Water Resourzes Nessareh Conter
University of Hawaii

2540 Dole Street, Holmes Hal B Y
:w!onalulz.eHa\*z:i 928?%5 all 283 QEFERENSE ﬂlﬂ“

NOT FOR CIRCULATION
Technical Memorandum Report No. 48 N ¥
May 1976

DEVELOPMENT OF THE
UNIVERSITY OF HAWAII-
MANOA STREAM GAGING STATION

Yu-Si Fok
Reginald H. F Young



Water Resources Research Cener REFERENCE {}NLY

University of Mawaii
2540 Dole Street, Holmes Hall 283
Honoluls, Hawaii 96822

DEVELOPMENT OF THE UNIVERSITY OF HAWAII-MANOA
STREAM GAGING STATION

by

Yu-Si Fok
Reginald H.F. Young

Technical Memorandum Report No. 48

May 1976

A Project Completion Report
for
URBAN RUNOFF QUANTITY AND QUALITY PROJECTIGNS
FOR THE MANOA WATERSHED

OWRT Project No. A-056-HI, Grant Agreement No. 14-31-0001-5011
Principal Investigators: Reginald H.F. Young
Yu-Si Fok

Project Period: 1 December 1974 to 31 March 1976

The programs and activities described herein were supported in part by funds
provided by the United States Department of the Interior as authorized under

the Water Resources Act of 1964, Public Law 88-379.



117

ABSTRACT

Manoa Stream drains the Manoa Valley watershed located near the central
part of the Honolulu metropolitan area. Past studies have characterized
the streamflow, sediment, and water quality of Manoa Stream. However, the
two existing streamflow gaging stations on the stream are located near the
head of the valley and none in the dounstream section. Hence, there is no
good way to correlate the discharge at these gages with the discharge in
the downstream sections of the stream. In this study, a permanent stream
gaging station was established at a downstream location on the University
of Hawaii campus. The development, instrumentation, method of operation,
and maintenance of this gaging station are reported herein. Data obtained
from this new University of Hawaii-Manoa Stream Gaging Station will allow
meaningful measurements of streamflow and water quality characteristics of

Manoa Stream.
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INTRODUCTION

The occurrence of flash floods in Hawaii is not unusual and is due to
conditions of intense rainfall during a relatively short period of time
over small watersheds with short stream channels and steep headwater to-
pography. The flooding problem is often magnified in the Honolulu area
due to the high degree of urbanization in many watersheds. Also, the re-
sulting nonpoint pollution load transported from these watersheds may have
a severe detrimental impact on coastal receiving waters.

Manoa Valley, the watershed selected for more specific hydrologic and
water quality data collection and study, abuts the southwestern slope of
the Koolau Range. The flat valley floor is in low density residential,
recreational, and commercial uses and is a contiguous part of the Honolulu
Metropolitan area. At the head of the valley is the vegetated and pro-
tected Honolulu Watershed Forest Reserve. One-half mile below the newly
developed stream. gaging station, Manoa Stream joins Palolo Stream which
discharges into the Ala Wai Canal and thence to the coastal waters through
the Ala Wai Boat Harbor.

A baseline survey for stream water quality of Manoa Stream was conducted
by Ching (1972), who was not able to adequately define pollution loads be-
cause of insufficient streamflow data. Luoma (1974) performed an excellent
study on the cycling of mercury by selected estuarine organisms taken from
the Ala Wai Canal. Again, insufficient or inadequate streamflow, sediment
load, and water quality measurements for Manoa Stream prohibited a conclu-
sive identification of the source of mercury. In order to obtain meaning-
ful water quality data, water quality sampling must be done simultaneously"’
with corresponding streamflow so that the pollution load can be quantified.

Unfortunately, the only two streamflow gaging stations on Manoa Stream
are located near the head of the valley and there is no satisfactory method
of correlating the flows from these gages with the total discharge in the
downstream sections of the stream. In this project, a permanent stream
. gaging station was established at a downstream section of Manoa Stream to

obtain desirable flow data.

OBJECTIVES

The purposesyof this project are to define both the flow contribution
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and water quality of urban runoff from selected locations on a well defined
stream. The specific objective was to collect streamflow data for the de-
velopment of a discharge model for Manoa Stream by establishing a stream

gaging station at a downstream location of the stream.

GENERAL DESCRIPTION OF STUDY AREA

Manoa Stream drains the Manoa Valley watershed area. in the Honolulu
District side of the Koolau Range. The location of Manoa Stream and the
general topographic features of Manoa Valley are shown in Figure 1.

The annual rainfall varies from 64 - to 102 cm (25 to 40 in.) on the
coastal plain to 356 to 381 cm (140 to 150 in.) at the head of the valley.
The current land use of the Manoa Valley watershed and the classifications
ére presented in Figure 2 and the summary of each land use type, area, per-
centage of total drainage area, and percentage of developed area is shown
in Table 1.

TABLE 1. PRESENT LAND USE WITHIN MANOA VALLEY

LAND USE AREA IN PERCENT OF TOTAL PERCENT OF TOTAL
CLASSIFICATION ACRES DRAINAGE AREA DEVELOPED AREA
RESIDENTIAL AREAS 1,319 31.4 72.5
SCHOOLS AND PARKS : 428 10.2 23.5
COMMERCIAL AREAS 73 1.8 4.0
UNDEVELOPED LANDS 2,380 56.6 » 0.0
TOTAL DEVELOPED AREA 1,820 43,4 100.0
TOTAL DRAINAGE AREA 4,200 100.0

SOURCE: After Ching (1972).

The two existing stream gaging stations in the headwaters of the Manoa
Stream are shown on Figure 3 along with the locations of rainfall gaging
stations. According to the U.S. Geological Survey (1966) the west branch
Manoa Stream near Honolulu stream gage was located at lat. 21°19'54", long.
157°48'13", on the left bank 30.48 m (100 ft) upstream from the bridge on
Waaloa Road, 1.609 km (1 mile) northeast of Manoa School, and 6.75 km (4.2

miles) northeast of the Honolulu Post Office, the drainage area above this
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gage is 2.95 km?® (1.14 miles?®) and periods of records were May 1913 to

January 1921, and August 1925 to June 1966. Datum of the gage is 88.65 m
(290.84 ft) above mean sea level. The east branch Manoa Stream near Honolulu
streamgage was located at lat. 21°19'50", long. 157°48'10", on the right bank
1.52 m (5 ft) downstream from the highway bridge, 122 m (400 ft) upstream

from the confluence with the west branch, and 6.75 km (4.2 miles) northeast of
Honolulu Post Office. The drainage area above this gage is 2.75 km? (1.06
miles?). Datum of this gage is 89.76 m (294.5 ft) above mean sea level.

As can be seen in Figure 3, these two gaging stations intercept only a
small portion of Manoa Stream flow, principally the undeveloped headwater
portion of the watershed. The lack of total streamflow measurements for the
much larger and urbanized lower portion of the watershed prevents many use-
ful hydrological studies as indicated previously. Thus, the need for estab-
lishing a new stream gaging station at a downstream location of Manoa Stream

is apparent.

SITE SELECTION FOR THE NEW STREAM GAGING STATION

Because of the existing gaging stations on upstream branches of Manoa
Stream, it was decided that the location of a new stream gaging station
should be at the downstream section to obtain the total streamflow. After
several field reconnaissances, it was decided to establish the new gaging
station on a section within the University of Hawaii Manoa Campus adjacent
to Jefferson Hall of the East-West Center. However, the East-West Center
was incorporated as an independent institution in 1975 and the establishment
of the stream gaging station was delayed partly due to the change of admin-
istration of the East-West Center, and partly due to the change in selection
of the instruments necessary for the gagiﬁg station. Permission for con-
struction of the gaging station was granted finally by the East-West Center
in December 1975, and a test run of the completed stream gaging station was
started in February 1976.

A detailed mép showing the location of the stream gage, the instrument
shelter, and the surrounding buildings is presented in Figure 4. The fol-
lowing is a description of this new stream gaging station:

Name: University of Hawaii-Manoa Stream Gaging Station
Location: Lat. 21°18'04'", long. 157°49'00" on west bank adjacent to the
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East-West Center on University of Hawaii-Manoa Campus, 5.0 km
{3.1 miles) east of Honolulu Post Office.
Drainage Area: 13.872 km? (5.356 miles?)
Type of Gage: Bubble gage-chart recorder, continuous stage measurements.
Datum of Gage: 18.9 m (62 ft) above mean sea level (City & County of Hono-
lulu bench mark)
Streambed Slope: 10%
Dimensions of Instrument Shelter: 0.91 mx 0.76 mx 1.83 m (3 ft x 2.5 ft x
6 ft) |
Due to the topography of the site and budgetary constraints, a battery-
run, bubble-pressure stream stage sensing system with continuous chart re-
cording device was selected for the stream gaging station. The whole system
was assembled in a wdoden instrument shelter. The shelter was fastened on
a 10.16-cm (4-in.) cast iron pipe and the pipe was firmly implanted in the
concrete filled between two large boulders. The instrument shelter is lo-
cated 4.88 m (16 ft) above the stream gage outlet which is considered well
above the 50-yr flood stage. The instrument shelter was designed with suf-

ficient space to house additional instruments for water quality measurements.

OPERATION OF THE STATION APPARATUS

A schematic diagram of the bubble-pressure stream gage and the instru-
ments 1s presented in Figure 5.

Compressed nitrogen gas is released through a pressure regulator valve
on the container and is fed through tubing to a constant differential regu-
lator. This regulator maintains a required constant pressure differential
of 0.21 kg/ecm? (3 psi) between the gas supply and the outlet lines. From
the regulator, the gas line is connected to a pressure transducér and an
outlet line selector valve. The line selector enables the gas flow to be
directed through one of three gas lines, one line leading down to the stream
and the other two leading to a calibration cylinder filled with water. The
pressure transducer is wired to a voltage regulator box which connects the
strip chart recorder to a 12-v wet cell battery, the source of power supply.
The height of water above any of the outlets corresponds to a certain pres-
sure which is registered by the pressure transducer and this 1is then trans-

mitted to the recorder as an electrical impulse. When the outlet line se-
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lection valve is set on the stream outlet, stage measurements are monitored
continuously by the recorder. When the line selector is set on the calibra-
tion cylinder, the recorder is calibrated so that 0.30 m (1.0 ft) of water
above the outlet will register as 1.0 cm on the chart paper. Since the width
of the chart paper is 12 cm, the recorder is capable of monitoring stream
flow up to 3.66 m (12 ft) above base level. The recording chart advancing
speed is currently set at 2 cm/hr, with the chart length of 2200 cm (72 ft),

the chart will provide more than six weeks of uninterrupted recording.

ESTABLISHING THE STAGE-DISCHARGE RATING CURVE

Low Flow Rating by Current Meter Measurements

The control section of the gaging station on Manoa Stream was selected
at a relatively stable section of the stream. In order to have a better mea-
surement of the low flow discharges, the control section was situated at a
constricted section with large boulders on both sides of the stream, thus
concentrating the flow into a funnel-like orifice.

Streambed ‘cross sections at the control point are shown in Figures 6,

7, and 8. The first survey was conducted on 1 May 1975 and the cross section
of the control section is shown in Figure 6. The second survey was conducted
on 22 March 1976, the resulting cross section is shown in Figures 7 and 8.
After making a comparison of the cross-sectional surveys, it was found that
after a 14-mo period the stream channel had some changes at its low flow
cross section, with some erosion on the left-hand side balancing with some
silt deposition on the right-hand side. However, the total low flow cross-
sectional area remains essentially the same. It is clear that periodic
surveys of the stream control section are necessary because streambed slope
is a steep 10%.

The stream stage-discharge relationship for the gaging station site has
been measured at different stages of low flow with a standard Price current
meter since 3 May 1975. A total of 21 measurements were made during the
period of 3 May 1975 to 19 March 1976 with the measured discharges ranging
from 0.085 cms (3 cfs) to 0.38 cms (13.43 cfs). The results of these mea-
surements are presented in Table 2 and Figure 9. The low flow measurement
with the current meter has the following limitations:

1. Measurement rénge 0.0915 to 3.048 m/s (0.3 to 10 ft/sec)

2. Error 5% for the current meter
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TABLE 2. U.H. STREAM GAGING STATION STAGE-DISCHARGE DATA

DATE S(TfAtG)E m?g:cusxgmﬁ
5/03/75 1.00 5.31
5/19/75 0.95 k.90
5/21/75 0.95 4.86
5/22/75 ' 1.10 7.40
5/23/75 1.20 9.62
5/2L/75 1.00 4.90
5/26/75 1.00 5.59
5/28/75 1.20 11.48
5/29/75 0.90 4.37
5/30/75 0.90 5.06
6/04/75 0.90 3.66
6/05/75 1.00 L.66
6/06/75 0.90 3.05
6/10/75 0.90 3.07
6/11/75 - 1.30 11.80
6/12/75 1.00 5.98
6/13/75 1.15 8.1
6/17/75 0.90 2.87
6/18/75 0.80 3.30
6/19/75 0.80 3.09
3/19/76 1.20 13.43

NOTE: ft x 0.3048 = m
cfs x 0.6463 = mgd.

According to the above limitations, direct measurement of the stream-
flow velocity with a current meter is not recommended at flow depths exceed-

ing 0.915 m (3 ft).

Flood Flow Rating by Slope-Area Method

Because of the steep slope of the stream channel and the flashy charac-
teristics of the Hawaiian streamflow hydrograph, no one should be permitted
to conduct direct streamflow measurements during a high streamflow at this

stream control section. Direct measurement of the stream may be permitted
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from the Dole Street-Manoa Stream Bridge about 370 m (1,210 ft) downstream

of the gaging station.

Since the Hawaiian small watershed flood hydrograph is characteristi-

cally very short in duration with very steep rising and falling limbs, such

as that described by Wu (1969), the stage-discharge relation for the high

flow periods should be estimated by an indirect method. It is planned that

the Slope-Area Method will be utilized with data from post flood surveys at

selected upstream and downstream cross sections at or near the gage control

section to determine the highest water marks of flood peaks. The computa-

tional procedures and an example are presented in the following based on an
analysis by Chow (1959):

1.

dius

Using Manning's formula to determine the k factor

Q = lﬁ?g.ARZ/3gl/2 (1)

in which & = discharge in cfs, n = Manning's roughness coefficient,

4 = cross-sectional area of streamflow in ft2*, R = hydraulic ra-

"

A/P = A/wetted perimeter, in ft, and S = slope of the energy

[t}

line = F/L, F = fall of water surface between two cross sections

with I distance apart. Equation (1) can be expressed as:

Q = ks'/? (2)
in which k = the average conveyance factor (which can be seen as

1.49

” AR?/3 when a comparison of eqq. [1] and [2] is made):

k = vk, kg | (3)

in which k, , and k; represent the upstream and the downstream con-

veyance factors respectively.
Assuming @ = the first approximation of the discharge, compute the
velocity heads at the upstream and downstream sections for auVQZ/Zg

and o4V 4°/2g; using

[t

Vu Q/Au (4)
Vg = QA4 (5)

also in which “u+ and oy are known values of energy coefficients.

The energy slope is, therefore, equal to

S = hf/L (6)

*ft x 0.0929 = m?. |
tay and og = 1 is assumed for the UH-Manoa Stream gaging station due to
steep channel slope.
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he = F o+ K(oV,*/2g - ;7,7 /2g) 7

in which X is a factor when V <V,, X = 1.0 when V >V,, K = 0.5.
u d _ u d

4. The corresponding discharge is then computed by equation (2) using
the revised slope obtained by equation (6). This gives the second
approximation of the discharge as the second approximation.

5. Repeat the computation from step 2 for the third, fourth... ap-
proximations until the assumed and computed discharges agree.

Example: Compute the flood discharge through a river 500 ft having

known values of the water areas A, = 11,070 ft?2, 4, = 10,990 ft?,

d
K, = 3.034 x 10°, K; = 3.103 x 105, @ =1.134 and o; = 1.177. The
fall, F, of water surface in the reach was found to be 0.5 ft.
Computations: The average k = Vkﬁkd = 3.07 x 106; For the first ap-

proximation, assume k., = 0.5 ft. Then S = 0.5/500 = 0.001, VS =
0.0316, and @ = k/S = 97,000 cfs. Then the velocity heads at the

two sections are:

V2 2
o H = 1,134 (87,000/11,0700% _ ) 2oy gy
u 2g 2g

v,? : 2

d _ (97,000/10,990) 1.424 {t
o, — = 1.177 =
9 2g 2g -0.070 ft

Since %4<Ki’ therefore ¥ = 1.0,

Hence, @f = 0.5 - 0.07 = 0.43 ft
S = 0.43/500 = 0.00086, VS = 0.0293, and
Q@ = 3.07 x 10% x 0.0293 = 90,000 cfs.
Similarly, other successive approximations are made, as shown in

Table 3. Finally, the estimated discharge is found to be 91,000 ft.

TABLE 3. COMPUTATION OF FLOOD DISCHARGES BY SLOPE-AREA METHOD

v ? vhz
u .
NO- Qs sumed Y 23 %4 29 he S /s Q'computed
(cfs)  -m-=mmmm-o- (ft)----------- (cfs)

1 -=- 0.5 - --- 0.50 0.001 0.0316 97,000
2 97,000 0.5 1.354 1.424 0.43 0.00086 0.0293 90,000
3 90,000 .0.5 1.165 1.225 0.44 0.00088 0.0297 91,200
4 91,200 0.5 1.195 1.258 0.437 0.000874 0.0296 91,000

5 91,000 0.5 1.190 1.253 0.437 0.000874 0.9296 91,000
SQURCE: After Chow (1959).
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CONCLUSIONS

A permanent stream gaging station has been established on Manoa Stream.
This new streamflow gaging station will provide much needed data for water
quality studies of urbanized Manoa Valley and will also provide a long needed

teaching tool for students of hydrology and other water-related courses.
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