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ABSTRACT

This report covers the preliminary study of the Marine alternmatives
to the land-based rapid traneit system for the City and County of Homolulu
to be operational by 1979.

The marine altermative, knowm ag the Oceamic Express Syetem, was
originally initiated in 1972 by Dr. John P. Craven, State Marine Affairs
Coordinator and Deen of Marine Programs, University of Hawait. It is
intended to serve as a complementary or a major aspect of the mass trans-
portation system on Cahu, Hawaii. The Oceanic Express System will consist
of a water-based macs transit system linked together with multiple loops
via inland waterways, which are to be comstructed with the existing
drainageways, to serve high-density locales and suburbs in Homolulu. It
can be comsidered as an interim and/or supplementary transportation system
to the lamd-based system.

The objeetive of this study is to determine, particularly from engi-
neering viewpoints, the feasibility of the inland waterways system which
will convert the eristing canals and drainage streams into navigable
channels.

Major efforts wnder this study include study of: the hydrological
and ccearographic constraints; dredging requirements; canal feeder boat
requirements; and preliminary cost data involving initial comstruction,
operation, and maintenance of the waterway potential of four selected
drainagevays on Oahu--Ala Wai Conal aid Maroa-Palolo Strean, Nuuau Strean,
Kapalama Drainage Channel, and Kalihi Stream. These waterways will be
related to fowr local route systems, namely Aawaii Kai, Kohala, Ala Wati,
and Moanalua~Kapaloma-Nuuonu.

A total of 23 feeder boats will be required. The total eapital cost
for the feeder boats, lerminals, stop stations, initial dredging, main-
tenance facilities, reconstruction of road bridges, and land acquisition
was estimated to be $23 million (1872). Additional capital and replace-
ment costs over a 30-year period are estimated to be $7 milliom. During
the 30-year period, the operational and maintenance costs would be
895 million. The awnual cost was estimated at about $4 million. Recom-
struction of road bridges and awmual maintenance dredging in each wateruay
are the most expensive items. The total wateruway system will be 16 miles
long and the annual cost will be about $271,000 per mile per year.

Tt was coneluded that the comstruction, operation, and maintenance
of the four selected waterways seem to be techmically feasible; but their
coonomic feasibility camot be determined wniil the entire Oceanic Express
System ig thoroughly analyzed. This analysis is beyond the scope of this

study.

The Ala Wai route is comsidered to have the best potential for being
converted into a waterway for navigational purposes.
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INTRODUCT ION

A land-based rapid transit svstem has been under serious consideration
by the City and County of ilonoiulu to be operational by 1979, The proposed
rapid transit system consists of electrically-powered, auromaticallv-
controlled vehicles operating in trained units on a fixed guideway as the
main trunk line clement of the recommended trunk line feeder concept by
Daniel, Marn, Johnson, and Mendenhall of Hawaii (DMIM, 1972).

The marine alternatives to land-based mass transit, as either a com-
plementary or a major aspect of the system, have not been fully explored.
The State Marince Affairs Coordinator, Ur. John P. Craven, initiated the
QOceanic Express System study. The total Oceanic Express System will consist
of a water-bused mass transit system linked together with multiple loops
via inland waterways, which arc to be constructed with the existing canals
and streams, to serve high-density locales and suburbs in the Uity and County
of Honolulu. 1t was estimiated that the marine transit system could be
developed by 1975, as compared with 1979 tor the land-based system. More
recently, Lulejian and Associates, under sub-contract with DMIM, made an
initial cxploratory cvaluation of the feasibility of a water transpertation
svstom (DMIM, 1972}, Its tentative conclusion was that the marine system
may be considered as an interim and/or supplementary transportation system
to the land-based system. However, DMIM (1972) later studied briefly the
costs, service characteristics, and the environmental impacts of several
marine alternatives of the integrated transit system and concluded thut
the marine transpertation system is not feasible.

The objective of this study is to determine, particularly from the
viewpoints of engineering aspects, the feasibility of the iniand waterways
subsystem which will convert the existing canals and drainape streams into
navigahle channels.

This study was initiated in March 1972 as an 04 midyear start, with
Program Manuagement funds of the Sea Grant Program at the University of_
flawaii. This resulted in a pilot study (Nicinski et al., 1972) involving
site selections of those existing canals and streams which could be improved
as inland waterways, requirements of canal dimensions, criteria for the
feeder boats, local route systems, and patronage characteristics.

This Teport covers the preliminary findings of the 05 Year study during
the period from September 1972 to January 1973. Major efforts include
study of hydrological and oceanographic constraints, canal feeder boat
requirements, and preliminary cost data for four selected local route .
systems--Hawaii Kai, Kahala, Ala Wai, and Moanalua-Kapalama-Nuuvanu. Special
attention was paid to the Ala Wai route. Information for the other routes
was provided from approximations based on the Ala Wai system; therefore, it
should be re-examined following the simitar procedure as for the Ala Wat,
particularly in the determination of maintenance dredging rcquircments.
The estimated costs were based on the best information currently avallable
and, in many cases, reference was made to the unit cost information from
the report by DMIM (1972).



WATERWAYS POTENTIAL OF FOUR DRAINAGEWAYS ON QAHU, HAWAII

Craven (1972) proposed an inland waterway system utilizing the ex-
isting drainage channels. Pertinent hydrological and oceanographic data
are scarce. Basic surface water records are maintained by the U.S. Geo-
logical Survey, Hawaii for selected streams; but they are not in a form
suitable for cvaluation of the hydrological and oceanographic constraints
which include runoff, water level variations, sedimentation involving
initial and maintenance dredging to maintain desirable water depth, and
water current velocities during normal and flood conditions,

Preliminary investigation has shown that the following local canal
feeder systems merit detailed engineering investigation: Hawaii Kai,
Kahala, Ala Wai Canal and Manoa-Palolo Stream, and Moanalua-Kapalama-Nuuanu.
This report is concerned with the potential, as a navigable waterway, of the
Ala Wai Canal and Manoa-Palolo Stream, Nuuanu Stream, and the Kapalama
Drainage Channels with emphasis on the Ala Wai Canal and Manoa-Palole Stream.
Included are hindcasts of runoffs on a monthly basis from rainfall infor-
mation and watershed characteristics. Representative hydrographs have been
developed and are used to predict the annual sediment ¥ield in the drainage-
ways from which the cost of maintenance dredging is estimated.

Included are the results of bathymetric surveys of the four drainage-
ways and their analysis to determine the initial dredging requirements.

Several attempts were made to measure the currents in the Ala Wai
Canal. These were not successful due to the low-sensitivity of the hand-
held current meter even during cbb and flood tides. Surface runoff was
negligible at the time of measurement. It is concluded that currents in
the waterways should be measured during floods so thut their effect on
navigation can be assessed.

Freshwater Runoff in the Ala Wai Canal and Manoa-Palolo Stream

The Ala Wai Canal (Figure 1) is dominately a drainageway despite its
label. Tt consists of two straight sections, each having two nesr-vertical,
parallel sides. The shorter seaward segment is approximately 2,830 ft long
and 165 ft wide. The longer leeward segment, which receives the freshwater
runoffs from the Manoa and Palolo Streams, is 7,590 ft long and 250 ft
wide. The freshwater runoffs into the Ala Wai Canal are from two separate
drainage basins--Manoa watershed (5.72 sq mi) and Palolo watershed
(3.63 sq mi)--having a total drainage area of 9.35 sq mi (Figure 1). 1In
addition, the freshwater runoff is also discharged into the canal from the
Makiki watershed (3.72 sq mi) but it has an insignificant effect on the
waterways; therefore, a study of this watershed was not made.

The ¥.S. Soil Conservation Service {1972) "synthesis method" was used
in the construction of runoff hydrographs typical of each month and for
design flood conditions as shown in Figure 2. The computational procedure
is given in Appendix A.
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The freshwater runoff into other proposed wuterwavs 1§ yet to be
determined.

Sediment Yields

The direct freshwater runoff into the stream chanmels forms the bulk
of the flow which generally is responsible for most of the sediment truns-
port in the streams. This dircet runoff from a given arca represents the
integrated etfects of all characteristics of the drainage basin and of the
superimposcd environment upon sediment production. There are a number of
empirical equations available for estimating the sediment yicids from
maximum vearly peak discharge, area of drainage basin, and density of cover
as a percentage of the watershed area. lowever, they are not quite appli-
cuble to the small watcersheds of the Hawaiian Islands.

For this study, sediment prediction was made from runoff-frequency
data including both long-term, flow-duration curve and short-term, repre-
sentative hydrograph for each month and the runoff-sediment relationship
established for any given watcrshed from actual measurements of suspended
sediments in the stream in question.

Due to lack of rating curves for Manoa-Palolo Stream, Nuuanu Stream,
and Kapalama Strcam, the rating curve established for the nearby Kalihi
Stream was usced (Figure 3). Then the sediment yields were computed
for cach month using the representative hydrographs respectively. The
results are shown in Table 1. The sediment yiclds from the Manca-Palelo
Stream were estimated to he 11,900 tons per year under normal-year
operational conditions. This contribution could be increased further by
3,300 up to 14,250 tons per ycar under extreme design flood conditions
{Tables 2 and 3).

The annual sediment yield of 11,900 tons per year compares very well
with 9,080 tons per year predicted with the leng-range, flow-duration curve
and the sediment-rating curve method used by Jones et al. (19715 Table 4)
and this in turn with the estimation by Gonzales {1971; Table 4). He
reported that the average rate of sediment deposition in the sill section
between the intersection of Manoa-Palolo Stream and Ala Nai Canal toward
the McCully Street bridge was about 0.65 ft per year, which is equivalent
to 12,700 tons per year.

Based on the information from the Manoa-Palolo Stream, the sediment
¥ield is estimated to be 4,700 and 10,400 tons per year under respectively
normal and design flood conditions for the Makiki watershed, and similarly
10,750/23,600, 3,270/7,200, and 6,600/14,600 tons per year for the Nuuanu,
Kapalama, and Kalihi Streams, respectively (Table 3}.

For the Kalihi Stream, Jones et al. {1971) found that of the total

load, approximately 60 percent is suspended sediment and 40 percent is
bed load.
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TABLE 1.

ESTIMATED SUSPENDED LOAD YIELD FROM MANOA-PALOLO STREAM

_— . Estimated
Month pocdiment tield, Norbas Total Kunthly
of Storms e tons
Jan 220 4 880
Feb 220 4 880
Mar {1,090 2 2,180
Apr 220 5 1,100
May 30 8 240
Jun 220 4 880
Jul 30 6 180
Aug 20 11 33C
Sep 520 2 1,040
Oct 290 3 870
Nov 1,880 ] 1,880
Dec 480 3 1,440
TOTAL 11,300
TJABLE 2., PREDICTED SUSPENDED LOAD YIELD FROM MANOA-PALOLD STREAM
FROM A SINGLE STORM
Suspended
Design Rainfall Frequency Qp Sea!nﬁnt
Case (cfs) Yield
(tons/year)
| 100-year, 6-hour rainfall of 10 inches 21,080 14,250
(T. =1 hr)
e
L] 100-year, |-hour rainfatl of & inches 20,530 8,130
(T =1 hr}
<
i 100-year, l-hour rainfall of 4 inches 11,720 3,330
(T =1 hr)
e
v 100-year, 1-hour rainfall of 4 inches 18,960 5,690

(T,

= 0.6 hr)
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TABLE 4. PREDICTED ANNUAL SUSPENDED LOAD YIELD
FROM MANOA-PALOLO STREAM

Suspended
Sediment
Case Me thod Yield
(tons/year)
v Hydrograph Method - mean monthly 11,900
precipitation and estimated number of
storms, and hindcasting of hydrographs
based on rainfall and duration estimated
from | year rainfall, duration atlas of
TP-43
vi Flow-duration curve and suspended 9,080
sediment rating curve yield method
(Jones et al., 1971)
v Bathymetry Information (Gonzalez, 1971) 12,700%*

*Based on 60 lb/ft? dry weight of sediment computed.

The total loads for each stream represent the maintenance dredping
required annually (Table 5}.

Bathymetry and Initial Dredging Requirements

Bathymetric surveys were made of the Ala Wai Camal, Manoa-Palolo
Stream, and the Nuvanu and Kapalama Drainage Channels in November 1972
using a portable eche sounding survey recorder (Model ES-130 A/ES-130 AVF)
of the States FElectronics Corporation. The results are shown in Figures
Bl to B3 of Appendix B. Both longitudinal profiles and cross-sections
were obtained for the purpose of determining initial dredging require-
ments. The design depth of cach waterway was selected to he 6 ft bclow
mean lower low water [MLLW), to assure at least 3 ft clearance between
the boat and channel bottom. The canal feeder boat under consideration
is a converted houseboat which has the following characteristics: beam
of 12 fr; length of 34 ft; draft of 3 ft.

Heavy silting due t¢ runoff from the Manoa-Palolo Drainage Basin wus

found in the section between the intersection of the Manoa-Palolo Strueam
and the Ala Wai Canal toward the McCully Street Bridge. From the McCully

11
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Street bridpe toward the ocean, the water depth was generally found to
be adequiate to meet the 6-ft design requirement. The existing water in
the Manoa-latols, ~suuanu, and kKapalsma Drainage Channels is very shallow,
1 e., depths of 2 to 3 fr (MLLW). Considerable dredging is required.

The width of the Ala Wal Canal ranges from 165 to 250 ft. This is
considercd more than adequate to accomnodate the proposed two-way fecder
bhoat service. The width of the Manoa-Palolo, Nuuanu, and Rapdlama
Drainage Chamnels ranges from 80 to 110 fr which may still be sufficient
for two-way traffic under well-maintained channel depth conditions.

The quantities of initial dredging required are listed in Table 6.

TABLE 6. INITIAL DREDGING REQUIRED COF
THE PROPOSED INLAND WATERWAYS

Proposed fnland Toetal Length Width initial Dredging
Waterway (ft) {ft) Required {(cu yd)

Ala Wai Canal 7,710 250 1i2,000

2,380 165

Manoa-Palolo 2,700 80-100 25,000

Nuuanu 2,590 90-100 22,000

Kapal ama 3,840 110 70,000

TOTAL 229,000

Other Constraints

Backwater

Preliminary backwater computations indicated that the water-level
variations in the Ala Wai Canal due to normal flood conditions are not
significant as far as their effect on the vertical clearance between the
boat and the bridge. However, this may nct be the case for extreme flood
conditions in which case the feeder boat services would have to be sus-
pended because of high currcent speceds (about 10 ft/sec) and of high water
in the channel. The frequency of such floods is unusual; hence, their
occurrence is very low, as is their adverse effect on the feeder service.
Thus they need not be considered seriously in the design of bridges. The
water level at the highest tide plus the increase due to normal flood

13



runoff should be adequate for the determination of the minimum vertical
¢clearance required under a bridge:

Highest tide 2.5 ft
Runcff allowance 0.5 ft

Minimm requirement from
water surface to bridge

underdeck for boat 9.0 ft
Safety allowance 2.0 ft
14.0 ft

Therefore, the lowest point of the bridge should be 14 ft above MLLW,

Tide

A Stevens type water-level recorder was used to measure and record
the sea level variations in the Ala Wai Canal at a point on the Ala Wai
Boulevard side of the canal approximately midway between the Kalakaua
Avenue bridge and McCully Street bridge (Figure 1). Approximately 20 days
of records were obtained. A typical record is shown in Figure 4. Tides
in the canal were found to have the same phase and amplitude as those
predicted for the Honclulu Harbor (Dillingham, 1972; Table 7}.

Seiche

 Examination of the tidal records revealed that the predominant seiche
periods are from 23 to 30 minutes with an average of 26 minutes (Table 8).

The measured seiche period of 26 minutes compares very well with
that predicted by Merian's formula (Proudman, 1953):

2L 2
T=o—-= (10420) = 26.1 minutes
gh  (32.2) (&) x 60
where T is the seiche period in a narrow channel with vertical walls

_ and flat bottom (10,420 ft for Ala Wai Canal) in seconds
L 1s the length of the channel in feet
h is the average depth in feet (6 ft for Ala Wai Canal)
g is the acceleration due to gravity: 32.2 ft/sec?

These long oscillation periods will not affect the operation of the
feeder boats because their natural period of oscillation is so much
§h0rter, l.e., in the range of 3 t0 5 seconds. The maximum seiche height
is 0.3§ ft with an average of 0.23 ft, i.e., the water-level oscillated
approximately 0.10 ft above and below normal tidal level due to seiche
action. 5{ boats should moor at a node of the seiche then significant
Surge motion could be forced by the relatively fast oscillating water.

14
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TABLE 7.

TICL CALENDAR AMD STEVEN'S WATER LEVEL RECORDER

{Steven's Water

TONPARISON BETWEEN TIDAL HEIGHT OF DELLINGHAM

Date [D;:;;?QESTQE?]?¥f?F) Level Recorder®) Di fference
: Tidal Height (ft)

8 Dec 1972 }.9g 1.98 +0.03
g Dec 1972 b. 80 1.70 -0.10
4 Dec 1972 1.80 1.50 -0.30
t8 Dec 1972 2.85 2.85 0.00
19 Dec 1972 2.80 2.75 -0.05
20 Dec 1972 2.85 2.85 -0.05
21 Dec 1972 2.60 2.55 ~0.05
22 Dec 1972 2.25 2.25 0.00
24 Dec 1972 G.70 0.70 0.00
25 Dec 1972 0.%0 0.93 0.00
26 Dec 1972 1.10 1,48 +0.05
27 Dec 1972 1.30 1.35 +0.05
2B Dec 1972 1.35 1.55 +0.20
29 Dec 1972 1.75 1.70 -0.05
30 Dec 1972 1.95 1.95 0.00
& Jan 1973 1.85 1.30 -0.05
7 Jan 1973 1.70 t.585 -0.15
*Location of recorder: Ala Wai Canal



TABLE 8. " UNDAMENTAL SEICHE PERIODS IN THE ALA WAl CANAL

Seiche Period Max imum Seiche
Date {min) Height {ft)

8 Dec 1972 30 0.23
9 Dec 1972 30 0.25
12 Dec 1972 25 0.18
13 Dec 1972 24 mme-
14 Dec 1972 24 0.38
18 bec 1972 23 ¢.30
19 Dec 1972 27 0.23
20 Dec 1972 23 0.23
"1 Dec 1970 26 0.35
22 Dec 1972 27 0.25
24 Dec 1972 26 0.23
25 Dec 1972 26 0.18
26 Dec 1972 27 0.20
27 Dec 1972 28 0.18
28 Dec 1972 26 0.22
29 Dec 1972 23 0.15
30 Dec 1972 26 0.22
5 Jan 1973 26 ———-
6 Jan 1973 26 0.18
7 Jan 1973 26 0.18
AVERAGE 26
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Canal Feeder Boat Requirements

The canal feeder boat as proposed is 34 ft long with a 12 ft beam
and 3 ft draft and has a normal operating speed of 20 knots (Figurc §).
It can carry 40 passengers and requires a minimum "headroom” from a
waterline of @ ft and costs about $60,000 (DMIM, 1972},

Feeder boat scrvice on the canal can be considered as a supplementary
or complementary system (as recommended by DMIM, 1972) to the existing bus
feeder system in the development of either a fixed guideway rapid transit
system or an oceanic express transportation system (as proposed by Craven,
1971). The vehicle requirements cannot be established easily because of
a lack of information eon likely patronage. However, a study of the existing
bus service schedule for the Hawaii Kai area has produced very useful
information. It is found that the operational period is from 6:00 a.m. to
12:60 p.m., i.e., 18 hours, and is distributed as follows:

EXISTING BUS OPERATIONAL SCHEDULE FOR HAWAII KAI

Time of Operation

Operational Intervai Y Tours
a. Peak hours:
{1} 11 min (design) 10.4 1.9
b. Offpeak hours:
{1} 20 min 11.3 2.0
(2) 33 min 21.6 3.9
(3) 40 min 56.7 1.2
100.0 18.0

The vehicle requirement is dependent upon the total length of the
local route and the time for boarding and disembarking. Bascd on the bus
information as shown above, determination was made of requirements for
canal feeder boats operating at a normal speed of 20 knots over four
routes as shown on page 21.
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11.

LOCAL ROUTE SYSTEMS FOR THE OCEANIC EXPRESS SYSTEM

Hawall hal Loop (Route 3)

1. Reoute Schedule
Station éﬁlliil
= Time
A Hawail Kai Shopping CUenter .——-
D Wailua Street bridee U
B Muniniheole Street bLridge 9:04
¢ Upihikuo Place 914
{Round
2. Vchicle Regnirvement
T C Onerati
Operational Interval ITP ot UP““1°2
= S Hours
g. Peak hours:
{1) & wmin {design}  ----- - ---
{2} 11 min 10.4 1.9
h.  Offpeak hours:
{1) 20 min il1.3 R t!
(2} 33 min 21.6 3.9
{3 40 min 56.7 10.2
100.0 18.0
Ala Wai/Manoa-Palolo Local
1. Route Schedule
crat Arrival
Station e
A Magic Island -——-
B Katakava Avenuc bridge 9:02
{ Lewers Street 9:055
D Wairkiki-Kapahulu Library 9:095
L Date Street bridge 9:15
F University of Rawaii 9:18
{Round
2. Vehicle Requirement

Operational Interval

a. Peak hours:
(1) 6 min (design}
(2) 11 min

b. Offpeak hours:
{1) 20 min
{2) 33 min
(3) 40 min

Time of Operation

% Hours
10.4 1.9
11.3 2.0
21.6 3.9
S6.7 10.2

100.C 18.0

Trip:

lepoa rTUre
3 00
Q05
g1l

28 min)

Min i mum Number of
\Vchivles Required
for 2-Way Traffic

Ucparture
Time
9:00
S9:04
9:075
9:-12
9:17

Trip: 3% min)

Minimum Number of
Yehicles Required
for 2-wWay Traffic

ra



III.

Iv.

Moanalua-Kapalamgs-Nuuanu Loop (Route 4]

1.

1.

Route Schedule

I WO T M D M 3

-

Station
=tation

Kikowaena Bridge (Moanalua)
Kamehameha Bridge {Moanalua)
Honolulu International Airport
Keehi Marina

Kapalama Mijlitary Reservation
Nimitz Highway bridge {Kapalama)
H-1 bridge (Kapalama)

Nimitz Highway bridge (Kapalama)
Aloha Tower

Nimitz Highway bridge {Nuuanu)
Foster Botanical Garden

Vehicle Reguirement

Operational Interval

@

=g R L T o R T R Y Y BT I T
o

{Round Trip:

Time of OBCT‘:&_T:L on

Hours

a. Peak hours:
(1) 6 min {design} ——— el
(2) 11 min 10.4 1.9
b. Offpeak hours:
(1) 20 min 11.3 2.0
{2) 33 min 2l.4 3.9
{3} 240 min _56.7 0.2
100.0 18.0
Kahals Local
Route Schodule
Station Arrival
————— Time
A Waiatace Beuch Park S
B Kahalu Mall Shopping Center 4:02

2. Vehicle Requirement

Operational Interval

Time of Operation

L Hours
a. Peak hours:

(11 6 m%n (designy  --——--  _____
(2) 11 min 10.4 1.9

b. Offpeak hours:
(1) 20 min 11.3 2.0
(2) 33 mn 21.6 3.9
(3) 40 pan 56.7 10.2
100.G 18.0

DeEarture

Time

00
: 04
08
112
c16
18
122
126
133
136

76 min)

Minimum Number of
Vehicles Required
for 2-Way Traffic

10
4

T

l)cparture
Time
9:00

Minimum Number of
Vehicles Required
for 2-Way traffic




Therctore, 21 canal feeder boats are required to provide necessary

services over the four routes which, when added to 10 percent or two boats
as o ospares, J1ves aototal of 23 boats in the fleet.  As the Jemand increases,
the operational time interval may be shortened. However, these 235 hoats

should be_dESiBned to aperate at a peak O6-min interval for ecach route cven
though this pecak interval could be as low as 11 min, similar to that for

the bus. Nevertheless, a more rigorous analysis of the vehicle requirenents
is necded.

PRELIMINARY COST ESTIMATES

The preliminary cost estimate for the four inland waterway routes are
shown in Table 9. The estimated grand total for the four routes is as
follows:

1972 Dollars 1980 Dollars
Hawaii Kai 11,315,000 11,549,000
Kahala 9,444,000 10,941,000
Ala Wai 42,658,000 45,620,000
Moanalua-Kapalama 53,234,000 7,190,000
TOTAL 116,651,000 125,300,000

SUMMARY AND TENTATIVE CONCLUSIONS

Four local routec systems of the inland waterways subsystem for the
Oceanic Express System were studied. Included were Hawaii Kai, Kahala,
Ala Wai, and Moanalua-Kapalama-Nuvanu routes. A total of 23 canal feeder
hoats will be the minimum number requirced to serve the four local routes.
The total capital cost for the feeder boats, terminals, stop stations,
initial dredging, maintenance faciiity, reconstruction of bridges and
roads, and land acquisition is estimated to be about $23 million. Addi-
tional capital and replacement costs over a 30-year period will be
$7 million. During this 30-year period, the operating and maintenance
costs will amount to 395 million., The annual cost is estimated at about
$4 million. A summary of the cost analysis is shown in Table 10. Note
that the cost of maintenance dredging at each waterway is a big expenditure
item. As far as capital cost is concerned, reconstruction of the bridges
and roads is the most expensive item, followed by initial dredging, land
acquisition, and feeder hoats.

The total waterway system will be 16 miles long and the average annual
cost will be approximately $271,000 per mile of waterway per year. A
comparison of this annual cost with other feeder systems such as buses has
yet to be made to determine the economic feasibility of the inland water
subsystem.

As far as engineering feasibility is concerned, there are no major
Problems expected in operating such a marine feeder system. There will be
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TABLE 9. PRELIMINARY COST ESTIMATES OF THE PROPOSED
INLAND WATERWAYS FEEDER BOAT SYSTEM )
- - . Total
Subtota 15777 19801
A. INITIAL CAPITAL COSTS:
1. Feeder Boats: _
{23 @ $60,000) = $ 1,380,000
Subtotal 1 . 4 .. e e e e e e 5 1,3B0,000 L . e e . $ 1,380,000
2. Terminals:
Hawaii Kai (8,200 sq fr w Sh.k0) = 36,000
Kahala (4,500 sq fr @ Sk.40) = S 19,000
Ala Wai (15,000 sq ft & S4.40) = S 66,000
Manoa-Palolo {10,000 sq ft @ $4.40) = § &4 ,000
Nuuanu {4,900 sq fr w S4.40) .= S 22,000
Kapalana {4,900 sq ft @ $h.ho) = § 22,000
Moanalua {4,900 sq ftv @ $4,40) = § 22,000
SUBEOLA) 2 4 b b e e e e n e e e e e e e e S 23,000 . . ... . s e .. § 231,000
3. Stations {shelters):
Hawaii Kal (3 0 §5,000) = § 15,000
Kahala {1 » §5,000} = § 5,000
Ala Wai (5 ¢ $5,000) = § 25,000
Hoanalua-Kapalana-Nuuanu {8 © $5,000) = 3 4p,000
SUBEOEB] 3 4 v v b e e e e s e e e e e e e e $ B5,600 « v v v s s ca s s $ 85,000
4. Maintenance Facllitles:
(56,000 sq ft) = § 200,000
Subtotat &4 . . . .. .. ... e e e s R 200,000 « ¢ v 4 4 o0 s e 0. § 200,000
5. Initial Dredging {canal deepening and widening):
Hawaii Kai {none)
Kahala (Waialae Nui) (100,000 cu yd @ $75) = § 700,000
Ala Wai Canal (112,000 cu yd @ 375) = § 784,000
Manca-Palolo (25,000 cu yd @ $75) = § 175,000
Nuvanu (22,000 cu yd @ $75) = § 154,000
Kapalama (70,000 cu yd @ $7§) = § 490,000
Moanalua (21,000 cu yd @ $75) = $. 147,000
SUbtotal 5 4 v n s s e v e v e e e s e e e e S 2,450,000 - « o & s v s . .. » § 2,450,000
6. Reconstruction of Bridges and Approach Roads:
Brldge Approach Road#
Hawall Kal o °
Kahala
Kahala Beach Park (3,200 sq ft @ $30) = $ 96,000 H 16,000
Ala Wal Canal . '
Ala Hodna Boulevard (16,500 sq ft & $30) = § 495,000 $ 48,000
" Kalakava Avenie (13,500 sq ft ¢ $30) = % 405,000 $ 32,000
McCully Street (27,600 sq fr @ $30) = % 828,000 $ 32,000
. $ 1,728,000 H 112,000
-Nanoarﬂalolo .
bate Street (6,000 sq ft @ $30) = § 180,000 $ 32,000 N
Nuuany : ‘ ’
Nimitz . . (25,500 sq ft @ $30) = § 765,000 $ 128,000
King (8,000 sq ft & $30) = §$ 240,000 . § 64,000
Hotel (5,250 sq ft @ $30) = § 158,000 $ 32,000 '
Beretanla (4,000 sq fe @ §30) = § 120,000 4 32,000
Kukui (6,180 sq ft @ $30) = § 186,000 5 16,000
% 1,469,000 $ 272,000
Kapalama
Nimitz Highway (16,500 sq ft @ $30) = $§ 495,000 $ 64,000
Nimitz R.R. {6,050 sq fev @ 530} = § - 182,000 $ 64,000
Dillingham (8,800 sq ft @ $30) = § 264,000 3 64,000
B o ) s 941,000 $ 192,000
Moanalual : o
Nimitz $ 246,000 $ 64,000
Mokumoa $ 120,000 $ 16,000
H-1 $ 480,000 $ 128,000
.. Kikowaena $ 120,000 $ 16,000
o s 960,000 $ 224,000 ) _
SUBLOtal & 4 v a e w e wa e e ey . (8 5,374,000, . (5 B848,000).°. § 6,222,000
7. Rip-rap (canal): : LR ) : : :
Kahala (Waialae Nui) (7,500 fv 8 515) = § . :113,000 X
Manoa-Palolo (10,000 ft @ $15) = § 150,000
Hoanalua {9,200 ft @ $15) = § 138,000 '
Subtotal 7 & v v v 4 e v e e e e e e e e s e e e 3 401,000 . . . . . . .. ... 3 401,000

#Cost of Feeder Boat Sy'st-em if construttion begins in 1972, ° N
tCost of feeder Boat System if construction begins in 1980,
sUnit cost for dredying in Ala Wai Canal was $5/cu yd tn 1964 aud lhe cosk will be increased hy 51. pef year',

The unit cost of $1.5/cu yd by Daniel,
flaniet, Mann,

Mann

Johnson and Mendenhall of Hawaii (Lulegian & Associates}),
Johnson and Mendenhall of Hamaii {1972).
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therefure.'lSR cost will be $7/cu yd.
seems to be very low.



Subtotal a Y I CE 9807
8. Barrier Wall {canal):
Ala Wai Canal {Lewers Street
to east end of canai,
mauka side) (60,000 fr @ $4) = § 240,000
Subtotal 8 . . . . ... . .0 ... TN $ 280,000 + « ¢ ¢ o v e v 0 .. $ 240,000
9. Land Acquisition (terminals, new canal):
Hawali Kai (lease) {8,200 sq ft w $I5) = § 123,000
Kahala (Waialae Nui Stream,
Golf Course land}
Canal (225,000 sq fe ' §6) = $ 1,350,000
Terminal (4,500 sq ft p $6) = § 27,000
Ala Wai Canal (15,000 sq ft @ 520) = $§ 3oo,000
Manoa-Palolo (10,000 sq ftw $13) = $ 130,000
Nuuanu T(4,900 5q Ft # S17) = § 84,000
Kapalama (4,900 sq fr @ $15) = % 74,000
HMoanalua (4,900 sq ft @ $15) = § 74 000
SUBLORAT 9 & o o s o e v o m s s s e e s e e e e $ 2,062,000 . . ... ... .. § 2,162,000
10. Contingency: i
Contingency (15%) = § 2,000,000
Subtotal 10 & v v v o v v a ... . $ 2,000,000 . . . . . . . $ 2,600,000
. Administration and Engineering:
Administration and Engineering (13%) = § 1,280,000
Subtolalll...;................SI_ZB0.000...-.'..... $ 1,280,000
TOVAL INETIAL CAPITAL COSTS . & 4 & 4 ¢ ¢ v & o o 2 « o s s 8 ¢ a4 s o 2 o o« » o o 5 = » . . $ 16,651,000 . , § 23,300,000
B. ADDITIONAL CAPITAL AND REPLACEMENT COSTS {over 30 year period):
TOTAL ADDITIONAL CAPITAL AND REPLACEMENT €OSTS . . . . . . . . . .« .« o « < . $ 7,000,000

€. OPERATING AND HAiNTENANCE COSTS:

Haintenance Dredging:

« . s+« $ 5,000,000

Hawaii Kai (5,000 tons/yr) (6,200 cu»yd/yr)
Kahala (5,000 tons/yr) (6,200 cu yd/yr)
Ala Wal {27,630 tons/yr) (34,400 cu yd/yr) -
Nuuanu {17,900 tons/yr} {22,300 ¢u yd/yr)
Kapalama (5,450 tons/yr) {6,700 cu yd/yr)
Moanalua (5,000 tons/yr) (6,200 cu yd/yr)
65,980 tons/yr 82,000 cu yd/yr
Unit Cost . N
1972 (82,000 cu yd/yr @ §7) = § 570,000/ y+
1980 (82,000 cu yd/yr @ $10} = § 820,000/yr _
1995 (82,000 cu yd/yr @ $18) = § 1,480,000/yr _ 2 :-gig'gggf'i E:::))
2010 (82,000 cu yd/yr @ $22) = § 1,800,000/yr ] 4
1972
1980 s .
1995 {15 years} x $1,150,000/yr (ave} = S 17,300,000 (}5 yearsy
2010 {15 years) x $1,640,000/yr {ave) = $ 284,600,000 (15 years)
SUBLOtal 1 4 v v 4 4 e e e e e e e e e e e e e $ B1,900,000 (30 years) ., . . . $ 41,900,000
"2. Other Indirect Operating Costs: -
General Office - % 100,000/ yr-
Terminals (5% of Terminals; item A.2.) - 12,000/yr
Traffic (Feeder Buats) . - 5 210,000/yr*
Personnel to Operate Feeder Boats (23 w $1%5,0060} - 5 345,000/yr
% 667,000 /yr
Unit Cost
19/2 $ 667,000/yr
1950 § 0 WE000/r oy 85 0007y (ave)
1995 $OLE35,000/yr g 5 o0y 5007y Lave)
2010 § 2.860,000/yr [ yr lave
1972 P
:ggg (15 years) « §1,285,000/yr (ave) = § 19,300,000 (15 years)
2010 {15 years) x 52,247 ,500/yr {ave) = § 33,800,000 (15 vears)
Subtotat 2 . . . . . e e e e e e e e e s $ 53,100,000 (30 years) . . . . . $ 53.100,000
TOTAL OPERATING AND MAINTENANCE COSTS , ., . . . . e v e ei e e e s s e e e e e e 4w $95,000,000 . . $ 95,000,000
GRAND TOTAL - e e e e e e ... . 5116,651,000 . . 515,300,000
Fuel & 0il 52,710
Eogine Maintenance $3,200
Ilasurance $1,730
Hull Maintensnie 51,400

$Y.160 & 23 = SZ10,000/yc oF 2000 work g houss /bt
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no major widening of the four existing channels except for the Kahala
route. The channels will be adequate in providing two-way traffic for
fceder boats having 12-ft beams; however, ail channcls must be deepened

to a minimum water depth of 6 ft in order to provide necessary passage for
feeder boats of 3-ft draft. The reconstruction of the bridges and approach
roads will cause some adverse effects including temporary interruption of
local traffic or environmental impact on local conditions.

It is tentatively concluded that the construction, operation, and
maintenance of the four selected waterways seem to be technically feasible,
but their economic feasibility cannot be determined until the entire
Oceanic Express System is thoroughly analy:zed.

The Ala Wai route is considered to have the best potential for being
converted into a waterway for navigational purposes. The Nuuanu Channel
is Telatively short but will involve reconstruction of five hridges;
therefore, a merc careful study is required to determine its feasibility
as a waterway.
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Runoff Hydrographs at Ala Wai Canal






GENERAL PROCEDURE FOR PREPARING RUNOFF HYDROGRAPHS
AT ALA WAI CANAL

A synthesis method was used to compute the runoff hydrographs fur
design flood and normal flood conditions based on rainfall and watershed
characteristics in the area of interest, i.e,, Manoa-Palelo drainage arca.
Detailed procedures are described by the U.S. Soil Conservation Service
(1972). Since watersheds in Hawaii are mostly small, there will be no
real adjustment of tainfall amount to be used for hydrograph computativns.
Also, the time of concentration is very short--from 0.6 to 1.0 hours,
which is much less than six hours--therefore, there will also be no
duration adjustment of rainfall amount. Further, since the climatic index,
C; [C; = (100 P,)/(Ta)? where Cj is the climatic index, Py is the average
precipitation in inches, T, is the average annual temperature in °F] in
the Manoa-Palolo drainage area is about 2.5 which is greater than 1;
therefore, there will be no channel loss to be accounted for computing the
direct runoff from rainfall. The average annual precipitation in the arca
is 150 inches per ycar and the average annual temperature is 78°F.

The runoff is determined as follows:

1. Determine the Tunoff curve number (CN). The runoff curve number
is related to the land use characteristics, soil classification,
and antecedent moisture condition in the drainage area in question.
The land use classes are determined from the "Forest Map" prepared
by the U.S. Forest Service (Figure Al). Code numbers are piven
showing land use c¢lass, forest type, and density/stand size class
in each subdivided area. Based on the Forest Map und its lepend,
a description of the forest type of the Manoa-Palolo watershed is
listed in Table Al. The soil description of the Manoa-Palolo area
is obtained from the soil map prepared by the U.5. Soil Conscrva-
tion Service, Hawaii. Using the map and its legend, the so0il
description for each sub-area was obtained as listed in Table Al
With the information on soil classification and land use charac-
teristics, the runoff curve number for cach sub-area can be
determined. Following this, a weighted runoff curve number can
be easily determined. In the case of the Manoa-Palolo Drainage
Basin, the runoff curve number is 84 as shown in Table 32.
Similarly, the CN for other drainage arcas of proposed 1q{agd
waterways can be determined accordingly. Note that the N is for
antecedent moisture condition Il {(AMC-1T1}.

2. Determine the time of concentration, To. The time of concentration
may be determined by the following formula:

11.9 L3 n.38%
T, = ()

where Te is the time of concentration in‘hours,
L is the length of the watershed in miles, and

H is the watershed height in feet.
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Figure Al. Manoa-Palolo Drainage Basin.

(Forest Map, U.S5. Forest Service)
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TABLE Al., FOREST TYPE O0F MANDA-PALOLO WATERSHED
Land Use .
{Farest Map} Land Use Class Forest Type Den?'wfﬂa"d ﬂrea.
cod Size Class {sq mi)
-
22-85 Hon-Lommercial Haole-koa-Guava= .= 0.6
Lantana Type (shrub 0.7
types) 0.2%
11-85-66 Commercial Forest Hacle-koa-Guava- Honstocked 0.08
Lantana Type {shrub 0.19
typas) .05
11-82-26 Commerical forest Chia-koa Type Semidense, .08
Nons tacked 0.09
j1-82-36 Commercial Forest Dhia-koa Type Open, Banstocked 0.21
11-B2-36/ Commercial Forest and Ohia-koa Type Open, Monstocked 0.75
21-82-36 Reserved Commercial
1=21-12 Commercial Forest Eucalyptus, planted DPense, heavy saw 0.0
timber stand 3
orest
22-82 Non-Commercial Ohia-koa Type 0.78 5.4B sq mi
0.66  60%
11-87-66/ Commercial and Herbaceaus Type Nonstocked 0.09
21-87-66 Reserved Commercial (grass, berbs, etc. ]
11-88-66 Commercial Pandana, Sisal, Nonhstocked 0.05%
Palms or Bamhoo
1-23-12/ Commercial Hardwoods (brushbox} Dense, heavy saw 0.0%
P1-24-12 Conifer Species timber stand
1-81-36/ Commercial and Kukul Trees Open, Nonstocked 0. 34
21-81-36 feserved Commercial
21-B2- 36 Reserved Commercial Ohia-koa Yype Open, Naonstocked 0.13
21-82-76 Reaserved Commercial Ohia-koa Type Semidense, Non- 0.35
stocked
11-By-26 Commercial Kukui Trees Semidense, Non- g.27
stacked
16 Harsh Land -=- - .08
Honolulu
3 Cultivated and Inten- --- --- 0.1 3 g7 ¢q mi
cively Pastured Area Loz
30 Housing {Urban- .- .= 3.69
Industrial Areas}
9.35
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TABLE A2,

SOIL TYPE OF MANDA-PALOLO WATERSHED

Soil Chass!-

Area
B S5oll Descrl fleaed for AMC- 11 Runoff
(sq ml) cription —ﬂ—c—;'%n"—ﬁ‘ Condl tion LN CH x A Helghted CN
0.26 rAK fock Land X 79 Woods, falr
0.70 rRE Rock Land X 79 Woods, falr 10?
0.25 rAK Rock Land % 79 wWoods, fair
©.08  rR Rock Land X 79 Woods, falir
0.19 LOF Lolekaa 11ty X 79 Woods, falr 15
Clay, 40-70% siope
0.0% H, 0/PID Manana/Falmoa X 71 Woods, fair 3.6
S?Hv Ctay, 5-20%
Slope
0.08  10F Lolekaa Silty X 79 Woods, fair 6.3
Llay, 40-70% slope
0.09 LOC Lolekaa S1ity X 60 Woods, felr 9.4
Clay, 8-15% slops
0.2 TAE % 4% Woods, poor 9.5
0.75 LOF Lolekaa and % 83 Wonds, poor 62.3
rRE Slley Clay and
Rock Land, LD-70%
slope
0.0k LOC Lolekaa Sitty X 55 Woods, good 2.2
Clay, B-15% siope
0.78 rRK Rock Land X 79 Wonds, falr &l.6
0.66 rRK Rock Land X 73 Woods, fair 52.1
0.09 LOF Lolekaa Silty X # rasture, falr 7.5
tlay, 40-70% slope
0.08 rRK Rock Land X 831 Wonds, peor 5.2
0.09 M0 Hanana Silty X 74 Pasture, good 6.7
tlay, 15-25% slope
0.3 rAK Rock Land 3 83 Woods, poor 9.2
0.13 rRX Rock Land % 19 Woods, falr 18.0
9.35
0.27 rAK Rock Land N 29.2
0.08 rAAE Alakai Mucky X 68 Pasture, poor 12.2
Peacr, O- 301 slope
0.10 LOB Lolekaa Silty X 92 Hard Surface 339.0
Clay, 3-8% slope
3.69 Tee, MILA Tantalus
Clay. Makiki Clay
Loam, 8-15% slope
Lah LUA Lahaina
)1ty Clay. Lualupa-
lei Clay, 0-3% slope {paved) X
786.0 . 786.0
335 sq mi 841 Say Bh
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Using the nomograph (Figure A2), the T. for the Manoa-Falolo
watershed (L = 20,000 ft; H = 2,435 ft) ks approximately (.6,
From consultations with the U.5. Seil Conservation Service
(Whiting. 1972), To = 1 hour was sclected for the hydrograph
compitations,

Obtain the mean monthly rainfall at Manoa-Palolo watershed

from “Climates of the States - Hawaii,'" by Blumenstock (1961)

as shown in Figure A3 and Table A3. llowever, rainfall duration
was mot given by Blumenstock. Fortunately, such information
can he estimated from the "Ruinfall-Frequency Atlas of the
Hawaiian lslands," Technical Paper No. 43, U.S. National Weather
Service (1962). Accordingly, a rainfall-duration curve was
prepared for a one-ycar storm duration for the Mansa-Palolo
watershed (Figure A4). Similar curves for other areas can be
developed from the atlas. Following this, the frequency of the
storm must be determined. It is assumed that 50 percent of the
wonthly rainfalls would generate significant direct runoff.
Then, the U.S. Geological Survey's surface water records for
the 1969 water year at the Manoa-Palolo gaging stations were
used to determine the number of floods which would contribute

50 percent to the total discharge in each month. With this
information, the average rainfall can be determined as shown in
Table A3. The duration for each rainfall can be determined
from Figure A4. It must be noted that this method is preliminary
pending further study but it is considered reascnable for this
study. Of course, one may dispute that the water year mdy not
be representative. At least, it is the most recent information
currently available to the authors. To study the effect of the
design storms, the four conditions in Table A4 were selected for
study.

Determine the direct runoff Q from the rainfall information and
runoff curve number as known. [(Use Figures A5 and A6.)

Compute hydrograph using the worksheet of the U.S. Soil Censerva-
tion Scrvice:

a. Compute the initial value of Tp = 0.7 Te where Tp is time to
peak discharge.

b. Determine the duration of excess rainfall, Ty, for given
rainfall and runoff curve number (Figure A7 and Tables AL
and A6).

c. Determine the hydrograph family from known rainfall and CN
{Figure A8).

d. Compute the To/Tp ratio.

e. Select a revised To/Ty ratio which are shown in the dimension-
less hydrograph tabulations by U.S. Soil Conservation Service
(1972} --their Table 21.16 and Table 21.17.

f. Compute revised Tp = (To)}/ (To/Tplrev.
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g. Compute qp = (484 A)/rev. Tp.

h. Compute Qab = (@) (dp)-

i. Compute the times for which hydrograph rates will he computed.
t = (tlTp)[rev. Tp}
thp is given in Table 21.17 {8C5, 1872)

j. Compute the hydrograph rates ¢ = (4e/qp)Qap 1n which q¢/4p
may be obtained from Table 21.17 for tﬁc selected hydrograph
family.

Rased on the procedure described above, the results af hydrograph
computations are shown in Tables A7 to A18. They are alseo plotted
in Figures 2a to Ze.
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Figure A2. HNomograph for determination of time of concentration.
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RAINFALL IN INCHES
o

Figure

AVERAGE 11.4 inches

/

——— i W e A S e e —— oy

F M A M J J A S 0 N D

MONTH

Hean monthly rainfall at Manca-Palolo Stream watershed.
(Based on the averages of mean monthly rainfalls for

Stations #718 Palolo Valley and #716 Manoa Tunnel 2
for period 1931 through 1955, Blumenstock, 1961.)
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TABLE A3, MEAN PRECIPITATION (INCNES) E
STIMATED
FOR EACH STORM DURING EACH MONTH

L P, S S g b
tion 605 ft) fall {days) {in) (hr)
Annual 138.2 135.6
Jan 10.9 1.1 11.¢ 5.5 A 1.4 1/2
Feb 11.1 1.6 11.4 5.7 4 1.4 1/2
Mar 13.2 12.9 13.1 6.6 2 3.3 6
Apr 12.8 j2.6 12.7 6.4 5 1.3 V/2
May 12.6 1.8 12.2 6.1 8 0.8 1,2
Jun 9.7 9.1 9.4 4.7 4 1.2 1/2
Jul 12.1 10.9 11.5 5.8 é 1.0 1/2
Aug 12.5 11.2 11.9 6.0 11 0.5 1/2
Sep 9.4 8.8 9.1 4.6 2 2.3 3
Oct 10.4 10.9 10.7 5.4 3 1.8 2
Nov 10.8 1.3 11.1 5.6 1 5.6 24
Dec 12.9 13.6 13.3 6.7 3 2.2 3

*Based on the '"Water Resources Data for Hawaii and Other Pacific Areas,
1969",
#*0btained from Figure Ak corresponding to the average rainfall estimated.

TABLE Al. CONDITIONS OF DESIGN STORMS

Frequency Duration (hr) Rainfall {in)
{1} 100-year (Tc = | hr}) 6 10
{2} 100-year (Tc = 1 hr) } &
(3) 100-year (T_=1 hr) 1 4
(4) 100-year (Tc = 0.6 hr) 1 b
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DURATION OF EXCESS RAINFALL (hr)-—To
Duration of excess rainfall as a function of rainfall

runof f curve number.

figure A7.



TABLE A5. RAINFALL PRIOR TO EXCESS RAINFALL (P#)

VS RUNOFF CURVE NUMBER (CN) e
% p 2 * p*
CN \ N . .
{(in} ¢ (in) CN {in) CN (in) CN {in)

100 0.00 86 0.33 72 0.78 58 1.45 hh 2.5h

99 = .02 85 .35 71 .82 57 1.5 43 2.64
98 .0 84 .38 70 .86 56 1.57 42 2.76
97 .06 83 R 69 .90 55 1.64 W 2.88
o .08 82 b 68 .9k 54 1.0 40 3.00
95 A 81 A7 67 .98 53 1.77 39 3.12
94 .13 B0 50 66 1.03 52 1.85 38  3.26
93 a5 79 .53 65 1.08 51 1.92 37 3.40
92 17 78 56 &b 1,12 50 2.00 36  3.56
91 .20 77 .60 63 1.17 49 2.08 35 3.72
90 22 76 63 62 1.23 48 2.6 3k 3.88
g9 .25 75 67 61 1.28 k7 2.26 33 k.06
g8 .27 74 .70 60 1.33 46  2.34% 32 k.24
87 .30 73 78 59 1.39 k5 2.k 31 h.hb

(U.5. Soil Conservation Service, 1972)

Example: For Runoff Curve Number (CN) of 84 for the Manoa-Palolo
Stream, the Rainfall prior the Excess Rainfall is 0.38.
The Rainfall Ratic P%/P can be then computed for use in
Table A6,
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TABLE A6.

-

RAFNFALL RATIO P*/P VS TIME RATIO (To/STORM DURAT | ON)

COO000 OO0OO0CO0O0 COQOOC ODOO0 OO OOO OO0 OO0 OCO

Rain- . Rain- \ Rain- \ Rain- .

fall ;‘T? fall ;'m? fall ;'m? fall Time

Ratio atio patio atlo patio atio potio  Retio
.000 1.000 0.070 0.852 0. 140 0.746 - 0.210 0.684
.002 0.955 0.072 0.848 0.142 0.744 0.212 0.682
.004 0.990 0.074 0. 844 0. 14k 0.742 0.214 0.680
.006 0.98¢5 0.076 0. 841 0.146 0.740 0.216 0.679
. 005 0.9°] 0.078 0.837 0.148 0.739 0.218 0.677
.010 0.976 0.080 0.833 0.150 0.737 0.220 0.675
.012 0.971 0.082 0.830 0.152 0.735 0.222 0.673
014 0.967 0.084 0.827 . 0.154 0.733 0.224 0.672
.016 0.962 0.086 0.824 0.156 0.732 0.226 0.670
.018 0.957 0.088 0.821 0.158 0.730 0.228 0.668
.020 0.952 0.090 0.818 0.160 0.728 0.230 0.667
.022 0.948 0.092 0.8i15 0.162 0.726 0.232 0.666
L0224 0.943 0.094 0.812 0.164 0.724 0.234  0.666
.026 0.938 0.096 0.809 0.166 0.723 0.236  0.665
.028 0.933 0.098 0.806 0.168 0.721 0.238 0.665
.030 0.929 0.100 0.803 0.170 0.719 0.240 0.664
032 0.924 0.102 0. 800 0.172 0.717 (Change in -
.034 0.919 0.104 0.797 0.174 0.716 tabulation
.036 0.915 0.106 0.794 0.176 0.714 increment.)
.038 0.911 0.108 0.791 0.178 0.712
.040 0.908 0.110 0.788 0.180 0.710 0.250 0.662
.042 0.904 0.112 0.785 0.182 0.709 0.300 0.65}
.0b4 0.900 0.114 0.782 0.184 0.707 0.350 0.640
.0h6 0.896 3.116 0.779 D.186 g.705 0.400- . 0.628
.048 0.893 0.118 0.776 0.188 0.703 0.450 0.617
.050 0.889 0.120 0.773 0.190 0.702 0.500 0.606
.052 0.885 0.122 0.770 0.192 0.700 0.550 0.595
.054 0.882 0.124 0.767 0.194 0.698 0.600 0.583
.056 0.878 0.126 0.764 0.196 0.696 0.650 0.542
.058 0.874 0.128 G.761 0.198 0.695 0.700 0.500
.060 0.870 0.130 0.758  0.200  0.693  0.750 0.447
.062 0.367 0.132 0.755 0.202 0.69] 0. 800 0.386
.064 0.863 0.134 0.751 0.204 0.689 0.850 ° 0.310
.066 0.859 0.136 0.749 0.206 0.687 0.900 - 0.220
.068 0.856 0.138 0.747 0.208 0.686 0.950 0.116

(U.S. Soil Conservation Service, 1972)

Ty = (Time Rate} (Storm Duration)
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TABLE A7. HYDROGRAPH COMPUTATION FOR JANUARY, FEBRUARY, APRIL. AND JUNE

E5-ENG A
:"‘ N 13 U5 [APAATEENT OF AGRE UL T

' SOt CONSERVATION SER VI
Fite Cogm FHG 1Y 14 e

DATE J—
HYDROGRAPH COMPUTATION COMPUTED BY ___
CHECKED BY =
!-ll-"l'nll!-\r Tola rq{a’qDHQIfu?I a‘"-.m.,'gm
WATE RSMED DR PROJRCT __ Manoa-Palgle Stream ! 1 q
HOURS CFS INCHES
STAIT Hawaii . I 0 a 0
2] o0.032 241
STRUCTUIRE SITE OR SURARFA _ _ Ala Wal Canal ! 0. 185 1,060
1 0. 287 7,360 L
pRARtA _9.35 S0.M  SIRUCIURE CLASS S| 0.37 3,550
& 0.4%2 | 3,930
o b-00 0 wm STORMDURALION . 0.3 HR Il 0.555 3,620
LI
POT RAFALL 1% » 0646 2,760
ADHISTE D RAINF AL L 9. 740 1,830
. W 0,831 1,250
] 1, )
ARFAL factomr . _ 1w l.G il 0.925 835
DURATIDN  FACIOR ___ . W, | " P.ol7 | 566
ay n 119 180
RIOF F CURVE NO. ___
14 1.200 250
Q _0.,3% WM Ih i.290 170
4 1% 1.380 120
HYDROGRAPH FAMILY ND. _
7 1.580 | 8o
L 1.570 50
comrusenT _ 0.70 _wn 0.7 T} o7
¢ B | 1660 o
n 1.760 14
T 033 e - I
o a 1,845 | 5
2 .94 o
(T /7)) ot I.340 ]
compyTeDp __ 0. 47 vsen__ V&
M
»
REVISED T —0.33 :m
_ _ WA _ 13,700 cFs. u
% = Riv. T x
wry) = 4,800 CFS. o
xn morsth Estimated Number
rn
KEOLUMN) ~ 01/ T VREV. T ACOLUMN} = to /axtéa) [ 31 of Gccurrence
32 Jan 4
O :
QICOLUM) = (G, /QR) Qeak = 3.990 cfs Apr 2
kT Jun
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TASLE A8. HYDROGRAPH COMPUTATION FOR MARCH

SCYEND.IY W% DEFARTMEMT DF AGRICUL TURE
Rew. 1170 NOHL COMEFRYATION SERVICE
Fils Coda FMGII0S i
DATE . .
HYGROGRAPH COMPUTATION CONPUTEG BBY . e
CHECKED BY . . . | e —a e
T o - o T | Ilnplﬂ‘“. T, q Iﬂtfngliqliup‘ Ot IQt.‘—QB. .
WATERSHED DR PROJFCT ___Manva-Palolo Stream : a ¢
HOURS crs INCHES
STALE Mawail IEE DL S 0
P loaes | 10t
STRUCIUAE SITE DR SUBAREA . . Ala Wal Camal 3| o.z9s | ovs0 |
¢ 1.060 380 _
DR oARCA _3.35 _ sQowL STRUCTURE CLASS . __ ____ ’ 1.320 | _ 395
Bl t.ss0 | 2,480 o
oo b0 MR STORM DURATION 6w 1 a.Bso | 4,130 .
A 2.220 4,710
POINY RMNFALL ___ 3.3 . . R AR uJ
2. 0
ADRISTID RAINFALL: R 330 4
Wl z2.e50 | 3,720 |
anga FRCIOR b N 33|y SR
M 2.970 3,140 o
DURATION - FaCSOR . M. .| VY1 3180 § 2,650 |
1 " 2,270
poworr coave mo. _ B4 : 3.450 9
1 3.920 | 1,960 |
.
eSS T ) Nl 3720 | V,960 |
Ih
WYDROGHAPH FAMILY NO, .. & 3980 10,720 -—
SO T L N N -1 IR
IR r
comrurept _0.70 e (0.7 T) o R 11 Il .
’ Bopowso | gm0
"
T . h.6] ke ) 5,000 1,150 )
’ A [ 5,300 860
AAS | 2] 5.570 | 960 . .
3
computep _ _8.67 wseo__ 6 | P 6.100 200 | _
' H|o6.370 120
REVISED T _ _©0.78 B[ 6.530 80
B 1 6.900 50
L e 5,800 crs o150 40
REV. T i
] I 7.420 30
1Qrey) - 0,650 _CfS B | 7.700 20
[ 79 | _ 10
NCOLUMN) ~ (17 T)REY T ACOLUNN) — (g /o NQNQ} | 11 | B.720 0 ]
u Estimated Number
Honth
(NCoLUMM = (Q, /QR Qpeak = 4,710 cfs n of QOccurrenge
" Har 2 _J
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TABLE A9,

SCS-ENG-319
Rev, 1-70
Fila Code ENG-13-14

HYOROGRAPH COMPUTATION FOR MAY, JULY, AND AUGUST

U A CAPARTMNT OF AGRICLL I URE
WO COMBERVATION SERvIC]

DATE ___ —
HYDROGRAPH COMPUTATION CowPuTEG®Y . . ... . _
CHECHED BY ... [
RTA LTI W U TSP T- T B Y @00 1
WATERSHED OR PROJECT Manoa-Palolo Stream t q 9
HOURS s INTHES
STATE Hawal i I i ] 0
2 0.087 75
STRUCTURE SITE QR SUBAREA Ala Wai_Canal Yok ) 30 )
v | o.260 716
DR.AREA __9-35 5o M. STRUCTURE CLASS S ] 0347 1 1080
5] 0833 1210 f ]
T 1.0 WR. STORMDURATION __C-5__ we | | ©.520 1,100
e 0.8 8| o.607 Bug
NT RAINFA . L
Foi = $ | 0.694 570
ADIUSTED RAINFALL: —— T
0 Cogm | s
AREAL : FACTOR ! W, . 9.8 wlosey | 2o |
DURATION ©  FACTOR In. 71 0.955 LY. R
8 1] t.o40 15 )
RYE NO. 1
RUNOFF CURVE W 17
001 W B 1218 52| .
" 14 1.300 i
HYBROGRAPH FAMILY NO. - vt |2 |
©.7 1) Wl 1576 16
8.70 . ~ 1
coupurenT 270 me. < W | 1.560 9 i
m L1650 b o
0‘ ' Jpp—
T,,—"‘—-—* HR. 2§ .70 2
7 | 1.820 0 ]
RIARY
o p n ]
cowputep __ 044 vseo_— P -
%
REvisep T __ 0.3V 5
p !
2 _
__@w _  [4,600 gpg —
REV. T »
]
Q) - 1,460 cfs. B
» ]
) fstimated Number
NCOLUMN) = 8/ T JREY. T, q/COLUMN) = (g / qyXQUg,) 1§ 3 Momth  “of pecurrence
2 _—
*‘E—‘ Hay 68
_ - Jul
QICOLUMN} = (G, /90 Qpeak = 1210 €fs e 1 -
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TABLE Al0.

SCS-ENG-115
Rev_ 110 - :
Fite Code FNNR-13-147

HYDROGRAPH COMPUTATION FOR SEPTEMBER

&

105 DEFARTMENT OF AQGRICULTYNE
SO CONSERVATION SEPVILE

oATE T
HYDROGRAPH COMPUTATINN COMFUTED BY I
_ ) CHFCHREDAY _ @@ 00
T Rev. Yo la I faguQiagl Q001
WATERSHED OR PROTECT Manoa-Palalo Stream ! 0 9
HOURS (M INCHES
STALE ___ . Hawaii o ! L ¢ 0
2 | 6.248 24
STRUCTURE SYTE OR SUBARTA Ala Wai Canal ] 0.h96 520 | -
: Y 0.7k 1,705
DR AREA ___9-35 _50.M.  STRUCTURE CLASS 3 L_0.991 2,880
; : R lo1.2b0 3,200 ]
T L0 WR STORMDURATION 3 o 1. 450 2,990
’ . ] . ?
POINT RAINFALL 2.3 IN. — 1.735 620
ADHISTED RAINFALL- 1385 2,270 .
0] 2,240 2,000
AREAL - FACTOR ___ == = W _ -~ I n 3 480 1,720
DURATION : FACTOR N i) 2,720 1,85
8 13 2,980 880
RUNOFF CURVEND. _ _B4% .
Mo 3.220 566
) 0.95 15 3. 480 330
o 16 . 720 1
HYDROGRAPH FAMILY ND. 3 3.7 25
J 3.970 112
compuTED T — 9:7_ R Wy k220 11
Pl —Yed WA, -
p _ ]_‘]‘ﬁ 4. 470 47 1
20 4.720 2h
T_22 =] —
0 ERER 18
22
(UVRRE 7 5.210 - 12
COMPYTED __ 3-13 UsED___ 3 5.460 6
bl 5.710 0
5
REVISEDT _ __©.73
p . %
Q. W _ 6,200 ppg | 7T
P REV. Tp B
(Q¥a) = 5,900 CFS. - L&
_ 0
uc_pl_uum' =it / Tp\ REV.T) o COLURN) = (g, / qpmlup) X
32 Mon th Estimated Number
fo rr
QUCOLUM) = (0, /Q)0 Qpeak = 3,200 cfs | ¥ of Decarrente
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TABLE All.

SCS-ENG-119
Rav. 1-70

Fils Code ENG-13-14

HYDROGRAPH COMPUTATION FOR OCTOBER o

U % DEPARYTMEMT OF AGRICULTURE
SOIL COMSERVATION SERVICE

DATE

HYDROGRAPH COMPUTATION COMPUTEDBY
o L ~ CHE CK.E_D ay . _
L-I/ToIRev. Tpla-(a, /g, QN )| Q,=(Q,/0K
WATERSHED OR PROSECT Manoa-Palolo Stream 1 q Q
I HOURS CFS INCHES
STATE Hawail ___ 1 i 0 0
2 | o0.207 47
STRUCTURE $ITE OR SUBAREA __ _ Ala Wai Canal 3| o.my 484
4| o621 | 1,350
DR.AREA____3-35 SO.M.  STRUCTURE CLASS - 5] 0.827 2,240 |
h 1.033 2,590
T, L0 we stomwouraTion _ 2 __wp | /| 1.240 2,480
8
POINT RAINFALL 1.8 L~ | _1.hs0 2,220
ADJUSTED RAINFALL: Y| 1.655 1,910
. 8 | 10 1.860 1,430
AREAL - FA ; = -
Lo PACTOR . [ 0] 2.0 | 050
DURATION : FACTOR W, 21 2. 280 698
13
RUNOFF CURVENO, ___ B4 2. 480 457
4] 2.690 300
Q__ 0.60 15| 2,900 197
: 6
HYDROGRAPH FAMILYNO. 3 1 3.100 130
73310 79
8
computen T _0-70 yp (0.7 7o) : 3.520 43
P 8] 3.7% 24
m £
; .37 we | 2| 3.93 6
o 21 4.1ho
(T, /T 2| b4.35 N
comPuTED ___ 1.95 usEo___ 2 3 | h.560 0
N
Revisep Y ___ 0.69 R
P %
4= B4 6,550 crs | ¥
REV. T, o
(Qlay) = 3,940 CFS. i o
. w —_
- N) =
HCOLUMNY —= {1 / TD) REY, Tp o COLLIMN) (Qc / qp)(Q)(qp) EH
kM Honth Estimated Number
YcoLumm = (G, /0 Qpeak = 2,590 cfs 33 of Qccurrence
34 Oct 3
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TABLE Al2. HYDROGRAPH COMPUTATION FOR NOVEMBER
]
SCS-ENG-319 U 5 DEPARTMEMT OF AGRICULTURE
Rev. 1-TD A1l COMGEAVATION SERVICE
Fila Code ENG-13-14
DATE
HYDROGRAPH COMPUTATION COMPUTED BY i
CHECKED BY —
=T Rev. Tpin =t/  HQRap Q 1/Q10
WATERSHED QR PROJECT Manos-Palolo Stream t q Q
HOURS CFS INCHES
STATE Hawali . ! 0 ¢ ¢
? 1.070 42
STRUCTURE SITE OR SUBAREA ____ Ala Wal Canal | 3 2.140 125
1 3.220 290
OR, AREA___9:35 sq.ML  STRUCTURE CLASS 5 | . b.290 h97
. 6 | 5.360 1,830
T, 10 _WR STORM DURATION 24 e || 6.4%0 4,380
3 .500 4
POINT RAINFALL 25 N 120 3,080
3 8.580 2,020
ADJISTED RAINFALL:
_ . 6.6 0 9.650 1,500
AREAL : FACTOR LR - { 10.700 1,187
DURATION © FACTOR IN, 7 | 11.800 | 1,020
11 12.900 1
RUNOFF CURVE NO. B4 - 2 215
1] 13.94%0 813
g_ 3.8 | 151 15.000 728
) 16 16.1 686
HYDROGRAPH FAMILY NO. z = 100 -
717,200 6hs
% | 18.200 603
cowpuTen T 0-70 _wp. ERE
P _ | 9] 19.300 583
20
. 206w | 0 | 20.400 561
o | 2| 21.500 290
' %
o,/ - 22,500 83
COMPUTED 29.50 | wsep_25 |~ 1 23 600 2
' U | 24,700 Q
revisep T _ 0:825 5
p %
n
0 = 48 5,500 crs I -
T REV. T »
Q) = 20,840 CFS. (5
v »
HCOLUMN) = (t/ T )REV. Ty " q(COLUMN) = (g / @ KUK} | 31
k¥4 Estimated Number
. Honth
. f Occurrence
COLUMA) = {Q, /0N Qeak = 4,380 cfs [ 3 ° E
34 Nov i
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TABLE Al3.

SCS-ENG-312

Rev, 1-70

Fite Code FNG-13-14
——

HYDROGRAPH COMPUTATION FOR DECEMBER

)

U 5 DEPARTMENT OF AGRICULTURE
RO CONSERVATION SEAVICE

DATE -
HYDROGRAPH COMPUTATION COMPUTED BY
. e B CHECKED BY —
] (UTD}R“. Tp 'l'lntfqu(Qanl Q. =IQt."Q)Q
WAYERSHED OR PROJECT Hanca-Palolo Stream t 4 9
HOURS CF§ INCHES
STATE Hawai | 1 0 0 1]
2} o.ous | 23 | ]
STRUCTURE SITE OR SUBAREA Ala Wai Canal 31 o.490 498 | |
' 4 0.735 | 1,635 N
oR AREA_._2:35 SQ. M. STRUCTURE CLASS > | 0.980 2,760
: 6 [ 1.220 | 3.070
T, 22 HR. STORMODURATION . 3 _wr | ' | 1.470 | 2,870
8
POINT RAINFALL ____2:2 i, ] L.710 2,520
ADJUSTFD RAINFALL: 960 2,180
- | 10 2.200 1,920
AREAL - FACTOR N, _ 2.2
[ 't} 2,450 1,660
DURATION :  FACTOR N, 12 1 2.690 1,260
| 2,940
RUNDF F CURVE NO, ____ B4 2 845
| 1+ | 3.180 543
q 0.9 _m [ 15 | 3.530 317
) i )
HYNROGRAPH FAMILY NO, 3 3:670 187 1
_ | 17 | 3.920 107
' W1 o5.160 4
cowputen T __0-70  yg (0.7 Tc) e 7
p |19 | &.410 b5 |
1205 e | | 4.660 23
o |21 | 4.900 17
22
ANARY — 5.140 11
COMPYTED 3.08 USED 3 5.390 6
A | 5 430 0
%
REVISEDT __0-72
p *
qp . L 6,290 CFS. i
REV.Y a |
(Qra) ~ 15,660 CFS. n
0
_ MK =
HCOLOMN) = €1/ T ) REV. T WCOLUMN) = (4, / ¢ XQNa,) | 31 i
R Estimated Number
) e | Month of Occurrence
(COLUMN) = (Q, /Q10 Qpeak = 3,070 cfs 13
u Dec 3
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TABLE AlkL.
{100-YR, 6-HR RAINFALL OF 10 INCHES, T,

HYDROGRAPH COMPUTATION
1 HR, To/Tp = 10)

:EE:E:T%“” U 5 DEPARTMENT DF RGRICULTURE
FI" Co‘. ENGA]!-I. SO CONSERYATION SEMVICE
oaTE _
HYDROGRAPH COMPUTATION COMPUTED BY _
CHECKED BY
|.{1KTP|va_ To|n ta S uQun 0 Q, QA0 1
WATERSHED OR PROJECT Hanoa-Palelo Stream t 1 1]
HOURS |  €FS INCHES
STATE Hawail I 0 0 (1]
2 0.308 130
STRUCTURE SITE OR SUBAREA Ata Wai Canal [ 1 | 0616 | 860 |
4 0.295 1,780
oR. aREA__9-35  so.w.  STRUCTURE CLASS ; 1.240 3,t00 |
6 1.550 4,680
T 1.0 HR. STORM DURATION b ap, | | 1860 7,580 }
8 . 18, 350
POINT RAINFALL 0 . {100-yr, &-hr storm) 2.170 3
3 2.480 26,000
ADSLISTED RAINFALL: — e -
[ 1| 2.78 21,200
AREAL * FACTOR N, . n 3.400 | 14,850
QURATION © FACVOR 1N, 7 3.410 11,500
BY 13 3.720 8,970
RUNOFF CURVE WD, - -
i .00 7,250
q_ 8¢ W, 15 %.330 6,070
2 1% b.5650 5,210
HYDROGAAPH FAMILY NO, — 1 :
17 4,960 5,820 | N
L 5.260 4,490
couruTED T 0-70 4R,
» 19 5.570 4,290 | ]
i . 500
T .55 MW 5. 8o 3.5 -
o a 6.200 1,780 .
7 6. 460 0
AANE =t Z9 _
cowyTen _1-85 ygo__ 10 D] 6.780 00_ |
u 7.070 200 ]
B } 130
RevisepT 055 7,400 13
p » 7.700 70 ]
(L) 8,250  crs. Y 8.010 a
%= v, 7, - n
() = 66,000 CFS, i
0
NCOLUMM) — (1 / T JREV. ¥ FCOL = (q. / g XQAg} | 3
3 ]
QooLLMY) = (Q, /QN Qpeak = 26,000 cfs 1
W
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TABLE A15. HYDROGRAPH COMPUTATION
(100-YR, 6-HR RAINFALL OF 10 INCHES, T. = | HR, To/T, = 6)

$CS-EMG V19
Rav, |10
File UCnds FNL-13:14

S PARTEH N (F RO Tl
Ay ConNapavaTI SEEvIE

DATE . e e
HYDROGRAPH COMPU TATION COMPUTED DY
CHECKFDBY ... ___
1 rmpm:_. Talo tapfaghQual 0y Q. QK ]
WATLRSIED O PROJECT __ Manoa-Palolo Stream ' ‘ 0
HOI KRS CF§ INCHES
satg . Howaii LA UL SN L S I
jp o4 | one |
STRUCTURE SITE OR SURBAREA _ _ Ala Wai Canal | % | ©.900 710
A b.216 1,610
DROAREA __ .35  sq.m.  STRUCTURECLASS__ .. |1 _t.620 3,300
b1 2020 | 6,910
Vo 10 WR STORMOURATION ____ 6 WR ek Yo, 200 |
8
2. 8B40 19,550
POINT RAINF AL L 19 _ I8 (100-yr, 6- e :
A S {100-yr, 6-hr storm) 3 3. 240 16.900
ADVINSTFD RAINT AL L o T I R
Wl 3640 | 13,200
areac - pactor o Lm0 T 10, 140
DURATION - FACTOR . | 4450 | 7,950 |
8 13 4. 860 6,450
FF CHRVE KO T 1
RUNO 1 5,260 5,470 B
.80 __wm 5| 5.660 6,780 |
) L3 6.070 1.9%
HYDROGRAPH FAMILY WO, . _ _° _ . CoTTT T
] 6.470 | 2,360
if 6. 8RO },300
TEoy _0-70 g, —_— -
CouPITED T Bl 7.280 | qmo |
n 7.770 0 _ 4
%2 HR, = AR R
Al soo0 200 o
% i B.gog 120
Ty /1 —+ 201 _ o |
COMPUTED 7.B5 . usfp__ _6_ . 8.300 8o
' H| 9310 40 )
e .700 0
REVISEDT __90.37 3.1
p 3
L S L.gt0  erg ,_Q_I —
%= v, T ] ]
ey - 39,300 <Fs. i
k| ]
KCOLUMKN - :pry REV. TD of COLUMNY = (g .fqlequi i ] o
n
QCoLUM - (9, /Q10 Qpeak = 19,550 cfs 13
L1
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TABLE Al6. HYDROGRAPH COMPUTATION

{100-YR, 1-HR RAINFALL Of 6 INCHE

MR R THETE
Rav. |-'N
Fole Coda FHG 1T 18

S, Tc = | HR)

ey DEPRRTEERN Sl BHIT L) T eE
R T LIMGFMLATU R SRV b

DATE T -
HYDROGRAPH COMPUTATION COMPUTED B
CHEL AT I Y
' H-'tnmu llI LN -ljpllf‘]ﬂq_lll [ R TS
WATEHSHED (R FRNIT Manoa-Palnlo Stream ! q o
TEOERS [ M
sTarg . Mawaii ; E b ¢
! 0.230 610
STRICTURL SITE DR SUBAREA Ala Wat Canal Yol o.u60 3,340
¢ 0 .688 11,150
DR OAREA 2235 SQ.ML STRUCTURE CLASS o] %4 o.ge0 18.600 4 |
b 1,148 20,530
T Y0 wa storwovRATION . ) ___wr | .. | 1378 17,860 ]
R 1608 12,786
FOINT RAINFALL & . — = -— :
8 1,640 8,810
i ANIISTED RAINFALL oo -
m 2.060 5,950
_ ' 6 R TR S -4 -
aRFAL - FactoR Y oomo b T 2.300 2 .B50
MIRATION - FACIOR . IN B 2.520 2,630 .
BY 250 LY
RUNMFF CORVE NO. . 59 R
It 2.980 1,200
Q. 4.2 __w I 31.220 ool
4 th 3 440 540
WYORNGRAPH FAMI Y NO. . . T o e
Vol 3.660 350 | _
1# 2.900 210
comiien T 070w : e e Ml -
v b hoizo | 30 R
byl
{ _0.82  up - b.o360_ | 50 .
0 L wsgo 20 -
7
AAR | ¢ h.800 o 1
©¢° 17 I B
cowPuTED __'-17 wsep__. Y Lo
- H
»
pevisip 7 0°82 -
P x
g - W% _ 5,510 ¢Fs. R
REV. T, x
o) = _ 23,200 _ _cFS. n
n
' scmuuman,ﬂpmwrp WCOLUMN) = 1g, /a 0N} | 3t ]
E7]
otcowum—-tol.fom QPMk = 20,530 cfs 1
M
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TABLE Al17. HYDROGRAFH COMPUTATION

(100-YR, 1-HR RAINFALL OF 4 {NCHES, To=1 HR)
S(\‘ FN,r: A LS DEPARYRENTY [ ARIC U TURE
Rev. -7 mrul CONSERCATINYN Y8 Ry
Tile Code N0 BV AN .
oat€ _
HYDROGRAPH COMPUTATION COMPYTER BY _ e
CHEL®FDBY . ____ _ _ ...
1 n'Tu\R-. Tu 1“":-%"9““;.‘ fJ'-I(]l L]
WAILRSHED R tpoaget Hanua-Palolo Stream I 2 ¢
HIIES (F5 INDHES
Staty . .. Pawaii ' " L 0
] 023 | 3%
STRUCTIR] SITE R SupaRfa Ala Wai Cansl )| 0.460 2,250
« 1 0688 6,360
1 .
ok amea 935 < m SIRNCTHRE CLASS Ll 0920 10,630
ALY 11,720 _
!
TN SToRMOURATION J HR. .38 | 10.200
' 4 8 1.608 7,300
POl RAINFALL . BLN t
i 1,640 5,040
AOTTISTID RAINT AL L
| \ w2060 3,400
ARF AL FACTOR L W, 7 . _1 7.300 2,200
DURATHIN  FACTOR .. Mo {1} 7.520 1,500
84 151 z.750 1,030
RUNCY F CHRYE N 2%
1] 2380 690
R S S | s 3220 b4g
16 bho 10 ;
HYDROGRAPH FAMILY NO, . _ 1 . 2 - 3 !
Ml 3.6k 700 R
W 3,900 120
cowrien T 97" wa
P I O P4 50 R
m
T 08_2_ HR_ n h-JE'O 30,_.
’ 2nlusse | a0 b
| 4.Boo ]
T /T (R R I~ S N —
° 1.17 1 3 .
COMPNTED __ ~ ° . WSED. L e — e — T
' H
___Jl__ |
7% !
p1 .. 0.82 |3 e 4 =
REVISED 1. x ] 7]
SR L. 5,510 ¢rs (kA VR R
¢ REV. T b _
P e ——
igen ) = 13,250 Ofs & s
= e R -
L) [ I
WL LMH - 0 e 101 REV, TD o DOL LMK - LA ,-'qnl'ﬁiqp't ip B ) A R
bH] D
QEOLUMAY = 1, "0 Qpear = 11,720 cfs M ; —
3 |

r_ .




TABLE A18. HYDROGRAPH COMPUTATION
(100-YR, 1-HR RAINFALL OF 4 [INCHES, T. = 0.6 HR)

SCS-EMG - W1e
Aav, |-70

on DEPamtaa el P AR LT s

r“' (.-"“. r"n"’l. LRI I P S FRVATIOEN SEwyLaF
{er‘ R R
HYDROGRAPH COMPUTATION COMPUTED BY
THFECRFD AY
[1-1l’1urﬂm ot .'r_::._'u‘,rlt.i‘frnl,' e 200N
WATERSHED DR PROIFCT __ Hanea-Palelo Stream ' ¢ *
HOHERS rFS INFHES
STATE Hawaii L S b 8
K Al 106
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Appendix B. Bathymetric Survey Resulis






Profiles of Ala Wai Canal (Ala Moana Bridge to Lewers Street)
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Profiles of Ala Wai Canal {Lewers Street to Ainakea Way)
November 25, 1972
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Figure B1. Bathymetric Survey Results of Ala Wai Canal {continued)
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Cross Sections of Ala Wai Canal -
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Figure B1. Bathymetric Survey Results of Ala Wai Canal (continued)
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Figure B1. Bathymetric Survey Results of Ala Wai Canal (continued)
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Profiles of Manoa-Palolo Drainage Canal
November 25, 1972
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Figure B2. Bathymetric Survey Results of Manoa-Palolo Drainage Canal
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Profiles of Nuuanu Stream
November 28, 1972
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Figure B3. Bathymetric Survey Results of Nuyuanu Stream
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Profiles of Kapalama Stream Upstream (Mauka) of Sluice Gate
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Figure 84. Bathymetric Survey Results of Kapalama Stream
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Cross Sections of Kapaiama Stream
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Figure Bh., Bathymetric Survey Results of Kapalama Stream {continued)
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Profile of Kapalama Stream Downstream (Makai) of Sluice Gate

Bottom Frafiley of Kapslamp Stream
Downstream (Makat) of Sluice Bate

L
-
=
o
:a':i o 200 nc anr” T R O B 14
o 0 ) s
1MW) 0.0 23Ze - e
_,uet.iun depth of waterday
- 6.8 P R o

-lz.o'

-8

TNl

-12,0' -

-804

Eluice qate

!;_.,"E: Ll 3,500 1,600 1,000 1.
- - .

-b.0"

Figure B4. Bathymetric Survey Results of Kapalama Stream {continued)
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Cross Sections of Kapalama Stream
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Figure B4, Bathymetric Survey Results of Kapalama Stream {cont inued)
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