman (Bryan, 1946). For 1933 and 1934,
rainfall records for these stations were published in inches in '"Climatology of
Truk' (table 23).

A weather station was operated at Moen Airport by the U.S. Navy from
December 18, 1945 to July 1, 1951, and by the National Weather Service
thereafter. Climatological data from Moen Airport station are published monthly
by the National Oceanic and Atmospheric Administration (table 24).

During 1955-57, daily rainfall readings were made for the U.S. Geological
Survey on four islands (table 25). Here, the only complete record for a full
calendar year is for 1956 for the small island of Eot, located in the center of
the Truk lagoon. This total is within 3 percent of the 1956 total for Moen
Airport.

Cumulative rainfall readings were made by the U.S. Geological Survey during
part of 1973-77 on Moen, Dublon Island, and Tol (tables 26-30). Because of
vandalism and other mishaps, these records are not complete. Values suspected to
be in error in excess of 10 percent have been omitted.

All rain gages, which have been in operation in the Truk Islands, are listed
in table 1 and their locations are shown in figure 3.

In the Truk Islands, there is a clear distinction between the short dry
season and a much longer wet season. During January to March, only 16 percent of
the annual rainfall was recorded. Thus, the average percentage of annual
rainfall for the first 3 months of the year is 5.4 percent compared with a
monthly average of 9.3 percent during the remaining 9 months (table 2).

The highest monthly rainfall total during the periods of record was 34.89
inches, recorded for December 1959 and the lowest monthly total was 0.07 inches
for February 1931,

13



Table 1.

Rain gages in the Truk Islands

Period of Latitude Longitude Altitude Frequency :;ze
record Location north east (ft) Remarks of reading (in.)
1903-11 Eten Island 7211 1519531 -~ German station At least --
daily
1927-40 Dublon Island 7%23! 151941 360 Japanese station 4 x hourly 4
1933-34 Udot 7°23" 15144 -- do. Y -- --
Do. Tol 7°211 15138 - do. Y - -
Do. Moen 7928 15191 - do. -- -
Do. Uman 7°18" 151953 - do. ¥ - -
1946 -53 Moen Airport 7%27'22"  151%5017" U.S. Navy Hourly 4
1954-present do. 7%27'22"  151%0" 17 U.S. Weather Service do. 8
1955-56 Pis 740134 151%5 52" 10 USES Daily 8
1955-57 Eot 7923103 151%44 108" 5  USGS do. 8
Do. Dublon Island  7°22'27" 151953'26" 300  USGS do. 8
Do. Moen 7°26'30"  151951'04" 450  USGS, at Pou Stream Biweekly 8
1974-77 do. 7°926'38"  151°51'38" 200  USGS, at Wichen River Monthly 6
1973-76 do. 7°25'39"  151% 107 30 USGS, at Nachiponong Stream  do. 6
1973 Tol 7°20'49" 151937 04" 20 USGS, at Echapachik Stream do. 6
1974-76 Dublon Island  7922'30" 151951 '43" 25  USGS, at Chun Stream do. 6
1973-76 do. 7%22'34m  151%52127" 25 USGS, at Tumunu Stream do. 6
1/

—' Exact location not known.

Note:

14

Locations of U.S. rain gages based on 1981 U.S. Geological Survey

maps, scale 1:10,000.
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Table 2. Monthly and annual long-term means of rainfall, in inches

German data for Eten

Japanese dataJ
d

for Dublon Isla

U.S. Weather Service

data for Moen

1903-13 1927-31, 1933-40 1948, 1950, 1952-82

Number Number Number
of Monthly Per- of Monthly Per- of Monthly Per-
years means cent years means cent years means cent
January 7 5.71 4L.6 13 7.08 6.0 33 8.35 5.8
February 9 8.10 6.4 13 4,67 4.0 33 6.24 4.3
March 9 7.28 5.8 13 6.87 5.8 33 8.80 6.1
April 8 11.40 9.1 13 10.08 8.6 33 12.29 8.5
May 8 12.23 9.7 13 11.48 9.8 33 15.44  10.7
June 8 11.25 9.0 13 11.58 9.9 33 12.78 8.9
July 8 13.46  10.7 13 10.76 j.z 33 1h.12 9.8
August 7 12.31 9.8 13 11.02 A4 33 13.64 9.5
September 8 12.03 9.6 13 10.84 9.2 33 13.31 9.3
October 7 9.91 7.9 13 11.60 9.9 33 14.20 9.9
November 8 11.21 8.9 13 11.37 9.7 33 11.59 8.1
December 8 10.74 8.5 13 10.05 8.5 33 13.15 9.1
Total 7-9 125.65 100 13 117.40 100 33 143.91 100
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Although the mean annual rainfall total on Eten for 1903-13 was 126 inches,
and on Dublon Island during 1927-40 and on Moen during 1948-82, 117 and 144
inches respectively, the distribution throughout the year was fairly uniform
(Fig. 4). Rainfall for the periods during which cumulative rainfall data are
available for a number of consecutive months on Dublon Island and Tol, was
compared with rainfall on Moen during the same periods. Rainfall on Dublon
Island at Chun Stream was within one percent and at Tumunu Stream within 10
percent of the Moen airport rainfall. Rainfall on Tol at Echapachik Stream was
within 3 percent of Moen rainfall. These comparisons involve only relatively
short periods and give only an indication that the areal distribution of rainfall

in the Truk Islands generally does not vary much.

Air Temperatures

In tables 31 and 32, air temperatures are shown for 1935-40 on Dublon lIsland
(Japanese records) and for 1949-81 at Moen Airport (U.S. National Oceanic and
Atmospheric Adm., 1981). These tables show how little mean temperatures vary--
the monthly long-term means (1950-81) by only 0.3°C and the annual mean by only
1.0°C. The maximum recorded temperature between 1946 and 1981 was 34.4°C in May
1946, the minimum was 20°¢C in September 1973.

Readings of air temperatures have been made in conjunction with surface-
water temperature readings during streamflow measurements and can be found in
tables 50, 51, 53, 55-57, 59 in the Hydrologic Data section.

National Weather Service data were published in degrees Fahrenheit and have

been converted to degrees Celsius.

Evaporation

No evaporation data are available for the Truk Islands. The National
Weather Service collects and publishes pan-evaporation data for the islands of
Yap and Guam (see figure 1). The mean annual rainfall for Yap is 122 inches and
for Guam 102 inches. For the period for which data are available for both
islands (July 1978 to December 1982), the total evaporation differs only 8
percent.

Although annual rainfall for Truk is more than for Yap or Guam, evaporation
in the Truk Islands is probably similar to that on Yap and Guam; therefore, these

data are presented in table 3.
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Table 3. Monthly and annual evaporation data for Guam and Yap

Source: U.S. National Oceanic and Atmospheric Administration, 1956-76, 1973-82.

Year Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Annual

.Evaporation data for Guam in inches -
(1956 to May 1958 at Fena Lake, August 1958 to present at Weather Service Station)

1956 6.83 6.54 8.24 9.13 8.82 7.81 5.74 5.8 k.49 5.01 5.26 5.92. 79.65
1957 6.18 5.99 7.32 8.42 8.71 9.10 7.4 7.76 6.52 5.57 7.28 7.22 87.48
1958 7.48 6.08 7.65 9.34 9.49 - - 5.48 5.61 6.08 4.64 5.30 -

1959 5.63 6.66 7.60 7.58 9.03 7.96 6.98 5.31 4.52 5,12 4.59 4,89 75.87
1960 4.8 6.26 7.05 8.05 7.17 6.54 5.41 4,71 4.38 4.30 5.03 5.16 68.92
1961 4.27 5.73 6.27 7.00 6.87 5.57 5.08 4,67 4.h4 4.63 5,07 4.96 64.56
1962 6.15 4.94 7.8t 6.17 7.00 5.20 4.99 4.91 4,28 5,00 4,45 5,26 66.16
1963 4.73  4.31  6.44 6.57 6.21 5.37 5.09 5.82 4.29 5.26 5.11 -- -

1964 5.9t 6.39 7.0t 6.99 6.76 7.47 6.18 4.75 4,58 4.73 5.95 6.50 73.22
1965 5.35 6.31 8.58 - - - 7.35 6.75 4.59 5.56 5.81 5.88 -

1966 7.07 6.55 7.78 9.17 8.8 7.37 7.2 4,717 4.76 5.36 5.39 5.92 80.17
1967 5.18 5,32 5,32 6.07 7.00 5.43 5,06 4.71 4.64 4.60 5.72 5.67 64.72
1968 5.8 6.31 8.50 7.57 7.58 5.89 5.77 4.95 4,49 5.53 4.32 5.35 72.15
1969 5.57 - 8.46 8.96 8.04 8.06 5.74 5.67 4.90 4.55 5,09 5.78 --

1970 4,68 5.90 7.93 8.98 8.06 7.30 6.27 4.28 4.86 4.62 5.80 6.02 74.70
1971 4,61 6.21 6.41 6.65 8.77 6.03 5,38 5,91 5.78 5,74 5,59 7.31  74.39
1972 6.55 6.65 5.75 7.85 8.06 7.26 5.66 5.00 &5.87 5.55 4.71 5.67 7h4.58
1973 5.94 5,46 7.47 B.46 8.14 6.49 5,46 4.79 5.64 5.33 6.26 5.29 74.73
1974 5.81 6.62 6.90 8.27 7.21 5.88 - 5.09 5.61 6.28 5.73 6.93 -

1975 6.13 6.80 8.08 8.35 9.01 9.29 6.8 5.69 6.14 5,70 6.73 6.39 84,49
1976 6.27 5.58 7.22 7.62 7.37 7.65 6.5 6.33 5.47 7.36 6.43 6.56 80.45
1977 6.64 6.49 8.20 9.03 8.48 7.89 7.83 6.99 5.24 5.53 6.27 6.90 85.49
1978 7.30 6.10 9.46 7.72 8.85 6.55 5.90 6.10 5.33 6.32 5.46 5.95 81.04
1979 7.26 6.68 7.76 9.50 10.33 8.44 6.44 6.34 5.26 5,16 5.93 6.36 85.46
1980 7.73 6.43 7.85 7.93 8.05 6.91 6.33 4.84 5.14 5.98 7.10 6.20 80.49
1981 5.54 7.22 8.94 8.13 6.80 7.14 6.78 6.55 7.38 7.01 6.66 5.15 83.30
1982 - 6.20 7.64 8.28 8.06 6.90 5.89 6.28 6.60 5.27 6.08 6.31 -

Mean 5.98 6.14 7.87 7.99 8.03 7.02 6.11 5.5 5.22 5,45 5,65 5.96 76.76

Evaporation data for Yap in inches

1978 5.58 6.70 5.15 5.33 5.06 7.23 --

1979 6.52 6.74 7.49 8.21 7.41 5,90 5.55 6.33 6.15 8.60 6.11 6.11 81.12
1980 5.41 6.16 6.96 6.87 6.32 5.97 6.25 5.96 4,78 6.54 5.24 5,55 72.01
1981 3.99 5.5 7.48 7.69 8.41 4.36 5.31 6.65 7.01 5.5 4.91 5.35 72.28
1982 6.58 5.60 7.12 7.5 5.8 5.70 6.82 7.75 5.70 5.8 5.76 6.37 76.42
Mean 5.62 6.02 7.26 7.58 6.93 5.48 5,90 6.68 5.76 6.38 5.42 6.12 75.46

Total of monthly means: Guam 76.98, Yap 75.15.
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WATER RESOURCES

General

Water-resources records collected on Truk lIsllands include data on surface
water, ground water, and quality of both surface and ground water. Surface-water
data consist of daily discharges from continuous stream-gaging stations, system-
atic measurements of discharge at partial-record stations, and measurements of
discharge at miscellaneous sites. Ground-water data are continuous records of
ground-water levels from two wells, pumpage rates, water levels and results of a
test-drilling program that includes drillers' logs and records of construction
and testing of the wells (Davis, 1977). \Water-quality data include water-
temperatures readings and results of chemical analyses from samples collected
from Wichen River, miscel laneous surface-water sources, and most of the produc-

tion wells on Moen.

Surface Water

General

Table 4 lists all sites in the Truk Islands where surface-water data were
collected and figure 5 shows the location of the sites. For the 2-year period
1955-57, daily discharge records are available on four streams. Two of the
streams were located on Tol and one each on Moen and Dublon Island. In 1968,
collection of surface-water data was started with the establishment of three
stream-gaging stations on Moen, two on Dublon Island, and one on Tol. At these
sites water-stage recorders were operated which record a continuous graph of the
stream fluctuations. Stream discharge measurements are made with a current
meter, and together with the stage records were used to develop a stage-discharge
relation. The relation is used to compute daily discharges from which monthly
and yearly mean discharges are determined.

Daily discharges are not given in this report but are published in the U.S.
Geological Survey annual reports, ''Water Resources Data for Hawaii and other
Pacific Areas'' for water years 1968 to 1980 (for 1979, 1980 in Volume 2) and
""Water Resources Data Hawaii - other Pacific Areas,'" Volume 2 for water year
1981. Information also may be obtained at the U.S. Geological Survey District

Office in Honolulu or the Subdistrict Office on Gpam.
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Partial-record stations are sites where discharge measurements are made on-
a systematic basis over a period of years, usually during a period of base flow
when streamflow is primarily from ground-water storage. When these measurements
are correlated with the simultaneous discharge of a nearby station for which
continuous record is available, the low-flow potential of the stream can be
estimated. Discharge measurements made at sites not included in the partial-
record program are called measurements at miscellaneous sites. A large number of
these measurements were made on all major islands in the Truk lagoon during 1955-
57.

The Hydrologic Data section presents tables of monthly and annual totals,
maximums, minimums, and means for the continuous stream-gaging stations in
tables 33-40. Also presented in tables 33-40 are peak discharges above a
selected base discharge. Time is expressed in 24-hour local standard time. All
records are published in the inch-pound system of units of length, area, and
volume. The data are published by water year, the year beginning on October 1
and ending on September 30. Results of discharge measurements made at partial-
record stations and at miscellaneous sites are listed in tables 41-43 and tables
Li-49,

The locations (latitude, longitude, and altitude) of the miscellaneous
measurement sites of 1955 and 1957 were obtained from the 1957 U.S. Army Map
Service series W856 maps with a scale of 1:25,000 (International spheroid). The
drainage areas and locations of gaging stations and low-flow partial-record
stations were based on the 1981 U.S. Geological Survey maps with 1:10,000 scale
(Clarke spheroid of 1866).

Streamflow characteristics

Runoff/rainfall comparison.--Rainfall records for Truk show substantial

similarity in rainfall distribution throughout the Truk Islands. Although there
is a distance of up to 15 miles between the islands and rain showers are often
localized, the relatively low profile of the islands will cause the showers to
occur at random while large rainstorms will blanket all islands. Yearly rainfall
totals, therefore, will not vary significantly, although at times there may be

noticeable differences in monthly totals.
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Table 5 compares the runoff at the gaging stations on Moen to rainfall
records for Moen Airport, and table 6 compares the runoff at gaging stations on
other Truk Islands to the Moen rainfall records. compar ison of the two tables
shows a similarity between Nachiponong Stream, Moen, and Echapachik Stream, Tol,
as both have a mean yield of 4.6 ft3/s (cubic feet per second) per square mile.
(Using the same 6-year period of record for both streams, there is an 8-percent
difference). As the drainage areas and their location on the individual islands
are comparable, this further indicates that annual rainfall does not vary signi-
ficantly in the Truk Islands.

Overall, the runoff/rainfall rates vary from about 40 percent for the Dublon
Island stations to about 50 percent for the Wichen River stations on Moen.

Figure 6 shows the correlation between the annual rainfall at Moen Airport,
and the mean annual discharge in inches for Wichen River at altitude 55 m, Moen,
during 1969-77. From this correlation, the runoff of the Wichen River for years

outside the period of discharge record can be estimated.

Flow-duration curves.--A flow-duration curve is a cumulative frequency

curve that shows the percentage of time within the total period of record that a
specified daily discharge was equaled or exceeded. It combines in one curve the
flow characteristics of a stream throughout the range of discharge without regard
to the sequence of occurrence. The general shape of such a curve is influenced
by many factors, such as basin slope and cover, ground-water contributions,
precipitation, and diversions.

The curve is plotted from a flow-duration table, which shows the
distribution of daily discharges in different class limits in increasing order of
magnitude. Discharges in cubic feet per second are plotted on the ordinate and
percent-of-time equaled or exceeded is plotted on the abscissa. The information
is essential for the planning of stream diversions for water supply or for
assessing hydroelectric potential.

For comparison of the curves of different streams, data covering the same
period are preferred to avoid including an extremely dry or wet year in one set

and not the other.
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Tabie 5. Runoff/rainfall ratio for gaging stations on Moen

Station ~====---- Wichen River at Wichen River at Nachiponong
altitude 55 m altitude 18 m Stream
Drainage area --- 0.21 mi? 0.57 mi? 0.14 mi?
Calen- Rain- Runoff/ Runoff/ Runof f/
dar fall Runoff rainfall Runoff rainfall Runoff rainfall
year (in.) (in.) (percent) (in.) (percent) (in.) (percent)
1969 131.63 60.11 45,7 42.63 32.4 31.03 23.6
1970 144 .28 62.70 43,5 52.39 36.3 39.75 27.6
1971 134.17 69.16 51.6 66 .44 k9.5 65.93 49,1
1972 148.95 89.85 60.3 82.16 55.2 83.38 56.0
1973 122.00 L6 .54 38.1 53.82 4l 1 45.57 37.4
1974 164 .74 80.15 48.7 99.78 60.6 83.38 50.6
1975 120.78 52.36 43,4 63.58 52.6 54.30 4o 0
1976 163.24 89.20 54.6 107.40 65.8 96.96 59.4
1977 116.09 54.30 46 .8 65.96 56.8 -~ --
1978 128.81 - - 65.73 51.0 - -

Mean - 137.47

Mean 1969-74 ~=ceeemmeea- 48.0 4o .4 40.7
1969-76 ~===-mcewe-- 48,2 49.6 43.6
1969-77 -=----=-=--- 48 .1 50.4 --
1969-78 ~===-=====-- -- 51.9 --

Annual mean (ft3/s) - 1.06 2.94 0.645

Mean runoff

[(£t3/s)/mi2] mmmmmmmm 5.05 5.16 4,61

The percentage of annual rainfall which runs off in a drainage basin is
determined by converting the mean annual discharge of the area from cubic feet

per second to inches (ft3/s x'13.57h) and by comparing this discharge to the

mi®

rainfall, in inches, during the same period.
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Table 6. Runoff/rainfall ratio for gaging stations on

Dublon {sland and on Tol

Station ~=======- Chun Stream, Tumunu Stream, Echapachik Stream,
Dublon lIsland Dublon !sland Tol
Drainage area --- 0.12 mi2 0.28 miz 0.1 mi2
Calen- Rain- Runoff/ Runoff/ Runoff/
dar fall Runoff rainfall Runoff rainfall Runoff rainfall
year (in.) (in.) (percent) (in.) (percent) (in.) (percent)
1969 131.63 35.07 26.6 31.51 23.9 43.19 32.8
1970 144,28 52.03 36.1 43,63 30.2 56.76 39.3
1971 134.17 61.08 45.5 53.33 39.7 4g.36 36.8
1972 148.95 65.61 44,0 56.24 37.8 85.15 57.2
1973 122.00 L4y 12 36.2 43.63 35.8 58.00 47.5
1974 164. 74 78.05 47 .4 85.81 52.1 83.91 50.9
1975 120.78 56 .56 46 .8 58.18 48.2 -- --
1976 163.24 69.00 42.3 77 .57 47.5 - --
1977 116 .09 42.98 37.0 40,72 35.1 - --
Mean - 138.43
Mean 1969-74 ~=---cc-eee-- 39.3 36.7 Ly .1
1969-77 ~====mmmemnu- "40.2 38.9
Annual mean (ft3/s) --~ 0.496 1.12 0.508
Mean runoff
[(ft3/s)/mi2] ------- 4,13 4,00 4.62
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MEAN ANNUAL DISCHARGE, IN INCHES PER SQUARE MILE, FOR WICHEN RIVER AT ALTITUDE 55 METERS, MOEN.

100 T T 1 | T

Period 1969-1977

4o I I ] I I
110 120 130 140 150 160 170

ANNUAL RAINFALL AT MOEN AIRPORT, IN INCHES

Figure 6. Correlation between rainfall at Moen Airport and discharge at
Wichen River at altitude 55 meters, Moen.
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Table 7 summarizes the records of gaging stations used in the construction
of flow-duration curves plotted on figure 7. Althouﬁh a longer period of record
is available for the Wichen River stations, only records for the period 1969-77
were used to correspond with records available for the Dublon Island stations.
Curves drawn from the total available record for the Wichen River stations proved
to be almost identical to those for 1969-77. The curves show that although there
is a substantial difference in drainage areas, periods of low flow do not vary
greatly in duration and in discharge. The similarity in the slope of the curves
indicate a similarity in basin characteristics except that Chun Stream
(16896800) appears to have a somewhat larger retention of rainfall in the
watershed.

No duration curve for Echapachik Stream, Tol, was included because the
period of record was too short to compare with records of the other streams.

The homogeneity of the drainage areas is also demonstrated by the good
correlation between drainage areas and mean annual discharges of the gaging

stations in the Truk Islands (figure 8).

Low-flow frequency curves.--Low-flow frequency curves were prepared for the

six continuous-record gaging stations using the log-Pearson Type III|
distribution. In figures 9-14, the individual curves represent the lowest mean
discharge for indicated periods of consecutive days and the likelihood of their
occurrence.

The values represented by the curves are given in the low-flow frequency
table (table 8).

The curves show the small amount of flow in the streams during low-flow
periods. Development of these streams as dependable sources of water supply does

not appear feasible, with the possible exception of Wichen River at altitude 18m.

High-flow frequency curves.--High-flow frequency curves show the instan-

taneous annual peak discharge or the maximum mean discharge for selected periods
of consecutive days and the likelihood of occurrence.

Figure 15 shows the magnitude and frequency of annual and instantaneous peak
flows for four continuous-record stations. The curve for Echapachik Stream, Tol,
is not shown because of insufficient length of record and for Nachiponong Stream,
Moen, because the curve was not clearly defined. The curve for Chun Stream

(16896800) is flat because the small stream channel overflows during heavy rains.
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Table 7. Summary of gaging-station record used for flow-duration curves

Drainage Period

Station area of

No. Gaging station (miz) record
16893700 Wichen River at altitude 55 m, Moen --- 0.21 1969-1977
16893800 Wichen River at altitude 18 m, Moen --- .57 1969-1977
16894200 Nachiponong Stream, Moen =--=-----=--=-- 14 1969-1976
16896800 Chun Stream, Dublon Island ------------ .12 1969-1977
16897200 Tumunu Stream, Dublon Island =--===-=---- .28 1969-1977
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Figure 8. Correlation between drainage areas and mean annual discharges.
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Figure 9. Low-flow frequency curves for Wichen River at altitude 55 meters,

Moen, for period 1969-78.
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Figure 10. Low-flow frequency curves for Wichen River at altitude 18 meters,
Moen, for period 1969-79.
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Figure 11. Low-flow frequency curves for Nachiponong Stream, Moen,

for périod 1969-76.

(Note: The 1 day curve not plotted because of zero-flow day.)
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Figure 12. Low-flow frequency curves for Echapachik Stream, Tol,

(Note:

for periods 1956-57, 1969-75.

Curves for lowest flow for 1 day and 7 consecutive days not
plotted because of zero-flow days.)
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Low-flow frequency curves for Chun Stream, Dublon Island, for
period 1969-77.
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Figure 14. Low-flow frequency curves for Tumunu Stream, Dublon Island, for
period 1969-77.

(Note: Curve for lowest flow for 1 day not plotted because of zero-flow
days.)
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Table 8. Magnitude and frequency of annual low flow

for various consecutive days

Lowest flow, in cubic feet per

Consecu- second, for indicated recurrence
Station tive intervals, in years
No. Station name days 2 5 10 20
16893700 Wichen R. at altitude
55 m, Moen, 1969-78 1 0.027  0.012  0.008  0.006
7 .031 .012 .007 .005
14 .039 .013 .007 .005
30 .084 .030 .017 .011
60 . 164 .056 .031 .019
90 .218 .083 .050 .033
16893800 Wichen R. at altitude
18 m, Moen, 1969-79 1 .059 .026 .016 011
7 .079 .030 .018 011
14 112 047 .029 .020
30 241 .094 .057 .037
60 .502 .167 .088 .051
90 .696 .239 .129 .075
16894200 Nachiponong Stream,
Moen, 1969-76 7 .024 012 .009 .007
14 ..033 .015 .009 .006
30 .056 .023 .013 .008
60 104 .035 .019 011
90 .160 .060 .034 .021
16895000 Echapachik Stream,
Tol, 1956, 1969-75 14 041 .018 .011 .007
30 077 .029 .015 .008
60 .152 .059 .028 .013
90 .206 .089 .047 .025
16896800 Chun Stream, Dublon
Island, 1969-77 1 .050 .026 .017 011
7 .062 .028 .017 011
14 .079 .033 .018 011
30 .108 .051 .031 .020
60 .151 .065 .038 .024
90 .196 .092 .057 .036
16897200 Tumunu Stream, Dublon
Island, 1969-77 7 .053 .019 .011 .007
14 .082 .036 .024 .017
30 .131 .060 .040 .028
60 .238 .110 .073 .052
90 .340 .151 .093 .060

Note: Lowest flow for 1 day at Nachiponong and Tumunu Streams and for 1 day
and 7 consecutive days at Echapachik Stream omitted because of zero
flow days.
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Figure 15. Magnitude and frequency of annual instantaneous

peak flows for four gaging stations.
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Figures 16-21 present the high-flow frequency curves for all six gaging
stations showing the maximum mean discharge for indicated periods of consecutive
days. High-flow frequency curves provide informdtion needed to determine the
size of reservoirs and diversion structures. Frgluency curves for annual peak
flows are needed to provide information to determine the size and design storm

drainage systems, culverts and bridge openings.

Correlation between partial record and continuous record.--The purpose of

operating a low-flow partial-record station is to determine the low-flow charac-
teristics of the stream through correlation with concurrent discharges at conti-
nuous-record stations. Table 9 shows the correlations made on Moen (between
Nefounumas Spring and nearby Nachiponong Stream), on Tol (between Afeibung
Stream and nearby Echapachik Stream), and on Dublon Island (between Fansinifo
Stream and nearby Tumunu Stream). Low-flow measurements made on Pou Stream,
Moen, were not used for correlation as part of the flow was diverted from the Pou
Stream catchment upstream.

By use of the relationships derived in figures 22-24, reliable estimates of
low-flow discharge at the partial-record stations can be derived from the known

discharge at the nearby gaging station.

Ground Water

Ground water in the Truk Islands is available only in limited amounts. The
volcanic islands consist mainly of rock with very low permeability and discharge
from the rocks is mostly at seeps discharging at ground surface or into overlying
surficial deposits. Water moves through these depbsits but the supply in any one
spot is small. Much of the water consumed on Moen comes from wells drilled into
weathered volcanics. The calcareous beach deposits along the shore contain
freshwater but are subject to saltwater encroachment.

The low coral islands have brackish to fresh ground-water lenses, some of

which can provide small amounts of potable water (Valenciano and Takasaki, 1959).

40



60

o 10
=
(=]
Q
Ly
[7o]
[a 4
(T8
oo
[
L
X8
|5y
QO
—
[aa]
oo ]
Q
=
—
LY
[}
(45
o

< 1
pou ol
(&)
(72}
—t
(]

0.1

1

IR

| 1 111

R

i

1 | ] l 1 1§ 1

1 ]

L4111

.01 1

Figure 16.

|
.1 12 1.3 141.5

L1
3 L 5 6 78910
RECURRENCE INTERVAL, IN YEARS

N

15

20 25

30

High-flow frequency curves for Wichen River at altitude 55 meters,

Moen, for period 1969-78.
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Figure 17. High-flow frequency curves for Wichen River at altitude 18 meters,

Moen, for period 1969-79.
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High-flow frequency curves for Nachiponong Stream, Moen, for period
1969-76.
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Figure 19. High-flow frequency curves for Echapachik Stream, Tol, for periods

1956-57, 1969-75.
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Figure 20. High-flow frequency curves for Chun Stream, Dublon Island, for
period 1969-77.
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Figure 21. High-flow frequency curves for Tumunu Stream, Dublon Island, for

period 1969-77.
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Table 9. Correlation between discharge at low-flow partial-record
and continuous-record stations
Drain- Drain- Number Corre- Standard
Partial- age Continuous- age of lation error
record area record area observa- coeffi- in
station (miz) station (miz) tions cient percent Regression
. 0.838
Nefounumas -- Nachiponong 0.14 7 0.95 0.30 Y = 0.286X
Spring, Stream,
Moen Moen
. . 0.917
Afeibung 0.09 Echapachik .1 29 .95 .13 Y = .596X
Stream, Stream,
Tol Tol
A 1.066
Fansinifo .08 Tumunu .28 18 .96 17 Y = .329X
Stream, Stream,
Dublon Dublon
Istand Istand

Y is discharge at partial-record station.

X is discharge at continuous-record station.
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Figure 22. Correlation between discharges of Nefounumas Spring and Nachiponong
Stream, Moen.
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