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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-pound units By To obtain S| (metric) units
Length

inch (in,) ===-=mc-ccmomcecaaa-- 25.4 ---- millimeter (mm)

foot (ft) =-==-mm--cemccccccaaa- 0.3048 ---- meter (m)

mile (Mji) ====-=cecccmeccccaaaa" 1.609 ---- kilometer (km)
Area

aCre ====-==m=mc;mmca-ccccocca--o L, 047 ---- square meter (m2)

square mile (miz) -------------- 2.590 ---- square kilometer (ka)
Volume

acre-foot (acre-ft) ----====a-a- 1,233 ~----~ cubic meter (m3)

cubic foot (ft3) --------------- 0.02832 ---- cubic meter (m3)

Volume Per Unit Time (includes Flow)

cubic foot per second (ft3/s) -- 0.02832 ---- cubic meter per second (m3/s)
cubic foot per second-day
(ft3/s ~d) me=memeememee-eaa- 2,447 ~-===- cubic meter (m3)
Weight Per Volume
pounds per cubic foot (lbs/ft3) 16.0184 ---- kilograms per cubic meter (kg/m3)

vi



RECONNAISSANCE STUDY OF STREAM SEDIMENTATION, SOUTHERN GUAM

By Patricia J. Shade

ABSTRACT

Sediment yields for three drainage basins in southern Guam were estimated by
the flow-duration sediment-rating curve method, reservoir survey data, and the
PSIAC (Pacific Southwest Inter-Agency Committee) formula.

Daily suspended-sediment samples were collected at U.S. -Geological Survey
gaging stations on the Ylig and Ugum Rivers from August 1980 to September 1981.
Intermittent samples were collected from the Talofofo River between June and
November of 1972. Although limited, these data are used with the flow-duration
sediment-rating-curve method to estimate mean suspended-sediment yields. Fena
Reservoir sedimentation data are used to test the applicability of the PSIAC
formula in the three basins.

Estimates of suspended-sediment yield are 462 to 845 tons per year per
square mile (tons/yr/miz) for the Talofofo basin, 977 to 1,162 tons/yr/mi2 for
the Ylig basin, and 855 to 1,455 tons/yr/mi2 for the Ugum basin. PSIAC estimates
of total sediment yield are 1,200 tons/yr/mi2 for the Talofofo, 1,385 tons/yr/mi2
for the Ylig, and 1,210 tons/yr/mi2 for the Ugum basins. These values are
comparable to estimates of sediment yields from several similar small basins on
Oahu, Hawaii.

It appears from this study that the PSIAC method can be a useful tool in

estimating sediment yields in some tropical areas.




INTRODUCTION

Purpose and Scope

The Talofofo, Ylig, and Ugum River basins are located in southern Guam,
where surface water is the major source of domestic water supply. The usefulness
of the surface water supply largely depends on the water quality as well as the
quantity as dictated by the climatic and hydrologic cycles. The purpose of this
study is to determine the mean annual sediment yields from these three major
river basins in the area, for use in future water supply development.

Suspended sediment data from the Talofofo, Ylig, and Ugum Rivers, are used
with the flow-duration sediment-rating-curve method to estimate mean annual
suspended-sediment yield for each of the three basins. Fena Reservoir sedimenta-
tion data are used to test the applicability of the PSIAC (Pacific Southwest
Inter-Agency Committee, 1968) formula for estimating mean annual sediment yield
in southern Guam. Estimates by the PSIAC formula for the Talofofo, Ylig, and
Ugum basins are also compared with mean annual sediment yields for several

similar basins on Oahu, Hawaii.

Physiography

Guam is the largest of the Mariana Islands, located about 1,370 miles
southeast of Tokyo and about 1,500 miles east of the Philippine Islands (fig. 1).
The island is 30 miles long and about 8-1/2 miles wide in the northern part,
tapering to 4 miles at the central part, and increasing to 11-1/2 miles wide in
the southern part. The axis of the northern part of the island trends northeast,
and in the southern part, the trend is north-south (fig. 2).

The climate of Guam is warm and humid. The mean annual temperature is about
81°F with little variation about the mean throughout the year. There are two
distinct seasons, a dry season from January through May, and a wet season from
July through November. June and December are transitional months. The mean
annual rainfall ranges from about 80 inches in the west-central coastal areas to
about 100 inches in the highest mountain areas in southern Guam. About 15-20
percent of the total rainfall occurs during the dry season and about 70 percent
during the wet season, with the remainder occurring during the transitional

months.
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Typhoons are fairly common during the wet season, dropping large amounts of
rain in a few days. During the typhoon in October 1953, 26 inches of rain fell in
one day and the 2-day total was 48 inches at Umatac, on the southwest coast.
Drought, defined by Blumenstock (in Tracey and others, 1959) as any month with
less than 4 inches of rain, is also common and may be expected to occur from
February through April in 3 out of 4 years.

There are three broad physiographic areas: the northern limestone plateau;
the central mountains; and the southern volcanic mountains. Virtually all the
surface runoff occurs in the southern part of the island. In the Talofofo, Ylig,
and Ugum River valleys in the south, the volcanic rocks are deeply weathered and
have low permeabilities. The soils are predominantly clays.

The Ugum River joins the Talofofo River about 0.5 mile above Talofofo Bay.
The basins are underlain generally by deeply weathered consolidated noncalca-
reous sedimentary rocks derived from volcanic rocks, except along the lower
reaches of the streams where the valley flats are underlain by alluvium. In its
steep upper basin, the Ylig River and its tributaries flow across deeply
weathered volcanic rock. The valley flat is underlain by alluvium (fig. 2) (Ward
and others, 1965).

Because of the generally low permeability of the rocks in these basins,
about half the average daily rainfall runs off during the rainy season. At the
end of the wet season, streamflow decreases rapidly to the low flow maintained by
slow ground-water discharge (Ward and others, 1965).

The upland part of the study area is steep and dissected by numerous
streams. Surface gradients range generally from 15 to 100 percent and decrease
toward the east where the streams have more gentle gradients. Farming, grazing,
and small settlements predominate in the eastern part of the study area and in
the valley flats. A naval installation surrounds Fena Reservoir, and the remain-
der of the basin uplands is undeveloped. Vegetative cover on the uplands is
largely swordgrass and scattered trees, with broad-leafed forests in the ravines

and valleys (Tracey and others, 1959).




CALCULATION OF SEDIMENT YIELD

Flow-Duration Sediment-Rating-Curve Method

Estimates of the mean annual suspended-sediment discharge from the
Talofofo, Ylig, and Ugum drainage areas were made using the flow-duration sedi-
ment-rating-curve method (Miller, 1951). Flow-duration curves (figs. 3 to 5)
were prepared for the rivers using the entire period of streamflow records
available at Geological Survey gaging stations 16850000 on the Talofofo River
(1953-61), 16858000 on the Ylig River (1953-80), and 16854500 on the Ugum River
(1978-81) (For station locations, see fig. 2). 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. Because the upper end
of the flow-duration curve represents the flows that transport most of the
sediment, the Talofofo and Ylig curves have been modified as in Jones and others
(1971) to account for higher flows of short duration, less than one day. Study
of the streamflow records for the Talofofo and Ylig indicated that peak flows
generally persist for about two hours. The mean annual flood, therefore, with a

recurrence interval of two years, approximates the 0.01 percent frequency on the

duration curve: = 0.011 percent. The mean annual flood was plotted

2 x 355 x 24
and a dashed line drawn from that point tangent to the flow-duration curve. The
Ugum River streamflow records are too short to have any confidence in this
modification.

Sediment rating curves were also prepared for each of the rivers (figs. 6
to 8). These graphs plot the mean daily or instantaneous (when only intermittent
samples are available) suspended-sediment discharge against the mean daily or
instantaneous water discharge to represent the average relationship between
water discharge, the independent variable, and suspended-sediment discharge, the
dependent variable. For the Talofofo basin a power-curve regression line through
the points was determined by the least-squares method and is used to estimate
instantaneous suspended-sediment discharge given an instantaneous water
discharge. For the Ylig and Ugum basins the clumping of data at one end of the
graphs caused a bias fit of the power-curve regression lines., Therefore, the
data were fit by eye with discontinuous lines for the Ylig basin and using class-

average data points for the Ugum basin.



MEAN DAILY DISCHARGE, IN CUBIC FEET PER SECOND

10,000 r=—rrr—TT T T T T T TTT T T T TTTT T ]
\

N _.
1000 |~ o
- -
S .
100 |- -
10 I~ —
- -
[_ —

1 IR N S A N N S TN OO AN AN A N N L]
— OO0 OO0 O O O O OO OO O o O OO OO (o))
O O IO O O O O O OO OO O o O OO OO (o)}
O OO0 O W O O O OO OO O O U VOO OO O ()]
— ANl M <L WO NN O [e))] (@)] SOOSOoOVOY OV O (o))

PERCENTAGE OF TIME INDICATED DISCHARGE WAS EQUALED OR EXCEEDED

Figure 3. Flow-duration curve for station 16850000, Talofofo River
near Talofofo, Guam, October 1953 - September 1961.
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near Yona, Guam, October 1953 - September 1980.
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September 1981.
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To determine the mean water discharge over the period of record in acre-feet
per year (acre-ft/yr), the total range of flow (in cubic feet per second) is
divided into smaller ranges and the mean flow for each range is multiplied by the
corresponding percentage of time that the mean flow occurs (cols. 2 x 4, tables
1, 2, and 3). The sum of these products multiplied by 365.25 and a unit-
conversion constant (1.9835) yields the mean water discharge in acre-feet per
year.

Sediment discharge for the midpoint of each water-discharge range is read
from the sediment rating curve and listed in column 5 of tables 1 to 3. The sum
of the products of sediment discharge and the time interval (columns 2 X 5) is
multiplied by 365.25 to yield the mean annual suspended-sediment load in tons per
year for the period of record of the flow-duration curve. These products divided
by the appropriate drainage areas give the suspended-sediment yields for the
basins. Thus, the estimated mean annual suspended-sediment yield for the Talofo-
fo basin is about 462 tons/yr/miz; for the Ylig basin, 1,162 tons/yr/miz; and for
the Ugum basin, 1,455 tons/yr/miz. The Talofofo basin yield should be considered
a minimum estimate due to the lack of daily data. The Ugum basin estimate is
considered of only fair reliability as there are few high-flow data points
available to accurately define the slope of the line in figure 8. These
estimates establish a range of suspended-sediment yield when compared with the
results from the Pacific Southwest Inter-Agency Committee (PSIAC) method.
Because of the limited sediment data for the Talofofo, Ylig, and Ugum River
basins and the short period of streamflow records, the computed suspended-

sediment yields are, at best, estimates.
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Table 1.

Estimation of mean annual suspended-sediment discharge for Talofofo River

Duration table of mean daily discharge at station 16850000

and corresponding suspended-sediment discharge for

October 1953 - September 1961

Col. 3 Qw QS
Col. 1 Col. 2 Percent Col. &4 Col. 5 Cols. 2 x4 Cols. 2 x5
Percent Percent mid- Qw QS 100 100
limits interval ordinate (ft3/s -d) (tons/d) (ft3/s -d) (tons/d)
0.00- 0.02 .02 .01 3,300 4,050 .7 .81
.02- .05 .03 .035 2,500 2,720 .8 .82
.05- 0.1 .05 .075 1,900 1,830 1.0 .92
0.1 - 0.4 .3 .25 1,400 1,180 4.2 3.54
4 - L6 .2 .5 942.5 665 1.9 1.33
.6 - 1.0 4 .8 770 497 3.1 1.99
1.0 - 1.4 A 1.2 600 347 2.4 1.39
1.4 - 1.8 A 1.6 460 236 1.8 ° .94
1.8 - 2.2 A 2.0 360 166 1.4 .66
2.2 - 3.4 1.2 2.8 280 115 3.4 1.38
3.4 - 4.6 1.2 4.0 210 76 2.5 .91
4.6 - 7.4 2.8 6.0 160 52 4.5 1.46
7.4 - 11,0 3.6 9.2 114 32 4.1 1.15
11.0 - 15,0 4 13 88 22 3.5 .88
15 - 25 10 20 60 12.5 6.0 1.25
25 - 45 20 35 27.8 4,1 5.6 .82
4s - 65 20 55 10 .95 2.0 .19
65 - 85 20 75 3.5 .21 .7 .04
85 - 95 10 90 1.8 .08 .2 .008
95 - 100 5 97.5 1.2 .04 .1 .002
TOTAL 49.9 20.49
Mean annual water discharge for the period 1953-61:
Qw = 49,9 x 365.25 x 1.9835 = 36,151 acre-ft/yr.
Mean annual suspended-sediment discharge:
Q = 20.49 x 365.25 = 7,484 tons/yr.
Mean annual suspended-sediment yield:

7,484 ¢ 16.2 = 462 tons/yr/mi2

14



Table 2. Estimation of mean annual suspended-sediment discharge for Ylig River

Duration table of mean daily discharge at station 16858000
and corresponding suspended-sediment discharge for
October 1953 - September 1980

Col. 3 Qw QS
Col. 1 Col. 2 Percent Col. 4 Col. 5 Cols. 2 x4 Cols. 2 x5
Percent Percent mi d- Qw Qs 100 100
limits interval ordinate (ft3/s -d) (tons/d) (ft3/s -d) (tons/d)
0.00- 0.02 .02 .01 3,125 14,223 .6 2.84
.02- .05 .03 .035 1,700 5,304 .5 1.59
.05- 0.1 .05 .075 1,000 2,245 .5 1.12
0.1 - 0.4 .3 .25 630 1,062 1.9 3.19
A4 - .8 4 .6 L48 611 1.8 2. 44
.8 - 1.2 A4 1.0 352 413 1.4 1.65
1.2 - 1.8 .6 1.5 270 269 1.6 1.61
1.8 - 2.6 .8 2.2 205.5 173 1.6 1.38
2.6 - 3.4 .8 3.0 169 126 1.4 1.01
3.4 - 5.4 2.0 L.4 123 75 2.5 1.5
5.4 - 7.4 2.0 6.4 87 43 1.7 .86
7.4 - 10.0 2.6 8.7 65 27 1.7 .70
10 - 15 5 12.5 L6 5 2.3 .28
15 - 25 10 20.0 31 2,5 3.1 .25
25 - 45 20 35 18 8 3.6 .16
ks - 65 20 55 .2 1.8 .04
65 - 85 20 75 3 .02 .6 .004
85 - 95 10 90 1 .002 .1 .0002
95 - 100 5 97.5 0.5 .0005 .025 .0
TOTAL 28.73 20.62

Mean annual water discharge for the period 1953-80:
Q, = 28.73 x 365.25 x 1.9835 = 20,814 acre-ft/yr.

Mean annual suspended-sediment discharge:

Qs = 20.62 x 365.25 = 7,533 tons/yr.

Mean annual suspended-sediment yield:

7,533/6.48 = 1,162 tons/yr/miZ.
15



Table 3.

Estimation of mean annual suspended-sediment discharge for Ugum River

Duration table of mean daily discharge at station 16854500

and corresponding suspended-sediment discharge for

October 1978 - September 1981

Col. 3 Qw QS
Col. 1 Col. 2 Percent Col. &4 Col. 5 Cols. 2 x4 Cols. 2 x5
Percent Percent mid- Qw QS 100 100
Timits interval ordinate (ft3/s -d) (tons/d) (ft3/s -d) (tons/d)
0.0 - 0.2 0.2 0.1 950 6,815 1.9 13.6
.2 - 4 .2 .3 340 726 .7 1.5
A - .6 .2 .5 280 513 .6 1.0
.6 - 1.0 4 .8 240 340 1.0 1.4
1.0 - 1.8 .8 1.4 170 160 1.4 1.3
1.8 - 2.8 1.0 2.3 137 10¢ 1.4 1.0
2.8 - h.8_ 2.0 3.8 100 50 2.0 1.0
4.8 - 6.8 2.0 5.8 76 28 1.5 .56
6.8 - 10.8 4,0 8.8 53 13 2.1 .52
10.8 - 16.8 6.0 13.8 38 6.1 2.3 .37
16.8 - 26.8 10 21.8 26.7 2.8 2.7 .28
26.8 - 46.8 20 36.8 19 1.3 3.8 .26
46 .8 - 66.8 20 56.8 12.6 .55 2.5 .11
66.8 - 86.8 20 76 .8 8.1 .21 1.6 .04
86.8 - 96.8 10 91.8 L.7 .06 _0.5 .006
TOTAL 25.1 22.95
Mean annual water discharge for the period 1978-81:
Q, =25.1x 365.25 x 1.9835 = 18,184 acre-ft/yr.
Mean annual suspended-sediment discharge:
Q = 22.95 x 365.25 = 8,382 tons/yr.
Mean annual suspended-sediment yield:

8,382/5.76 = 1,455 tons/yr/mi2.

16



Pacific Southwest Inter-Agency Committee (PSIAC) Method

Because of the limited sediment data available for the Talofofo, Ylig, and
Ugum Rivers, a more generalized method was used to estimate total sediment
yields, (the combined bedload and suspended-sediment load per unit drainage
area) for these basins. The Pacific Southwest Inter-Agency Committee (1968)
developed a method referred to as the PSIAC formula to estimate sediment yields
for the diverse conditions in the Pacific Southwest of the United States. This
method, though developed for a region with different geology, soils, and climate,
has been used successfully in Hawaii (B. L. Jones, oral communication, 1982). As
Hawaiian soils, geology, runoff, and rainfall characteristics are similar to
those in Guam, the application of the method appeared feasible. The effect of
annual droughts in Guam and the generally moderate available moisture capacity of
the clay soils in the study area (Park, 1978), also parallel some of the
conditions in the Pacific Southwest.

Although the PSIAC method was originally recommended for areas of 10 square
miles or greater, Shown (1970) indicates good results when applied to basins
between .02 and 7.5 square miles. He showed that PSIAC estimates of sediment
yields correlated closely with sediment yieids measured by reservoir sedimenta-
tion data but, that the PSIAC estimates were usually lower than the measured
yields.

The PSIAC method considers nine factors in determining a sediment yield
classification for a drainage area. These factors are surface geology, soils,
climate, runoff, topography, ground cover, land use, upland erosion, and channel
erosion and sediment transport. Characteristics of each of the nine factors,
which give that factor a high, moderate, or low sediment yield level, are provid-
ed in table 4. The sediment yield characteristic of each factor is assigned a
numer ical value representing its relative significance in the yield rating. The
yield rating is the sum of values for the appropriate characteristics for each of
the nine factors. This rating is converted to a sediment yield by table 5. The
applicability of the PSIAC formula was tested by comparing its estimate of
sediment yield with sedimentation data available for Fena Reservoir in southern

Guam.
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Source:
"'Factors

Table 4.

Factors affecting sediment yield

Pacific Southwest Inter-Agency Committee Report of the Water Management Subcommittee on
and '‘Selection and evaluation of
measures for reduction of erosion and sediment yield," 1968,

affecting sediment yield in the Pacific Southwest Area,

Channel
erosion
Sediment and
Yield Surface Ground Land Upland sediment
Levels geology Soils Climate Runoff Topography cover use erosion transport
(10)* (10) (10) (10) (20) (10) (10) (25) (25)
a. Marine a. Fine text- a. Storms of a. High peak a. Steep up- Ground a. More than a. More than a. Eroding
High shales ured; easily several flows per land slopes cover does 50 percent 50 percent banks con-
and re- dispersed; day's dura- unit area (in excess not exceed cultivated of the tinuously
tated saline- tion with of 30 20 percent area cha- or at fre-
mudstones alkaline; short b. Large vol- percent) b. Almost all racterized quent inter-
and silt- high shrink- periods of ume of High relief; a. Vegetation of area by rill and vals with
stones. swell cha- intense flow per little or no sparse; intensively gully or large depths
racteristics. rainfall. unit area floodplain little or grazed landslide and long
development no litter erosion flow dura-
b. Single grain b. Frequent c. Ail of area tion
siits and intense b. No rock in recently
fine sands convective surface burned b. Active
storms soil headcuts
and degra-
c. Freeze-thaw dation in
occurrence tributary
channels
*k
. (5) (5) (5) (5) (10) (0) (0) (10) (10)
a. Rocks of a. Medium a. Storms of a. Moderate a. Moderate up- Cover not a. Less than a. About 25 a. Moderate
Mod- med ium textured moderate peak flows tand slopes exceeding 25 percent percent of flow depths,
erate hardness soil duration (less than 40 percent cultivated the area medium flow
and b. Moderate 20 percent) charac- duration
b. Moder- b. Occasional intensity volume of a. Noticeable b. 50 percent terized by with occa-
ately rock frag- flow per b. Moderate fan litter or less rill and sionally
weathered ments b. Infrequent unit area or flood- recently gully or eroding
convective plain deve- b. If trees logged landslide banks or
c. Moder- c. Caliche storms Topment present erosion bed
ately layers understory c. Less than
fractured not well 50 percent b. Wind
developed inten~ erosion
sively with depo-
grazed sition in
stream
d. Ordinary channels
road and
other
construc-
tion
*%
(0) (0 (0) () () (-10) (-10) ) (0)
a. Massive, a. High percen- a. Humid climate a. Low peak a. Gentle a. Area com- a. No culti- a. No a. Wide shallow
Low hard for- tage of rock with rainfall flows per up land pletely vation apparent channels
mations fragments of low inten- unit area slopes protected signs of with flat
sity (less than by vege- b. No recent erosion gradients,
b. Aggregated b. Low volume 5 percent) tation, Togging short flow
clays b. Precipitation of runoff rock frag- duration
in form of per unit b. Extensive ments, c. Low
c. High in snow area alluvial litter intensity b. Channels in
organic plains Little grazing massive
matter c. Arid cli- c. Rare runoff opportu- rock, large
mate, low events nity for boulders or
intensity rainfall well vege-
storms to reach tated
erodible
d. Arid cli- material c. Artificially
mate, rare controltled
convective channels
storms

* The numbers in specific boxes indicate values to be assigned appropriate characteristics.

characteristics to which full value may be assigned.

K
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If experience so indicates, interpolation between the 3 sediment yield levels may be made.

The small letters a, b, c, refer to independent



Table 5. PSIAC rating conversions

Source: Pacific Southwest Inter-Agency Committee Report of the Water
Management Subcommittee on ''Factors affecting sediment yield
in the Pacific Southwest Area and selection and evaluation of

measures for reduction of erosion and sediment yield,'" 1968.

Sediment yield

Rating (acre ft/miz)
100 . 3.0
75 - 100 1.0 - 3.0
50 - 75 0.5 - 1.0
25 - 50 0.2 - 0.5
0 - 25 0.2
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The Fena Reservoir watershed is a sub-basin located in the western part of
the Talofofo drainage area (figs. 9 and 10). The Almagosa, Imong and Maulap
Rivers flow into the reservoir. The total drainage area at the dam (height, 85
ft and length, 1,050 ft) is 5.81 mi2. The watershed is relatively undeveloped as
it is within an ammunition storage area. The area is generally hilly to very
steep and the western part is limestone rock land covered with a thin granular
clay soil (figs. 11 and 12). The clay soils in the watershed are primarily of
volcanic origin and are covered by a generally broad-leafed evergreen forest with
a dense undergrowth of grasses and scrub (fig. 13) (Tracey and others, 1959).
Small areas of open savanna occur throughout the watershed. Fires are frequent
during the drought periods occurring each yeér.

From a Geological Survey study done by Curtis in 19791/, sediment accumu-
lation was 440 acre-ft from 1949 to 1979 which amounts to 2.5 acre-ft/yr/mi2 or
about 2,500 tons/yr/mi2 assuming an average deposited weight of 46 lb/ft3. This
sediment accumulation measurement was determined by sonic soundings, and is
believed to be the most reliable sediment data available.

From data provided by Curtis (written communication, 1982) it was deter-
mined that the reservoir sediment was composed of about 85 percent clay and silt
and 15 percent sand and gravel. He indicated that most of the sand and gravel is
transported in the tributary streams as bedload, and the silt and clay as sus-
pended load. |If it is assumed that 85 percent of the Fena Reservoir sediment was
transported as suspended load and 15 percent as bedload, then from the 30 year
sediment accumulation of 19,166,400 ft3, the following is computed: 740
tons/yr/mi2 bedload assuming a deposited weight of 90 Ibs/ft3; and 1,750
tons/yr/mi2 suspended-sediment load assuming a deposited weight of 37.5
1bs/ie> 2/,
drainage basin is somewhat higher than the range (462 to 1,455) calculated for

This estimate of suspended-sediment yield for the Fena Reservoir

the Talofofo, Ylig, and Ugum basins by the flow-duration sediment-rating-curve

met hod.

V Curtis, W. F., written communication, 1982.

2/

=" Particle size analysis from Curtis, W. F., written communication, 1982.
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PSIAC evaluations of the surface geology, soils and ground-cover factors
for the Fena watershed were made from maps prepared by the U.S. Army in the
publication, '"Military Geology of Guam, Mariana Islands' (Tracey and others,
1959). The information presented in figures 11 to 13 was compiled from these
maps and drainage area maps found in '"A Report Covering the Surface Water Survey
of the Island of Guam," by Austin, Smith and Associates, Inc. (1968). Verifica-
tion of the vegetation map was done by inspection of a set of aerial photographs
taken in 1975,

Evaluations were made of the remaining factors:

(1) topography from a 1:50,000-scale topographic map of Guam prepared by the

Geological Survey in 1978;

(2) climate from Geological Survey rainfall data at several stations in

southern Guam, as well as from a narrative by David |. Blumenstock, found in

the ""Military Geology of Guam' (Tracey and others, 1959) and from the

" U.S. Geological Survey Professional Paper 403-H,

""Hydrology of Guam,
(Ward, and others, 1965);

(3) runoff from an analysis of Geological Survey streamflow data in the
study area and information found in ''Hydrology of Guam'';

(4) channel-erosion and sediment-transport from streamflow data, channel
cross-sections, and information from Geological Survey field personnel in
Guam; and

(5) land use and upland erosion from inspection of the 1975 aerial

photographs.

. The PSIAC values for the climate, runoff, topography, land use, upland
erosion, channel erosion and sediment transport categories were determined by
the>use of table 4 and the above information sources. The surface geology,
soils, and ground-cover factors were evaluated by placing a grid over each of the
maps (figs. 11 to 13) and determining the proportion of the total area covered by
each particular rock, soil, or vegetation type. The percentage of area covered
by each type was multiplied by a corresponding PSIAC value from table 4. The
PSIAC value for the factor in the drainage area was the sum of the products. A
sample computation is given in table 6. Table 7 lists all the factors and PSIAC
numerical values assigned to each. The application of this method indicates an
annual sediment yield of 2 acre-ft/mi2 from the Fena Reservoir basin. This is a
reasonable estimate based on the reservoir sedimentation data from the 1979

survey by Curtis (2.5 acre-ft/miz).
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Table 6.

Sample computation of PSIAC value for Fena soils (fig. 12)

PSIAC value X

Number of Percentage PSIAC percentage

Soil type grid blocks of area value area
Saipan-Yona-Chacha clay 7 0.002 10 0.02
Yona-Chacha clay 87 .025 10 .25
Atate-Agat clay 13 .04 10 .04
Agat-Asan-Atate clay 1,165 .328 10 3.28
Agat-Asan clay 1,851 .52 5 2.6
Pago clay 7 .002 7.5 .015
Inarajan clay 29 .008 10 .08
Muck 10 .003 10 .03
Limestone rock land 388 .109 5 .545
Totals 3,557 6.86

PSIAC value for Fena soils = 6.9

Table 7. PSIAC values for factors affecting
sediment yield
Fena
Surface geology =------- 4
SOils === cccccccccaaaa 7
Ground cover ========-- -9.6
Climate —===-=ccccmuuax 10
Runoff ---------------- 10
Topography ----======== 20
Land use ========cecea- 5
Upland erosion ==-=------ 15
Channel erosion and
sediment transport -- 25
Total 86.4
Note: From table 5 the basin is within the 75-100

rating which translates to a mean annual

sediment yield of 2.0 acre-ft/miz.
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This same procedure was applied to the Talofofo, Ylig, and Ugum basins and
their values of the PSIAC factors are listed in table 8. Measuring the drainage
areas for each basin upstream of the streamflow gaging station, the following
sediment yields are derived:

19 acre-ft;

Talofofo drainage area: 16.2 mi 2 x 1.2 acre—ft/mi2
2

Ylig drainage area: 6.48 miZ x 1.4 acre-ft/mi 9 acre-ft;

Ugum drainage area: 5.76 mi2 x 1.2 acre-ft/mi2 7 acre-ft.

Using the same distribution of 85 percent suspended material at 38 lb/ft3 and 15
3

percent bed material at 90 lbs/ft” assumed in the Fena Reservoir watershed, and

3

the conversion of acre-ft to ft”, the resultant computation gives a mean annual
sediment yield of 1,200 tons/yr/mi2 for the Talofofo, 1,385 tons/yr/mi2 for the
Ylig, and 1,210 tons/yr/mi2 for the Ugum basins. These figures represent both
suspended-sediment and bed material. By assuming that 85 percent of the yields
are transported as suspended load, the mean annual suspended-sediment yields for
the Talofofo, Ylig, and Ugum basins are 845, 977, and 855 tons/yr/mi2
respectively. The estimates of mean annual suspended-sediment yield from the
flow-duration sediment-rating-curve method of 462 tons/yr/mi2 for the Talofofo,
1,162 tons/yr/mi2 for the Ylig, and 1,455 tons/yr/mi2 for the Ugum basins,
together with the PSIAC estimates, establish a reasonable range of suspended-

sediment yields for the basins.

Table 8. PSIAC values for factors affecting sediment yield

Talofofo Ugum Ylig
Surface geology ------- 1.9 2 1.6
Soils ===-emmmmccceeeee 8.4 8.5 9
Ground cover ==--=----- -8.4 -8.5 -5.8
Climate ----===-c=-cc--- 10 10 10
Runoff ----=cccccceco-- 10 10 10
Topography ---=-------- 15 15 15
Land use =======cecr-c-- 5 5 5
Upland erosion -------- 15 15 15
Channel erosion and
sediment transport --- 20 20 20
Totals 76.9 77 79.8

Note: From table 5 each basin is within the 75-100 rating, which
translates, to a mean annual sediment yield of about 1
acre-ft/mi“ for each of the basins.
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COMPARISON OF RESULTS WITH HAWAIIAN DATA

The results of the flow-duration sediment-rating-curve and PSIAC methods in
estimating both suspended-sediment and total sediment yields from the Fena Res-
ervoir, Talofofo, Ylig, and Ugum basins are credible in light of data available
for several similar basins on Oahu, Hawaii. A reprint (table 9) of a table from
a report by Jones and others (1971) indicates that the range of suspended-
sediment yields of L462-845 tons/yr/miz, 977-1,162 tons/yr/miz, 855-1,455
tons/yr/miz, from the Talofofo, Ylig, and Ugum drainage areas respectively,
compares well with suspended-sediment yields from several Oahu basins which
range from 630 to 1,400 tons/yr/miz. These basins generally have similar
topography, steep headwater and side ridges, active head cuts, predominantly
clay soils derived from volcanic rock, similar climate in terms of temperature,
annual rainfall, storm intensities and duration, and similar runoff
characteristics with high, short-duration peak flows.

The total mean annual sediment yields of 1,200 tons/yr/mi2 (1.2 acre-
ft/yr/miz) for the Talofofo, 1,385 tons/yr/mi2 (1.4 acre-ft/yr/miz) for the
Ylig, and 1,210 tons/yr/mi2 (1.2 acre-ft/yr/miz) for the Ugum basin are also
consistent with the yields from the Oahu basins which range from 785 to 2,200
tons/yr/mi2 (0.5 to 6.2 acre-ft/yr/miz).
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CONCLUSION

Reasonable values of mean annual suspended-sediment and total mean annual
sediment yield for the Talofofo, Ylig, and Ugum River basins have been calculated
by the flow~-duration sediment-rating~-curve and the PSIAC methods. The range of
mean annual suspended-sediment yields established are 462-845 tons/yr/mi2 for
the Talofofo basin, 977-1,162 tons/yr/mi2 for the Ylig basin, and 855-1,455
tons/yr/mi2 for the Ugum basin. The total mean annual sediment yields estimated
are 1,200 tons/yr/mi2 for the Talofofo basin, 1,385 tons/yr/mi2 for the Ylig
basin, and 1,210 tons/yr/mi2 for the Ugum basin. The values are supported by
sedimentation data from Fena Reservoir and several similar basins on 0Oahu,
Hawaii.

It appears from this study that the PSIAC method can be a useful tool in

estimating sediment yields in some tropical areas.
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