
HAWAU- T-75-010 C. 3clRcgm ATIN G COPV

Engineering investigation of
Marine Alternatives for Rapid

Transit in Oabu, Hawaii
7heodore 7. Lee and Steven A. Nlcinst i

Adgost ~+75



ENGINEERING INVESTIGATION OF MARINE ALTERNATIVES FOR
RAPID TRANSIT IN OAHU, HAWAII

by

Theodore T Lee
Steven A. Nicinski

Report on work supported by Sea Grant project, Marine
Alternatives for Mass Transit in Hawaii  R/37-01!; Theodore T.
Lee, Principal Investigator; Sea Grant Years 04 � 05,

Sea Grant Technical Report
UN I HI -SEAGRANT-TR-75-04

August 1975

this borh is a result of resear'oh sponsored by Ning+
pffioe of Sea Grant Gepa&ment of Commerce, ~erar~t
~~os. 2-35243 and 04-5-158-29. The U.S. Government is
authorised to pr'oduoe and distribute reprints for gove~-
<e<paI, purposes noMiehstandivg my oopyright m taeio~
th t may appear hereon.





ABSTRACT

~his report covers the preliminary study of the Narine alternatives
the land-based rapid transit system for the C'ity and County of Honolulu

to be operational. by 1979.

The marine alternative, knovn as the Oceanic E'xpress System,
originally initiated in 1972 by Dr. John P. Crcrven, State Marine Affairs
Coordinator ana Dean of marine programs, University of H~i. 1t is
intended to ser ve as a complemen~y or a major aspect of the mass trans-
portation -ystem on Oahu, Havaii. The Oceanic Ezpress 9ystem vilL consist
of a vater-based mass transit system kinked together arith muLtiple loops
via inland vatervuys, vhich are to be constructed vith the existing
drainagevays, to serve high-density Locales and suburb in Honolulu. It

considered as an interim and/or supplementary transportation system
the Land-ba"ed system.

The objective of this stuay is to determine, particularly from engi-
neering vievpoints, the fe sibi lity of the inland vatezvxys system vnich
vill convert the existing canals and drainage streams into navigab2e
channe l

Najor efforts under this study include study of: the hydrologica2
and oceanogr'aphic. constraints; dredging requirements; canaL feeder boat
requirements; and preliminary cost data involving initial construction,
operation, and maintenance of the vatervay potential of four selected
drainagevays on Oahu--ALa Vai Canal and Manoa-Falolo Stream, Nuuanu Stream,
Kapa2ama Drainage Channel,, and Kalihi Stream, These vatervays viZZ be
re2ated to four local route systems, namely Havaii Kai, Kahala, A2a Vai,
an d Moana Lua-Kapa Lama-Nuu anu.

A total of 28;eever boats viZZ be required. The totaZ capitaL cost
for the,ceder boats, terminals, stop stations, initial dredoing, main-
tencznce facilities, reconstruction of road bridges, and land acquisition
vas estimated to be $28 mi llion �972!. Additional capital and rep2ace-
ment costs over a 80-year period are estimated to be $7 mi ZZion.
the 80-year period, the operational and maintenance costs vould be
$95 mi Llion. The annuaL cost vas estimated at about $4 miLLion. Hecon-
struction of road bridges and annual maintenance dredging in each vatervay
are the most expensive items. The total ~ervay system viZZ be 18 miles
Long and the annuaL cost vill be about $271,000 pez miLe per year'.

It ms conc2uded that the construction, operatio~, and maintenance
of the four selected vatervays seem to be technicalLy feasible; but their
economic feasibility cannot be determined until the entire Oceanic Express
System is thoroughly analyzed. This analysis is beyond the scope of this
study .

The Ala Vai ro~te is considered to have the best potential for being
converted into a vatervay for navigational purposes.
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INTRODUCTION

A land-based rapid t r tns i t syst c'm h;is been under sc rious cons [d  r it j on
hy the Cit> and Count> of ilonolul» to hc operational by 197!?. '1'hc prr.posed
rapicl transit system coiis ists of electrically-powered, automatical ly-
controlled vehicles operating in trained units on a fixed gtiidewa>
m;iin t.runk 1 inc element of thc recommended tr«nk line fi.edcr concept by
Ilaniel, hlann, Johtison, and hlendc nba 1 1 of Hawaii �!htlhl, 1972! .

Thc marine a 1 tv mat i vc» to land-based mass transit, as either a com-
plcirientary or a maior aspect of the system, have not been ful ly cxplorcil.
'1'hc State hlarinc Affairs Coordinator, Dr. John V. Craven, initiated thc
Oceai>i c 1:xpress S> stem study. Thc total Oceanic L'xpress System wi ll cons i st
of a water-based iaass tr;insit system linked togcthcr «ith multiple loop»
via inland watt rw;iys, wh i ch are to be constructed with thc ex i st >ng can;i 1 s
aiicl streams, to serve high-dr nsity locales a»d suburb~ iii tlie  .'i tl
of llonolulu. lt was estimated that the marine transit system could hc
developed by 1975, as compared with 1979 for thc land-based system. hlore
rr cent 1>, Lulej inn and Associ ates, »ndcr sub-cont ract wi th Hhtlhl, made.:in
initial exploratory c v;iluation of thc feasihi 1 ity of a water t ransportati on
system  OhlJhl, 1972! . 1 t s tcntati ve conclusion was that thc marine system
iiay be considered as an interim and/or supplementary transportation system
to the land-based system. Howevc r, 1!hUM �972! later studied briefly the
costs, scrxicc characteristics, and the environmental impacts of several
marine alternatives of the integrated transit system and concltidcd that
the inarine transportation system is not feasible.

The objective of this study is to determine, particularly from the
viewpoints of engineering aspects, the f'easibi lity of the inland waterways
subsyst.em which wi 1 1 convert the exi st ing canals and drainage streams into
navigable channels

This study was initiated in March 19 2 as an 04 midyear st;irt, with
Program h1anagement funds of' the Sea  ir ant Program at the University of
llawaii. This resulted in a pilot study  Xicinsl'i et al., 1972! involving
site selections of those existing canals and streams which could bc improved
as inland waterways, requirements of canal dimensions, criteria for the
feeder boats, local. route systems, and patronage characteristics.

This report covers the preliminary findings of the 05 Year «udv cl"r'ng
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 h1oanalua- Kapalama-Nuuanu Speci ' 1
attention was paid to thc Ala Wai route. l.nformation for the other routes
was provided from approximations based on the Ala Wai system, therehere fore, it

should be re-examined fol lowing the simi lar procedure as for he Ala Kat,
particularly in the determination of maintenance dredging rcquir««ts-
The estimated costs were based on the best information currently av'avat lab le

~n marry cases, reference was made zo the unit cost informatiormation from

the report by DhQM �972!.



MATEAlAYS POTENTIAL OF FOUR DRAINAGEWAYS ON OAHU, HAWAII

Craven �972! 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 evaluation of the hydrological and oceanographic constraints
which include runoff, water level variations, sedimentation involving
initial and maintenance dredging to maintain desirable water depth, and
~ater 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 Moanaiua-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 lfanoa-Palolo Stream.
Included are hindcasts of runoffs on a monthly basis from rainfal l infor-
mation and watershed characteristics. Representative hydrographs have been
developed and are used to predict the annual sediment yield 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 thei r 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-se»sitivity of the hand-
held current meter even during ebb and flood tides. Surface runoff was
negligible at the time of measurement. It is concluded that currents in
the waterways should bc measured during floods so that thei r effect on
navigati on can be assessed.

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

The Ala Wai Canal  Figure I! is dominately a drainageway despi te its
label. It consists of two straight sections, each having two near-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, i s 7,590 ft long and 250 ft
wide- The freshwater runoffs into the Ala Wai Canal are from two separate
drainage basins--Manoa watershed �. 72 sq mi! and Palolo watershed
�.63 sq mi!--having a total drainage area of 9.35 sq mi {Figure I! In
addition, the freshwater runoff is also discharged into the canal from the
Rakiki watershed �.72 sq mi! but it has an insignificant effect on the
waterways; therefore, a study of this watershed was not made.

The U.S. Soi I Conservation Service �972! "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.



Figure 1. Ala Wal Canal and Manoa-Palo!o Watersheds

 Gonzalez, 1971!



u 40
K

I,40 in
0.'55 ls

Duration ~ 0.5 hr

5 5

-2 4 4 ~
tlNE  s<I

2 5
TINiE  hr !

5ORois  ~ II ~ 5.50 In
Rvoatt ~ 1.75 is
St ~ r ~ Dvrotiao ~ 4 hr

Rain t el I = i. 50
Runoff ~ 0.40 in
StOrm Dvratios = 2 hr
It ont h Est Ra of 0 caurre neo

0 Z C
D

Ner 2 Oct

5 4 5 4
T INE  sr I

4
TIIIE  hr!

Ra info ll = 2. 20 In
Runoff i 0.50 in
5tOrC DurO I On = 3 hr
Nonth E ~ I rto ot Occvrr ~ nc ~

1el ~ fell ~ 0.40 ln
1usoff * O. ID iv
Stare Duration ~ 0.5 Ir

4u

C 1 CI 0 R R
e. f r II

D ~ c 5e

it

Maf
Jvl
sva

t T IME I hr ! 4 42 4
TINE   hr!

12 � I ~ I 4 20 22 24
T i iN f   lir !

"epresentation of monthly hydrographs predicted for ! anoa-pa ~olo
Stream based on mean monthly rainfalls and the water surface
records of water year 1969.

4 ~

0
R
C

0

u v ~ r

0 R R

H ~ I
I

L 0 R
C

0

Relet ~ I I
1unotf
Store

J air

Apr
Jen

V

0 R
C

0

Rainfall = 2 30 ln
Runatt * 0.95 ls
Stare Dvrciion = 3 hr
I~I No t Oc r s
S ~ pt 2



F
0
Ul

rg
Gi
!

C3
n

0 CL
PJ

0 0

e
h

lkl

O !II

Il
v3I�

II!
ih
dJ ~
0
C

II!
!
4J

0
0

!II 0
C
rtl
L !II

0
j PJ
0 X
! 4J

E!
0
Vl
L
PJ

!
C3
<0

! 0 C'
Cll
0

C

O C
~ III

II
LI

PJ
8
0
C

PD
O Ci

0
0

lII 0
C tP

0
lI!

!II
0
C
PJ

0 K
!

Cv



O

L

UJ

I-

Ei

 ,o~ ~ »~ ! ~~oNna

 g0I k~ ! MOHAN

III
Co~ e

o~
II ~-

L III 03

I If!
D VcC
OK~

V C C
L
0 II! L

4J
~ ~ v!
C 0
III 0
L

III 0
Q ~

C III
O ' 0

I
II!
0

C L C
Ol

0 X
III

O II!

E r II!
L {
OC' n!
4J IV
I/I

II ~-
LI ~

IIIfII ~ 3

I If!
II! ~

v E
L C III
0 IIIIL N L
C~ I/!
C! 0

01
00 4-�

C ID
C!'-0
0 II!

L II!
0C L C
fII

0 EI/I
CJ I

fII



Jh<' t I c!hw >ter runoff. into other proposed w <terway» i s yet to hr
<l<' t c t m ! I I cd

Sediment Yields

di rect fr<»hwater <»not J into the stream channel» torm» th< bulk

o f thc f low wh i ch general ly i s rc»pon» i hie for mo»t of th<.' »cdhnent t ran»-
in the»t reams. Thi» di r<'ct runo f t from a given area rc present » tlEC

j at < grat< d e I f ectsof al I character i »t ics of thc .lrainage ha» in and of the
»upcJ impo»cJ e»vironment upon sediment production. There are a number ot
cmp i ri ca I cquat ions avai lablc for c»t imat ing thc»cdiment yi c ld» from
maximum yearly peak Ji»charg<., area ot drainage basin, and <lens ity of cover

p<'rce»t age o I the watershed area, ilowcvcr, they arc not <lui t c appl i-
cable to the »mal I water»hcd» of the llaw» iian I» land».

I or this study, sediment prediction was made from runoff-frequency
data including both long-term, flow-Juration curve and short-term, r< prc-
»cntative J~ydrograph lor each month and thc runot f-sediment relation»hip
cstabli»hed for any given watershed from actua l measurement» of »uspendcd
sediment» in thc stream in question,

Due to lack of rat ing curves for Manna-Valoio Stream, Nu»anu Stream,
and gal»~lama Stream, the rating curve established for the nearby Kalibi
Stream was used  Figure 3!. The» thc sediment yields were computed
for each month using the repres entat i ve hydrograph» re»pc ct ive1y . The
result» are shown in Table I. I'he sediment yield» from the Manoa-Palolo
Stream wcr<. est i mated to hc I ],000 tons per year under normal-vcar
oJ>erat ional c<»audit ions. This contribution could he increased turther by
3, 300 up t o l4, 250 tons per yea r unde r extrcme design f l ood condi t i on»
 Table» ' and 3! .

'I'hc annual sediment yield of 11,900 tons per year compares very well
0,0B0 tons per year predicted with the Iong-range, flow-durat ion curve

sediment-rating curve method used hy,Jone» et al.  I'97I; Table 4!
in turn wi th the estimatio~ b> Gonzales �97l; Table 4! . lie

reported that the average rate of sediment deposition in the sill section
between the int<..rsection of Manoa-Palolo Stream and Ala Wai Canal toward
the McCully Street bridge was about. 0,65 ft per year, which is equivalent
to 12,700 tons p<r year.

Based on the information from the Manoa-Palolo Stream, the sediment
yield is est imated to be 4, 700 and I 0,400 tons per year under respectively

and des i gn flood conditions for the Makik i watersh ed, and s i mi I a r I y
~ '50/23~6'00, 3,270/7,200, and 6,600/l4,600 tons per year for the Nuuanu,

Kapalama, and Kalihi Streams, respectively  Table 3!,

Fot' the Kalihi Stream, Jones et al. �971! found that of the total
approximately 60 percent is suspended sediment and 40 percent is

bed load.
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TABLF I . EST I HATED SUSPENDED LOAD Y I ELD FROM MANOA-PALOLO STREAM

Estimated
Nuance r

of S torms

Sediinent Yield
Per Storm  tons!

Total Monthly
Yield  ton~i

Mon th

Jan 880220

Feb 220

2,18o1,090Mar

Apr 220 1,100

24030

220

May

880Jun

180Jul 30

20Aug

Sep 520

Oct

Nov

Dec

I },900TOTAL

TABLE 2. PREDICTED SUSPENDED LOAD YIELD FROM MANOA-PALOLO STREAH
FROM A SINGLE STORM

Q

 cfs!

Des i gn
Case

Rainfall Frequency

14,25021,080

8,13020,530

11,720 3,330

18,960 4,690

290

i,88o

48o

loo-year, 6-hour rainfal I of � inches
 T = I hr!

e

loo-year, I-hour rainfall of 6 inches
 T = I hr!

e

Ioo-year, I-hour rainfal I of 4 inches
 T = I hr!

e

ioo-year, 1-hour rainfall of 4 inches
 T = O.6 hr!

e

33o

l,o4o

870

1,880

i,44o

Sus pen ded
Sedi nant

Yield
 tons/year!



CI
DO
N

CI
CI
GD

CI
CI
CX!
CV

CI
EX>
N

CI
CI
{0
N C L Q Q C

�J
C
Q

I IP
C

E L {L
C3
LA
LA

m

L
04-E

a N

L G 0 C 0 V
Jl
ID

Cf

O
C!CI

Ch

0 0 Ig
0 I
Ig
0 C
fg

E
0

IJ-
N CI

Q 0 {L
fgI
JJ
X Q

0 CL
L CL

Ig
E
Ig
fg
0.

C Ig

jo

{7

I
C 0
CTI '
I/I
Ci 0

C C
0 0

$ '0

8-
K

UJ La.
4

C
0

D/

C L
0

QIJ
0

C
0 0

0 Ig
Z Q

C
0

Q fg
Ig C

~ Q
0

Cl

0

E
Q

Q L IJ
fg

0
I/I C
CL Q

LJ
L fg

3

CI Cl
N

CI
0 CI

ph

C
0 ro
3

{L Z

I
Q

Ig
ID 3:

04J

0
I/I

0 E
Ig

Ig
D L
I
0
C
Ig I/I
E Q
LL
0

Q~ � IJ

0 C
0

C
Ig Ig

E
L
0 0
P C
fg
C I
Q Q

0 ID
Q Xl

C
0
Q Ig

Q
Q 0LJ

L fgIl
I/l
Q

Q O
{L Q
0 C
Q Q

Ig
C E
0

I/I4J ~�

L
0 Ig

C
C fg

I/I

C 0
I/I Q

QI
'p
QJJ L

fg
E�

LLI I/I



TABLE 4. PREDI CTED ANNUAL SUSPENDED LOAD YIELD
FROM MANOh-PALOLO STREAM

Suspended
Sert i men t

Yield
 tons/year!

Ite thodCase

Hydrograph Method � mean montt;Iy
precipitation and estimated number of
storms, and hindcasting of hydrographs
based on rainfall and duration estimated
from 1 year rainfall, duration atlas of
TP-43

11,900

9,080Flow-duration curve and suspended
sediment rat ing curve yield method
 Jones et al ., 1971!

VI

Ba t hymet ry I n format i on  Gonza I ez, 197 I ! I2,700+

~Based on 60 Ib/ft~ dry weight of sediment computed.

The total loads for each stream represent the maintenance dredging
required annually  Table 5!.

Bathymetry and Initial Dredging Requirements

Heavy silting due to runoff from the Manoa-palolo Drainage ttasin
found in the section between the intersection of the Manoa-palolo Stica,~l
and the Ala ttJai Canal toward the McCully Street Bridge. From the McCulti

11

Bathpnetric surveys were made of thc Ala 'Kai Canal, Manoa-palolo
Stream, and the Nuuanu and Kapalama Drainage Channels in November 1972
using a portable echo sounding survey recorder  Model I-:S-130 A/ES-130 AVF1
of the States Flectronics Corporation The results are shown in Figures

to H3 of Appendix 8, Both longitudinal profi les and cross-sections
were obtained for the purpose of determining initial dredging requirc-

The design depth of each waterway was selected to he 6 ft below
mean lower low water  MLLN!, 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

l2 ft; length of 34 ft; draft of 3 ft.
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street bridge toward the ocean, the water depth
be adeiluat.e to meet the b-ft Jesign requirement
t hc Ilanoa-I'a Io1o, 4uuanu, a»J gapa lama Drainage

e,, depths of ' to 3 ft  CHILI h'!. Cons id~ rable

was generally found to
The existing water in

Cha»nels is very shallow,
dredging is required .

Thc width of the Ala Kai Canal ranges from 165 to 2SI> ft. This is
consider c J morc than adc~Iuaie to accommodate the proposed two-wa> feeder
boat service. The widtIt of thc i~lanoa-I'alolo, Nuuanu, a»J haIialama
Drainage CIiarinels ranges from 80 to ll0 ft which may stil l hc s»fficicnt
for t wo-way t raf 1 i under wcl l -»m~ intaineJ channel dept.h co»dit ions .

'['hc quant ities of init ia1 Jrcdgingrcquircd are 1 isted in Table b.

TABLE 6. INITIAL DREDGING REQUIRED OF
THE PROPOSED INLAND WATERWAYS

Proposed Inland
Waterway

Tata I Length
 ft!

'Wi dth

 ft!
Initial Dredging
Required  cu yd!

Ala WaI Canai 7, jl 0

2, 380

250

I65

I I2,000

80- IOO

90-100

2, 700

2,590

3,840

Hanoa-Paiolo 25,000

22,000

70,000

Nuuanu

Kapalama

TOTAL

I IO

229,000

Other Constraints

Backwater

13

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 thc vertical clearance between the
boat and the bridge Ilowever, this may not be the case for extreme flood
conditions in which case the feeder boat services would have to be sus-
pended because of high current speeds  about 10 ftjsec! and of high wat.er
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.
'1'hus 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



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

Highest tide

Runoff allowance

Minimum requirement from
~ater surface to bridge
underdeck for boat 9.0 ft

2.0 ftSafety allowance

14.0 ft

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

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, 1983!:

2L 2 {10420!T = � = 26. I minutes
~gh �2,2! �! x 60

~here T is the seiche period in a narrow channel with vertical walls
and flat bottmn �0,420 ft f' or Ala Wai Canal! in seconds

L is the length of the channel in feet
h is the average depth in feet � ft for Ala Wai Canal!
g is the acceleration due to gravity: 32.2 ft/sec

These Iong oscillation periods will not affect the operation of the
feeder boats because their natural period of oscillation is so much
shorter i.e.i.e., in the range of 3 to 5 seconds. The maximum seiche height
is 0.38 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. If b sboats should moor at a node of the seiche then significant
surge motion could be forced by the relatively fast oscillating water-

14

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 I! . 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 Honolulu Harbor {Dillingham, 1972; Table 7!.
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TABLE 7. ' PHPARI SQN BETWEEN TIDAL HEIGHT QF DILLINGHAH
TIDE CALENDAR AND STEVEN'S WATEP LEVEL RECORDER

Di f erenceDati

8 D  . 1972 1.98 +Q.Q3

9 Dec 1972 -0, 101. 70

1. 8014 Dec 1972 -0,301,50

18 Dec ! 972 2.85 0.00

2,80 -0.0519 Dec 1972 2,75

2.85 -0.052.8520 Dec 1972

-0.052.60 2.5521 Dec 1972

2.25 0.002. 2522 Dec 1972

0. 70 0.0024 Dec 1972 0. 70

Q.OO0,930,9025 Dec 1972

+0.051,i526 Dec 1972 I . IO

+0.051.351,3027 Dec 1972

1.5528 Dec 1972 1,35

-0.051.701. 7529 Dec 1972

0.001.951.95

-0. 051.9095

-0. 151,551,707 Jan 1973

"Location of recorder: Ala Wai Canal

17

30 Dec 1972

6 Jan 1973

  D i I I in@horn Ca I  »�ar !
Ti i, I H iqht  Ft'I

 St  ven ' s Water
L  ve I Re .order� ' !
Tidal Heiqht  Ft!



TASLe 8, UNDE,MENTAL SEICHE PERIODS IN THE ALA WAI CANAL

Dn fe

30 0. 23

30 0. 25

25 0,18

24 0. 38

23 0. 30

27 G. 23

23 0. 23

26 0-35

0. 25

26 0. 23

0. 18

27 0. 20

28 0,18

26 0. 22

23 0. 15

26 0.22

26

0. 18

26 0. 18

26

8 Dec 1972

Dec 1972

12 Dec 1972

I 3 Dec 1972

14 Dec 1972

18 Dec 1972

19 Dec 1972

20 Dec 1972

."1 Dec !97.'

22 Dec 1972

24 Dec 1972

25 Dec 1972

26 Dec 1972

27 Dec 1972

28 Dec 1972

29 Dec 1972

30 Dec 1972

5 Jan 1973

6 Jan 1973

7 Jan 1973

AVERAGE

geiche Period Maximum Seiche
 min! Heigh  Ift!



Canal Feeder 8oat Requirements

The canal feeder boat as proposed is
and 3 ft draft and has a normal operating
It can carry 40 passengers and requires a
waterline of 9 ft and costs about $60,000

34 ft long with a 12 ft beam
speed of 20 knots  Fig«rc 5}.
minimum "headroom" from a
 DhUM, 1972! .

EXISTING BUS OPERATIONAL SCHEDUI.E FOR HAhrrAI I KAI

a. Peak hours:
�! 11 min  design}

b. Offpeak hours:
�! 20 rain
�} 33 min
�! 40 min

1.910.4

2.0
3.9

10.2

11.3
21.6
56.7

18.0100,0

The vehicle requirement is dependent upon thc total length of the
local route and the time for boarding and disembarking. Ra~ed on the bus
information as shown above, determination was made of requirement» for
canal feeder boats operating at a normal speed of 20 hnot» over four
route» as shown on pape 21.

19

Feeder boat service on the canal can be considered as a supplementary
or complementary system  as recommended by DhVM, 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 on likely patronage. Ho~ever, 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: 00 p.m., i. e., 18 hours, and is distributed as follows:
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LOCAL ROUTE SYSTEMS FOR ThIE OCEANIC EXPRESS SYSTEM

II;!w;11 1 h;1 ! !,O~O! [RO!l t C

1, HOL! te SeheClul c

Arri va! ;i reute
Stat 1011 l }' jntc''I ime

<!: OO
9: 

e!: 11

L!;  ! 3
9  !<!
<!. I4

 Hot!nd I rip: 28

Lchic!c Req!!it'cmcnt

Minin!t!nt Number of
Vch ic lcm Required
!or � Wuy Traffic

rindle ~nf 0 !cree!en !ger;! t IL!n;! I lntcrV;1 !
Ho!!ra

Peak ho!!rs.

 I! 6 min  design!
 '! l l min

I I. 3
21.6
56.7

I  ! ! . �

talc sar tureArri val
'I'i mcStation Txn!<

 Round Trip: 36 tt!in!

2. Vehicle Requirement

hlir! i tnt Nuz!ber o f
Vehie:les Required

2-lt!ay Traffic
erational Interval

a. Peak hours:

  I! 6 min  des ign!
�! 11 min 1.910.4

2,0
3 9

10.2

11. 3
21. 6
56. 7

2 2 1
18. 0100. 0

21

A II;!w;! 1 i Ka i ShOpping  ' enter
!!',! i I u;1 St rect br i dge

0 M;!niniholo Street I>ridge
 .  !P !h !h;!o I'l	cc

0 f f pe;1 k hours:
  I! 20 min
�! 33 min
  3! 4 ! min

I I . Ala !!';! i/hI !noa-I'a lolo Loca I

I . I outc Sch c du! e

A hfagi c Island
8 Ka lahaua Avenue bridge
C Lewers St rect
D Waikiki � Kapahulu Libr;!ry
L' Date Street bridge
F University of Hawaii

b. Offpeak hours:
 I! 20 min
�! 33 min
�! 40 min

9:02
9�55
9: 095
9:15
9:IR

9:OO
9:04
9: 075
9:12
9 Z7



1. Route Schedule

Arrivastation
Time

 Round Tri p; 76 min!

Minimum Number of
Vehic les Requi red
for 2 Ka Traffic

Time of 0 eration0 erat iona ! Interval
flour»n e

10
10.4

b. Offpetak hours:
�! 20 mi n
{2! 33 min
�! 40 min

1 l. 3
21.6
56.

2,0
I'J

1 !.2

l00.0 18.0

1 V. Kaha la t oca 1

1. Route Schedule

Arrival ~f!c !art ure
Time

9:00

Station
Time

9:02

Minimum Number of
Vehicles Requi red
for 2-Nav Tral'fic

ionD~eratiena I Interval
flour»

10.4 1.9

11,3
21.6
56. 7

2.0
3.9

10.2

100. 0 18.0

II I. Moatfalua-Ka aI~ Nuuanu f oo {Route 4!

A Ki kow a e rLa Bridge {Noa na 1 ua }
B Kamehameha Bridge  ffoanal ua!
C Honolulu Internat iona 1 Ai rport

Keeh i fvfa r ina
E Kapa lama Mj li tary Reservation
F Nimitz Highway bridge  Kapalama!
G H- 1 bridge { Kapa 1 arne !
F Nimitz Highway bridge  Kapalama!
H Aloha Tower
I Nimitz ffighway bridge {Nuuanu!

Foster. Botanical Garden

2. Vch ic le Itequircmcnt

a. Peak hour»;

�! 6 min {design!
�! 11 mi n

A Wai al ae >each Park
8 Kahala Mal 1 Shopping Cent,er

2. Vehicle Rcqui rcmcnt

a. Peak hours:

�! 6 min {dcs,'gn!
{2! 11 min

b . Of fpe@k hours:
{1! 20 lniB
{2! 33 !nz A
{3! 40 mit!

9:02
9:06
9:10
9: 14
9:16
9:20
9:24
9:31

9;38

I ~De arture
Time

9 00
9:04
9:08
9:12
9: 16

9 18
9:22
9:26
9:33
9:36



fl~eIclore, '1 canal feeder boats are required to provide n
-ervices over the four route» which, when added ta 10 percent o

»inure», 'inc. n total ot 3 hnat» in the fleet. As the demo
olieratianal time interval ml!' be shortened. Iiowever, these

should be designed to operate at a peak 6-min i»terval for each
though this peak interval could be as low as 11 min, similar to
the bus. Nevertheless, a more rigorous ana.lysis of the vehicle
is needed.

ecessary
two boats

lncteR<e»
boats

route even
that for
requi rements

PREI IMINARY COST ESTIMATES

'1'hc preliminary cost estimate for the four inland waterway routes are
shown in Table 9. The estimated grand total for the four routes is as
fol low»;

1980 Do 1 lars1972 Dollars

11,549,000
10,941,000
45,620,000
57, 190,000

Hawaii Kai
Kaha la
Ala Wai
Moanalua-Kapalama

11,315,000
9,444,000

42,658,000
53,234,000

125,300,000116, 651, 000TOTAL

SUGARY AND TENTATIVE CONCLUSIONS

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 wa.ter
subsystem.

As far as engineering feasibility is concerned, there are no major
problems expected in operating such a marine feeder system. There wi ll

Four local route systems of the inland wnterways subsystem for thc
Oceanic. Fxprcss System were studied, Inc lude<1 werc Hawaii Kai, Kahala,
Ala Wai, and Moanalua-Kapolama-Nuuanu routes. A total of 23 cana 1 feeder
boats will be the minimum number required to serve the four local routes.
The total capital cost for the feeder boats, terminals, stop stations,
initial dredging, maintenance facility, 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 $95 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 boats.



TABLE 9. PRELIMINARY COST ESTIMATES OF THE PROPOSED
INLAND WATERWAYS FEEDER BOAT SYSTEM

TotalSub tota'I 198ot1972 s

A. INITIAL CAPITAL COSTS:
I. Feeder Boats.

�3 81 $60,000! 5 I 38~0000
S 1,380,000Subtotal I $1,380,000

2. Terminals;
 8,200 sq ft Iv S4.40!
�,500 sq ft e $4.40!

�5,000 sq ft e $4.40!
�0,000 sq ft. e $4.40i
�,900 sq ft L6 $4.40!
�,9OO sq ft e $4.4O!
�,900 sq ft e $4,40!

Subtotal 2 S 231,0005 231,000
3. Stations  shelters!t

� e $5,000!
 I e $5.000!
� e SS.ooo!
 8 Is $5,000!

Hawaii Kal
Kabala
Ala tiai
Hoanalua-Kapalama-Huuanu

$85,0005 85,000Subtotal 3
4. Halntenance Facllltles3

sq Ft!�6,000 6
5 200,000Subtotal 5 200,000

5 Initial Dredging  canal deepening and widening!

�00,000 cu yd
�12,000 cu yd
�5,000 cu yd
�2,000 cu yd
�0,000 cu yd
�1,DOO cu yd

Hawai i Kai
Kabala  tlaialae Nui!
Ala Wai Canal
Hanoa-Palolo
Nuuanu
Kapal ae1a
Hoanalua

$2,450,0005 2,450,000Subtotal 5
6. Reconstruction of Bridges and Approach Roads:

~Aroach Road/~8rl d e
0Hawai I Kai

Kabala
�,200 sq ft e $30! 5 96,000 5 16,000Kahala Beach Park

Ala gal Canal
5 48,000
5 32,000
$3 8

�6,500 sq ft 8 $30!
�3,500 sq ft e $30!
�7,600 sq ft e $30!

Ala Hoana Boulevard
Kalakaua Avenue
HcCully Street

Nanoa-Pal olo
Date Street 180,000�,000 sq ft e $30!

Huuanu
e $30!
e $30!
e $30!
e $30!
e $30!

5 272.000

�6,500 sq ft e $30!
�,050 sq ft e $30!
 8,8OO sq ft e $30!

64,000
5 64,000
5 64 000

$49 5,000
182,000
64

5 941,000 5 192,000

5 64,ooo
5 16,000
5 128,ooo
$6 W8
5 224,000

 S 848,OOO!. . S 6,222,000

Hoana I ua$f
$ 240,000
5 120,000

480,000
5 . 120 000
5 960,000

 $ 5,374.000!Subtotal 6
7. Rip-rap  canal!:

5 .113,000
5 150,000
$38

Kahala  tfalalae Hul!
Hanoa-Palolo
Hoanalua

�',500 ft
�0,000 ft
 9,200 Ft

e Sls!
e $15!
e $15!

$401,000subtotal 7 5 401,000

stoat of Feeder Bu*t Systeel if const/u<tlon begin~ in 1972.
tCost of Feeder Boat System if construction begins in 1980,
sonit cost for dredging In Ala Nai Canal was SS/cu yd ln 1964 and the cost will be increased by SZ per year', therefore, 1972 cost 86i II be 57/cu yd.
The un/t cost of $1.5/cu yd by Daniel, Harm, John~on and Hendenhall uf Hawaii  Lulegian S Associates!, 1972. seems to be very low.

FDan i et, Harm, Johnsun and Hendenhail of Hawaii   19 72! .

24

Ha~ail Kai
Kabala
Ala Wai
Hanoa-Palolo
Nuuanu
Kapalama
Hoanalua

Nilsitz
King
Hotel
Beretanla
Kukui

~Ka slams
Hlmitz Highway
N1$3lltz R.R,
Dil llngham

Nimi tz
Hokumoa
H-I
Klkowaena

�S.SOO
 8,ooo
 S,2SO
�,00O
�, 18o

sq ft
sq ft
sq ft
sq ft
sq tt

 none!
e $78!
e $71!
e $71!
e $71!
e $71!
e 5'71!

5 36,000
5 19,000
5 66,000
5 44,000
5 22,000
5 22,000
5 22 000

5 iS,OOO
$ 5,000
5 25,000
$4 8

$700,000
5 784,000
5 175,000
5 154 000
5 490,000
6- 43

5 495,000
$ 405,000
$8 8
$1,728,000

5 765,000
5 240,000
$ 158,000

120,000
$86

1,469,000

5 112,000

5 32,0DD

5 128,000
5 64,000
5 32,000
$32,000
$6



TotalSubtotal 1972n 1980f

Barrier Wal I  canal!
Ala Wai Canal  Lewers Street

to east end of canal,
mauka side! 240,000�0,000 ft P $4! 5

5 5 240,000240,000Subtotal 8
Land Acquisition  ter!ninals, new canal!:

Hawaii Kai  lease!  8,200 sq Ft I! $15! 5 123,0DO
Kaha1 a  Wai alee Nui 5treanh

Golf Course land!
�2S,ODO sq ft P $6! S 1,350,000

�,500 sq ft in $6! $ 27,000
Canal
Terminal

$300,000
5 130,000
5 84,0DO
5 74,000
~$74 000
5 2, 162,000

Ala Wai Canal
Hanna-Palolo
Nuuanu
~Ka sigma
Hoanalua

5 2,162,000Subtotal 9
10. Contingency;

Cont!ngency �52! 5 2 000 000
5 2,000,000 5 2,000,000Subtotal 10

A!bein stratiun and Englneeringt
Administration and Engineering �32! r»u»

5 1,280,000Subtotal ll S 1,280,000

5 16,651,000 . . 5 23,300,000TOTAL INITIAL CAPITAL COSTS

B. ADDITIONAL CAPITAL AND REPLACEHEHT COSTS  over 30 year periud!!

5 5,000,000 . . 5 7,000,000TOTAL ADDITIONAL CAPITAL AND REPLACEHEHT COSTS

C, OPERATING AND HAIHTENAHCE COSTS:
1. Haintenance Dredging!

Vnit Cost
1972   82,000 !.u yJ/yr 8 S 1! 5 5 70,000/yr
1980  82,000 cu yJ/yr 4! 5 10! 5 820,000/yr
1995  82,000 cu yd/yr P SIB! 5 1,480,000/yr
2010  82,000 cu yd/yr 8 $22! 5 1,800,000/yr

S 1,150.UOO/yr  ave!
5 1,640,000/yr  eve!

1972
1980
199 5
2010

5 17,300,000  !S yvarSI
24 6DV !�0 �5 years!

 IS years! x $1,150,000/yr  ave!
�5 years! x $1,640,000/yr  ave!

5 41,9OO,VVU �0 years! 5 41,900,01�Subtut.el I
Ot.her Indirect Operating Costs:

Gerrera I 01 f i ce
Terminals  SB of Tenn!nels; item A.2.!
TrafFic  feeder Duets!
Personnel to Operate Feeder Boats �3 w SIS,OOO!

'5 IOV,UVU/rr
5 12,000/yr
5 210,000/yr !
5 345 OVV/~r

ee!,oUO/�r
Vol t Cus t

5 61 1,OOU/y r
5 935,000/yr
5 1,635,000/yr
5 2,860,000/yr

19/2
1980
1995
2010

5 1,28S,OUO/yr  eve!
5 2,247,500/yr  ave!

19 72
1980
1995
2010

5 19.!OO.OUO   IS years!
5 33 800 000 �5 years!

�5 years! « $1,285,000/yr  ave!
�5 year' s! x $2,241,500/yr  ave!

5 53 .100.000S Sj.loo,ooo  io years!Subtutel 2

TOIAL UPLKAIIHG AHO HAII!TLHAHCE CUSF'5

GHAHO TOTAL

5 95,000.000 . . 5 95,000,000

$116,651,000 . . $125,300,000

52,130
53,200
S!,130
51 400

*Fue I 4 Oi I
Engi in Hvintnnancn
lnsurai ce
Hull maintenance

$ f, lf»o «23 5210,00U/y< I /<nd! w > k I< ! h r v 'I

25

Hawai i Ka i
Kahala
Ala Wai
Nuuanu
Kapaiama
Hoanalua

�5,000 sq ft L» $20!
�0,000 sq ft 'v! $13!
�,900 sq Ft 4! $17!
�,900 sq ft P $15!
�,900 s I ft 4! SIS!

�,000 tons/yr!
�,000 tons/yrl

� 7,630 tons/y r!
�1,900 tuns/yr!
�,450 tons/yr!
!r
65,980 to»I'v/yr

�,2oo
�.2oo

�4,400
�2,300
�. 1oo

~6200
82,000

cu yd/yr!
cu yd/yr!
cu yJ/yr!
cu yd/yr!
cu yJ/yr!
Cu yd~/rj
cu yJ/yr
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no maj«widening of the four existing channels except for the K~"ala
route. The channels will be adequate in providing two-way tref<>c- For
feeder boats having 12-ft beams; however, all channels must be d«pened
tp a min ialum wa te r depth of 6 ft in order to provi de necessary p mss ag
feeder boats of S-Ft draft. The reconstruction of the bridges ~d approach
roads wi 11 cause some adverse effects including temporary interrtjPt>on «
local traffic or environmental impact on local conditions.

1t is tentatively concluded that the construction, operatio~ ~
maintenance of the four selected waterways seem to be technically «»ible~
gut their economic Feasibility cannot be determined until the erat're
Oceanic Express System is thoroughly analyzed.

The Ala Wai route is considered to have the best potential <or being
converted into a waterway for navigational purposes. The Nuuanu Channel
is relatively short but will involve reconstruction of five bx'images'
therefore, a more careful study is required to determine its feasi»»ty
as a waterway.
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Runoff Hydr ographs at Ala Wai Canal





GENERAL PROCEOljRE FOR PREPARING RUNOFF NYOROGRAPHS
AT ALA WAI CANAL

A synthesis method was used to compute the runoff hydrographs for
design flood and normal flood conditions based on rainfall and watershed
characteri stics in the area of interest, i. e,, Manoa- Palolo drainage area.
Detailed procedures are described by the U.S. Soil Conservation Service
�972! . Since watersheds in Hawaii are mostly small, there will hc no
real adjustment of rainfall amount to be used for hydrograph computations.
Also, the time of concentration is very short--from 0.6 to 1.0 hours,
which is much loss than six hours--therefore, there will also be no
duration adjustment of rainfall amount. Further, since the cli matic index,
Ci [Ci = �00 Pa!/ Ta! where Ci is the climatic index, Pa is the average
precipitation in inches, Ta is the average annual temperature in 'I'] in
the Mano»-Palolo drainage area is about 2,5 which is greater than I;
therefore, there will be no channel !oss to be accounted for computing the
direct runoff from rainfall. The average annual precipitation in the area
is 150 inches per year and the average annual temperature is iS'F.

The runoff is determined as follows:

1. Determine the runoff curve number  CN!. The runoff curve number
is related to the land use characteristics, soil classificatio»,
and antecedent moisture condition in the drainage area in quest io».
The land use classes are determined from the "Forest Map" prepared
by the U.S, Forest Service  Figure Al!. Code numbers arc given
sho~ing land use class, forest type, and density/stand si =t class
in each subdivided area. Based on the Forest Map and its legend,
a description of the forest type of the Manoa-Palolo watershed is
listed in Table Al, The soil description of the Manoa-Pa lolo «rea
is obtained from thc soil map prepared hy the U,S. Soil Conserva-
tion Service, Hawaii. Using the map and its legend, thc soi l
descriptio~ for each sub-area was obtained as listed in Table
Kith the information on soil classification and land use charac-
teristics, the runoff curve number for each sub-area can hc
determined. Following this, a weighted runoff curve number can
be easil> determined. In the case of the Manoa-Palolo Drainage
Basin, the runoff curve number is 84 as shown in Table A2.
Similarly, the CN for other drainage areas of proposed inland
waterways can be determined accordingly. Note that the l'4 i s lor
antecedent moisture condition Il  AMC-II!.

2. Determine the time of concentration, T . The time of concentrat ion
may be determined by the following formula

11.9 L-
Tc= 

where T is the time of concentration in hours,
cL is the length of the watershed in miles, and

H is the watershed height in feet.
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l.and rise
 Fnrest Hap!

Code

Density/Stand Area
Site Class  sq mi!Forest TypeLand Lrse Class

O. 26
D. 70
D.25

0.08
O. 19
0. 05

0. 08
D. D9

22-85
H ao I e- koa- G uava-
Lantana Type  shrub
types!

'Non- Comme rc i a I

» -85-66
HonstockedHaole-koa-Guava-

Lantana Type  shrub
types!

Commercial Forest

I i-82-26
Semldense,
Ilonstocked

Oh il a- kon TypeCnmmeri ca 1 Fores t

Open, Honstocked 0.21
Open Honstocked 0.7511-82- 36

I I � 82- 36/
2 I - 82- 36

Ohia-koa Type

Dhia-koa Type
C oimire rc I a 1 Fo res t

Consnerci el Forest and
Reserved Comraercial D.D4Eucalyptus, planted Dense, heavy saw

timber standCommercial Forest11-21-12 Fore~t
5 48 sq mi

0.66 60'Dhia-koa Type
22-82 rien-Commercial

0.09HonstockedHerbaceous Type
 grass, herbs, etc,!11- 87- 66/

2 i-87-66
Consne rc i * I and
Reserved Consner ci el O. 05HonstockedPandana, 5 isa 1,

Palms or Bamboo11-88 -66 Comme rcl el

0.09Hardwoods  b r ushbo a!
Conifer Species

Dense, heavy saw
timber standC nnsne r c I a I11- 2 3-12/

I I- 24- 12 Open, Honstocked 0.34Kukul Trees
I I - 81- 36/
21- 81- 36

Corrsrrerc ia1 and
Reserved Conrnercia'I

Open, Nonstocked 0.13Ohia-koa Type

Ohia-koa Type
Reserved Conmerr lal

Rase rve d Commercial
21- 82- 36

ii-82-26
0- 35Semi dense, Hon-

stocked
0.27Semidense, Hon-

stocked
Kukui Trees

11- 61- 26 Cnnsnerc i a I

0.06

0. 10
Honolulu
3,87 sq mi
40%

3. 69

36

31

Harsh Land
Cu'I t i vated and Inten-
sively Pastured Area

Hous,ing  Lrrban-
Industrial Areas!

3D 9 35

35

TABLE Al . FOREST TYPE OF MANOA-PALOLO WATERSHED



TABLE A2. c'rP[L TYPE OF HANOA-PALOLO WATEPSNED

0.26 rRK Rock Land
0,70 r RK. Rock Land
0.25 rRK Rock Land
0.08 rRK Rock Land

79 Waods, fa I r
79 Woo ds, f a i r
79 Woods fair
79 Woods, fair

lot

1579 Woods, f a 'I r

73 Woods, fair

LOF' l.olekaa Si I ty
Clay, 40 70% slope
M 0/PI 0 Banana/Polmoa
Sit ty Clay, 5-202
S lope

0.19
3.6

0.05

79 goods, fair 6

60 Woods, fair 9 4

0.08 LOF Lolekaa Si I ty
Clay, 40- 702 slaps
LOC Lolekaa S I lty
Clay, 8- 152; slope

0.09

45 Woods, poor 9,5
83 'Wonds, poor 62. 3

0.2'I TAE

0. 75 LOF Lolelraa and
rRK 5 I 1 ty C'Iay and
Rock Lend, 40-70'2
s I ope

2.255 Woods, quod
0. 04 LOC Lolekaa Silty

Clay, 8-154 s lope
7g Woods, fair 61.6
7'3 Woods fai r 52 I
84 Pastuie fair 7 5

0. 78
0. 66

rRK Rock Land
rRK Rack I and

0. Og LOF Lol ekaa Si I ty
Clay. 40- 704 s lope

83 Woods, poor 4,2
74 Pasture good 6 7

rRK Rork Land0.05

0.09 M 0 Hanane Silty
C  ay, 1 5- 252 s lope
r RK Roc k L and

83 Woods, poor 29.2
0. 34

38 079 Woods fair
0. 13 iRK Rock Land
0 35 29. 2

68 Pes tare, poor 12.2
rRK Rock Land0.27
rAAE Alakel Mucky
Peat, 0- 302 s'lope
LDB I.ol ekaa Si I ty
C lay, 3- 82 s lope
TCC, Mlrt Tantalus
Clay. Isaklki Clay
Loam, 8-15'4 slope
L aA L UA L ah a i n'a
S I It y C I ay, Lua1 ua-
lei Clay, 0-32 slope

0,08

92 Hard Surface 339 0
0, 10

3. 69

 paved! X
786.0
Say 847~'- �.; - 84, isq mi
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llsiiig tile iioiaograPIi iFigiire A2!, the Tc for tlie hlanoii-Palolo
w.itershed  L = 20,000 ft; II = 2.435 ft! is approximately 0.6.
From consultations with the U.S. Soil Conservation Service
 liliiting. 1972!, Tc = I hour w;is sel cote<I for the hydrogr:iph
c oinl» i 1;i t: o ii s,

Qbt;iiii the mea» monthly rainfal I at Manoa-Vaiolo watershed
from "Climates of the States - Ilawaii," bv Blumenstock �961!
as shown in Figure A3 and Table A3. Ilowever, rainfall dur;ition
w;is not giveri by Blumcristock I'ortunatcly, such information
can he estimated from thc "Rainfall-Frequenc> Atlas of tlie
tlawaiian Islands," Technical I'aper No. 43, U.S. National Weather
Service �96 ! . Accordingly, a rainfall-duration curve was
prepared for a one-year storm duration for the Manoa-Palolo
watershed  Fi gurc A4! . Similar curves for other areas can be
developed from the atlas. Following this, the frequency of tlie
storm must be determined. It is assumed that 50 percent of the
monthly rainfalls would generate significant direct runoff.
Then, the U, S. Geological Survey ' s sur face water records for
the 1969 water year at the Manoa-Palolo gaging stations were
used to determine thc number of floods which would coiit ribute
50 percent to the total discharge in each month. With this
information, the average rainfall can be determined as sh<i»n in
Table A3. The duration for each rainfal I can be determined
from Figure A4, It must be noted that this method is preliminary
pending further study but it is considered reasonable for this
study. Of course, one may dispute that the water year may »ot
be representative. At least, it is the most recent informatio~
currently availablc to the authors. To study the effect of the
desi gn storms, the four conditions in Table A4 werc selected for
study.

4. I!etermine the direct runoff Q from thc rainfall information arid
runoff curve number as known,  Use Figures A5 and A6.!

5. Compute hydrograph using thc worksheet of' the U.S. Soil Conserva-
tion Service:

a. Compute the initial value of Tp = 0. 7 Tc where Tp is time to
peak discharge.

b. Determine the duration of excess rainfall, To, for given
rainfa.ll and runoff curve number  Figure A7 and Tables A5
and A6!.

c. Determine the hydrograph family from known rainfall and CN
 Figure Ag!.

d. Compute the To/Tp ratio.
e. Select a revised T /T ratio which are shown in the dimensio»-

0 pless hydrograph tabulations by U,S. Soil Conservatio~ Service
�972!--their Table 21.16 and Table 21.17.

f Compute revised Tp =  To!/ To/Tp! rev.
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Compute qp = �S4 A!/rev. Tp,
ComPute Qob =  Q!  Pp!,
Compute the times for which hydrograph rates will he computed.

t =   t/Tp!  re v. 'I'p !
t/Tp is given in Table 21.17  SCS, 19.2!

i, Compute the hydrograph rates q =  <~c/qz!Qq» in which qc/q»may be obtained from Table 21.1; for the sclectcL! hydro raph
family.Based on the procedure described above, the results of hydrographcomputations are shown in Tables A7 to A18. They are also plotted

in Figures 2a to Ze.
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Figure A2. Namograph for determination of time of concentration.
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MONTH

Figure A3. Mean monthly rainfall at Hanoa-Palolo Stream watershed.

 Based on the averages of mean monthly raifnfalls for
Stations ¹7I8 Palolo Valley and 4716 Manoa Tunnel 2
for period 'i93'i through 1955, Biumensto|:k, 1961.!
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TABLE A3. MEAN PREC I PI TAT ION   INCHES! ESTIMATED
FOR EACH STORH DURING EACH MONTH

Manoa Tunnel p iolo Valle 504 Signi f- Rain-
 Eleva- ~ 18 " Ave. Rain- leant* fai I t ion *

t ion 605 ft! f a I I  day s !   I n!  hr!

136.2

10. 9

11. 1

Annua I

Jan

Feb

13.2

12.8

12.6

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

¹Based on the "Mater Resources Data for Hawaii and Other Pacific Areas,

¹¹Obtalned from Figure A4 corresponding to the average rainfalI estf I ma ted.

TABLE A4. CONDITIONS OF DESIGN STORMS

Rainfall  In!Duration  hr!F requen cy

10
�! 100-year  T = I hr!

c

�! 100-year  T 1 hr!
c

�! 100-year  T - I hr!
c

�! 100-year  T ~ 0.6 hr!
c

9.7

12.1

12.5

IO. 4

i0.8

12.9

135.6

11.1

11.6

12 .9

12.6

11.8

9.1

10.9

11.2

8.8

10.9

11.3

13.6

11.0 5.5

11.4 5.7

6.6

12.7 6.4

12.2 6. 1

9.4 4.7

11.5 5.8

Ii .9 6 .0

9,1 4.6

10.7 5.4

11.1 5.6

13.3 6.7

I/2

1,4 I/2

3.3 6

1 3 I/2

6 08 1/2

1 .2 I /2

6 1 0 1/2

ll 05

3

1.8 2

24

3 22 3



E L 0

4!
C 0

0

K

CI

Q

Vl
4

O

42

 Ui! 1lvsh~ve

C 0 lg
0 I
LJ

C V O Q

Cg
L
tg

L E lg
Q

0 0 tg
CL
lg
0 L
lg



4l

0

0
C I
4
0
C
0

LI
C

V Q L

c III
34J
4I

CV

OJ

4I
V1
L
0

Ill

III

0



I E C
IJJ

V
II-
II-

0 C I
II-
0

C 0 C

IQ
II C

IIJ

0 C L

V L.

C IJJ
IJJ

IJJ

C 0
4J

4J
IX

IJJ
IEJ

L.
IJI

I/92

C 0
4J
llJ

l IJJ
I/IC 0 0

Vl



40

35

30

25

IO

0
0

figure Aj. Duration of excess rainfalI as a function of rainfa11
runoff c ur ve number.

20

u

ct
15

2 3 4 5
DURATION OF EXCESS RAINFALL  hr! � To



TABLE A5. RAINFALl PRIOR TO EXCESS RAINFALL  P !
VS RUNOFF CURVE NUMBER  CN!

PJ P J P P' P ".CN  . ! CN . CN  . ! CN  , ! CN

.86 56 1.57 42 2.7698 .04 84 .38 70

97 .06 83 .41 69 .90 55 1.64 41 2.88
96 .08 82 .44 68 .94 54 1 70 40 3 00
95 .11 81 .47 67 .98 53 1.77 39 3.12
94 .13 80 .50 66 1.03 52 1.85 38 3.26
93 .15 79 .53 65 1.08 51 1 92 37 3 40
92 .17 78 .56 64 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 2.16 34 3.88
89 .25 75 .67 61 1.28 -47 2.26 33 4.06
88 .27 74 .70 60 1. 33 46 2. 34 32 4.24
87 .30 73 . 74 59 1.39 45 2.44 31 4.44

 U.S, Soil Conservation Service, 1972!

For Runof f Curve Number  CN! of 84 for the Manoa-palo io
Stream, the Rainfall prior the Excess Rainfal I is 0.38.
The Rainfall Ratio P"/P can be then computed for use in
Table A6.

E xamp 1 e:
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100 0 00 86 0 33 72 0 78 58 1.45 44 2 54
99 .02 85 .35 71 .82 57 1.51 43 2.64



To/'STORM DURST I ONTABLE A6, P /P VSRAINFALL RATIO TIME RATIO

Rain-
fa1 'I

Ratio

Ra in-

fall

Ratio

Rain-

fa11

Rat io

Rain-

fa11

Ratio

T ime

Rat io
Time

Ratio
Time

Ratio
Time

Ratio

0.68<
0.682
0,680
0. 679
0.677

0. 675
0.673
0.672
0. 670
0,668

0.140
0.142

0.144

0,146

0.148

0.2}0

0. 212

0.214

0.216
0. 2'I 8

0.220

0.222

0.224
0.226

0.228

0.150
0.152

O. 154
0.156
O. 158

0.160
0.162

0.164
0.166
0.168

0.170
0.172
0.174
0.176
0.178

O. 180
0. 182
0. 184
0.186

0.188

increment.!

0.662
0.651
0.640
0.628
0.617

0.606
0.595
0.583
0.542
0.500

0.447
0.386
0. 310
0.220

0. 116

0. 250
0. 300

0- 350
0.400
0.450

0.500

0.550
0.600

0.650
0.700

0. 750
0. 800
0. 850
0.900

0.950

0.190
0. 192

Q. 194
0.196
0. 198

0. 200

0.202

0.204

0.206

0.208

Conservation Service, 1972! U.S. Soii

 Storm Duration!T =  Time Rate!

0.000

0.002

0.004

0.006
0.004

0.010

0.012

0.014
0.016
0.0]8

0.020

0.022

0.024

O. 026

0,028

0,030
0.032
0.034
O.036
0. 03i~>

0.040

0.042
0.044

0.046

0.048

0.050
0.052
0.054
0.056
0.058

0.060

0 062

0.064
0.066
0.068

1.000

0.995
0 990
0-985
0.9" 1

0. 976
0. 971
0.967
0.962
0 957

0.952
0.948
0 943
0,938
0 933

0.929
0.924
0.919
0.915
0.911

0.908
0 904
0.900
0. 896
0. 893

0. 889
0. 885
0.882
0.878
0.874

0.870
0. 867
0.863
0.859
0.856

0.070

0.072
0.074
0.076
0.078

0.080

0.082
0.084
0. 086

0.088

0.090
0.092

0,094
0.096
0.098

0. 100

0.}02

0.104
0. 106

0.108

O. 110

0.1] 2

0. 114
0. 116

0. 118

0. 120

0. 122

0.124
0. 126

O. 128

0,130
O. 132
0. 134
0. 136
0.138

0. 852
0.848
0.844
0.841

0.837

0 833
O. 830
0.827
0.824
0.821

0.818
0.815
0.812
0. 809
O. 806

0. 803
0. 800

0 797
0. 7a4
0. 791

0.7P8
0.785
0.782
0-779
0.776

0 773
0 770
0.767
0.764
C.761

0.758
0 755
0,751
0.749
0 747

0. 746
O. 744
0 742
O.740
0 739

o 737
0 735
o- 733
o 732
0. 730

0. 728
0. 726
0. 724
0. 723
0. 721

O. 719
0 717
O. 716
0. 714
0.7}2

0. 710
0.709
0 707
0.705
O. 703

O. 702
0. 700

0.698
0.696
0.695

0.693
0, 691
0.689
0.687
0.686

O. 230 0. 667
0.232 0.666
0.234 0.666
0.236 0.665
0.238 0.665

0.240 0.664
 Change in

tabu1ation
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Appendix 8. Bathymetric Survey Results
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Profi les of Ala Wai Canal  Lewers Street to Ainakea Way!
Hovember 25, 1972
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Cross Sections of Ala Wai Canal
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Profi les of Nanoa-Palolo Drainage Canal
November 25, 1972
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Prof i les of Kapaiama Stream Upstream  Hauka! of Siuioe Gate
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Figure 84. Bathymetric Survey Resui ts of Kapaiama Stream
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Cross Sections of Kapa la  !a Stream
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Prof i le of Kapalama Stream Downstream  Hakai! of Sluice Gate
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Cross Sect i or!s of Kapa 1 ama St ream
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