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normal dry period.
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I. INTRODUCTION

1. AUTHORIZATION

This report has been prepared by the Corps of Engineers at 
the request of the State of Hawaii Board of Land and Natural 
Resources. Section 206, Public Law 86-6A5 (Flood Control Act of 
i960), grants authority to the Secretary of the Army, through the 
Chief of Engineers, to gather and distribute information concerning 
past floods and flood hazards in flood-prone areas. The Hawaii 
Board of Land and Natural Resources and the Chief of Engineers 
have reviewed and approved the release of this report.

2. PURPOSE OF THE STUDY

Purposes of the study are:

a. To provide information on hazards to life and property in 
the Waialua, Wawaia, Kamalo and Kawela flood plain areas caused by 
stream overflow flooding and by tsunami.

b. To provide a basis for local planning decisions.

c. To reduce future expenditures of the Federal and local 
governments in protecting developments that may be constructed in 
the flood plain in the absence of regulations or knowledge of 
potential hazards.

3. USE OF REPORT

The main portion of this report outlines flood problems and 
presents general guidelines to reduce present and future flood losses. 
This portion of the report is primarily intended for use by existing 
and prospective local land owners and residents, as well as 
developers, investors, realtors, governmental bodies and others 
with interest in the area. The technical appendix is included 
primarily for reviewing authorities as well as engineers or others 
who may find this information usable in designing or planning 
future improvements for these East Molokai flood plain areas.

This report is not intended to extend any Federal control or 
jurisdiction in flood plain planning or regulation. In addition, 
it in no way obligates the Federal Government to further investi
gating, planning, designing, constructing, operating or maintaining 
any facilities discussed unless such action is authorized by the 
Congress.
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The Board of Land and Natural Resources was designated as the 
coordinating agency for the State of Hawaii by Act 3̂+j Session Laws 
of Hawaii, 19 6 1. This Act was amended by Act 1^8 in 1963. This 
agency will distribute copies of the report to interested parties 
and individuals upon request.

k. ACKNOWLEDGMENTS

The cooperation of the following agencies and individuals for 
their help in compiling this report is gratefully acknowledged:

Department of Agriculture - Soil Conservation Service 
Department of Commerce - U. S. Weather Bureau 
Department of Interior - Fish and Wildlife Service

- U. S. Geological Survey
- National Park Service

State of Hawaii - Department of Land and Natural Resources
- Department of Transportation
- University of Hawaii 

County of Maui, Hawaii
Newspapers - "Honolulu Star-Bulletin"

- '’Honolulu Advertiser 
■ - "Maui, News"

Residents of the Waialua, Wawaia, Kamalo and Kawela areas
II. FLOOD HISTORY

5. GENERAL

The flood problems of the four East Molokai areas are confined 
to the flat plains adjacent to the watercourses. The study areas 
are on the southern side of the eastern half of the Island of 
Molokai, as shown on plate 1.

The region is composed of wide coastal plains with steep slopes 
in the higher elevations. The residential areas are only along the 
coastal highway.

The westernmost study area is the Kawela flood plain where 
Kawela Gulch drains an area of 5.̂ -1 square miles. The gulch is 
dry a great percentage of the time. The Valley's maximum elevation 
is ^,535 feet above mean sea level and lies in the Molokai Forest 
Reserve. The valley floor at the mouth of Kawela Gulch is about
2,000 feet wide and covers about 90 acres below the 50-foot contour.

Kamalo and Wawaia drainage basins are adjacent areas whose 
total drainage area is 6.9О square miles. Kamalo Gulch has an area 
of k.02 square miles and Wawaia Gulch covers 2.88 square miles. The 
two watercourses, like Kawela Gulch, are dry most of the time. The 
maximum elevation is ^,970 feet above mean sea level at Kamakou, 
the highest point on the Island of Molokai. The valley floor at 
the mouth is about 1 .5 miles wide and has about 370 acres below 
the 50-foot contour.
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Waialua Stream has a drainage area of 2.55 square miles and 
is at the eastern end of the island. It is the only perennial 
stream on the leeward slopes of East Molokai. The maximum 
elevation in the headwaters is 3?^60 feet above mean sea level.
The valley floor at the mouth is about 2,000 feet wide and has 
about 50 acres below the 50-foot contour.

The combined study areas total about 510 acres below the 
50-foot contour. Present land use consists primarily of scattered 
residences, truck farming, taro farming and grazing on both sides 
of the coastal highway in the flood plains. Figures 1-18 show 
various views of the flood plains and the watercourses that 
contribute to the flooding.

The i960 population of East Molokai was 2,200, with about 
300 people living in the four study areas.

6. RAINFALL

Rainfall records for 20 stations (plate l) throughout the 
East Molokai district show that the annual rainfall ranges from 
about 15 inches along the coast at Kaunakakai to 250 inches in the 
extreme headwaters of eastern windward streams. The average annual 
rainfall over the study areas are: Kawela - 50 inches; Kamalo-
Wawaia - 60 inches; and Waialua - 90 inches. In comparison, the 
wet windward area of Halawa has about 100 inches per year and the 
dry Kaunakakai area has 38 inches annually. Storm rainfall 
follows a pattern of short duration (3 to 6 hours) and high 
intensity.

7. FLOODS

The primary cause of damaging floods is overflow of the 
four watercourses - Waialua Stream, Wawaia Gulch, Kamalo Gulch and 
Kawela Gulch. However, some minor flooding of houses outside the 
limits of channel overflow is caused by overland sheet flow. One 
particular area is along the eastern limits of Waialua Valley where 
water flows rapidly down the steep hillside onto level areas and 
causes ponding. This water then drains slowly to the ocean because 
the flood plain drainage slopes are much less than the hillside 
slopes. Other areas of sheet flow flooding are on east Kawela 
and west Wawaia valleys where water rushes over cleared portions 
of the flood plains when heavy rain falls in a short period of time. 
Since there are no drainage ditches or channels to the ocean, 
the water spreads out over these areas as a "sheet" of water on 
its way to the ocean. During the past 1+ years, there were 
5 damaging storms in one or more of the many valleys situated 
between Kaunakakai and Waialua. This indicates that on the 
average, the East Molokai area is subjected every year to property 
damage and agriculture losses by floods. However, past floods 
have played havoc with statistics as shown by 9 of the floods
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having occurred during a U-month period, December I96U to April 
1965. An inspection of these areas would lead the observer to 
believe that there is no flood potential. The Kawela, Kamalo and 
Wawaia areas are dry about 90 per cent of the time. Several years 
may pass without a major rise in stream flow, and then a storm 
period may extend over several months, causing damage 3 or U times. 
The stream gage at Kaunakakai is an excellent example of the erratic 
forces of nature. Since December 19̂ +9? a continuous record of 
stream flow has been obtained at the gaging station which is 
1,9 miles above the mouth. During the period of record the highest 
flow of 3?ОбО c.f.s. occurred on 31 October I96I; 2 days later, a 
stage just 0.2 foot lower was reached. For the next 2 years, 
I963-6U, the highest flow was only k-30 c.f.s. Dry conditions 
prevailed until December 196 ,̂ when a flow of 1,790 c.f.s. occurred. 
This flow became the third highest of record. Two more small rises 
of MfO and 960 c.f.s. were caused by storms in February and March 
1965. It is interesting to note that these flows exceeded the 
highest peaks of the previous 2 years. Then on 13 April 1965 a 
storm hit the East Molokai area, causing a peak at the Kaunakakai 
gage of 2,550 c.f.s. - only 0.8 foot below the maximum flood of 
record, 3-1/2 years before. The intervening time was one of 
comparative drought conditions.

Newspaper records and the U. S. Weather Bureau's unpublished 
manuscript, "One Hundred Years of Hawaiian Weather," were used to 
obtain historical data on floods and rainfall in Molokai. The 
following excerpts describe past storms in and near the flood plain 
study areas.

November 19, 1897 - "Heavy rains and floods reported on
Molokai."

January 1, 1916 - "Man drowned when trying to cross stream
in Kualapuu Gulch, which had been 
converted into a raging torrent by the 
heavy rain."

July 13, 1923 - "Flood reported at Kamalo, Molokai."

November 195 1930 - "A cloudburst descended upon the
Island of Molokai late Tuesday, and 
the resulting floods swept away the 
pipelines connecting the water sources 
in the hills with Hoolehua and 
Kaunakakai. Also, much property was 
damaged."

May 1, 19^5 - "Unusually heavy rainfall occurred.
Molokai totals were three times the normal 
April rainfall. April was the first month 
since June 19^ that rainfall was above 
normal о"
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March 13, 1951 - "Very heavy rains and a large thunder
storm with severe turbulence over 
Molokai channel early in the afternoon. 
Strong gusty Kona winds southeast of 
Oahu and seas in exposed areas rough 
and choppy."

March lh, 1951 - "Torrential rains occurred late last
night and early this morning on Molokai. 
Rainfall at the airport measured 8.83 
inches."

December 21, 1955 - "Molokai had nearly 5 inches of
rainfall up to 9 o'clock last night; 
roads were seas of mud, but no 
serious damage had been reported."

May .1̂-, i960 - "Local flooding at Molokai airport - short 
duration intensities of 1-2 inches."

November 1, 1961 - "The rain-swollen Kamalo Stream on
Molokai claimed the life of a ranch 
manager when a station wagon was swept 
off an inundated bridge. Five 
employees riding with the manager 
managed to scramble out of the vehicle 
as it sank in six or seven feet of 
muddy water. The storm flooded homes 
on Molokai, washed out roads and 
drowned a half dozen cattle." The 
rainfall during a 2 -̂-hour period 
ranged from U to 8 inches over the 
area between Kaunakakai and Waialua.
A total of $10,000 in damages were 
sustained in the Kawela-Kamalo-Pukoo 
areas.

December 18-20, - Heavy rains caused flooding
throughout East Molokai. A total 
of $19,000 in damages was reported, 
with $3,000 in the Kawela area 
alone.

February 4, 1965 - This flood over the Waialua Stream
area was the worst in 31 years. It 
was 2 feet higher than the second 
highest flood in 1957. About 1.5 miles 
east of Waialua Stream the highway 
bridge over Honouliwai Stream was 
washed out by flood waters. It was 
reported that this flood was the worst
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in 70 years at Honouliwai Stream.
Three feet of mud covered the mature 
taro which was ready to harvest. A 
total of $36,000 in damages was 
reported, with $6,300 in the Waialua 
area alone.

April 13, I965 - "'Worst storm in 8l years,' states a 
resident of Kawela as 3 feet of water 
covered his property and came up to the 
first floor of his house." Total storm 
rainfall ranged from 5-5 to 9 inches with
1 .5  to I4-.5 inches falling in one hour. 
Damages amounting to $5,000 in the Kawela- 
Kamalo-Wawaia areas and $3,000 damage to 
the bridge in Waialua. Total storm 
damages estimated at over $10,000.

A study was made to determine the flood which would result from 
the most intense storm considered reasonably characteristic of the 
East Molokai region. This is called the "Standard Project Flood," 
by the U. S. Army Corps of Engineers. Flood routing studies show 
that the runoff from this storm would flood the land adjacent to 
Waialua Stream up to a maximum depth of U feet. If the area inun
dated by this rare flood, as shown on plate 2, were used in defining 
the limits of flood plain regulation so that structures and new 
improvements were above this elevation, flood damages would be 
reduced to a minimum. The other three areas would be similarly 
inundated as shown on plates 3~5« Wawaia and Kamalo areas would 
have maximum depths of 3 feet covering the flood plains. The Kawela 
area would be affected the worst by having a maximum of 5 feet of 
water over a portion of the flood plain area.

The areas affected by the "Standard Project Flood" and other 
lesser flood flows are shown on plates 2 through 5> and flood flow 
frequency data is listed in table 1. This information will serve 
as a guide line to determine flood plain areas in which a greater 
degree of flood risk may be permissible. Since floods are random 
in nature, frequency is only a prediction based on studies of past 
floods. The assignment of a 10-year frequency to a given stream 
flow does not mean that the flood will occur every 10 years.
Instead, it is an indication that the particular peak discharge, 
expressed in cubic feet per second or million gallons per day, will 
be exceeded on an average of about once in every 10 years. This 
means that during a long period of time, say 100 years, a .10-year 
flood will be exceeded about 10 times. Frequency estimates for the 
four flood plain areas were based on the frequency curve for 
Kaunakakai Gulch stream gaging station, which has been in operation 
since December 19̂ 9* Future flood information will improve the 
reliability of the data presented in table 1. The technical 
appendix contains the flood flow-frequency curves for the study 
areas.



Table 1. Flood Flow-Frequency Relationships

Waialua Stream (at mouth) 
Drainage area = 2.55 square miles

Recurrence 
interval 
in years

Peak flow in 
cubic feet per second

10
50

100
Standard Project 
Flood

1,^00
2,800
3,600
7,100

Remarks

Flood outline shown on plate 2
Flood outline shown on plate 2
Flood outline shown on plate 2
Flood outline shown on plate 2
Wo frequency assigned.

Wawaia Gulch (at mouth) 
Drainage area = 2.88 square miles

10 1,600
50 3,200

100 i+,100
Standard Project 8,200
Flood

Flood outline shown on plate 3
Flood outline shown on plate 3
Flood outline shown on plate 3
Flood outline shown on plate 3
Wo frequency assigned.

Kamalo Gulch (at mouth) 
Drainage area = k.02 square miles)

10
50

100
Standard Project 
Flood

2,200
k,koo
5,600

11,30 0

Flood outline shown on plate b
Flood outline shown on plate k
Flood outline shown on plate A
Flood outline shown on plate k
Wo frequency assigned.

Kawela Gulch (at mouth) 
Drainage area = 5*^1 square miles

10
50

.100
Standard Project 
Flood

2,700
5 ,^00
6,900
.13,900

Flood outline shown on plate 5
Flood outline shown on plate 5
Flood outline shown on plate 5
Flood outline shown on plate 5
Wo frequency assigned.

The expected number of times that a particular flow will exceed 
a given magnitude in a selected time interval is known as the 
frequency of a flood.

8. TSUWAMI

Another source of flooding is the tsunami which overflows onto 
the beach and into stream mouths and lowlands of the East Molokai 
area. The tsunami has been noted in the record of natural phenomena
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for at least 2,000 years. In the past 1̂ -6 years, i+3 tsunami have 
been known to affect the Hawaiian Islands. Seven were designated 
very severe, 2 severe, 8 moderate, and 26 slight, judged by the 
amount of physical damage inflicted. Although the Island of Molokai 
has not suffered great damage from these tsunami, there exists the 
possibility that coastal areas could be affected greatly by tsunami. 
The tsunami of 23 May i960 was the most recent one that caused a 
substantial run-up of water on the south shore of East Molokai. 
According to local residents' testimony, the tsunami reached an 
elevation of about 6 feet m.s.,1. An indication of the severity 
of this tsunami is shown by the heavy damage caused in Hilo when 
6l people were killed, 537 buildings destroyed, and $22 million in 
damage sustained. In i960 the maximum height of inundation at Hilo 
was about 28 feet above mean sea level.

III. FUTURE IMPROVEMENTS IN THE FLOOD PLAIN

9. GENERAL
The estimated limits of flooding shown on plates 2-5 are based 

on present use of the area. Future improvements that materially 
change the flood channel capacity in the flood plain may cause the 
stage and area of inundation to be modified.

Future improvements affecting the flood plain are discussed in 
the following paragraphs.

10. RESIDENTIAL SUBDIVISION

The land on the right bank of Kawela Gulch and downstream of 
the highway is in the early stages of being subdivided. A total of 
28 lots is planned for the area. The lots are being sold in fee 
simple and individuals interested in buying land should be aware of 
the potential floods and tsunami in building on this coastal flood 
plain.

Most of the land here is around an elevation of 5 feet above 
mean sea level. Assuming that houses are constructed at natural 
ground elevation, hydraulic studies show that flow conditions 
approximating the ,13 April 1965 flood would inundate the improve
ments to 6-7 feet above mean sea level. The standard project flood 
would cover the land with water to a depth of about 8 to 10 feet 
above mean sea level. If the development is constructed as 
indicated, positive means to protect the structures from flooding 
should be enforced. Methods of protection could be flood-proofing, 
raising the first floor levels to about elevation 10 feet m.s.l. 
or filling in the land to elevation 9 feet m.s.l., or a combination 
of these latter two methods coupled with adequate waterways to 
provide paths to the sea for design storm runoff. Any major 
alteration of the existing topographic features may cause a higher 
flood stage with an accompanying increase in land inundation.



11. RESORT DEVELOPMENT

The State Planning Office, together with the Department of 
Transportation, submitted, a plan of development to the State 
Legislature in January 1961 entitled, "The General Plan of the 
State of Hawaii," It was adopted and released to the Department 
of Planning and Economic Development for use in planning land 
utilization policies.

The County of Maui Planning and Traffic Commission has also 
prepared a land use and master plan for the Island of Molokai. 
These plans show extensive residential development integrated with 
the development of tourist attractions and related recreational 
facilities. The information contained in this flood plain study 
should be used in making local planning decisions that include 
construction of buildings siich as hotels, motels, and shopping 
centers in these areas.

This report is specifically directed towards those parties 
and individuals, both private and governmental, who are interested 
in the development of these East Molokai areas. Future flood 
losses can be greatly reduced if proper and adequate precautions 
are taken regarding planned development in the flood-prone areas. 
It could be used as a basis for enacting a flood plain zoning 
ordinance providing that lands deemed subject to seasonal or 
periodic or occasional flooding shall not be used for residences 
or other purposes in such a manner as to endanger the health or 
safety of the occupants thereof as required by the Federal Flood 
Insurance Act of 1956.

IV. GUIDE LINES FOR USE OF FLOOD PLAIN 
AND REDUCING FUTURE FLOOD LOSSES

12. GENERAL

The preceding discussion of the actual and potential floods 
and tsunami in the East Molokai area emphasizes the need for 
regulations to control land use in the flood plain. The enactment 
and enforcement of the proper laws and ordinances are the 
responsibility of local authorities. The following discussion 
assumes that part of the existing flood plain will be reserved for 
the free passage of flood waters with a minimum of obstruction to 
its flow. Methods to preserve this area are outlined under the 
heading of flood plain regulations. Avenues of investigation for 
the protection of existing improvements are also presented.
Plate 6 shows suggested flood damage prevention programs.

13. CRITERIA FOR ESTABLISHING NATURAL FLOODWAY REQUIREMENTS

The estimated limits of flooding (plates 2-5) are intended to 
furnish guidelines for the establishment of a natural floodway to 
pass a peak discharge of the magnitude shown. The exact legal



description of the land to he regarded as floodway property is the 
responsibility of a local governmental agency. The area immediately 
adjacent to the four watercourses should be permanently restricted 
from future development with some form of regulation. The present 
sparse settlement and improvement in this area offers the 
opportunity to prevent future flood losses by planned development. 
Plates 7 and 8 show a typical flood plain with various degrees 
of flooding and how it can be regulated to reduce potential 
flood hazard.

lU. FLOOD PLAIN REGULATIONS

The police powers of state and local governments to enact and 
enforce laws and ordinances regulating land use furnish methods 'to 
carry out the concepts of paragraph 13. Included within the scope 
of flood plain regulation are zoning ordinances, subdivision regu
lations, channel and floodway encroachment statutes and building 
codes. The intent of these restrictions is to deny uses of the 
land or property in these East Molokai flood plains that would 
tend to multiply the loss of life and property through development 
without adequate consideration of flood hazards.

a. Zoning ordinances. Zoning ordinances control the type of 
land use that will be permitted in an area. Ordinances may be 
written to provide a designated natural floodway on either side of 
the Waialua, Wawaia, Kamalo and Kawela Streams, using a particular 
flood outline as the boundary. Regardless of the method used, 
specific instructions concerning what land use activity will be 
permitted within the restricted areas should be included.

b. Subdivision regulations. Proposed subdivisions that lie 
in flood-prone areas should have regulations that clearly define 
the degree of risk and extent of flooding involved. Such items as 
minimum lot, street or structural elevations, outline of flood plain 
for various frequencies of flow, and minimum surface drainage 
requirements should be an integral part of these regulations.

c. Channel and flood plain encroachment statutes. Encroachment 
statutes designate areas adjacent to bodies of water that are set 
aside for the passage of flood flows. Obstructions such as 
structures or trees should be held to a minimum in these areas.
These statutes, together with applicable zoning ordinances, 
constitute the means for preserving a permanent floodway by permitting 
only such improvements as playgrounds, which offer a minimum 
resistance to flood flows and can withstand inundation with little 
damage.

d. Building codes. Building codes for flood plain develop
ment should specify (l) minimum elevation of footings, (2) minimum 
first floor elevations, (3) require such reinforcement to withstand 
high velocity flow and water pressure, (U) designate minimum require
ments of flood proofing, and (5) control construction of basements.
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e. Other controls. Government and private lending agencies 
can exercise an indirect control over flood plain development by- 
refusing to finance improvements to be located in an existing or 
potential flood hazard area. Also, land fill or dumping operations 
should be controlled in the area designated to carry off the flood 
waters. The acquisition of the flood plain area by easement or 
in fee simple title by .local or state governments for recreation 
or open space use would put it to uses compatible with the 
flood hazard.

15. METHODS TO PROTECT EXISTING IMPROVEMENTS

Control of the flood waters from the h streams in the' East 
Molokai area by constructing dams or improving the channels and 
building levees would be a solution of the flood problem. Federal 
participation in flood control for the Kawela Stream as well as 
Kapaakea Homestead area, about l/2 mile east of Kaunakakai, was 
investigated in ,1963 by the Corps of Engineers. The studies 
showed that channel improvements to the areas for flood control 
did not meet the requirements for Federal assistance. Since 
direct flood control for any of the h areas seems unlikely at the 
present time, two methods may give partial protection to the 
existing improvements in the flood plains.

a. Flood proofing. Flood proofing could be used for the 
present structures subject to flooding and incorporated into the 
basic design for any future buildings planned. This involves 
raising vulnerable equipment such as generators, motors, and 
machinery above the high water profile for a given flood and 
emergency installation consisting of water-tight doors, windows 
and ground level air vent coverings. These methods would be 
effective only for flooding from stream flow. They would offer 
no protection from tsunami because of the tremendous forces 
associated with them. The University of Chicago, Department of 
Geography, Research Paper No. 65, "Flood Proofing: An Element
in'a Flood Damage Reduction Program," i960, by John Richard 
Sheaffer is a comprehensive discussion of some of the flood 
proofing techniques that can be employed.

b. Evacuation. Temporary evacuation of movable property is 
effective only if coupled with an adequate flood warning system.
The Molokai Civil Defense Agency has the network to warn of any 
impending tsunami. Presently there is no system to predict rain 
storm floods in the East Molokai area except the U. S. Weather 
Bureau's forecasts of probable heavy rains and possible flooding. 
Once alerted, residents can either remove their personal property 
to higher ground or raise it to a safe level and evacuate the 
area.
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V. CONCLUSION
This report has defined the flood problems of East Molokai, 

describing the past and potential limits of inundation resulting 
from rain-related floods. Discussions on flooding from tsunami 
also are included. However, potential limits of tsunami inundation 
have not been estimated because of lack of knowledge on this 
subject. The University of Hawaii's Institute of Geophysics has 
been conducting research in this field and may provide helpful 
information. Guidelines for the future control of damages resulting 
from these conditions have also been presented. However, protection 
from tsunami inundation does not seem practicable. The natural 
growth pattern for these areas is up the valley to either side 
of the streams and along the beach front. In view of these facts, 
recognition of the danger from flooding to low areas and 
possible flood losses that may result is imperative at this time.

GLENN P. INGWERSEN 
Lt Col, Corps of Engineers 
District Engineer
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GLOSSARY OF SELECTED TERMS

A. HYDROLOGIC TERMS

Channel - A natural or artificial watercourse with definite bed and 
banks to confine and conduct continuously or periodically flowing 
water.

Flood - Any temporary rise in stream flow or stage overtopping the 
banks that results in significant adverse effects in the vicinity.

Flood Duration - The total length of time a flood is above "flood 
stage."

Flood frequency - The average interval of time, based on the period 
of record, between floods equal to or greater than a specified dis
charge. Frequency is generally expressed in years.

Flood of record - Any flood for which there is reasonably reliable 
data useful in technical analysis. Ordinarily the term is used to 
refer to "maximum flood of record."

Flood peak - The highest value of stage or discharge attained by a 
flood.

Flood plain - The relatively flat low lands adjoining a watercourse 
or other body of water subject to overflow therefrom.

Flood profile - The longitudinal profile assumed by the surface of a 
stream of water flowing in an open channel.

Flood stage - A term used to designate that stage or depth of water 
at which overflow of the natural banks of the stream begins to cause 
damage.

Flood volume - The total volume of runoff during a flood, which is 
equal to the average rate of flow multiplied by the time of flood 
duration. The term "inches of runoff" is sometimes used to designate 
flood volume which means that a flood volume would cover the drainage 
area above the point of measurement to a uniform depth equal to the 
number of inches specified.

Historical flood - A known flood which occurred before systematic 
record keeping was begun for the stream or area under consideration.

Maximum known flood - The largest known flood which has occurred in 
a region whether it is an historical flood or a flood of record.

Natural floodway - The channel of a stream or body of water and that 
portion of the flood plain that is used to carry the flow of a flood.
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Rainfall intensity - The amount of precipitation that falls in a speci- 
fied time interval. It is usually referred to as inches per hour.

Standard project flood - A hypothetical flood, estimated by the Corps 
of Engineers, representing the critical flood runoff volume and peak 
discharge that may be expected from the most severe combination of 
meteorological and hydrologic conditions that are considered 
reasonably characteristic of the geographical region involved, 
excluding extremely rare combinations.

Tsunami - A great sea wave produced by submarine earth movement or 
volcanic eruption.

Watershed - The area drained by a stream or stream system.

B. REGULATORY TERMS

Building code - A collection of regulations adopted by a local govern
ing body setting forth standards for the construction of buildings 
and other structures for the purpose of protecting the health, safety, 
and general welfare of the public.

Designated floodway - The channel of a stream and that portion of 
the adjoining flood plain designated by a regulatory agency to provide 
for reasonable passage of flood flows.

Encroachment lines - Lateral limits or lines along streams or other 
bodies of water, beyond which in the direction of the stream or other 
body of water no structure or fill may be added.

Flood plain regulations - A general term applied to the full range of 
codes, ordinances, and other regulations relating to the use of land 
and construction within flood plain areas. The term encompasses zon
ing ordinances, subdivision regulations, building and housing codes, 
encroachment laws, open area regulations, and other similar methods 
of control affecting the use and development of flood plain areas.

Flood proofing - A combination of structural changes and adjustments 
to properties subject to flooding primarily for the reduction or eli
mination of flood damages.

Subdivision regulations - Regulations and standards established by a 
local authority, generally the local planning agency, with authority 
from a state enabling law, for the subdivision of land in order to 
secure coordinated land development, including adequate building 
sites and land for vital community services and facilities such as 
streets, utilities, schools, and parks.

Zoning ordinance - An ordinance adopted by a local governing body, with 
authority from a state zoning enabling law, which under the police power 
divides an entire local government area into districts and, within each 
district, regulates the use of the land, the height, bulk, and use of 
buildings or other structures and the density of population.
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Figure 1. 
Waialua Valley

Figure 2.
Waialua Stream - View looking upstream 

at highway bridge.



Figure 3
Wawaia Gulch - View looking upstream across highway "spillway.

Figure 4
Wawaia Gulch - View looking downstream across highway.



Figure 5
Kamalo Gulch - View looking upstream at the 
six 24-inch pipe culverts under highway.

Figure 6
Kamalo Gulch - View looking downstream from highway bridge.



Figure 7
Kamalo (left) and Wawaia (right) valleys 

View from Kamalo pier.

Figure 8
Wawaia (left) and Kamalo (right) areas - View from divide 

(elev. 450 feet) looking toward ocean.



Figure 9
Kamalo Gulch - View from elevation 120 feet - looking upstream 

at rocky stream bed and Kaapahu Ridge.

Figure 10
View of culvert in Kawela area - note that 
opening is almost completely filled with sand.



Figure 11
Kawela Gulch - View looking downstream from highway 

bridge.

Figure 12
Kawela Gulch - View looking upstream at highway 
bridge - note that opening under right span is 
almost completely filled with stones and sand.
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Figure 13
Kawela flood plain area - View looking at 
highway bridge during December 1964 flood.

Figure 14 
Kawela flood plain area - same scene 
as Figure 13 during normal dry period.



Figure 15
Kawela flood plain area - View during December 
1964 flood looking toward highway at a point 
about 700 feet west of Kawela bridge.

Figure 16
Kawela flood plain area - same scene 
as Figure 15 during normal dry period.



Figure 17
Kawela flood plain area - View of flooding during December 
1964 flood; this picture was taken from a point about 300 
feet west of Kawela bridge looking west. The land on the 

left is the location of a proposed subdivision.

Figure 18
Kawela flood plain area - same scene 
as Figure 17 during normal dry period.
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FLOOD PLAIN INFORMATION

EAST MOLOKAI, HAWAII

TECHNICAL APPENDIX

1. PURPOSE

This technical appendix contains detailed information and data 
to supplement the main report. Additional details for these inves
tigations are available for inspection at the Honolulu District 
office of the Corps of Engineers.

2. AUTHORIZATION

The authority for the flood plain information report was 
granted under the provisions of Section 206, Public Law 86-6L5 
(Flood Control Act of i960). Section 206 reads as follows:

"Section 206 (a) That, in recognition of the increasing use 
and development of the flood plains of the rivers of the 
United States and of the need for information on flood 
hazards to serve as a guide to such development, and as 
a basis for avoiding future flood hazards by regulation 
of use by states and municipalities, the Secretary of the 
Army, through the Chief of Engineers, Department of the 
Army, is hereby authorized to compile and disseminate infor
mation on floods and flood damages, including identifi
cation of areas subject to inundation by floods of 
various magnitudes and frequencies, and general criteria 
for guidance in the use of flood plain areas; and to 
provide engineering advice to local interests for their 
use in planning to ameliorate the flood hazard; Provided, 
That the necessary surveys and studies will be made and 
such information and advice will provide for specific 
localities only upon the request of a State or a respon
sible local governmental agency and upon approval by the 
Chief of Engineers."

"(b) The Secretary of the Army is hereby authorized to 
allot, from any appropriations hereafter made for flood 
control, sums not to exceed $1 ,000,000 in any one fiscal 
year, for the compilation and dissemination of such 
information."

3. COORDINATING AGENCY FOR LOCAL INTERESTS

The Hawaii State Board of Land and Natural Resources was 
named the coordinating agency for local interests by Act 3̂ 3 Session 
Laws of Hawaii 19 6 1. This Act was amended by Act .lL-8 in 1963.
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Exhibit A-l is a copy of Act lU8 and Exhibit A-2 is a copy of the 
letter requesting the East Molokai Flood Plain Study.

k. SURVEYS
Topography of the flood plains was obtained by field surveys 

and were used in the hydraulic backwater computations of this study. 
Vertical control was established using U. S. Coast and Geodetic 
Survey Bench Mark 3 (1925) i-n the Kamalo area, an unnamed bench 
mark on the west end of Kawela Stream bridge and the tide reading 
referred to Kaunakakai Harbor mean lower low water for the Waialua 
area. Horizontal control was established by field orientation 
using IJ. S. Geological Survey 7*5 minute Quadrangle sheets with a 
scale of 1 inch equals 2,000 feet. Bench mark descriptions follow:

U. S. C. & G. S. Bench Mark 3 (1925) - A standard disk, 
stamped "3 1925?" set vertically near top of south wall of concrete
platform-scale base, just across main road from shore end of wharf 
railway. Bench mark is set flush with wall at west end of plat
form. Elevation 6.08 feet above mean lower low water (5 .18 feet 
above mean sea level).

Unnamed Bench Mark - Monument on center line of State Highway 
on west end of Kawela Stream bridge. Elevation 7.02 feet above 
mean sea level.

5 • HIGH WATER MARKS

High water marks and limits of inundation for known floods 
were obtained from interviews with local residents to supplement 
information available from the U. S. Geological Survey and Soil 
Conservation Service. Newspapers also furnished additional infor
mation. Flood plain areas flooded by various frequencies of flow 
are shown on plates A-l through A-̂ -.

6 . PROFILES AND CROSS SECTIONS
Stream bed profiles, channel cross sections, valley sections 

and bridge data were obtained through field surveys. The thalweg 
and flood profiles are plotted on plates A-5 through A-8.

7. PHYSIOGRAPHIC CHARACTERISTICS

The study areas consist of k streams: Kawela Gulch, Kamalo
Gulch, Wawaia Gulch and Waialua Stream. They are on the leeward, 
or southern, side of the eastern half of the Island of Molokai and 
flow in a generally southerly direction to the Pacific Ocean. 
Headwaters of the streams are comprised of several small tributaries 
which originate in the Molokai Forest Reserve. The region is 
characterized by wide alluvial coastal plains and steep lee slopes 
with narrow gulches terminating in the summit plateau of the East
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Molokai mountain range. The only residential areas are along 
the coastal highway. A drainage area and hydrologic map is shown 
on plate A-9-

The westernmost study area is the Kawela flood plain where 
Kawela Gulch drains an area of 5.^1 square miles. This gulch is 
dry a great percentage of the time. The only recording stream 
gage in the vicinity is on Kaunakakai Gulch, about miles west 
of Kawela Gulch. Stream flow records for the past 1̂- years at the 
Kaunakakai Gulch gaging station (number UlUo) show that the stream 
is dry about 90 Per cent of the time. Local residents state that 
Kawela Gulch flow and especially the absence of flow is comparable 
to Kaunakakai Gulch. Kawela drainage basin is long and narrow, 
with a palmate stream channel pattern. The basin has a general 
rectangular shape and is 6 miles long, with an average width of 
0.9 mile. Local relief varies progressively upstream from LO to 
700 feet. Total relief is from sea level to elevation -̂,535 feet, 
m.s.l. in the headwaters. The valley floor at the mouth of 
Kawela Gulch is about 2,000 feet wide and contains about 90 acres 
below the 50-foot contour. The average slope of Kawela Gulch is 
initially 50 feet per mile, increasing to 1,000 feet per mile in 
the headwaters. Plate A-10 presents the stream bed profiles.

Kamalo and Wawaia drainage basins are adjacent drainages.
Kamalo Gulch has an area of k .02 square miles and Wawaia Gulch 
contains 2.88 square miles. These two water courses, like Kawela 
Gulch, are dry a great percentage of time. The combined drainage 
basin has palmate stream channel characteristics and is trapazoidal 
in shape, with the wider part at the headwaters. Kamalo Gulch is 
5 miles long and averages 0.8 mile in width, while Wawaia Gulch 
has a length of k.2 miles and averages 0.7 mile wide. Local relief 
for both gulches varies progressively upstream from 100 to 600 feet. 
Total relief is from sea level to elevation -̂,970 feet, m.s.l. at 
the common divide on the headwater ridge line. This point, called 
Kamakou, is the highest elevation on the Island of Molokai. Kamalo 
flood plain contains 190 acres below the 50-foot contour, while 
Wawaia has l80 acres below the 50-foot contour. Initial slopes 
of Kamalo and Wawaia Gulches are 30 and 70 feet per mile, respectively. 
The slope of the stream bed increases rapidly to 1,500 feet per 
mile in the headwater region of Kamalo Gulch and up to 1,800 feet 
per mile in the Wawaia Gulch headwaters. Stream bed profiles are 
shown on plate A-10.

Waialua Stream has a drainage area of 2.55 square miles and is 
located at the eastern end of the island. It is the only perennial 
stream on the leeward slopes of East Molokai. The drainage basin 
is long and narrow, with a palmate stream channel pattern. The 
basin has a general rectangular shape and is k . 2 miles long with an 
average width of 0.6 mile. Local relief varies progressively up
stream from 200 to kOO feet. Total relief is from sea level to 
elevation 3,k60 feet, m.s.l. in the headwaters. The valley floor



at the mouth is about 2,000 feet wide and contains about 50 acres 
below the 50-foot contour. The average slope of the stream bed is 
initially 30 feet per mile, increasing to 1,200 feet per mile in 
the headwaters. Stream bed profiles are plotted on plate A-10.

8. HYDROMETEOROLOGICAL CHARACTERISTICS

Molokai has a tropical climate. There are two seasons: (l)
the summer season extends from May through September and is the 
warmer and drier part of the year, with the northeast tradewinds 
predominating; and (2) the winter season, October through April, 
has lower temperatures and more frequent rains, with the tradewinds 
less prevalent. Kualapuu, about U miles north of Kaunakakai, is 
the only station near the East Molokai flood plain areas that 
maintains a record of temperatures. Kualapuu temperatures could 
be applied to the East Molokai areas and have only a few degrees 
variation. The mean annual temperature is 72°F. Average monthly 
temperatures range from a low of 69°F. in January to a high of 
76°F. in August.

The three types of meteorological conditions that produce heavy 
rainfall are the cold front storms and "Kona" storms, which occur 
during the winter season (October-April), and the tropical storm or 
hurricane, which usually occurs during the last half of the year,
July through December.

a. Cold front storm. Passage of a vigorous cold front brings 
intense local rain over a small area while a few miles away there 
is little or no rain. Winds are gusty, sometimes becoming quite 
strong and damaging.

b. Kona storm. The "Kona" storm is one coming from the west 
or leeward direction as opposed to the normal east to west tradewind 
direction. Rain is caused by a slow moving or stationary high level 
low pressure trough into which moisture is fed from surface winds 
coming from either side. These rains cover a large area and may 
continue for several days. The steady rains of moderate: intensity 
are interrupted by periods of torrential downpours.

c. Tropical storm or hurricane. Only four hurricanes, which 
are tropical storms with sustained high winds exceeding 7 -̂ miles 
per hour, have been recorded in Hawaii since 190̂ . Weak tropical 
storms are more frequent and bring high winds, locally intense 
rains and damaging waves.

Mean annual rainfall for East Molokai varies from 15 inches 
along the coast at Kaunakakai to 250 inches in the extreme headwaters 
of eastern windward streams.
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9. RUNOFF CHARACTERISTICS

Waialua Stream is the only perennial stream on the leeward 
slopes of East Molokai. Although many gulches are perennial in 
their upper reaches, little or no water flows the entire distance 
to the ocean. Some runoff is diverted for irrigation, hut most 
of the water is lost through seepage into underground cavities. 
Water that is perched underground at certain elevations is lost 
unless springs are found or infiltration tunnels are drilled for 
development of a water supply source. Water is also trapped at 
the higher elevations hy many volcanic dikes, especially in the 
headwaters of Kawela and Kamalo Gulches. Compartments formed hy 
these dikes collect and store rain water. Only at times of 
exceptionally heavy rains does water reach the ocean, and then 
flooding occurs.

The basin characteristics of the U flood plain areas are 
somewhat different from the nearest large area that has a stream 
gage, Kaunakakai Gulch. The following table A-l shows the 
comparative rainfall and hasin configuration data.



TABLE A-l

RAINFALL AND BASIN CHARACTERISTICS

Avg Annual Extreme Drainage Avg Length-Width . Avg
Rainfall Limits Area Length Width Ratio Slope

Basin (inches) (inches) (sq miles) (miles) (miles) (Length/Width) (Feet/Mile)

Kaunakakai Gulch 38 15-90 6.57 10.0 0.66 15.2 hOO
ahove gage

Halawa Stream 100 ^5-150 b . 6 2 5.0 О .93 5 Л  700
ahove gage

Kawela Gulch 50 15-90 5*̂ -1 6.0- 0.9 6 .7 700
ahove mouth

Kamalo Gulch 60 35-ЮО ^.02 5-0 0.8 6.2 800
ahove mouth

Wawaia Gulch 60 35-ЮО 2.88 k.2 0.7 6.0 1,000
ahove mouth

Waialua Stream 90 35-150 2.55 -̂-2 0.6 7-0 700
ahove mouth



Based on the geographical similarities of width, length, 
slope and rainfall, the Halawa Stream area would he comparable 
to the flood plain areas. However, the absence of flow in the 
flood plain areas for several months at a time compares with actual 
conditions at Kaunakakai Gulch. Since there are no stream gages 
at lower elevations in the flood plain study areas, information 
gathered from interviews with local residents and newspaper files 
were used to determine the general flood situation. Runoff and 
rainfall values for the four stream gaging stations are shown in 
table A-2.



TABLE A-2

ANNUAL RUNOFF AT STREAM GAGING STATIONS ON EAST MOLOKAI

# 1-000 #alo #+150 #ll60
Halawa Stream Kaunakakai Gulch Kawela.Gulch Punaula Gulch

D.A. = 1.62 sq mi D.A. = 6.57 sq mi D.A. = 0.І5 sq mi D.A. = 0.2І sq mi
Fiscal Total Runoff Total Runoff Total Runoff Total Runoff
fear Acre-Feet Inches Acre-Feet Inches Acre-Feet Inches Acre-Feet Inche

I96I 22,550 92 73 0.2 1,385 58 723 57
1963 25,970 IO6 673 1-9 1,610 68 702 55
I962 29,350 120 2,230 6 .1 1,850 77 960 75
1961 29ДЗО 118 6ll 1 .8 1,750 73 967 76
i960 20,660 81 338 1.0 1,630 68 820 61
1959 23,780 97 1,130 3.2 2,510 10l 1,090 85
1958 2 1,0І0 86 712 2.0 1,970 82 875 68
1957 18,710 76 2І0 0.7 1,070 15 812 63
1956 21,360 99 1,950 5-6 2,050 85 1 ,2І0 97
1955 23,280 95 1,760 5.0 2,280 95 979 76
195! 15,100 61 236 0.7 1,100 16 597 І7
1953 19,680 80 2 - 977 ll 827 65
1952 17,550 71 596 1.7 1,260 52 8І3 66
1951 25,160 10I 1,270 12 .2 2,190 91 1,250 98
1950 13,960 57 Beginning of 1,160 61 687 51
1914.9 19,610 80 Record 1,165 61 681 53
1918 28,000 111 2, ЗІ0 97 1,095 86
Period of Record Beginning of Record
extends back to Jul .1917

AVERAGE ANNUAL RUNOFF - RAINFALL RELATIONSHIPS

Halawa Stream Kaunakakai Gulch Kawela Gulch Punaula Gulch

Rainfall 100" 38" 83" 82"
Runoff 89"-6 .9 csm 3"-0.25 csm 72"-5.3 csm 71"~5•3 csm
Losses 11" 35" 11" 11"



These data show that runoff at the higher leeward elevations 
of the East Molokai flood plain areas is comparable to Halawa Stream 
runoff. Information gathered from interviews with residents about 
past flooding indicates that the lower flood plain areas do not 
receive this high rate of runoff and that the gulches through the 
flood plains are similar to Kaunakakai Gulch in frequency and 
intensity of flood flows. Therefore, the unit hydrograph deter
minations and flood flow frequencies for the flood plain study 
areas were developed based on the records of stream flows for 
Kaunakakai Gulch.

10. EXISTING FLOOD CONTROL STRUCTURES

There are no existing Federal flood control structures located 
within or adjacent to the flood plain areas. The Kaunakakai Stream 
levee project, about k.5 miles west of Kawela was completed in 
1950- The existing project consists of an enlarged stream channel 
flanked by earth levees with rock facing on the streamside slope.
The left bank levee is 3>800 feet long and extends from the bluff 
adjacent to the stream and north of the town of Kaunakakai to the 
Pacific Ocean. The right bank is 1,050 feet long and extends 
downstream from the opposite bluff past the Kaunakakai Homestead.

11. RAINFALL RECORDS

There are 20 rainfall stations scattered throughout the East 
Molokai district. Kualapuu (number 53̂ ) is the only long-term 
recorder; records are available from 1955. Four additional 
recording rain gages were installed in the East Molokai area in 
April I965 as part of the Hydroclimatic Network operated by the 
U. S. Weather Bureau and financed by the Corps of Engineers.
Hourly rainfall data for a total of 6 rainfall stations on the 
island are printed in a monthly Weather Bureau publication.

The average annual rainfall over the Halawa Stream basin is 
about 100 inches, varying from 6 to 11 inches a month. Over the 
Kaunakakai Gulch basin, rainfall averages only 38 inches per 
year, ranging from 1 to 6 inches a month. The flood plain 
drainage areas have the following annual rainfalls: Kawela
Gulch - 50 inches; Kamalo-Wawaia Gulches - 60 inches; and 
Waialua Stream - 90 inches.

Table A-3 lists the rainfall stations in the area and plate 
A-9 shows their locations.
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TABLE А-3 

RAINFALL STATIONS - EAST MOLOKAI 

Geographic Coordinates

Number—

533-1

53І

536

536.1 

536.5

537

537.1

537.2

510 

5І0.1

511

Nam' 

Field 308

Kualapuu

Kaunakakai

Kanoa

Kaunakakai
Mauka

Poholua

Kakalehale

Makakupaia

Waikolu

Waikolu

Kawela

Elevation Latitude
Pt. above 
mean sea 
level

820

870

10
І0

70

2150

1230

2І00

3550

900

3650

Degrees
and

Minutes

21-08Л

21-09.3

21-05.6

21-0І.З
21-06

21-08.6

21-08.1

21-06.6

21-07.8

21-09

21-06.7

Longitude
Degrees
and

Minutes

157-01.7

157-02.2

157-01Л

156-57.7
157-01

156-58Л  

156-59.9

156-56.8 

156-55 л

156-55

156-51.3

Period of 
Record

1953-date

1899-date

1930-date

1957-date

1957-date

1930-date

196l-date

1916-date

Frequency of 
Observations

Monthly and 
after rain

3/Daily-

1931-date After rain

1950-57 After rain
1965-date Recorder

Weekly and 
after rain

Weekly and 
after rain

After rain
1/Weekly and—' 

after rain

3 or 1 times 
a year

Weekly and 
after rain

Maintained by

Calif. Packing 
Corp.

Calif. Packing 
Corp.

Molokai Ranch

Molokai Ranch

Molokai General 
Hospital

Molokai Ranch

Molokai Ranch

Molokai Ranch 

Molokai Ranch

U.S. Geological 
Survey

Molokai Ranch



RAINFALL STATIONS - EAST MOLOKAI
TABLE A-3 (Cont'd)

Geographic Coordinates

Number-^

Elevation 
Ft. above 

2j mean sea 
Name-̂  level

Latitude
Degrees
and

Minutes

Longitude
Degrees
and

Minutes
Period of 
Record

Frequency of 
Observations Maintained by

541.1 Pepeopae 4200 21-07.2 156-54.2 1956-date 3 or 4 times 
a year

U.S. Geological 
Survey

542 Mapulehu 20 21-04.2 156-48.4 l892-date Daily Hawaiian Sugar 
Planters Assoc.

542.1 Puuohoku Ranch 710 21-09 156-44.1 1933-date 4/Dailjr Puuohoku Ranch

542.2 Halawa 200 21-10 156-45 1930-1934 Daily Individual

542.3 Mapulehu Mauka 650 21-04.3 156-49.6 I907-1912 Monthly Individual

5^2 .4 Kamalo 60 21-03.6 156-52 1923-1928 Daily Individual

542.5 Puu Kahea 2340 21-08.2 156-46.9 1933-1934 Weekly Puuohoku Ranch

542.6 Kamalo Mauka 60 21-04 156-52 1965-date Recorder Wm. J. Carsten

544 Puu Lua Wailau 2900 2 1-06.6 156-4 9 .1 1922-1961 3 or 4 times 
a year

U.S. Geological 
Survey

1/ Station numbered in accordance with State Key number system. 
2/ See plate A-9 for locations.
3/ Recorder installed in 1955.

Recorder installed in 1965.

Note: Above data obtained from U. S. Weather Bureau and U. S. Geological Survey.



,12. RUNOFF RECORDS

There are b recording stream gaging stations in or near the 
general study areas. The station in the extreme headwaters of 
Kawela Gulch is the only recorder located within any of the flood 
plain drainage areas. The station (number 4l50) is in the East 
Fork of Kawela Gulch at elevation 3>625 feet m.s.l. and drains an 
area of О .85 square mile. Continuous records for this station are 
available from 19̂ +7. Another small area that has a gage is midway 
between Wawaia and Waialua drainages. It is on Punaula Gulch (number 
Ll6o) at elevation ,1,200 feet m.s.l. above the town of Pukoo. The 
tributary area above the gage is 0.2k square mile and records are 
available for the period 19^7 to the present. The stream gage on 
Kaunakakai Gulch is about 1.3 miles northeast of the town of 
Kaunakakai. This gage (number klLo) was established in December 
19^9 and drains an area of 6.57 square miles. The fourth recorder 
(number 4000) is on Halawa Stream at the extreme eastern end of the 
island. The drainage area above the gage is 4.62 square miles. A 
total of k-3 years of records dating back to 1917 are available.
The longest continuous period of record is 28 years. A crest gage 
(number 4-154) was installed on the upstream side of the highway 
at Wawaia Gulch on 23 July 1963• The gage is visited after each 
rise and the maximum stage is tabulated as indicated by cork inside 
a pipe. The drainage area is 2.12 square miles. The stage-discharge 
relations for the stream gaging stations are not well defined at the 
higher stages because of the rapid concentration time and short 
crest period of stream rises. The maximum flows of record have 
been estimated by logarithmic extensions of the rating curves and 
based on slope-area determinations. The highest discharges range 
from 550 c.f.s. at Punaula Gulch to 26,800 c.f.s. at Halawa Stream. 
Table A-4 contains pertinent data relative to the stream gaging 
stations. The locations of the gages are shown on plate A-9.

TABLE A-4

STREAM GAGING STATIONS - EAST MOLOKAI

Station
Number Name

Drainage
Elevation Area Maximum of Record Period
(ft. above (square Gage Hght Flow of
m.s.l.) miles) Date (feet) (c.f.s.) Record

4000 Halawa
Stream
near

200 4.62 4 Feb 65 I7 .9 26,800 ,19,17-32
,1937-date

Halawa

8l80 Kaunakakai 2k0 6.57 31 Oct 6l 9-30 3,ОбО 1950-date
Gulch at 
Kaunakakai
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TABLE A-4 (Cont'd)

STREAM GAGING STATIONS - EAST MOLOKAI

Drainage
Elevation Area Maximum of Record Period

Station (ft, above (square Gage Hght Flow of
Number Name m.s.l.) miles) Date (feet) (c.f.s.) Record

4-150 East Fork 3,625 0.45 13 Apr 65 6.43 770 1947-date
Kawela 
Gulch near 
Kamalo

4154 Wawaia Gulch 40 2.12 13 Apr 65 2.63   1963-date
at Kamalo

4l60 Punaula 1,200 0.24 13 Apr 65 6.87 550 1947-date
Gulch near 
Pukoo

13. STORMS AND FLOODS OF RECORD

The highest floods of record in the leeward area were not 
produced by a single wide-spread storm over the entire area. Three 
separate storms hitting the eastern, central and western sections 
caused record floods in each individual area at three different times.
At the Kaunakakai gage the two highest peaks of its l6-year record 
occurred on 31 October (9-3 feet) and 2 November 1961 (9-1 feet).
The flows were 3,ОбО and 2,940 c.f.s., respectively. The third 
highest flow on 13 April 1965 crested at a gage height of 8.5 feet and 
and a discharge of 2,550 c.f.s. The recording rain gage at Kualapuu 
measured 1.3 inches in 15 minutes on 31 October 19 6 1, an intensity 
of 5-2 inches per hour. Maximum 24-hour rainfall for the 4-day 
period, 30 October--2 November, was: 2.8 inches at Mapulehu (number
542) on the 30th; 5-6 inches at Kualapuu (number 534) on the 31st;
8.1 inches at Mapulehu on the 1st; and 5-0 inches at Kualapuu on 
the 2nd. Daily variations in rainfall are shown by the 24-hour 
rains at Kaunakakai (number 536), which were zero, 4.2 inches, 
zero and 0.6 inch on 30, 31 October and 1, 2 November, respectively.

The Kawela, Kamalo and Wawaia areas on 13 April .1965 received 
the worst flood in over 80 years. The maximum hourly rainfall was 
between 2.5 and 3 inches with the 24-hour rain averaging more 
than 7 inches over the area.

The extreme eastern part of the island from Halawa to Waialua 
suffered its worst flooding on 4 February 1965. The stream gaging 
station on Halawa Stream (number 4000) was destroyed during this 
storm. High water marks indicate that the 4 February 1965 flood was 
about 4-1/2 feet higher than the previous record high in January 19 6 1. 
Rainfall averaging 8 inches fell in a 12-hou.r period. One bridge on the 
Honouliwai Stream was washed away and the Waialua bridge was badly
damaged during this storm. Table A-5 lists data on the peak annual flows
of record for the four recording stream gages in Eastern Molokai.
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ANNUAL PEAK FLOWS AT STREAM GAGING STATIONS ON EAST MOLOKAI

TABLE A-5

Halawa Stream Kaunakakai Gulch
Right Branch of E . 
Fork, Kawela Gulch Punaula Gulch

Fiscal
Year Date

Peak Flow 
(c.f.s.) Date

Peak Flow 
(c.f.s.) Date

Peak Flow 
(c.f.s.) Date

Peak Flow 
(c.f.s.)

1965 4 Feb 65 26,800 13 Apr 65 2,550 13 Apr 65 770 13 Apr 65 550
1964 17 Sep 63 2,350 10 Nov 63 160 17 Sep 63 .180 23 May еь .100
1963 1+ May 63 3,810 16 Jan 63 430 26 Mar 63 270 13 Apr 63 330
1962 2 Nov 6l 4,330 31 Oct 6l 3,o6o 31 Oct 6l 1+10 15 Mar 62 1+10
1961 .1 Jan 6l 10,900 26 Jan 6l 780 26 Jan 6l 220 l Jan 61 270
i960 18 Aug 59 2,630 16 Feb 60 1+70 16 Feb 60 220 16 Feb 60 370
1959 2 Aug 58 2,710 29 Dec 58 1,380 17 Jan 59 330 2 Aug 58 280
1958 2.1 Nov 57 8,570 6 Mar 58 290 28 Feb 58 320 21 Nov 57 430
1957 lb Apr 57 3,710 30 Nov 56 380 30 Nov 56 120 lb Apr 57 44o
1956 20 Dec 55 6,650 20 Dec 55 1,61+0 2.1 Dec 55 290 10 Nov 55 500
1955 7 Feb 55 6,190 21 Jan 55 870 29 Nov 5b 320 ,10 Aug 51+ 330
1954 1 Mar 5b 3,090 5 Jan 5b l80 27 Dec 53 110 30 Sep 53 i4o
1953 21 Nov 52 *+,750 .15 Oct 52 7 15 Oct 52 90 21 Nov 52 370
1952 19 Jan 52 3,81+0 19 Jan 52 1,100 19 Jan 52 210 19 Jan 52 310
.1951 3 Dec 50 8,390 13 Mar 51 1,730 30 Nov 50 370 3 Dec 50 420
1950 17 Apr 50 1,890 23 Jan 50 160 11 Jan 50 110
1949 11 Jan b9 3,330 8 Feb 1+9 220 27 Sep 48 210
191+8 2 Apr 1+8 9,750 2 Apr 1+8 510
19^7 7 Dec b6 2,750
1946 22 Jan b6 4,330
19^5 8 Nov bb 1,670
1944 6 Mar bb 1,550
19*+3 18 Mar b3 7,890
1942 22 Oct 1+1 4,830
194.1 20 Nov 1+0 2,1+1+0
1940 23 Oct 39 3,670
1939 19 Aug 38 4,950
1938 2b Dec 37 2,630
1932)
1937) Not available
1931 l8 Nov 30 3,870
1930 3 Jan 30 2,910
1929 l8 Apr 29 900
1928 25 Dec 27 6,030
1926)
1927) Not available
1925 12 Dec 2b 810
192*1 29 Sep 23 730
1923 31 Mar 23 2,1+00
.1922 2 Oct 21 1 ,1+10
.1921 2b Dec 20 2,030
1920 17 Jan 20 1,660
1919 3 Dec 18 96О
1918 1+ Apr 18 1,130
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lb. UNIT HYDROGRAPHS

The unit hydrographs used for the flood plain areas were 
developed using the unit graph for Kaunakakai Gulch stream gage as 
a guide. The peak flow in cubic feet per second per square mile 
for the Kaunakakai Gulch unit graph was plotted against drainage 
area in square miles and a line through this point was drawn 
parallel to a line for the Palolo area on Oahu. The peak flows 
corresponding to the drainage areas for the b flood plain areas 
were used to construct the unit graphs, using the recession and 
peak timing of Kaunakakai Gulch unit graph as a guide.

The unit hydrograph determined for Kaunakakai Gulch at the 
gage was based on the b rises during period 13 March 1951 and 
1-2 November I963• The flood hydrograph analyses and the 
.15-minute unit hydrograph development for these rises are shown 
on plates A-11 through A-lb. The adopted unit hydrographs for 
Kaunakakai Gulch and the b flood plain areas are shown on 
plate A-15.

15. RELATIVE MAGNITUDE OF STORMS

The relative magnitudes of storms that have occurred in the 
region are difficult to determine because of the scarcity of detailed 
d&ta. The most severe storms in the region were those discussed in 
paragraph 1 3 .

16 . STANDARD PROJECT FLOOD

The standard project flood is one which would be exceeded in 
magnitude only on rare occasions. It establishes a standard for 
design of structures that would provide a high degree of flood 
protection without regard to economic or other practical 
limitations. The standard project flood is substantially less 
than the probable maximum flood. Standard project floods were developed 
for the b flood plain areas. These areas are shown on plate A-9-

17. STANDARD PROJECT STORM

Rainfall data used in computing peak discharges for the 4 flood 
plain areas were based on criteria presented in a memorandum by the 
Office of the Chief of Engineers, dated 19 September 1962, subject: 
"Standard Project Storm Determinations, Hawaiian Islands." On the 
basis of this rainfall, the standard project storm would have a 
maximum 6-hour intensity of 15.3 inches over Kawela basin, 15.8 inches 
over Waialua basin, and 16Л inches over the Kamalo-Wawaia basins, 
with 2U-hour total storm rainfall equal to 26, 27 and 28 inches over 
the respective basins. Based on an inspection of the area and a 
comparison with the Palolo, Kalihi and Kuliouou areas on Oahu, an 
initial rate of і Л  inches per hour, decreasing to a minimum of 0.6-inch 
per hour, was chosen as a reasonable infiltration rate for these East 
Molokai areas. Rainfall-runoff data for the critical 6-hour period of 
heaviest rainfall over the study areas are given in table A-6 . The 
standard project flood hydrographs are shown on plate A-l6.
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TABLE A-6

STANDARD PROJECT STORM RAINFALL

Drainage Area 
in

Location Square Miles

- RUNOFF DATA

Time in Hours
1 2 3 4 5 6

Kawela 5.41 Rainfall 1.1 1.8 3.5 5.9 1.8 1 .2
Gulch Losses 1.0 ,1.2 0.8 0.8 0.8 0.7

Runoff 0.1 0.6 2.7 5.1 1.0 0.5

Kamalo) 4.02 Rainfall 1.2 1.9 3.7 6.3 2.0 1.3
Gulch ) Losses 1.1 1.2 0.8 0.8 0.8 0.7
and
Wawaia) 2.88 Runoff 0.1 0.7 2.9 5-5 1.2 0.6
Gulch )

Waialua
Stream 2.55 Rainfall 1.2 1.8 3.6 6 .1 1.9 1 .2

Losses 1.1 1.2 0.8 0.8 0.8 0.7

Runoff 0.1 0.6 2.8 5.3 1 . 1 0.5

18. PROBABLE MAXIMUM PRECIPITATION

The U. S. Weather Bureau Hydrometeorological Report No. 39, 
dated May І96З3 gives the probable maximum precipitation over the 
Hawaiian Islands. Rainfall excesses for the 4 study areas were 
computed using initial infiltration loss rates of 2.6 inches per hour 
and decreasing to a minimum of 1.2 inches per hour. The probable 
maximum flood flows were used to align the upper end of the frequency 
curves. Standard project peak flows for the 4 areas averaged 
57 per cent of the probable maximum peak flows.

19. FLOOD FLOW FREQUENCIES

Frequency determinations were made using methods outlined in 
the revised edition of "Statistical Methods of Hydrology," published 
under Civil Works Investigations Project CW^151 by the Sacramento 
District in January 1962. The peak discharge frequency curve for 
Kaunakakai Gulch was computed from stream flow data published by 
the U. S. Geological Survey. The frequency curve for Kaunakakai 
Gulch was used as a basis for the flood plain frequency curves. The 
bottom part of the curves were made generally parallel to Kaunakakai 
Gulch frequency curve and the upper part of the study area curves 
were adjusted to conform with the Kaunakakai Gulch curve as well as 
being aligned so that the standard project and probable maximum 
flood flows would fall within reasonable frequency ranges. The 
computed and adopted frequency curves for the Kaunakakai Gulch stream 
gaging station are shown on plate A-17. Frequency curves for the 
flood plain study areas are shown on plate A-l8. These frequency 
curves are approximate because of the limited data available.
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20. FLOOD PROFILES

The water surface profiles for the derived floods shown on 
plates A-5 through A-8 were developed by backwater computations, 
using methods based on Manning's friction formula. The controlling 
elevation at the mouth was assumed to be for high tide conditions. 
Manning's formula is

q  = 1 • ^ 8 6  A R 2 / ^  g 1 / 2n
where Q = discharge in cubic feet per second

A = cross sectional flow area in square feet 
R = hydraulic radius (ratio of area to wetted perimeter)
S = slope of hydraulic gradient in foot per foot 
n = channel roughness coefficient

Waialua Stream: channel n = .035
overbank n = .055

Wawaia Gulch) channel n = .0̂ 5
Kamalo Gulch) overbank n = .055
Kawela Gulch)

21. ELEVATION-DISCHARGE RELATIONSHIPS

The computed elevations at selected cross sections and bridge 
sections are shown on plates A-19 through A-26. These cross 
sections, when oriented in accordance with the plan views shown on 
plates A-l through A-k illustrate the depth and limit of flooding 
in the flood plains.

22. VELOCITIES

The stream gradients of the flood-producing tributaries are 
steep and flood flow velocities can be expected to be high. Back
water computations for Waialua Stream show that maximum channel and 
overbank velocities were 25 and 7 feet per second, respectively, 
with average velocities equal to 15 and 5 feet per second. For 
Wawaia Gulch, the maximum channel and overbank velocities were 
20 and 6 feet per second, with average velocities of 12 and U feet 
per second. Kamalo Gulch had maximum channel and overbank 
velocities of l6 and 6 feet per second, with average velocities 
of .10 and 3 feet per second. Kawela Gulch attained maximum channel 
and overbank velocities of ,17 and 6 feet per second, while the 
average velocities were 12 and 5 feet per second. Although this 
range of velocity removes the silt deposited in the stream and 
aids runoff conditions, it also contributes to erosive action 
affecting the banks and adjacent cultivated fields. Plate A-10 
shows the approximate stream bed profiles for the tributaries 
involved.
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23. TSUNAMI IN HAWAII

The frequency of tsunami in the Pacific Ocean is exemplified 
by the record of 43 damaging occurrences in Hawaii over the past 
146 years. Pertinent information is given in table A-7, which does 
not include those tsunami producing only slight variations in water 
surface. The dearth of data recorded by instrumentation and the 
marked variation in activity even within extremely short distances 
along a coast preclude the assignment of height to the largest 
wave in each phenomenon. Then, too, eye witness accounts and data 
provided by post-tsunami examination of areas subjected to violent 
attack can be misleading, since it is difficult to differentiate 
between a solid mass of water and run up or spray. In the case of 
water marks on objects, run up, which varies with the shape of the 
obstruction and environmental factors, contributes immensely to 
distortion of the true picture. Wave height determination by 
refraction analysis was considered, but wave characteristics, such 
as length, and other factors, preclude determination by this 
procedure. Besides, much data relative to deep water character
istics are lacking.

24. TSUNAMI DAMAGE

Since no correlation of occurrences by wave height could be 
made, comparison was effected on the basis of severity of damage. 
Each event was classified into one of four categories, namely; 
very severe, severe, moderate and slight. Difficulty was 
encountered even in this relatively simple approach to the problem 
because data pertaining to early occurrences is limited. Of the 
43 listings, 7 were designated very severe, 2 severe, 8 moderate 
and 26 slight. The most recent tsunami that caused a substantial 
run up of water on the southern shore of East Molokai was the 
23 May i960 tsunami, when water reached an elevation of 6 feet 
above mean sea level.
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Table A-7

Tsunamis Affecting Hawaii

Date Source
Wave period 
(minutes)

Apr 12 1819 Chile 1 1
Feb 20 1835 Chile -

Nov 7, І837 Chile 28
May 17 l89l Kamchatka ko
Apr 2, 1868 Hawaii -

Aug 13 1868 Peru and Bolivia -

Jul 25 I869 South America -

Aug 23 1872 Hawaii 6
May 10 1877 Chile 2.0
Jan 20 .1878 _ _
Aug 27 .1883 - -
Jun 15 1896 Japan -
Aug 9, 1901 Japan -
Jan 31 1906 Colombia -
Aug l6 1906 Chile -
Oct 11 19 1З New Guinea -
May 26 191^ New Guinea -
May 1, 1917 Kermadea Islands -
Jun 25 1917 Samoan Islands -
Aug 15 1918 Philippine Islands -
Sep 7, 1918 Kurile Islands -

Apr 30 1919 Tonga Islands 90
Nov 11 1922 Chile -
Feb 3, 1923 Kamchatka 15
Apr 13 1923 Kamchatka -
Nov 1927 California -
Dec 28 1927 Kamchatka „

Jun l6 1928 Mexico -
Mar 6, .1929 Aleutian Islands _

Oct 3, 1931 Solomon Islands .15
Jun 3, 1932 Mexico _

Mar 2, 1933 Japan -
Nov 10. 1938 Alaska _

Apr 6, 19^3 Chile _
Dec 7, I9kk Japan -
Apr 1, 19I+6 Aleutian Islands .15
Dec 20. 19^6 Japan -
Aug 21, 1951 Hawaii -
Nov U, 1952 Kamchatka 38
Mar 9, 1957 Aleutian Islands 18
May 23 i960 Chile 33
Oct 19, 1963 Japan -
Mar 27, 1 9 6 k Alaska 22

Damage

Slight
Severe
Very severe
Moderate
Very severe
Very severe
Severe
Moderate
Very severe
Slight
Moderate
Slight
Slight
Slight
Moderate
Slight
Slight
Slight
Slight
Slight
Moderate
Slight
Slight
Very severe
Slight
Slight
Slight
Slight
Slight
Slight
Slight
Moderate
Slight
Slight
Slight
Very slight
Slight
Slight
Moderate
Moderate
Very severe
Slight
Slight
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2 5. FLOOD PLAIN REGULATION

Flood plain land use regulation has been accomplished by- 
other states and municipalities, using various combinations of 
regulatory powers available to them. Excerpts of laws and 
ordinances dealing with flood plain regulation are given in the 
following paragraphs to demonstrate their importance in a well 
planned community development program.

26. EXCERPTS FROM ZONING ORDINANCES

Kingsport

(From Kingsport, Tennessee, Ordinance No. 1563, adopted 22 July 1957)
* * *

F-l Floodway channel district regulations:

Within the F-.1 Floodway channel districts, as shown on the 
Zoning map, the following regulations shall apply:

(a) Uses permitted.

Any use permitted in the nearest adjacent zoning district
on the same side of Reedy Creek.

(b) Uses and improvements prohibited.

1. No building or structure shall be constructed, altered, 
or extended in said flood area, and no building or 
structure shall be moved within or into the F-l 
district.

2. No landfill or dumping shall be permitted in said 
flood area.

3. No permanent storage of materials or equipment shall 
be permitted in said zone.

SECTION VI. Be it further ordained by the City of Kingsport, 
Tennessee, that the Zoning Map of the City of Kingsport, adopted 
and enacted as part of Zoning Ordinance No. 89 ,̂ the same being 
Chapter 3*+ of the 19̂ -9 City Code, as the same has been heretofore 
amended, be further amended so as to provide that the area and 
territory hereinafter described under this section be declared to 
be and the same shall be designated as an F-l Floodway Channel 
District, and which said area is located in the City of Kingsport, 
and the ,11th Civil District of Sullivan County, Tennessee, and 
being described and bounded as follows, to-wit:
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Beginning at a point on the corporate limits line, said, point 
being forty (Uo) feet from and radial or perpendicular to the 
centerline of Reedy Creek and approximately two hundred (200) feet 
south of the center of the Clinchfield Railroad Bridge, measured 
along said corporate limits line; thence on a line meandering 
easterly and northeasterly forty (Uo) feet from and parallel with 
the centerline of said creek for a distance of about 2,200 feet 
to a point 2,000 feet upstream from the center of the Clinchfield 
Railroad bridge, measured along said centerline; thence on a line 
radial or perpendicular to the centerline of said creek for a 
distance of 25 feet to a point 65 feet from said centerline; 
thence on a line meandering in a generally northeasterly direction 
65 feet from and parallel with the centerline of said creek ... 
thence southerly along said corporate limits line to the point 
of beginning.

* * *

Tehama County

(From Tehama County, California, Ordinance No. 302, adopted 
5 September 1961)

* * *

SECTION 2k-h. "PF" PRIMARY FLOOD PLAIN DISTRICTS

Sec. 2U-A-1.--This district classification is intended to be 
applied by the County to properties which lie within a primary 
floodway, which for the purposes of this ordinance shall be construed 
to be a stream channel and the portions of the adjacent flood plain 
as are required to efficiently carry the flood flow of the stream, 
and on which properties special regulations are necessary for the 
minimum protection of the public health and safety, and of property 
and improvements from hazards and damage resulting from flood waters.

The following specific regulations and. the general rules set 
forth in Section 31 shall apply in all "PF" Districts.

Sec. 2U-A.2. Uses Permitted:

(a) Crop and tree farming, truck gardening, viticulture,
livestock grazing, and other agricultural uses which are of the 
same or a closely similar nature.

(b) Public utility wire and pipe lines for transmission and 
local distribution purposes.

Sec. 2U-A.3- Uses Permitted Upon The Issuance of Use Permits:

(a) The following uses, buildings and structures when it is
found by the Planning Commission that such buildings and structures 
will be so constructed or placed, or will be so protected by levees
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or other flood proofing that they will not he appreciably damaged
by flooding, will offer a minimum obstruction to flood flow, and
will resist flotation:

1. Buildings and structures accessory to agricultural
uses for the storage of goods and equipment and the shelter of
animals and fowl, but not including dwellings or buildings for 
human occupancy.

2. Public utility buildings and structures other than 
wire and pipe lines.

3. Public parks and recreation areas and facilities, 
including boat ramps, docks, parking areas, picnic tables and fire
places, private and commercial recreation developments and facilities, 
camp grounds and trailer parks, provided that rest room facilities 
shall be located and constructed in accordance with Health Depart
ment requirements.

(b) Commercial excavation of natural materials, filling of 
land areas; construction of levees, dikes or other structures 
designed to divert or obstruct the flow of flood waters.

(c) Single family residences and multiple family residences 
when it is found by the Planning Commission that such buildings and 
structures will be so constructed or placed, or will be so protected 
by levees or other flood proofing that they will not be damaged by 
flooding or constitute obstructions to flood flow or hazards to 
life or property.

D. By the addition thereto of a new Section to be designated 
Section 2k-Ъ, and to read as follows:

SECTION 2k-B, "SF" SECONDARY FLOOD PLAIN DISTRICTS.

Sec. 2L-B.1. This district classification is intended to be 
applied to properties which lie within areas inundated by overflow 
waters during the historical flood of 1958 of the Sacramento River 
and its tributaries, excluding areas within established "PF"
Districts, which properties are subject to occasional flooding 
or inundation by overflow flood waters, and so require special 
regulations for the protection of such properties and their 
improvements from hazards and damage which may result from flood 
waters.

The following regulations and the general rules set forth in 
Section 31 shall apply to all "SF,f Districts.

Section 2L-B.2. Uses Permitted:

(a) Uses as permitted in "PF" Districts, (Sec. 2k-A.2 and 
Sec. 2L-A.3).
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(b) Single-family dwellings and accessory residential and 
agricultural structures located on agricultural properties of 
three or more acres, provided that the ground floor level of such 
dwellings shall he above the level of the 1958 flood waters upon 
the particular property.

(c) Residential subdivision improvements and dwellings, as 
defined herein, within subdivisions approved and recorded in Tehama 
County after the fourth day of March, 1957? and subject to conditions 
to such approval and to ground floor level as specified in
Sec. 2k-B.2(b) above.

Sec. 2k-B.3’ Uses Permitted Upon the Granting of Use Permits:

(a) Improvements, buildings and structures listed in Sec.
2к-B.2 (a) and (b) above which may not meet the ground floor level 
specified, but which will otherwise be adequately protected by 
levees or other acceptable flood proofing.

(b) Single family dwellings, motels, multiple family dwelling.

(c) Local service commercial uses and structures.

(d) Uses and structures for the storage, distribution and 
processing of agricultural products, supplies and equipment.

(e) Public and private schools, churches, libraries, 
organization meeting halls and other similar places of public 
assembly.

* * *

27. EXCERPTS FROM SUBDIVISION REGULATIONS

Clinton

(From Clinton, Tennessee, Subdivision Regulations, adopted 
December 1957)

* * *

Land which the planning commission has found to be unsuitable 
for subdivision due to flooding, bad drainage, steep slopes, rock 
formation, or other features likely to be harmful to the safety, 
health, and general welfare of the future residents shall not be 
subdivided unless adequate methods approved by the city engineer 
are formulated by the developer for meeting the problems created 
by the subdivision of such land.
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Land within the Floodway shall not be platted for residential 
occupancy or building sites. Other land subject to flooding may be 
platted for residential occupancy or for such other uses which will 
not increase the danger to health, life, and property. Fill may not 
be used to raise land in the Floodway areas. In other areas subject 
to flood, fill may be used providing the proposed fill does not 
restrict the flow of water and unduly increase flood heights.

In applying this provision land below the elevation of the 
50,000 cfs Flood shall be considered subject to flood. The elevation 
of the 50,000 cfs Flood shall be determined frofn the chart "High
Water Profiles, Clinch River, Vicinity of Clinton, Tennessee"
(Tennessee Valley Authority, November 1957), which chart is made a 
part of these regulations. Areas included in the Floodway are as 
shown on the Zoning Map of Clinton, Tennessee,

* * *

No street shall be approved unless it is at an elevation within 
two feet of the elevation of the 50,000 cfs Flood. The planning 
commission may require where necessary profiles and elevations of 
streets for areas subject to flood. Fill may be used for streets 
provided such fill does not unduly increase flood heights. Drainage 
openings shall be so designed as to not restrict the flod of water 
and unduly increase flood heights.

* * *

For each lot in a subdivision that does not contain a flood-free 
building site as defined by these regulations, the subdivider must 
fill to the required elevation and meet other requirements concerning 
fills as specified in the introduction to Article II or include in 
the deed the restriction that the lower floor of any structure be 
built at an elevation not lower than that of the 50,000 cfs Flood 
referred to in the introduction to Article II.

* * *

If any portion of the land being subdivided is subject to flood, 
as defined in the introduction to Article II, the limits of such 
land shall be shown on the final plat as recorded.

* * *

28. EXCERPTS FROM ENCROACHMENT STATUTES

Connecticut

(From Connecticut Public Act 36 -̂, as contained in Statutes Pertaining 
to the Water Resources Commission Hartford, Connecticut, compiled .1957)

* * *
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Section 9j Powers (c).— Said commission shall establish, by 
order after a public hearing and in accordance with sound engineering 
principles, on any waterway under consideration for stream clearance, 
channel improvement or any form of flood control or protection work, 
lines beyond which, in the direction of the waterway, no obstruction 
or encroachment shall be placed by any person, firm or corporation, 
public or private, unless specifically authorized by the commission. 
The provisions of this section shall not affect the provisions of 
section 25 of number 13 of the public acts of ,1957 authorizing any 
town, city or borough to establish such lines within its jurisdic
tion prior to the establishment of lines by the commission, provided 
the commission may alter any lines, however established, upon 
finding such alterations necessary to effectuate the purpose of 
this section and section U 209. Notice of any such order of the 
commission establishing or altering any such line shall be given by 
mailing notice thereof to all persons known to be affected thereby 
and by publishing such notice three times in a newspaper having a 
general circulation in the area involved. Any person aggrieved 
by any order of the commission as to the location of any such line 
may appeal from such order to the court of common pleas within 
thirty days of the giving of such notice. Service of notice of 
appeal shall be made upon the chairman of the commission. Whenever 
the commission shall find that existing encroachments within lines 
established or to be established constitute a hazard to life and 
property in the event of flood, it is empowered to take land as 
provided by chapter 360. Whenever the commission finds that the 
regulation and use of flood control measures at dams and reservoirs 
will constitute an effective part of a flood control program it 
may negotiate and enter into agreements with the owners of such 
dams and reservoirs to carry out the purpose of this section and 
section N209 with due regard to water supply needs and reserves 
of communities in drought periods.

Section N192, Study of Conditions Relating to Flood Control.-- 
Said commission shall make a comprehensive study of all conditions, 
wherever located, in any way relating to: (a) the control of flood
waters, the establishment of encroachment limits along waterways 
to provide reasonable flood discharge capacity, the flood control 
features of existing and future dams and reservoirs, the removal 
of stream obstructions caused by flood waters, the extent of damage 
caused by flood waters to property of the state, its political 
subdivision, industry and agriculture and any.necessary means or 
method by which such damage may be repaired or provided against in 
case of future floods; (b) river and harbor improvements, 
obstructions or encroachments in any of the navigable waters or 
tributaries within the state; and (c) any matters kindred 
thereto.

* * *
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New Jersey

(From New Jersey Revised Statutes (1929) C.l Title 58)
* * *

Encroachments on Streams

58:1-26.--Construction and maintenance of structures within 
streams regulated; penalty for violation. No structure within the 
natural and ordinary high water mark of any stream shall he made hy 
any public authority or private person or corporation without notice 
to the commission, and in no case without complying with such 
conditions as the commission may prescribe for preserving the channel 
and providing for the flow of water therein to safeguard the public 
against danger from the water impounded or affected by such structure, 
and this prohibition shall apply to any renewal of existing 
structures. No such approval by the commission shall impair or 
affect any property rights, otherwise existing, which might be 
invaded by the construction or maintenance of any structure.

* * *

29. EXCERPTS FROM BUILDING CODES

Los Angeles County

(The Los Angeles County, California, Uniform Building Code of 1956 
contains the following statement concerning construction in flood 
areas.)

* * *

A permit shall not be issued for a group А, В, C, D, H. or I 
occupancy in an area which is subject to flood hazards by reason of 
inundation, overflow, or erosion, and is so determined to be by the 
County Engineer unless such hazard is eliminated to the satisfaction 
of the County Engineer by providing adequate drainage facilities, 
by protective wall, by suitable fill, by raising floor level of the 
building, by a combination of these methods, or by other means.

*  *  *

National Building Code

(From National Building Code, Recommended by the National Board of 
Fire Underwriters, New York: 1955-)

* * *
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Sills shall he anchored to the foundation walls at intervals
not exceeding 6 feet by anchors equivalent to bolts not less than
one-half inch in diameter with proper washers, embedded at least 
7 inches in the foundation.

* * *

Basic Building Code

(From Basic Building Code, 1955 Edition-Chicago: Building Officials
Conference of America, Inc., ,1955•)

* * *

Section 87̂ +.3 Foundations .--Exterior walls below grade and the 
cellar floors of all buildings for institutional and residential 
uses (use groups H and L) enclosing habitable or occupiable rooms 
or spaces below grade shall be made watertight, and when necessary 
shall be reinforced to withstand water pressure as prescribed in 
sections 710 and 871. The basement walls of buildings in the 
residential use groups and the walls of all habitable and occupiable 
rooms and spaces below grade shall be protected with not less than a 
one-coat application of approved waterproofing paint, or a one-half 
(l/2) inch pargeting coat of portland cement mortar or other approved 
damproof-covering.

* * *

Wrightsville Beach

(From Wrightsville Beach, North Carolina, Ordinance of 17 January 
1955 amending the Building Code of the Town of Wrightsville Beach.)

* * *

(5) Girders resting on masonry, foundation walls or piers 
shall be anchored thereto with not less than l/2 inch bolts embedded 
at least 6 inches in the masonry.

(6) Wooden columns and posts shall be securely anchored to 
their foundations and to the members which they support.

* * *

All new structures and all structures rebuilt or repaired where 
the structure required a new foundation or where rebuilding or 
relocating a building on existing foundations is necessary, shall 
be built upon piles in accordance with the following requirements.
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(1) Height. Piles shall not he less than eight (8) feet in
height measured from the "Building Line" of the Town of Wrightsville
Beach as established by the Worth Carolina General Assembly and as 
shown on the map of the Town of Wrightsville Beach dated September k, 
19 1̂. The height of the piles measured from the mean high water 
mark if established by competent authority may be used in lieu of 
the "Building Line" in measuring the required pile height. The 
average elevation of the building lot may be obtained by averaging 
the known elevations measured at the corners of such lot.

(2) Type of Pile ...

(3) Required Depth of Piles. Piles shall be sunk or buried to
a depth of not less than 100$ of the required height of the pile.

(h) Size of Wood Piles ...

(5) Spacing of Wood Piles. The maximum center-to-center 
spacing of wood piles shall not be more than eight (8) feet on 
centers under weight bearing sills. However, for two story or larger 
buildings or where the load bearing requirements demand it, piles 
may be required to be spaced closer together by the building 
inspector.

(6) Tieing and Bracing of Wood Piles. Wood piles shall be 
tied to the structure with bolts or galvanized strips at least 
four inches wide with galvanized nails, or tied in some other 
approved manner. Each pile shall be properly braced in an approved 
manner and when timber braces are used the recommended size shall 
be 4" x 4".

* * *

30. SELECTED BIBLIOGRAPHY

The following list is a sampling of the papers and publications 
dealing with floods and flood plain information:

Corps of Engineers, U. S. Army Engineer District, Sacramento, 
California, Statistical Methods in Hydrology, 1962.

Corps of Engineers, U. S. Army Engineering and Design Manual 
EM 1110-2-1^05, Flood Hydrograph Analysis and Computations, 1959-

Corps of Engineers, U. S. Army Engineering and Design Manual 
EM 1110-2-1̂ -08, Routing of Floods Through River Channels, i960.

Corps of Engineers, U. S. Army Engineering and Design Manual 
EM 1110-2-1̂ -09, Backwater Curves in River Channels, 1959-
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Corps of Engineers, U. S. Army Engineering and Design Manual 
EM II65-2-III, Flood Plain Information Studies, 19 6 1.

Corps of Engineers, Honolulu District, Final Post Flood Report, 
The Tsunami of 23 May i960 in Hawaii, 1962.

Hawaii Department of Land and Natural Resources, Flood Control 
and Flood Water Conservation in Hawaii, Volumes I and II.

Tennessee Valley Authority, Flood Damage Prevention, An Indexed 
Bibliography, Knoxville: 1963.—'

University of Hawaii, Hawaii Institute of Geophysics Report 
No. 1̂-, Potential Tsunami Inundation Areas in Hawaii, Doak C. Cox, 
undated.

U. S. Coast and Geodetic Survey Preliminary Report, The 
Tsunami of May 22, i960 as Recorded at Tide Stations, J. M. Symons 
and B. D. Zetler, undated.

U. S. Geological Survey Progress Report No. 5? An Investigation 
of Floods in Hawaii, 1963.

U. S. Geological Survey, Flood Plain Mapping Activities of the 
United States Geological Survey, Tate Dalrymple, 1963»

U. S. Department of Commerce, Weather Bureau Technical Paper 
No. ^35 Rainfall Frequency Atlas of the Hawaiian Islands, 1962.

l/ Contains 238 listings of references pertaining to flood damage 
prevention and flood plain regulation, with only selected items 
concerned with flood control.
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ACT 1W8 H. B. NO. 80
A B I L L  F O R  A N  A C T

RELATING TO FLOOD CONTROL AND AMENDING CHAPTER 87C, REVISED 
LAWS OF HAWAII 1955, AS AMENDED.

BE IT ENACTED BY THE LEGISLATURE OF THE STATE OF HAWAII:

SECTION 1. Chapter 87c, Revised Laws of Hawaii 1955, as 
amended, is hereby further amended to read as follows:

"Sec. 87C-I. Declaration of Purpose. It is hereby 
declared:
(a) That floods caused by heavy rainstorms and abnormal 

tidal action are detrimental to the health, safety, 
and general welfare of the people of the state, re
sulting in jeopardy to and the loss of life and 
property, disruption of commerce, and interruption 
of transportation and communications; that the 
reduction of flood damage is therefore of primary 
importance to the people of the state; and the 
conservation and beneficial use of flood water is 
an essential adjunct to rainfall drainage and flood 
control.

(b) It is the purpose of this Act to provide for the
coordination by the state of all federal and state
flood control projects undertaken in Hawaii and 
for such technical and/or financial assistance to 
its political subdivisions as may be desirable or 
necessary to assure maximum benefits to the people 
of the state from the expenditure of state funds 
for flood control purposes.

(c) Nothing in this chapter shall prevent any political 
subdivision through its proper officials from request
ing federal aid on its own initiative and at its own 
expense without having to secure State approval.

Sec. 87C-2. Definitions. The following terms, whenever
used and referred to in this Act, shall have the following 
respective meanings, unless a different meaning clearly 
appears in the context:

'Abnormal tidal action' shall include high seas 
or surf, hurricane floods, and tsunamis or seismic 
waves.
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'Board' shall mean the board of land and natural 
resources.

'Department' shall mean the department of land 
and natural resources.

'Drainage' shall mean the collection and convey
ance of surface or sub-surface water, storm runoff, 
or any other water to a disposal area, or into a 
watercourse or standing body of water to reduce damage 
to lands which are not necessarily adjacent to such 
watercourse or standing body or water, or to reclaim 
lands for beneficial use.

'Drainage facilities' shall mean any man-made 
construction undertaken for drainage purposes and 
shall include conduits, ditches, canais, dikes, em
bankments, dams, reservoirs, and other appropriate 
facilities.

'Drainage measures' shall include drainage 
facilities, land treatment, statutory and building 
code requirements relating to drainage, and any other 
measures intended to accomplish drainage purposes.

'Flood' shall mean the temporary inundation of 
usable lands caused by the overflow of an adjacent 
natural watercourse or standing body of water.

'Flood control, 1 'flood water control,' and 
'flood prevention,' shall mean the minimizing of flood 
damage by appropriate protective, preventive, and 
corrective measures.

'Flood control measures' shall include flood con
trol works, land treatment, master planning and zoning 
to establish encroachment zones along watercourse and 
adjacent to standihg bodies of water, training of 
flood fighting units, flood disaster plans and opera
tions, and any other measures relating to flood 
control, flood water conservation, and flood damage.

'Flood Control Plan,' 'General Flood Control 
Plan,' and 'Plan' shall mean the report entitled 
General Flood Control Plan for Hawaii (Volume II
of Flood Control and Flood Water Conservation in
Hawaii), published by the Board in January 1963*
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'Flood control program' when referring to a 
specific watershed or sub-watershed, shall mean all 
existing or planned flood control measures relating 
to such area; when referring to the statewide flood 
control program shall mean the General Flood Control 
Plan and all activities of the Board and Department 
pursuant to the provisions of this Act.

'Flood control project,' 'federal flood control 
project,' and 'state flood control project' shall 
mean, respectively: (1 ) specific flood control
works which comprise all or a portion of the works 
needed to complete a specific flood control program; 
(2 ) a flood control project authorized and imple
mented pursuant to the Federal Flood Control Act of 
1936 or the Watershed Protection and Flood Prevention 
Act of 1958, as amended or supplemented, and (3) a 
flood control project sponsored and financed by the 
State and authorized and implemented pursuant to 
Section С-Л(с) of this Act.

'Flood control works,' 'works of improvement,' 
'works,' or 'flood control facilities' shall mean 
any man-made construction undertaken to confine 
storm runoff within a natural watercourse, conserve 
such runoff, or lessen the energy and effect of 
abnormal tidal action, and shall include conduits, 
ditches, canals, levees, dikes, embankments, dams, 
reservoirs, breakwaters, groins, seawalls, and other 
appropriate facilities.

'Flood water conservation' shall mean the con
finement, storage and beneficial utilization of storm 
runoff by the construction, operation, maintenance, 
and supervision of drainage and flood control facili
ties .

'Political subdivision' shall mean any of the 
several counties under existence in the state by 
virtue of the laws of Hawaii or any legally organized 
district or political incorporation thereof.

'Watercourse' or 'natural watercourse' shall 
mean any river, stream, gulch, gully, valley floor, 
or any other naturally formed channel having a bed 
and sides or banks in which water flows either 
perennially or intermittently. 'Natural watercourse' 
shall also include a drainage ditch in existence after 
seven years from installation but shall not include
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a ravine, swale, or similar depression within which 
water flows only during rainfall.

'Standing body of water1 shall mean a fresh water 
pond, lake, or reservoir, or the Pacific Ocean along 
an extended shoreline or a tidal inlet such as a bay, 
harbor, pond, or estuary.

'United States' shall mean the United States of 
America, including the agencies, instrumentalities, 
officers, agents, or employees thereof.

Sec. 87C-3 . Statewide Flood Control Agency and Program.
(a) The board of land and natural resources, whose 

functions include under the existing laws of Hawaii, 
the management and administration of water resources 
of the state, is hereby designated as the state agency 
responsible for the accomplishment of the purposes of 
this act.

(b) All flood control and flood water conservation and 
related activities, and any attendant powers and 
duties, heretofore assigned to other state departments 
or agencies, but not including flood disaster opera
tions, shall be transferred to the Board upon the 
enactment of this law.

(c) It is declared that the General Flood Control Plan 
is to be regarded as a general guide for the orderly 
and coordinated implementation of a statewide flood 
control program and the specific existing and planned 
flood control programs and the s pecific existing and 
planned flood control programs comprising the Plan to 
be financed by State funds. This declaration is not 
to be construed so as to constitute approval of the 
specific flood control programs included in the Plan. 
Nor shall this declaration be construed so as to 
prohibit the development of lands bordering water
courses or standing bodies of water. The Board may, 
from time to time, modify the Plan to the extent that 
it finds such to be necessary or desirable.

Sec. 87C-̂ f. Powers, Duties and Jurisdiction of the Board. 
In addition to those powers and responsibilities of the 
Board established by existing law, the Board is authorized 
to implement the declared purposes of this act with regard 
to flood control and flood water conservation in the 
following manner:
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(a) Coordinate the programs and activities of all agencies 
of the state, in conformance with the objectives of 
the statewide flood control program.

(b) Compile, evaluate, interpret, and disseminate infor
mation for technical use and for the general informa
tion and education of the people of the state.

(c) Render technical assistance to the political subdivi
sions and other agencies of the state only upon 
request of the affected agencies in matters of master 
planning, zoning, qualifying for and constructing 
federal and state flood control projects, the training 
of flood fighting units, and related flood control 
activities.

(d) With regard to federal flood control projects:
(1) review plans submitted by federal agencies for 
state approval and make appropriate recommendations to 
the Governor; (2) formulate and recommend to the 
Legislature of a general policy for state partici
pation with the political subdivisions in the 
assurances of local cooperation required by federal 
flood control acts; (3) review requests from poli
tical subdivisions for financial assistance in meeting 
local participation requirements and make appropriate 
recommendations to the Legislature; and (*+) execute 
and administer agreements with political subdivision 
to implement state assurances of participation in 
federal flood control projects.

(e) For meritorious proposed projects which do not meet 
feasibility standards for federal flood control pro
jects: (1) formulate state feasibility criteria and 
project funding procedures; (2) study, evaluate, and 
determine the feasibility of proposed projects in 
accordance with established criteria and make recom
mendations to the Legislature; (3) execute and 
administer agreements with political subdivisions to 
assure compliance with the conditions of state pro
jects; and (*+) design, prepare plans and 
specifications, obtain bids, let contracts, and 
supervise the construction of state flood control 
works.

(f) With regard to projects initiated and financed entire
ly by political subdivisions, render coordination and 
aid only if requested by the respective agencies."
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SECTION 2. Existing Laws and Severability. All laws or 
parts of laws which are held to be inconsistent with this Act 
are hereby amended to conform with the provisions of this Act. 
The provisions of this Act a re declared to be severable, and 
if any portion of this Act or the application thereof to any 
person, circumstance, or property is held to be invalid for 
any reason, the validity of the remainder of this Act or the 
application of such portion to other persons, circumstances or 
property shall not be affected thereby.

SECTION 3. This Act shall take effect upon its approval.

APPROVED this 3rd day of June, 1963 
/s/ John A. Burns
GOVERNOR OF THE STATE OF HAWAII Exhibit A-l



JOHN A. BURNS

O V t H N O H  О Г  H A W A I I

STATE  O F  H A W A I I
D E P A R T M E N T  O F  L A N D  A N D  N A T U R A L  R E S O U R C E S

P. O. BOX 62 1 

HONOLULU 9, HAWAII

DIVISIONS:

C O N V E Y A N C E S  

F I S H  A N D  G A M E  

F O R E S T R Y  

L A N D  M A N A G E M E N T  

S T A T E  P A R K S

W A T E R  A N D  L A N D  D E V E L O P M E N T

February 21, 1963

District Engineer
U. S. Army Engineer District, Honolulu 
Corps of Engineers 
Building 96, Fort Armstrong 
Honolulu 13, Hawaii
Dear Sir:

By Act 34, Session Laws of Hawaii 1961, copy enclosed, the 
Board of Land and Natural Resources is authorized to assist its 
political subdivisions in obtaining benefits from the Federal 
Government for flood control and flood water conservation projects.
In compliance with this authorization we request that a flood plain 
information study be made for the East Molokai area on the island 
of Molokai, County of Maui, under Section 206, Public Law 86-645, 
approved July 14, 1960.

During the past several years, floods have caused extensive 
damage to public and private property and during 1961 one life was 
lost, five persons were nearly drowned and the domestic water supply 
in Kawela was in danger of being contaminated and destroyed. The 
State wants to encourage the economic development of Molokai and 
unless more information is obtained on the flood plains of this 
island, plans for economic development will be impeded.

There are many gulches and streams along the East Molokai 
area and we realize that it is impractical to request that compre
hensive studies be made of every drainage basin. We would, however, 
appreciate a detailed study of the drainage areas of Kawela, Kamalo, 
Wawaia and Waialua Streams— the location of these areas are shown 
on the attached map. Any other flood plain information that can be 
obtained from other drainage basins in the East Molokai area will 
also be appreciated.

The Maui County Planning and Traffic Commission and the State 
Department of Planning and Research have prepared a general plan for 
this area. This plan shows extensive residential development inte
grated with the development of tourist attractions; such as historic 
sites, hunting and fishing areas, water sports and scenic parks.
The information from this flood plain study will be a valuable tool 
in determining the problem areas and will be very useful in the plans 
for final development. EXHIBIT A-2



District Engineer - 2- February 21, 1963

To assist you in your study, maps showing existing and future 
land use, parcel and street maps, rainfall and other сlimatological 
data and all other planning data available in our office will be 
furnished without cost. After the study is completed, the published 
report will be provided to all persons planning to develop this area. 
The information will also be used as a guide for the preparation 
of zoning regulations.

We will appreciate all the assistance you can give us in this 
matter and if we can help you in any way please do not hesitate to 
call on us.

Very truly yours,

 "■ ' / _/

GEORGE P. SIU 
Director

Enc.
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