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EXECUTIVE SUMMARY
FEASIBILITY STUDY OF FLOOD PROTECTION AND DRAINAGE

PROJECT IN SAMUT PRAKAN EAST

BACKGROUND

Samut Prakan East 1is a relatively flat land having ground
elevation close to the mean sea level, and covers the whole area of Samut
Prakan province on the east bank of the Chao Phraya river. Majority of
the 512 000 population of Samut Prakan East lives in about 220 square
kilometers area on the west of the King's flood protection dike
(Figure 1). Samut Prakan plays a significant role in economics,
especially in industry and trading. 1In 1985 its annual industrial
products value was about 9 800 million baht, or about 68.5 percent of
its gross provincial products. In 1986 taxes revenue from Samut Prakan
was 4 400 million baht per annum, which was the second highest of the
country, and inferior only to Bangkok.

In the past 4-5 years, Samut Prakan areas adjacent to the Gulf of
Thailand have been faced with increasing flood problems. These include
floods caused by heavy rainfall similar to Bangkok which is located just
to the north, and frequent floodings at high tides even during periods
with no rain. The tidal floodings are relatively predictable, and have
occured during a period from October through January. The frequency of
floodings average about 7 days per month, and last about 4 hours per day.
These frequent floodings which constantly cause repeated losses and
inconveniences to the area definitely deserve immediate attention. After
the 1983 record flood in Bangkok and its vicinity area much efforts have
been spent in investigations and implementation aiming to mitigate the

damaging flood problems. In the -eastern suburban area of Bangkok, a



master plan using the polder type system was adopted. According to such
plan, it 1is necessary to drain flood water from about 240 square
kilometers area, known as flood ''retarding area'", through Samut Prakan
East for subsequent drainage into the Chao Phraya river. Therefore, a
properly planned drainage and flood protection system in Samut Prakan
East area is needed to enable coordinated drainage on the east bank. The
Department of Public Works has, therefore, authorized TISTR to carry out
the flood protection and drainage project for Samut Prakan East,
commencing on 25 September 1986. After a master plan preparation in the
first 12 months, a feasibility study of the flood protection and drainage
project as proposed for the master plan area has been scheduled for

another 8 months period.

PREVAILING FLOOD PROBLEMS AND REMEDIAL MEASURES

Floodings in the project area may be categorized into 2 types.
One type of floodings is due to rising tides and corresponding high
stages of the Chao Phraya river, causing overflows of nearby low lands.
This 1is characterized by frequent floodings in a period from October to
January for about 7 days per month, and for about 4 hours in each day
with this type of floodings. Another type of floodings is a result of
heavy rain and inadequate drainage facilities. The frequent floodings
have caused economic losses detrimental to economic development in the
area for a long time. In addition to the opportunity loss in area
development to its full potential, the floodings have adversely affected
the local residents 1in their daily livings due to the degraded living
environment caused by decomposition of the long standing flood water.
The maximum annual flood losses was estimated at 778 million baht, while
the expected value of annual flood losses was estimated at about 384

million baht.
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O0f all remedial measures, two projects are assessed to have the
most significant effects in providing a short-term relief to lessen flood
losses. These are the King's flood protection dike together with dredging
of canals in the area, and the short-term flood protection and drainage
works for the polder system serving the most populatea‘center of Samut
Prakan. Although the flood problems have been relieved to a certain
degree in some parts of the project area, there is still a definite need
for further improvement to adequately cope with the remaining problem.
Areas needing immediate attention include the area along the Chao Phraya
river to the west of Sukumvit road, and the area along the gulf coast
south of - Sukhumvit road. These areas are presently not yet protected from
high tides and high river stages, thus subjected to frequent floodings
even during fair weather. Even in the project area east of Sukhumvit road
which 1is presently protected from tidal floodings improvement of main

drainage system is still necessary.

MASTER PLAN FOR FLOOD PROTECTION AND DRAINAGE

Flood protection and drainage system proposed in the master plan,
which would be adequate for future land use in the year 2001, consists of

the followings

Flood barrier 53.4 km
Gates 28 gates
Pumping station 13 stations with 133 cms capacity

Main drain canals and pipes

a. New drain canals 29.1 km
b. Canal improvement 60.4 km
¢. Main drain 73.8 km

Sub-total canals and pipes 163.3 km

Flood retention storages 126 rai



The proposed flood protection system includes flood barrier of
various designs and equipped with necessary appurtenant structures. The
system 1is intended to prevent overflow from outside the flood protection
area, and also from one polder to the others. With the exception of
about 41 km flood barrier along the Chao Phraya river and along the G&lf,
most of the proposed flood barrier will be existing roads and other
existing structures which can be used with very minimum improvement cost.
Different designs suitable to the.existing land use are adopted for the
flood barrier along the river and the Gulf, with only about 5.75 km being
the relatively high cost structure(master pile with panel and anchorage).

The proposed main drainage system consists of main drain canals,
main drain pipes, pumping stations, and flood retention storages. The
system has been designed to be adequate for 5 year short duration
rainfall (72 mm/hour for 60 minute duration) for most of the area. For
the area served by main drain pipes a 2 year short duration rainfall was
adopted (59 mm/hour for 60 minute duration). Drainage in the master
plan. area has been designed as 3 independent polders (Figure 2),including
Klong Samrong polder, Pak Nam polder, and Klong Bang Nang Greng polder.
Each polder Wouid be drained by its main drainage system for discharging
into the Chao Phraya river through its pumps and gates.

Along Sri Nakharin road which serves as the inner flood barrier
(Figure 2) control gates have been planned for all canal crossings.
During flood season water from the retarding area in Bangkok and from the
flood relief area are planned to be drained to the south through a system
of improved canals,for emptying into the Gulf mainly through the new gate
planned at the flood barrier near the river mouth (Figure 2). During
high tides when the gate has to be closed water has to be temporarily
stored in the improved canal network and low areas in the flood relief

area. The stored water is drained through the gate as soon as the tide

.
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recedes to an elevation lower than the water level just upstream of the
gate. Hydraulic analyses by mathematical models indicate that the
proposed drainage system can adequately drain 2 year rainfall in the

flood relief area.

IMPROVED FLOOD PROTECTION AND DRAINAGE SYSTEMS ADOPTED

IN THE FEASIBILITY STUDY

During the feasibility study period detailed improvement has been
made on the flood protection and drainage system proposed in the master
plan. Emphasis has been on the suitability of the system components with
existing site condition, mainly to facilitate actual construction. Gate
sizes in all polders have been economically optimized. Reviews and
modifications have been made on drainage systems, té make them most
suitable to the existing site conditions and most economical. Additional
and more detailed field survey results have been employed together with
hydraulic analyses using mathematical ﬁodels. Then, through a process of
economic optimization subjecting to engineering and practicality
constraints, the optimum and most appropriate drainage system components
are adopted for each polder.

For Xlong Samrong polder, additional consideration has been made
on the appropriate site for the Samrong gate and pumping station. The
proposed site has been concluded at a location of about 400 m from the
Chao Phraya river, where a navigation lock which can accomodate a 8.5 m
wide boat with 2.0 m draft has also been proposed.

For the flood relief area, improvement have been made on the
design of the Hua Lamphu gate. Its crest has been raised 0.40 m higher
than the design in the master plan, so that only a very minimum dredging

downstream of the gate will be required. This should result in a much



reduced maintenance of the outlet channel. The design of flood barrier
along the Gulf has also been improved to be reinforced concrete wall on
concrete piles.

The adopted flood protection and drainage systems for the three
polders and the flood relief area, as planned for future land use in the

year 2001,are shown in Figures 3,4,5 and 6 and can be summarized as follows:

Flood barrier 58.7 km
- Along Chao Phraya river 25.0 km
- Along the Gulf 12.6 km
- Inner barrier improvement 4.3 km
- Temporary barrier 16.8 km

*
Gates with pumping stations 8(2") sites totaling

88.5 (9.35) cms

Gates 15(6) gates
- For flood protection and drainage 4(1) gates
- For dry season drainage 11(5) gates
Pumping station 1 station ' 1.5 cms
Main drain canals 95.9 km
- New canals 13.4 km
- Canal improvement 82.5 km
Main drain pipes 51.1 km
Flood retention storages with appurtenance sfructures 8 sites
- Land aquisition 206.5 rai
- Pumps 11.5 cms
- Gates 3 gates

Number in parenthesis indicates existing item

-6-



IMPLEMENTATION SCHEDULE AND PROJECT INVESTMENT

Project cost estimate base on preliminary designs of all proposed
project components, as planned for future land use in A.D.2001, indicates
a total investment cost of about 2 088 million baht (end of 1986 price),
as summarized in Table 1.

Present drainage requirement in the project area is considerably
less than the future réquirement due to the presently less intense land
use. Therefore implementation of the planned project components is
scheduled in phases corresponding to the existing land use,in conformance
with budget aquisition plan,and suitable to priority ranking of different
parts of the project area :

(a) The first phase implementation to mitigate the prevailing
frequent floodings by emphasizing flood protection system
construction, together with only necessary improvement of
drainage system using low cost measures (such as dredging).
Land aquisition 1is, however, included to facilitate future
construction. This first phase is scheduled for 3 years.

(b) The second phase implementation to improve the flood
protection and drainage systems to be adequate for the
existing land use in the beginning of this phase, and to be
adequate for the increasing land use at the end of this
phase. This second phase has been scheduled for the final 4
years of the NESDB 7th five years plan (fiscal year
1993-1996).

The first phase work as planned for the first 3 years is the

absolute minimum implementation, which should be carried out to
expeditedly mitigate the long lasting losses from frequent and almost

permanent floodings in many parts of the project area. To have adequate



TABLE 1

COST OF FLOOD PROTECTION AND DRAINAGE SYSTEMS

Cost, million baht
Item
Klong Pak Nam Klong Bang Flood Total
Samrong polder Nang Greng relief project
polder polder area
1. Flood barriers 78.940 95.011 120.230 111.091 405.272
2. Gates with pumping stations
and appurtenance
structures 119.720 43.196 59.252 - 222.168
3. Gates 4,650 25.726 6.322 26.460 63.158
4. Pumping stations 14.793 4.494 - - 19.287
5. Main drain canals and pipes
(1) New drain canals 1.702 41,511 4,242 10.736 58,191
(2) canal improvement 178.744 205.387 87.435 3.088 474,654
(3) Main drain pipes 387.504 63.078 81.846 - 532.428
Sub-total item 5 567.950 309.976 173.523 13.824 065.273
6. Flood retention storages
with pumping stations,gates,
and appurtenance structures 62.885 36.441 - - 99.326
7. Land aquisition and
properties compensation 86.818 28.959 79.086 19.055 213.918
Total (end of 1986 price) 935.756 543.803 438.413 170.430 088.402
* Total (May 1988 price) 1 008.073 590.957 472,307 183.198 254,535

All costs in this report are based on prices in August 1986 when this
investigation commenced. For convenient reference to the price level
at this report preparation time, the project costs have been adjusted
to May 1988 price base on the comparison of the May 1988 material costs

as related to each type of project components.



flood protection and drainage systems for the existing land use, some of
the proposed works in the fourth through seventh year have to be
implemented (see Figure 7 and Table 2).

The first 3 years implementation which is the absolute minimum
implementation requires about 1 153 million baht investment (Table 3).
The additional works necessary for the existing land use requires about
317 million baht additional investment. Therefore, the total investment

required for the present land use amounts to about 1 470 million baht.

PROJECT BENEFIT AND ECONOMIC FEASIBILITY

The implementation of the proposed flood protection and drainage
systems as planned for future land use will prevent the master plan area
from flooding for all events with the tides or the Chao Phraya river
stages not exceeding +2.0 m (msl), or 100 year tide and river stage.
Even with high tides, the improved main drainage system as proposed will
be capable of draining the 5 year short duration rainfall (72 mm/hour
for 60 minute duration). Most of the area will be at least 0.5 m higher
than the maximum stage in the nearby main drain, thus adequate head will
be available for draining the land area. Only exceptions are the areas
planned to be served by main drain pipes where 2 year rainfall was
adopted for drainage design (59 mm/hour for 60 minute duration). Even
in such areas, in the event of 5 year rainfall the maximum water levels
in main drains will still be lower than general 1land elevation.
Inadequate drainage with only local pondings will be of short duration
due to much improved drainage capability.

Long period flooding lasting many days in the event of heavy
rainfall for long duration, such as the experience in the 1983 record
flood, will have very slim chance of occurring. There will be no flooding
for the long duration rainfall not exceeding 5 year rainfall (about 850
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TABLE 3

PROJECT INVESTMENT COST

Unit : milliop baht
Klong Samrong Pak Nam Klong Bang | Flood relief
Fiscal year polder polder Nang Greng area Total
polder

2533 156.307 23.417 13.077 14.765 207.566
2534 175.383 45.579 86.845 21.125 328.932
2535 297.474 185.096 85.227 48.321 616.118
2536 80.910 123.701 62.835 43.308 310.754
2537 80.298 57.269 76.444 42.911 256.922
2538 78.852 L. WLk 72.354 - 196.650
2539 66.532 63.297 41.631 - 171.460
Total 935.756 543.803 438.413 170.430 2 088.402

Remark  Additional investment after the third year of investment to have

adequate systems for the present land use totals 317.166 million

baht.

million baht,

As the investment in the first 3 years is 1 152,616

therefore the total investment which will be

adequate for the present land use is 1 469.782 million baht.
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mm in the 3 month rainy season). In the event of the 1983 heavy rainfall
(about 1 340 mm in 3 months) there will only be much shorter duration
floodings, and only in limited low areas. Such floodings should result
in about one-fourth of the damages which would result should the heavy
rain occur at present, or only about one-eight of the damages experienced
in 1983. Therefore, the proposed flood protection and drainage systems
will provide very beneficial physical contribution to flood protection
and drainage in the master plan area.

For the flood relief area, the proposed flood protection and
drainage system will be adequate for preventing flooding from 100 year
tides in the Gulf and in the river mouth,and zan adequately drain 2 year
rainfall of both long and short durations.

The physical contribution of the proposed flood protection and
drainage systems will give rise to both benefit which can be quantified
in monetary value, and the real benefit which can not readily be
quantified in monetary value. The former benefit consists mainly of the
reduction in flood losses due to the project investment, which has been
estimated at an expected value of about 243 million baht/year under the
existing land wuse, and increasing to 509 million baht/year under the
future land use as planned for A.D.2001.

The implementation of this flood protection and drainage project
will give rise to promotion of economic development in the area. It will
mitigate inconvenience and hindrance to economic activities caused by
floodings, thus will be very significant in promoting area economic
development. This will, consequently, enable enhanced utilization of
land and properties to their full potential. Besides, quality of life of
the local residents will be significantly improved, mainly due to the

improvement in daily living environment free from the frequent floodings.
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Implementation of the proposed flood protection and drainage
project as planned for future land use in A.D.2001 requires an investment
of about 2 088 million baht. The investment has been planned in 2 main
phases for a total of 7 years, to be completed in the NESDB 7th five
years plan (A.D.1992-1996). Comparisons of project benefits to project
costs in project economic analyses lead to a conclusion that the project
is economically feasible. Direct project benefits exceed the investment
cost, as indicated by a benefit-cost ratio of 2.5:1 (4% annual discount
rate and 30 years wuseful 1life), and return on the investment exceeds
opportunity cost of the investment as indicated by 24.8% annual internal
rate of return of the project investment.

Therefore, it can be concluded that the proposed flood protection
and drainage project for Samut Prakan East is economically and
engineeringly feasible. It will give rise to other benefits which can not
be quantified in monetary value. Hence necessary steps should be taken
to enable project development as planned and proposed, so thgt the long
lasting damages and sufferings from flood problems can be timely

mitigated.

FINANCIAL PLAN

Project investment fund was planned to be from 3 sources : 50%
from the government budget, 10% from local administrative offices
(possibly through special fund allocation from the Ministry of Interior),
and another 40% from foreign loan with an average annual interest rate of

4%.
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Fund for project operation, maintenance, and replacement was
estimated at about 43 million baht per year, which would be the maximum
at full project development. This fund was planned to be acquired from
local taxes, by improving efficiency in tax collection and improvement in
local tax structures. These have been evaluated to be highly feasible,
and should not be of any significant burden to local residents.

Fund for loan repayment was planned to be collected from project
direct Dbeneficiaries. The collection was planned for only 10 years,
commencing one year after the beginning of project construction. Such
collected fund should be regarded as a contribution from local
beneficiaries for assisting in their own project construction. Shares
from different types of project beneficiaries were justly specified
according to their relative benefits from the project.. For the 2 088
million baht investment the estimated contributions per year were 290
baht for an average house, 331 baht per an average commercial shop, and
26 315 baht per an average industrial plant.

In case of budget limitation and only the first phase investment
is adopted, the investment fund will be 1 153 million baht for the first
3 years development. The corresponding fund from the government budget
will be 577 million baht, 115 million baht  from local administrative
offices, and 461 million baht from foreign 1loan. In this case fund
collection for loan repayment will be reduced to 149,170 and 13 520 baht
per year per an average size of house, commercial shop, and industrial
plant, respectively. It should be noted that if this limited investment
scheme 1is adopted, there should be provision for future additional

investment. Otherwise full project benefit will not be realized.
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ORGANIZATION AND MANAGEMENT

Analyses of the existing organization and management aspects of
flood protection and drainage in Samut Prakan, together with the
functional need for overall operation and administration lead to a
recommendation of an organization structure having a policy making level
and an operational level.

The policy making level would be responsible for overall policy
setting, coordination, and overseeing general operation of related
offices. It 1is suggested to be in its existing form of a committee or
board, but should have permanent members and have private sector
participation. Methods of directing the operation of related offices
should be objectively specified to enable close and effective monitoring.

A permanent office is recommended to be established for assuming
full responsibility on system operation, maintenance, and related
administration. The main purpose of this permanent office is to achieve

efficient and smooth operation.

OPERATION AND MAINTENANCE

Because of the severe limitation due to frequent high tides
surroundingv the project area it is necessary to have efficient drainage
system operation in conformance with the varying tides outside the
project area. Operation plans should be established for flood control in
rainy season, and for water quality management and navigation in dry
season. Moreover, operation plan for the flood relief area should be
well coordinated with irrigation water requirement in the area.

At present maintenance of the existing flood protection and
drainage systems 1is responsible by many government offices, adopting
rather different techniques in. their maintenance activities. This

practice should be changed for better efficiency. Routine preventive
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maintenance 1is suggested for the system components, including drain
canals, main drain pipes, flood barriers, pumping stations, gates, and
flood retention storages. Suggested maintenance schedules for these
components have already been outlined. Appropriate steps for maintenance
operation have been outlined to include tentative maintenance plan
preparation, annual inspection, annual maintenance plan preparation,
maintenance according to the plan, and monitoring and evaluation for

subsequent operation improvement.

HYDRAULIC AND ENVIRONMENTAL IMPACT

Construction and operation of the flood protection and drainage
sysfems of the polders as planned have been assessed to have
insignificant hydraulic impact to the Chao Phraya river, to the flood
plain east of the King's flood protection dike,and to the Bangkok eastern
suburban to the north.

Although some modifications have been made on the flood
protection and drainage systems proposed in the master plan, conclusion
on environmental 1impact as assessed in the master plan report is still
valid. The project will provide a definite positive environmental impacts
in the project area. Minor wunfavorable impacts will be of temporary
nature, with only slight effects which can be minimized by introducing
appropriate mitigation measures.

As concerns water quality in the canal system, it was found that
quality of canal water in the project area is presently very low.
Dissolved oxygen levels at many locations were found to be very low, or
even approaching no oxygen content level. The water quality of canals in

the flood relief area 1s relatively better than those of the flood
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protection area, but is still of low quality. Should no remedial measure
be taken water quality degradation in the canal system will be of
increasing severity year by year.

A temporary and economical mitigation measure could be a daily
flushing by Chao Phraya river water in the project vicinity, at a rate of
3-5 times of the estimated volume of sewage reaching the canal system at
the beginning stage. The flushing rate should be increased to 7-10 times
of the estimated sewage flow rate in future. It is, however, necessary
to consider implementing an appropriate sewerage and treatment system for
serving the project area. The site of the sewage treatment plant should
be close to the Chao Phraya river, or close to the sea, so that the
treated sewage could be directly discharged into the river or the sea,

thus avoiding further degradation of the canals water quality.

CONCLUSION AND RECOMMENDATION

The flood protection and drainage project in Samut Prakan East
has been investigated and found to be economically and engineeringly
feasible. It will provide significant favorable impact to overall
environment in the project area. As flood losses and sufferings have
already been experienced for a considerably long period, this project
very well deserves expedited attention. It is, therefore, recommended
that all necessary steps be taken to enable project implementation as
planned. This should include submitting the project to related offices
for consideration for eventual approval by the Government. The
followings are recommended as necessary undertakings toward the project

implementation.
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(a) Main Responsible Agency

The Department of Public Works should be assigned as the
main responsible agency (or implementing agency) for this project, at
least until the proposed organization (policy making level and operation
level) is ready to assume its responsibility. Emphasis in this beginning
périod should be on project proposal and promotion, follow-up,
coordination in order to obtain project approval from the Government.

(b) Budget and Fund Procurement

Investment in the project implementation should be in
phases, 1in accordance with the existing land use and the accelerated
future development. The proposed first phase implementation requiring
1 153 million baht investment in the first 3 years should at least be
invested to expeditedly mitigate the prevailing frequent floodings, and
to procure 1land for future construction. However, to have adequate
systems for the existing land use additional investment on some of the
proposed works in the fourth through seventh year requiring an additional
fund of 317 million baht should be made (see Figure 7 and Table 2). Hence
the total investment required for the existing land use is about 1 470
million baht (end of 1986 price or about 1 610 million baht for May
1988 price). In addition, provision should be made for additional
investment to cope with expanding land use in future.

Fund procurement should follow the proposed financial plan, i.e.
50% from the government, 10% from the local administrative offices, and
40% from foreign loan. Necessary arrangements should be made to enable
official contacts with potential lending agencies as soon as the project
is approved by the Government. This is to minimize the procurement time
for the foreign 1loan portion, which should result in the expedited

mitigation of flood problems.
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(¢) Land Aquisition

Land aquisition is a very important and time consuming
matter. It should be addressed at the earliest possible time in order to
have the needed land well in time for the planned construction. Special
attention should be given to the aquisition of 1land for flood barrier
construction along the Gulf, south of Sukhumvit road, as discrepancies
have been noted between the information from Samut Prakan Land Office and
the claimed land ownerships experienced in recent field survey in this
project.

(d) Detailed Design

In order to have efficient, smooth, and timely project
implementation, detailed survey and construction design should be carried
out for the proposed project components necessary for mitigating the
existing flood problem, and adequate for the present land use. The
design should be completed in the fiscal year 1989, so that necessary
drawings and details including specifications can be made available in
the fiscal year 1990 as planned.

(e) Further Investigations

Further investigations on different aspects proposed in this
study should be undertaken, including

- detailed survey and assessment of the navigation lock
proposed at the new site of gate and pumping station at
the mouth of Klong Samrong near the Chao Phraya river.

- Promotional campaign including public promotion and
subsequent attitude survey on fund contribution from
direct project beneficiaries for foreign loan repayment

as proposed in the financial plan.
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Detailed investigation, possibly in close cooperation
with the Samut Prakan Land Office, on land ownership, and

preparation of necessary preparatory measures for

subsequent land aquisition.
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FIGURE 3(CONT’'D)
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