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1 February 1965

PHASE I1I REVIEW OF TAIPEL
AREA FLOOD CONTROL PLANNING

1. Introduction. - This report on the Phase II review of flood
eontrol planning in the Taipel area was conducted by the Corps of
Engineers at the request of AID in accordance with PBIJ/T Lghk-568-2-40079.
The Phase I review team, consisting of Wilfred D. Darling and J. M,
Buswell of the Pacific Ocean Division, visited Taipei in April 1964 and
reported thelr preliminary Tindings in a memorandum dated 25 April 1964.
The Phase II review team consisting of:

Alfred S. Harrison, Missouri River Division, Team Leader
Ralph P. Wong, Los Angeles District
Kenneth T. Case, Portland District

was in Taipei from 5 August to 11 September 1964. Mr. Darling contributed
portions of this report pertaining to foundations, levees, and culverts,

2. Scope of Review. - While in Taipeil the review team inspected
the river channels and existing flood control works in the Taipei area
and made a reconnaissance of the Tan~Shui River basin upstream from
Taipei. They reviewed the physical data, the basic engineering and
economic studies, and the design criteria used as a basis for planning
by the Provincial Water Conservancy Bureau. They made a very brief review
of alternate methods of flood protection for the Taipei area and of
alternate channel and levee protection plans A, B, C, and D considered
by the PWCB., In the limited time available they were able to review in
detail only Plan C which the PWCB has recommended for construction.

3. Scope of This Report. - This report summarizes the prineipal
findings, suggestions, and recommendations of the Phase II review team.
It is assumed that the reader has some famlliarlty with the Taipei area
and with the project proposals. More detailed evaluation and discussion,
together with some suggestions for further studies, will be found in the
appendices.

Lk, Methods of Protection. = Channel improvements and levees are the
most feasible means of obtaining a desirable degree of protection for the
‘Taipel area. ©Such alternate means as reservoir storage and channel
diversion can be eliminated from consideration due to high cost and limited
potential benefits.

5. Degree of Protection. - The 200-year flood is the lowest design
discharge that should be considered for this densely populated metropolitan
area. All levees and floodwalls should contain the 500-year flood well
within the freeboard zone.

6. Plen C. ~ Plan C is technically feasible and economically justified
as a long range plan for cecmprehensive flocd protection in the Taipei basin.
It lends itself to the successive cdmpletion of integral flood control units
that will earn benefits as they are construeted. It also lends itself to



revision in the later stages of implementation in case this seems advisable.
From this point of ¥iew, other channel and levee plans such as A, B, and D
might be regarded as possible variations of Plan €.

a. Stage Construction. - It would not be prudent to implement
Plan C immediately in its entirety. Construction in stages will ease
the financial burden, assure priority of protection to areas with the
greatest existing damage potentizl, and--most important--permit evalustion
and aceommedetion to changea in river regime as they are caused by the
1mprovements. The following construction stages are recommended:

First Stage: 2-vear period.
1} Enlarge the cross section in Xuan+Tu Gorge.
Ee) Construct the right levee on Tan-Shul River and the
“left levee on Kee-Lung River around the She-Tzu area.
(3) Construct the right levee on the Kee-Lung River
and the left levee up Shung and Wal-Sbhuang Creeks
in the Shih-Lin area.
{(4) Construct training dikes along the Tan-Shui River.
{(5) Implement flood plain. zohing yegulaticns on left

flood plain,
Second Stage: UL-year period.
(1) Comstruct training works for the entrance to Kuan-Tu
Gorge.

(2) Construct levees on the Kee-lung River upstream to
SBung-Shan with the left bsnls leiree around the Taipel
City airport as the first unit.

(3) Construct the new Kee-lung River confiluence with
the Tan-Shul and close the exlsting Kee-Iung River
outlet at ¥uantu Corge.

(4) Construct the levees in the Kuan-Tu and Chung-Chou-li
areas along the right bank.of the Tan-Shul River
and. the right bank of the Kee-Iung River through
the new confluence, together with the tributary
tieback levees sorth of Chiu-Pei~Tou.

(5} Increase the heights of:existing levees and Plood
walls around Taipei City and Yung Ho to the new .
design heights.

(6) 1Increase the capacity of the Ten-Shui River by
dredging as necessary, and make land fills.

Third Stage: h-year period.
Ili Observe and collect data on the Tan-Shui River
under flood conditions. Use the information to

evaluate the adequacy of design, movement of
sediment, and meintensnce requirements for use in
designing the later stages of the project and
revising the over-all plan ss necessary.

(2) Construct the levee on the left bank. of the Kee-Tung
River in the Sung~Shan ares.

2



(3} Construet the tieback levees an wai~Shuang, Nan-Yai,
and Huang Creeks.

{(4) Construct the levees on Ching-Mei Creek and upstream
along the right bank of Hgin-Tien Creek.

Fbur%h Stage: &-year period, ;
1) Construct the diversion channel for Ta-Ke~Kan
Creek, and make lend fills.

(2) Construct the levees on the left bank of the Tan-Shui
River and Hsin-Tien Creek, together with the tributary
tieback levees west of Chung-Ho,

(3) Construct the levees on Ta-Ke-Kan Creek upstreamn
from the diversion channel inlet and the remaining
works propeosed in Plan C.

b. Induced Damage. - Although by the end of the second stage of
construction the levees on the right bank of the Tan-Shui River will be
completed, 1t is not belleved they will induce additional flood damages
in the left bank area. Historically, Taipei City itself has obstructed
the right flood plain for many years. Furthermore, the construction
measures 1o reduce the head loss at the entrance 1o Kuan-Tu Garge are

expected to lower somewhat the upstream stages for large floods.

¢. Flood Plain Zoning. - The integrity of the Taipei City levees
during the interim period between the first and last stages of construction
depends on maintaining the existing natural ITloodway across the left bank
flood plain, between San-~Chung and Hsin Chuang, and northwesterly into the
Wen-Tze-Chuan. It is recommended that flood plain zoning, aimed at (1)
preserving the existing floodway, (2) preserving the right-of-way for the
Ta-Ke-Kan Diversion from higher development, and (3) promoting the flood-
proofing of structures, be implemented inmediately on the left flood plain
and enforced until all construction under Plan C is completed.

7. Design Discharges. - The following estimates of 200~year discharges
are accepted for design purposes:

Ta-Ke-Kan Creek at Mouth 13,200 cms.
Hsin-Ten Creek at Mouth 10, 300 ems.
Kee-Iung River at Mouth 2,700 cus.

Tan=-Shui River below Kuan-Tu 25,000 cms.

These discharges are derived from available stream gaglng records, extended
by epplylng unit hydrograph methods to the availsble rainfall records.
Although these adopted values are not considered to be comservative
estimates of 200-year discharges, they are considered to be reascnable

and t0 represent a balanced design throughout the rroject. They are
somewhat larger than the design discharges originally proposed.

8. Technical Reasons for Phased Construction. - Several uncertainties
point to the advisability of phasing the construction of Plan C over a
period of years. Water surfece profile data for the Tan-~Shui River are
limited, and direct determinations of discharge are available only for

3



flowe less than bankfull. TFor flows above bankfull, when the Taipei .
Bridge is bypassed on the left bank, only estimates of the dischaige

are available. Therefore, determination of the design flood profile

in the existing river is heavily dependent on computational assumptions.
Other important questlons are how much additional capacity in the Tan-

Shui can be developed by channel improvement and, furthermore, can it be
maintained over the years. Cnee the natural floodway in the left bank is
blocked, the integrity of the protected arcas behind the levees is
dependent on the designer's assessment of the channel capacity between

the levees. It would not be prudent to confine these great fldod flows
between high levees until the design channel capacities are assured; it
8186 would be imprudent to start Work on the Ta-Ke-Kan Diversicn before

the probliem on the Tan-8kul is solved, for the design stages on the
Tan=-Shui and the experience gained in improving that channel will affect
the Ta~Ke~Kan design. It is, therefore, recomnended that the implementation
of Plan € proceed slovly and that a comprehensive program of hydraulic

and sedimentation observations be conducted to obtain data during flood
flows, to assess changes in river regime as they cccur due to the proposed
¢hannel improvements, and to provide a vasis for any necessary modiflications
of Plan C in its lester stages.

9. Ta-Ke-Kan Diversion. - The design of a reasconably meintenance-
free diversioh channel for the Ta-Ke-Kan is c¢oneidered to be feasible,
provided the new channel is designed to match, es closely as practicable,
the characteristics of the existing river chapnel in the lower 10 km. reach
from the railroad bridge at Hsi~-Shung to the mouth. The existing slope of
‘sbout 0.00C6 1s availsble along the diversion alignment. This slope, pro-
Jeeted downstream from the upstream point of diversion, will probably
result in a higher bed grade than presently proposed at the downstream
end and higher levees throughout the length of the diversion. The proposed
low flow channel width of 200 meters seems regsonahle, but this must be
firmed up by a study of its bed material load transporting capacity
averaged qver & long time period. The low flow chennel should be designed,
if possible, to cerry the one-year peak discharge bvelow berm level. This
would provebly assure good natural channel maintenance and give local
Feople an opportunity to farm the bc w8 on a chance basis. Cost estimates
should anticipate that the low flow channel might eventually require
revetting in order to hold the design width. The flocdway betwaen levees
upstream of the point of diversion should not be narrowed unnecessarily
because this aresa appears to be receliving deposition due to an abrupt
Tlattening of the grade of the Ta-Ke-Kan, and & concentration of flow may
shift the zone of deposition downstream into the diversion channel.

10. Tan-3hul River. - It is considered possible to lower the design
stage at Kuan-Tu about one meter with a channel improvement on the Tan-Shui
that would not require extensive maintenance dredging. Analysis of river
eross section records over a 30~ysar period shows that the Tan-Shul has
been more or less in equilibrium with no long term trends of aggradation
or degradation. In 1light of this, an improved crogs section has bheen
gelected which will have about the same discharge-velocity regime as the
existing river in the range of lower, moxe frequent ddscharges. The improved
channel width will te obtained by contraeting the existing channel between
parallel training dikes. Deepening will be accomplished by dredging if
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ngtural scour does not occur. Right angle spur dikes should not be used
in this reach because they would. retard flood flows, creating additional
channel roughness snd working against the =71 of the channel improvement
which is to lower stages upstream of Kuan-Tu. It should be determined
whether this cestly channel improvement is justified by the savings from
loawer upstream levees and floodwalls.

1l. Kee-ILung River. It is agreed that the existing channel should
be used with no significant enlargement.

12. Hsin Tien Creek. The proposed usge of the xlating channel with-
-out modification is wise. Despite high veloeities during floods, this
alluvial channel has remained reasonably stable. It would not seem prudent
1o upset this "quasi-equilibrium” regime.

13. Kuen-Tu Gorge Improvements. = The widening now underway at Kuan-Tu
and the proposed deecpening will proviue sufficient crose section ares; how-
ever the very poor upstream approach conditions have been responsible for
much of the head loss ‘that has occurred at this constriction, It is
recompended that the feasibility of correcting the approach with river
training works be studied in an undistorted secale model at the Hydwsulic
Model Station.

14. New Kee-Lung Confluence. - Purther studies should be mede to
select the most economical plan for relocating the mouth of the Kee-ILung
River. It is5 suggested that an alighment along the existing Kee-Lung
cut-off south of She-Tgu has merit. A considerable length of levees
aicng the Kee-Lung would be eliminated; however, it is recognized that
additional levees would be needed to bring Shuang Creek into the Tan-Shui.

15. BSan-Chung Protection. - The floodwall for the irncerim protection
arnund San-Chung should be located as far landward as Practicable in order
©o permit the possible future widening of the Taipel Bridge constriction.

16. Bridges. - The proposel to use the Taipei and the Chung Hsing
bridge section without modification should be reconsidered.

a. With the Betpei Bridee work at Kuan-Tu completed, the Taipei
Bridge will become the "bottleneck" in the Tan-Shui River. The Taipei
Bridge section should be widened if at ¢l possible, and any new bridge
piers shculd be designed to minimize head losses, lgecal scour, and the
“accumulation of debris.

b. Chung Hsing Bridge. Consideration should be given to a new
channel span on the left whick would permit correction of the poor align-
rent of the Tan-Shui River which now wust pass through the channel span
at the right end of the bridgze.

17. 'ater Surface Computations.- The coniraction and expansion loss
coefficients L 0.10 and 0,50 used in water surface calculations are. overly
conservative excopt ab abrupt chenges in section. Whaen roughness coefficients
("n" values) ave tared on actual river vbservations, they represent not only
the friction less Dut also include these other 1ss.es. Reasonable allowance

should be wede Ffor trash and debris on bridge piers when computing bridge lose
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18, Tidal Effects on Design Stages. - The assumption of water:surface
elevation +2.% meters at the mouth of the Ten-Shul River is considered
satisfactory for design water surface profiles. The highest tide level
recorded wag about +2.8 meters. Furthermore, comparative water surface
profile computations show thet, for discharges of design magnitude, &
stage variation of several meters st the river mouth is reflected by a
variation of only a few centimeters at the Taipei Bridge.

19. Freeboard. - Minimm freebosrd of one meter is recomnended for
floodwalls end 1.5 mebers for levees, 2o this minimum should be added
on allowance for superclevation in bends, particularly for the relatively
narrow, swift channels such as Hsin-Tien and Ching-Mel Creeks. Consideration
should be given to additionel frecboard at critical locations such as &gll
upstream levee tie-backs and the right levee on the Ta-Ke-Kan Mversion.

20. Hydraulic Model.- The design of the. Taipei Basin Model, its lay-
out and scele ratios, snd its method of opermtion are sound. The .channel
roughness, however, mey reguire further adjusiment to match the prototype
rating cuyves for steady flow at the Teipel and the Chung~Cheng Bridges
and to match the water surface profiles meesured downstreem of Kuan-Tu &t
the peaks of the Opel, Amy, and Gloria floods.

o a. Studies With Present Model. - It is recommended that. the present
model- be used to assess the discharge reduction due to the storsge effect
in the Taipei Besin by. running seriss of flueds with (1) existing levees
and other conditions. in the basin, .and (2) all proposed levees in place.
In order to do this, a discharge take-out and measuring device mugt be
added to the model Just below Kuan-Tu.

b. Kuan-Tu Training Works. - The distorted basin medel j& not
suitable for studying localized problems gueh as the design of training
works into the Wuen-Tu Gorge. An unfdiistorted model with g scale aB large
as the model station water supply will permit 1s needed for this purpose.
An erodible bed could be inéluded as an Indicator of relative scour
potential.

c. Ta-Ke-Kan and Hsin~Tien Confluence.~ Another undistorted model
might be utilized to study the desirability and feasibility of interim
training works to improve the confluence of Ta-Ke-Kan and Hsin-Tien Creeks.

2%1. Tributary Tiebecks. - When the discharge from a hillside
tirubtary stream 18 too large o be handied by & culvert through the
levee, ticback levees must be carried along the tribvutery to high ground.
Tt is recommended that the profile of the ticback levees meet the follow-
ing criteris throughout their length:

a. No lower than the elevation of the main levee.

b. One meter freeboard above the water surface profile for a
tributary discharge that. could reasonably be expected t9 be coincldent with
the design stege on the main river.

e. One meter Treeboard above the waber surface for the 50-year
discharge on the tributary, coineident with & stage reasonably to be expected
on the main river,
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‘There 15 a question whether the proyosed tiebacks for .the tributsry to
the Kee-Lung River south of Chiu-Pei-Tou and the tributary to Hsin-Tien
Creek west of Chung-Ho meet these criteria.

22. Interior Drainage. - The criteria and the provisions ppoposed-
for handling rainfall runoff from interior drainage sreas behind the main
levee system are considered to be inedequate in some cases. Since most
of the interior areas are uttban or potentially urban in . nature, and since
the levees will provide a relatively high degree of protection from river
flocding, adequete capacity should be provided through the levees to keep
ponding as infrequent, as short in duration, and as limited in extent as
economically feasible. Reliance on lagooning of interior runoff at times
when the Tan~Shui River is low, a8 proposed in the Chung-Chou-Ii area, is
not recommended for the asbove, as well as for sanitary and aesthetic reasons.
It 18 recomuended that culvert cepacities meet the following eriteria:

&s For local reinfall occurring when the Tan-Shui River is at
low staege, culverts should discharge the peak flow from the one hour
duration, ten-year storm.

b. For local rainfall from a typhoon starm that produces a
rise on the Tan-Shui River, the culverts should drain the 24-hour
accupulation from the 50-year storm within 30 hours after the beginning
of rainfall.

In estimating the rates at which interior runoff can be delivered to the

culverts, it should be recognized that in some areas dreinage diitches and
storm sewers are in e preliminsry stage of development and thet delivery

rates will increase as the drainage system is Improved.

23. Gating of Culverts. - Because of the high rainfall intensities
and the relatively short concentraiion times for the interlor drainage
areas it is recommended that all culverts in bobh rural and urban areas
be provided with flap gates at the riverward end, The automsiic operation
of the flap gates will increase the effectiveness of the project by
avoliding uvnnecessary flooding dve fo either untimely closing or unbimely
opening of manual slide gates. All culverts in urban areas should also
be provided with manual slide gates as & means of emergency closure in
case the flap gate malfunctions. The emergency slide gate might be located
either in & gate well in the riverward slope of the levee or at the landward
end of the culvert. The riverward locatlon is preferrsd because, in the
event of gate closure, a2 seating pressure would be obtained and the culvert
through the levee would not be under pressure from the riverside head. The
landward location should not be used if the culvert consists of precast
concrete pipe or if a slide gate alone and no flap gate is provided.

2k, Tide Gates. - Tide gates will be helpful in alleviating drainage
problems in low-lylng agriculiural lands around Chung-Chou-Idi and Lu-Chow
that are below river level during high tide pericds. Tide gates are large
culverts, with flap gates on the river end, set low enough o be submerged
at low tide. They will operate automatically in conjuncticn with levees,
to drain the lend behind them to z level that approaches low tide.
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25. Culvert Structures. - Corrugated wetal pipe is the most satisfactory
for use under levees and flocd walls due to its strength and flexibility.
Steel pipe should be galvanized and dipped in hot bituhinous compound. Coal
tgr enamel protection mway be necessary. With the growing alumimum industry
in Tai-Wan, corrugated aluminum pipe might be eonsidered. Cast in place
reinforced concrete boxes will aleo be satisfactory and are preferred to

‘precast reinforeed conerete pipe which 1s more susceptible to leakage and
misalignment of joints. Preliminary desicns show concrete box culverts
supported on piling; however, further investigation may show the piling

are not needed. DSeepage rings, or fins, should be included on all culverts
under levees tc increase the seepage path. Culvelrts may be given greater
hydraultic efficiency by rounding the entrances at concrete headwalls.

26. Foundation Conditions. - Experience with a considerable length
of existing levees indicates that the foundation is generally adequate.
For a project of the size under consideration, however the foundation
explorations conducted thus far are insufficient, especially since the pro-
posed levees will be higher than those existing and there is the possibility
of deep vlay foundations under the Ta-Ke-Kan- deersion in the Wen-Tze-Chuan
ares.

- &». Borings. - Borings for levees and flood walls should be taken .
at . “ervals not to exceed 150 meters. Depth of penetration should be at
least equal to the height of the structure with several borings extending
1.5 to 2.0 times the height of the structure. Where weak or very pervious
solls are encountered, the full extent of this type soll should be determined.

b, Boil Tests. - All soil samples should be classified visually ang
sufficlent laboratory tests completed to verify visual classifications.
Netural moisture content should be deteimined for all cohesive type soils
in the foundations for levees and flood walls. Sufficient strength angd
consolidation tests should be performed on cohesive soils to insure adequate
data for design purposes. BSome triaxial compression tests should te made
as & check; these should be consolidated-undrained type tests. Theé samples
heretofore obtained by drive Sampling methods are not considered "undisturbed"
and are not considered sultable for strength tests. The results of direct
‘sheay and unconfined compression teste on the samples are not consistent
and do not appear to be usable. It is suggested that, where foundation
clays are encountered, whdisturbed samples be obtained with thin-walled
shelby tubes to permit completion of unconfined compression tests.

27. Ievee Deslgn. - The proposed standard levee sections have with-
stood past floods without distress. Generally, however, they appear to be
very conservative with respect toc the section provided and slope protection.

a. levee Section. - The narrowest top width now used 1is 5.5 meters.
Except where the levee top will be used as a road, a top width of three
meters would be adequate in most cases from the design point of view. This
would permit access [or cne-way traffic for maintenance purposes. . Although
berms are used generously as added protection egainst saturation of the land-
ward levee slopes, special attention should be given to design of levee
sections where deep, weak clays may be present. Individual stability
analyses should be made for each specific case.
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b. Ievee Crossings of 0ld Channels. - Borings should be taken
in each instance to deternsine tyse and depih of sediment. The economics of
g vider levee section with stability berms versus removal of undesirabl
material should be considered.

_ ¢, Impervious Blanket for Sand and Gravel Levees. - Standard
levee details indicate an impervicus blanket from 30 to 50 ems. thick used
on the river slopes of levees constructed of sand and gravel. It is con-
sidered that the minimum thickness for the impervious “Hlanket measured
noraal to the slope should be 1.C meter,

4. Underseepage. - Where levees or flood walls are founded on
Ppervious soils, a flow net study should be made to faciliiate design of
protection againet damaging underseepage. For levees, this would permit
determination of height and width of land-side berms, need for imperviocus
cut-off, ete. For floodwalls, this would permit a determination of depth
of cut«~off wall to reduce the exit hydraulie gradient to a safe walue.

¢. Olope Protection. =~ Preliminary plans call for briek reveiments
on both the landward and riverward slopes of levees where it would appear
that grassed slopes would suffice. Grassed slopes would be adequate in
most cases on the landward slopes of levees and on the riverward slopes
vwhere adjacent velocities during flood flow would not exceed about 1.5
meters per second. For higher veloecities adjacent to the riverward slopes,
either brick revetments, wire and rock sausages, or wet or dry pitched stone
paving should be used in accordance with experience. Where levees are set
back from the river channel, preliminary plans c¢all, for terminating the
slope protection riverward of the levee toe with a conerete cut-off. It
is suggested that a Tlexible "toe" or fillet of loose rock, graded over
a wlde range of sizes, would provide more effective protection against
undercutting than the rigid concrete cut-off.

28. Dredging. -

a. Maintenance Dredging. - A channel improvement scheme designed
to depend on any great axount of dredging to maintain the design capacity
should not be adopted, since there is no assurance that the channel capacity
will be available when needed.

b. Pilot Chennel. - Construction of channels by dredging a pilot
channel in expectation that the river will scour to design width is not
reconmended. Velocities in the Tan-Shui, expecially in the resch below
Kuan-Tu, will not be high enough to produce the desired scour. Material
seoured from upstream on the Ta-Ke-Kan would redeposit in the Tan-Shui
and deteriorate that channel.

29. HNavigation. - There appears to be no justification for allowing
navigation reguirements to govern the presently proposed channel design
on the Tan-Shul. There is nothing in the propesed plan, however, that
would be incompatible with e future navigation improvement.
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30. Economic Justification. - Besed on what are considered to be
conservative evaluations of both costs and benefits, Plan C was found to
have an over-all Benefit to Cost Ratio of 1.7, with the ratios in individual
zones of the project area ranging from 1.2 to 2.5, The above B/C ratios
were obtained using € percent per annum as the cost of borrowing money.
'Using 9 percent per annum, the over-all B/C ratio would be 1.3. Flan C
is, therefore, economically Jjustified. '

31. Hydraulic Observations Program. - A comprehensive program of
hydraulic observations is essential to the implementation of Plan C and -
to the continuing evaluation of the project after comstruction. Water
surface profile surveys, discharge measurements, cross section soundings,
and sediment load measurements obtained under flood conditions are needed
for adequate assessement of chennel capacities and changes in river regime.
It is recognized that such cbservations unger flood conditions will e
aifficult; however, it 1s believed that an effective program cen be
‘developed’ utilizing technigues that have proven effective in the Taipel area
and other suggested equipment and technigues. It is suggegted thet a
Chinese engineer might visit the United States to observe river observation
practices (in the Missouri River Basin, for example}, '

32. Operation snd Maintensnce of Project. - The completed project
cannot return all the benefits it was designed to ereate without careful
attention to how it will e meintained over the years and operated during
floods. The following are considered essential to effective operation
and maeintenance:

a. Preparation of an Operaticn and Maintenance Manual containing

" vital information about project fecilities for ready reference, setting
forth in detail operation and maintenance procedures, and elearly delineating
areas of responsibility.

b. FEstablishment of a flood warning system for the Taipel area.

¢. Assignment of the responsibility for portions of the project
to the various local agencles and the requirement of assurances from
thege agencies that they will meet their responsibilities.

d. Designation of cne agency as over-all suthority to direet
operation of the projJect during flood alerts, to inspect the project for
compliance with maintenance procedures and have the power to enforce
complisnce, and to evaluate continually the performence of the project
in order to detect problems snd reccommend remedisl measures vhen necessary.

Tt is recognized that implementation of the gbove recommendations lies in
the political as well 28 the engineering field.
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- REVIEW OF FIOOD CONTROL PLAN "C"
: * TAN-SHUI RIVER BASIN
TAIWAN

I Benefited area

1. The flood plain of Tan-shui River lies &t the extreme north-
erly tip of the Island of Talwan. There are included approximately
€¢,000 hectares of mixed agricultural; industrial nnd urban develop-
ment.

2. The ares benefited, as considered in the review of Plan "C"
made by the Corps of Engineers representatives in August-September
1964, was limited to the portions of the lower basin for which flood
control measures were inescapably inter-related. The benefited area
vas divided into 3 zones as shown on plate A-1 and briefly described
as follows: ' . '

. a. Zone I consists of Taipei City. It is bcunded-oﬁ the east
by high ground, on the north by Keelung River, on the west by Tan-shui
River and on the south by Hsin-tien Creek. '

b.  Zone II is bounded on the east and north by high ground, on
the southwest by Tan-shui River and on the south by Keelung River.

¢. Zone IIT includes the remainder of the flood plain lying to
~ the west of Tan-shui River and the lower reaches of Hsin-tien Creek.
Since the plan under review contemplates diversion of Ta-ke -kan Creek
from the vicinity of Ying-pan to Shih-tzu-tou, the entire lower flood
plain of Ta-ke-kan Creek, the left bank of Hsin-tien Creek and the
relatively large area on the left bank of Tan-shui River are all
included in this zone.

3. The land in the flood plain is very flat, with almost no
isolated high ground. Minimum demage stage is approximately 3 meters
above sea level and much of the land, particularly in Zones II and
III, lies below elevation 4.5 meters. ' '

_ 4. Zone I, Taipei City, has a population of approximately
1,000,000 people. Land use varies from concentrated buildings with

a legal maximum height of 8 storles in the business district to rela-
- tively small gmounts of rice paddy in the extreme eastern suburbs.

It is a major hub for transportation since the rail line and highways
to Keelung Harbor, one of two major seaports for Taiwan, pass thru
Taipel before going southward to the rest of the igland. It contains
the only international airpert in Taiwan and is the seat of the
Rational Government of Free China. There are numerous industrial
establishmenta in the clty proper. Zome II is primarlly agricultural
and industrial. .The major portion of the area 1s devoted to rice



paddies and other crops but there are around the rim, extending into
‘the flood plain, a considerable nuzber of industrles. ‘Zone III is
also primarily agricultural as far as area ig concerned; however, the
town of San-chung directly across the river from Taipel has a popula-
tion of aspproximately 70,000 persons and is highly -industriallized.
There is an almost continucus chain of development either commercial
or indugtrial, most of which are gmall industries, reaching from San-
chung to Hsin-chuang. There are isolated residential communities,
most of which are occupled by the farmers tillling the adacent aress -
and by the service industries required to supply their heeds.

5, The entire area is well supplied with electric energy and has
an adequate net of all-year roads. The agricultural areas have, to a
major degree, lrrigation water availsble most yeers. Az on the rest
of the island of Taiwan, large smounts of commercial fertillizer are
used and production of rice and other crops is very high per unit of
area. There appears to be an sdequate bus transportation system, both
within the clty of Taipei and the surrounding area. Taipel Inter-
national Airport is the only air terminal for international flights.
Tourism is becoming important and & number of new hotels have recently
been constructed or asre under construction, as modern as any that may
pe found anywhere. The general economy &appears to be vigorous and the
people thrifty and industrious.



IT Flood damage data

6. The date available on damages caused by pagt floods in the
Tan-shui River Basin have been obtained from several sources as
shown below:

Pericd Source

1912-1940 Rewspapers

1929-1942 Anmual report on civil engineering works prepared .
by the Japanese

1943-1945 No data

1gh6-1958 Newspapers (Taipei City only)

1956-1963 Compiled by Provincial Water Conservancy Bureau
from reports by locael political subdivisions.
On file in FWCB office. '

T~ Examination of translations of samples of past records
indicated that flcod damage date are incomplete and produce conserva-
tive values. Flocd damages shown in the older records have been ad-
Justed to reflect the changes in type of construction as well as
economic development and changes in price Indexes. Earlier records
include demages to, and, in many ceses, destruetion of lightly con-
structed small buildings, often made of bamboo. This type of con-
struction has been almost completely replaced by more substantial
construction, usually brick. Every effort has been made to exclude
wind damage, which is always present at the time of major floods.

8. From the standpoint of damages suffered and future damages
expected, the.economy has been divided into four major subdivisions:

a. dAgriculture

bs Developed area

ce Public facillities
d. Industry

Estimated losses resultipng from four major floods are shown in the
following tabulation:



Estinated direct flood damages
adjusted to 1963 prices and developments

Date of flood 6 Aug 62 5 Sept 62 25 Aug 32 ' 11 Sept 63
Stage at Talpei Br.

in meters 5410 5450 5.82 6.770

Demages in NT$1,000 (U.8. $1.00 = RKT$40.0D)

Agricultural 19,372 29,77 38, 375 59,931
Developed area Y, 102,650 281,183 bk, koo 778, 109
Public facilities 21,964 55,973 81,500 150, 847
Industrial 321 2, 371 12,412 526,040

Total 144, 307 369, 30h 5h6, 687 1,51h,927

;/ Public facilities damage estimated to be 18 percent of the total
of damage to agricultural and developed land.

9. The elements included in agricultural damage are primarily
crop losses, land loss by erosion, loss of fertilizer and loss of live-
stock. Damage to bulldings and loss of personal property, while in-
cluded, represent a very small part of the total. So called "developed
area" is made up of en undefined mixture of residential, cormercial
and industrial development for which unit values of damage have been

~derived for urban and suburban areas. ILack of adequate overall data
on demege to public facllities has made it necessary to derive a
relationship to the total damage in agricultural and developed areas.
Fragmentary data have been used to arrive at such an overall reiation-
ship of flood damage to public facilities as 18 percent of the total
flood damage in the corresponding agricultural and developed areas.

The result appears to be on the conservative side.
industrial damages were derived from actual damage
through the local Governmental units followling the

The values for
reports recelved
flood of 1963.



IIT Observations on the basic data

10. Before proceeding further into the derivation of the average
annual damages and benefits for the Tan-shui River Fldod Control Pro-
Ject, it may be well to consider the basic flood damage data. As
noted previously, it has been ohbtained from a number of different
sources, none of which are under the centrol of thé organization,
the Provincial Water Conservancy Bureau (PWCB), which is making the
flood control study. The old records are fragmentary at best, but
every effort has been made to analyze them and to convert them to
present conditions of protecticon and development as well as prices.
From the flood control study and economic analysis standpoint it is
fortunate that there were three floods caused by typhoons during the
years 1962-1963. One of these floods, that of 11 September 1963,
was the flood of record, as well as being the most recent. The flood .
damage data received following that flood may be presumed to be as
good as any that is availsble. '

1l. Translations of samples of flood damage data as received
by the PWCB following the most recent typhoon were examined. ’The
net result of the examination of these samples ¢f flood damage
reports and a series of field trips covering almost the entire flood
area has convinced the writer that the flood damage dats are defi-
nitely on the conservative side. Without a complete flood danage
survey which would require extensive cost and time and trained per-
sonnel an actual quantitative analyslis of these values 1s not
feasible,

12. Ro adequate data were availahle by which to estimate in-.
dlrect damages. Indirect damages therefore are not included in the
damages prevented that are taken as benefits.

13, An attempl was made by local engineers working with the
writer to evaluate the future land enhancement benefits which might
be credited to the proposed project. The necessary data were not
availahle, and land enhancement benefits have not been ineluded in
the benefits credited to the project. They would, hovever, be quite
substantial since & large portion of the area may be expected to be
converted from agricultural to residential, commercisl and/or indus-~
trial purposes as a direet resuli of flood control.

1k. It is the opinion of the writer that while the basic data
leave a great deal to be desired from the standpoint of refinement
and perhaps accuracy, they do constitute a conservative basis for
determining the economric feasibility of the project. Every effort
has been made by the local plamning agencies to eliminate duplica-
tion and to err, if at all, on the conservative side wherever a

question has arisen.



IV Baslc criteria

15. In converting the estimated flood damage by floods to future
average yearly damages for use in deriving the average annual benefits
in an economic analygis, certain basic criteria have been in use by the
local engineers.

a. Damages were tsbulated only in those areas, not now protected,
where it was anticipated that substantlally complete protection was to
be provided. Average annual damages then become average annual bene-
fits from the reduction of floed damages.

b. Future unit agricultural damages were considered to remain
_onstant. Any possible increase in agricultural productivity without
flood contreol was lgnored.

c. Certain areas, designated by the City Planning Authority, were
considered as "change use" areas and would convert, without flood con-
trol, from agriculture to, so called, developed areas after 1963. The
change was assumed to taske place in twenty years. The estimated 1963
unit values of agricultural damages ranged from about FT$4, 000 to
7,500 per hectare; whereas, unit values of damage for developed areas,
made up of an undefined combination of residential, commercial and
industrial land use, amounts to from NT$100,000 to 540,000 per hectare,
depending on location and river stage. The preventable damages in
future developed areas were assumed to increase at a rate of 3.5 per-
cent per annum compounded snnually. - :

. 4. Dsamages estimated to occur on existing developed land as of
1963 were sssumed to increase at 3.5 percent per annum compounded
annually.

e. As previously mentloned, damage to public facilities was taken
as 18 percent of the total corresponding agricnliural and developed
ares damage.

f. Existing "industrial damage" estimated from a survey in
1963-64 was not expected to change in the futyre as it was tied to
specific industrial development. TFuture development in industry 1s
included in the "change use" areas which will convert from agricul-
tural to developed aresas.

g+ The cost of money for project conetruction was assumed Lo be
6 percent per annum.



16. A review of the above criteria indicated the following:

a. Since the demasged areca considered coincldes exactly wlth the
area to be protected, and the degree of protection proposed 15 sub~ -
stantially complete, the use cof average annual damages as average
annual benefits for the reduction of flood dameges is an acceptable
practice.

b. Examination of annual reports published by the Joint Commis-.
sion for Rural Reconstruction {JCRR)} indicated that the unit produc-
tivity of farm land on the island of Taiwan has been increasing. On
%1 August 1964 discussions were held with Mr. T. H. Lee, Agricultural
Economic Specialist, Rural Feonomic Division, JCRR, and Mr. ¥. C. '
Huang, Specialist on rice production in the Plant Industrial Divisionm,
JCRR, Others present were Mr. W. T. Chang, Irrigation and Engineering
Division, JCRR, Mr. K. Y. Hsueh, Deputy Chief Engineer, Tan-shul River
Flood Control Working Office, PWCB and Mr. Kenneth T. Case,” Corps of
Engineers, U. S. Army. The past increase in yield of rice and other
crops per hectare and the present research progrsm directed toward
improved production were discussed. The probable effects of improved
strains of seed; improvements in the use of fertilizers and pesti-
cides, and improved farming practices were considered. It was the -
opinicn of those best qualified to judge that while a growth of pos-
sibly 2 to 3 percent of the 1963 production may be expected annually,
a conservative value for the increase in agricultural damages per
hectare would be 1.5 percent per year of the 1963 value for the next
50 years.

¢. The growth rate of 3.5 percent per annum of the economy 1s
used by all echelons of government and in the absence of an economle
base study was accepted as the future economic growth rate. There
is = considerable amount of documentary evidence, based on past per-
formance, to support this conclusion. In those areas where Clty
Planning Authority considered that certain londs would change from
agriculture use to developed area, the change was estimated to take
place in 20 years. The agricultural damage in these designated areas
therefore reduced from the 1963 value to zero in that length of time.
The physical damages on the newly developed area land increased from
sevo to the amount included in the full area 20 years hence. The
monetary benefit was obtained by determining the damage ordinate 20
years hence, including the effect of the 3.5 percent per anmum develw -
opment factor, and again by calculating the ordinate 30 years later
or et the end of 50 years, taking into account the 3.5 percent per
annum ‘growth factor. These pointe were connected by straight lines

and the area under the curve divided by 50 to get the average yearly
damage.



d. The currently devéloped area damage was increased by the 3.5%
compound interest development factor in order t¢ get an average yearly
.value for the damage prevented on this type of land.

- In the absence of any better data it was necessary to.accept
the local practice of using 18% ‘of the total of the agricultural and
development area damage in any locallty as the damage to public facil-
ities. .

f. An getual survey was made of major industrial damage follow-
ing typhocon Glordia in the fall of 1963. Since future industrial devel-
opment is included in the "change use'" land to be converted from
agricultural use to developed area, damages to industry as shown in the
table were not projected into the future at any increased amount.

g+ Tne use of the rate of interest of 6 percent for the cost of
money required for the construction of the Tan-shul River Flood Con-
trol Project appears to be reascnably valid. The present cost of money
“to the government, based on the rate of interest paid on public bonds,
is currently 12 percent. A study prepared by Mr. T. H. ILee, JCRR,
shows that the interest rate pasid on public bonde haa decressed from
16 percent per annum on 5 January 1961 to 12 percent on 1 July 1963,
Mr. Iee's findings are supported by the report entitled "The Republie
of China, Financial Statistiecs Monthly" published by the BEconomic
Research Department, Central Bank of China, dated 1 July 1964. That
report indicates that the rate on public bonds was as high as 18 per-
cent in 1959 and has been reduced to 12 percent in 1964, Shortly after
1 September 1964 the Chinese Nationalist Government advertised an
offering of short-term bonds with an interest rate of 10 percent. On
the basls of the above it appears theat there is a definite trend
toward lower Interest rates which may well meke the average cost of
money for the project during its life on the order of 6 percent. Since
there were some individuals who felt that it would be desirable to
make an economic analyels on the basls of 9 percent such an analysis
wag made in an approximate manner.

. 17+ Review of the local procedure for the determination average
annual benefits showed that the estimated damage in each category &t
each stage, projected inte the future was used to construct damage _
frequency curves. From these the average annual damages were propared.
It was also found that combined mathematically with the determination
of the proJjected future values there was included a discount for
delay in receipt of beneflts which amounted to as much as 12 years for
a major portion of the benefits because of delay in the receipt of
benefits due to extended construction fime. There was, however, no
corresponding discount taken for the delsyed costs. 'The correction of
this procedure was actually the basis for converting the project
benefit-to-cost ratlo from less than 1 to & figure substantially
greater then 1. It was declded that in those cases where the benefits

A-8



from the expenditure of funds would be immedistely avallable follow-
ing the end of each construction season, there would be no interest
during construction charged against those costs. However, there was
& considerable portion of the project where it was estimated that the
accrual of benefits would be delayed until the end of the third year
after the start of comnstruction. Interest during construction was .
added to the construction cost for this portion of the project in
determining the average annual cost, but in no case were benefits
discounted because of delay of receipt.



V Derivation of average annual benefits

_ 18. Having determined the future yearly damage from floods of

various sizes for each category of dumages experienced in each zone
(see table A-1)}, stage damage curves for each of the three zones were
- prepared as shown on charts A-1, A-2 and A-3. They include stage dam-
age curves for sgricultural, developed, and lndustrial areas. Curves
Tor damage to public facilities were omitted since they are a functior
of the total of damage in agricultural and developed areas.

19. Aversge snnual benefits from the reduction of flood damage
were calculated by the use of frequencies, obtained from the stage-
frequency curve on chart A-4, as shown in tables A-2, A-3, and A-4,
As noted in paragraphs 12 and 13, benefits from the prevenilon of
indirect damages and land enhancement have not been included in this
analysis.

20. Relatively minor benefits in Zones II and ITIT will be
recelved from the reclamation of land in abandoned river channels and
from areas filled by dredge spolls. These benefits are expected to
amount tO'NT$6,000,000 and 17,000,000 per annum in Zones 11 and III,
respectively.

21l. Certain levees that have been built in the past were con--
structed with top widths adequate to carry two-lane surfaced roads.
This additional width has naturally resulted in excessive levee costs.
Discussion with local engineers indicated that the additional width of
levee to accommodate the improved road was provided at the request of
local govermmental organizations and that the transportation ben:rit
to be derived was expected to at least equel the additional cost of
the levee construction invelved. A rough estimate was mede of the
additional costs of levees due to their use as roads, which, when con-
verted to annual costs, amounted to NT$1,000,000. A transportation
benefit of RT$L,000,000 was taken in Zone I.

22. The breakdown by zones and sources of the benefits used in
the economic analysis of this project are shown in the following
tebulation:

: Average annual benefite

Zone . Reclamation Transportation Flood control Total

NT$1, 000,000
I = 1 332 333
Iz 6 - 29 35
IIx 17 - 225 ghz
Tot: 1 23 1 586 610

A-10



VI Ecconomic analysis

2%. Construction costs for economic analysis are based on the
cost estimate breakdown prepared 8 September 1964. Three elements
of the project; improvement of Tan-shui River below Kuan-tu Gorge,
diversion of Ta-ke-kan Creek, and improveément of Tan-shui River above
Kuan-tu Gorge; were considered to have a j-year construction period.
For these, interest during construction was calculated. The remain-
ing expenditures were expected to generate benefits commensurate with
the cost at the end of each construction seascn.

2. A period of econcmic analysis of 50 years was used and

. operation, malntenance and replacement were estimated to total 3 per=-
cent of the investment per snnum. Construction and investment costs
of the various elements of the project, based on the B September 1964
estimate and an interest rate of 6 percent per annum, are shown in .
the following tabulation:

Cost NT$1,000,000
Element Construction Investment

Improvement of Tan~shui River below

Kuan-tu Gorge 3h0 371,
Diversion of Ta-ke-kan Creek 1,916 2,088
Protection along left bank of Tan-shui

River and Hsin-tien Creek 257 257
Levees on right bank of Keelung and

Tan-shul Rivers below Taipel 123 123
Completion of Taipel levee system 509 509
Improvement of Tan-shui River above

Kuan-tu Gorge 408 ' h45

Total 3,095 3,793

The costs of the ring levee around San-chung, except for the river
gide, are not included in the shove. The sverage annusl cost, cal-
culated on the previously mentioned basis, is shown below:

Interest NT$3, 793 x 106 x .06 = RT$227 x 1 6
Amortization (50 years at 6%) x 0034 = 3 "
Operation & maintenance and
replacement X .03 = 11 "
6.

.0934  NP$3Sh x 10

With average annual benefits of NT$610, 000,000 and average annual
costs of RT$354, 000,000 the benefit-to-cost ratio is 1.7 to 1.0.

A-1



25. On the basls of 9 percent interest the analysis would work
out gpproximately as follows!

§T$ x 108
Construction Cost 3,553
Investment 3,913,
Average annual cost
3,913 x .1213 475
Average annual benefits 610
B/C ratio 1.3:1.0

26+ In order to brepare approximate benefit-to-cost ratios for
each of the three zones, as requested by local,interests, it was first
necessary to establish the criteria upon which..such a study was to be
based. Since the only plan under consideration was Plan "C" it was
necessary to consider a system analysis, inasmuch as several elements
of the preject affected two or more zones. The eriteria for distribut-
ing the costs of elements of the project affecting two or more zones -
are showm below: -

a« Improvements to chennel below Ruan-tu Gorge - distributed
to zones in proportion to total average annual benefits in each
zone., .

b. Channel for the diversion of Ta-ke-kan Creek -

Zone I ~ Estimated alternate investment cost of raising
levees required without the diversion channel

Zone II - HNone

Zone III - Remaining cost
: c. Improvement of Tan-shui River channel above Kuan-tu Gorge-
Divided between Zones I and III in proportion to the total aversge

annual benefits in each zone.

27. Uslng the above criteris, which are Purely arbiprary, the
costs chargeable to each of the three zones and the applicable benefit-
to-cost ratios are as follows: .
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Project feature Financial elements in RT$lL, 000,000

gone I  Zone IT  Zone III

Investment

Channel improvement, Tan-shul River

below Kuan-tu Gorge 20k 22 145
Diversion of Ta-ke-kan Creek 500 - 1,588
Protection along left bank of Ten-shul

River and Hsin-tien Creek - - 257
levees on right bank of Keelung and

Tan-shul Rivers below Taipei - 123 -
Completion of Talpei levee system 509 - -
Channel improvement, Tan-shul River

above Kuan-tu Gorge 258 - 187

Total investment 1,471 145 2, 177

Average annumal benefits 333 %5 242
Average annuel costs {using 6%) 137 1k 203
Benefit-to-cost ratic 2.4:1.0 2.5:1.0 1.2:1.0

28. Using an interest rate of 9 percent per annum, a purely
mathematical solution, using the same construction cost distribution,
would produce a benefit-to-cost ratio of less than 1.0 for Zone IIX.
However, since this is a system analysis of Plan "c," which at
9 percent still hes a favorsble benefit-to-cost ratio of 1.3 to 1.0,
no essential part of the system, such as the Tn-ke-kan Creek diver-
sion channel, can be considered to have a benefit-to-cost ratio of
less than 1.0. No attempt has been made to develop & cost distribu-
tion or other superficial procedure to provide favorable beneflt-to-
cost ratios for all zones using an interest rate of 9 percent per
annum.

A- 13
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Tan-shui River
Flood Control Project

Teble A=1

Future Yearly Damages

River
Zone Location Stage Average future yearly.damﬂgei
{(Meters at Agricultural Developed Area Industrial
Taipei Br.) {NT$1,000,000)
1 Taipel City 6.70 11.4 2,131.9 Lo.3
5.82 9.4 1,225.5 (0.0 &t stage
5.20 5.5 . 840.6 5.50)
5.10 3.6 463.5
II Pei-tou area 6.70 7.0 gk.1 6.7
' 5.82 1z2.7 69.7 (0.0 at stage
5.50 9.4 26.1 4.00)
5.10 6.7 38.6
III Ieft bank area 6.70 g4.0 1,037.1 400.0
5.82 53.4 sh3.7 (0.0 at stage
5450 Ly 450.9 k.50)
5.10 33,3 127.8 PS

1 Based on 196% prices and projected future development.



Tan-shui River
Flood Control Prolect

Table A-2

Zone I - Determination of Aversge Annual Damages

Item,
1
Stage {m)—
Agricultural
Developed Ares
Subtotal

2
0.18 Subtotal—
Industrial

Total
1
Stage (m)™
Agricultural
Developed Ares
Subtotal

2
0.18 Subtotal™
Industrial

Total

Reference - Chart A-1

Sheet 1 of 2

Damage at Stage (NT$1,000,000)

3.5 4.0 5.0

0 0 3
0 0 150
) 0 153
0 0 28
0 0 1
0 0 182

5.5 . T.0 TT5
6 13 15
900 2,300 2,700
906 2,313 2,715
163 6 189
5 73 150
1,07+ 2,802 3,354

1 River stage as measured at the Taipei Brldge
2 Public facilities

Table A-2
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PETERMINATION OlF AVERAGE ANNUAL DAMAGES

Sheet 2 of 2

Lq.gcllion', Zope I, Taipel City Stream: _Tan-shul River, Talwan Date: _ A Sept:wher Janh
Frequency Curve: Taipel Bridﬂe—w/Shih-men- Dam-March 1964 Price Level: 1963 Development: Fubure
DISCHARGE AYERAGE FREGQUENCY
FLOOD STAGE . F.s. FREQUENCY | DAMAGE DAMAGE oF ANNUAL
Z ’ DAMAGE
$ 1_' IM INTERVAL IHTERVAL
3.5 0.500 o} $1 $7 $1
k.o 0.400 0
9L 0. 200 18
5.0 0.200 182
628 0.060 38
5.5 0.1h0 1,07k
_ 1,938 0.122 236
7.0 0.018 2,802 -
_ 3,078 0.013 Lo
T TS 0.005 3,354
5
t
:ru
t
o -
1 All monetary values in NT$1,000,000
NPP Form 285 l TOTAL ANKUAL DAMAGE $1 232 5&

Sept, 19481

TABIE A-Z2




Tan-shui River

Flood Control Project

Table A-3

Zone II-Determination of'Average Annusl Dsmages

Réference - Chart A-2

Item
N
Stage ()~
Agricultural
Developed Area
Subtotal

2
0.18 Subtotal™
Industrial

Total
1
Stage {m)=
Agricultural
Developed Area’
Subtotal -

2
0.18 Subtotal™
Industrial

Total

River stage as measured at.Taipeil Bridge

1
Z Public fecilities

Sheet 1 of 2

Damsge at Stage (NT$1,000,000)

3.5 .o 5.0

0 0 5
0 0 8
0 0 13
o} 0 2
0 0 1
0 0 16

5,5 7.0 775
10 19 23
L3 105 130
53 1z4 153
10 22 28
1 19 250
10 256 k31

Table

A-3



DETERMINATION OF AYERAGE ANNUAL DﬂMAGfS

Sheet 2 of 2

Lecation: Zane IT, Pel-tou Area Strecm: Tan-shui River, Talwan Dote: __6 September 1964
Frequency Curve: Taipel Bridee-w/Shih-men Dam-March 196k Price Level: 1063 - Development: Future
DISCHARGE | i AVERAGE FREQUENCY
FLOGD STAGE c. F.s. FREQUENCY | DAMAGE DAMAGE OF ANNUAL
n s 1 IN INTERVAL INTERVAL DAMAGE
3.5 0.500 ~ 0 31 $1 F1L
oo 0.400 0
8 0.200 2
5.0 0.200 16 _ -
: 43 0.060
5.5 0.140 T :
163 0.l22 20
7.0 0.018 256 : -
3hd 0.013 Iy
T.75 0.005 y33 . ||
=
e |
g
'_l
]
F
>
1 A}l monetary values in NT$1,000,000
'; ) $1 9 $1

NPP Farm
Sepr, 1941 285

TABLE A-3

TOTAL ANMUAL DAMAGE




Tan-shui River
‘Flood Control Froject
Table A-L4

Zone 1II - Determination of Average Annual Damages
Reference - Chart £.3

Sheet 1 of 2
Ttem Damage at Stage {RT$1,000,000)

Stage (m)& 3.5 4.0 5.0
Agricultural O 1 20
Developed Area 0 O TO

Bubtotal ) 1 Q0
0.18 Subtotal-g 0 0 16
Industrial 0 0 8

Total ' o 1 11k

1

Stage (m)™ 5.5 7.0 715
Agricultural Ll 90 101
Developed Area 380 1,200 1,500

Subtotal hai 1,290 1,601

2

0.18 Subtotal™ 76 232 288
Industrial %8 560 1,200

Total 538 2,082 3,089
1 Rlver stage as measured at Taipel Bridge
z

Public facilities

Table A-L
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DETERM
RMINATION OF AYVERAGE ANNUAL DAMAGES Sheet 2 of 2

Location: - Zone ITI, Left Bank Stream: __Tan-shul River, Taivan Date: __ O Septenber 1064

Frequency Curve: Taipei Bridge-w/Shih-men Dam-March 1964  Price Level: 1963

Development: Future
DISCHARGE AVERAGE FREQUENCY
FLOOPD STAGE €. F.S. FREQUERCY DAKAGE DAMAGE aF ANNUAL
A .
' 3 IN INTERYAL | INTERYAL DAMAGE
3.5 0.500 . {~ 0 $1 51 3
1 0100 O .
k.o 0.400 1
- 58 04200 12
540 0.200 11k
326 0.060 19
5.5 0.140 . 538
- 1,310 0.l22 160
T+0 0.018 g,082
: 2,586 0.013 2h
T.75 0.005 3,089

i [v] STHeL

A1l monetary values in NT$1,000,000

HPP Form TABIE A-L TOTAL AMNUAL DAMAGE = 2% $
s 1641 283
sopt.
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I. BYDRAULIC OBSERVATION PROGRAM. -

A - P‘Jz EOS& -

The importance of a comprehensive program for obtaining bydraulic
measurements is emphasized in peragraph 8 of the Report. These data are
needed not only to support eriteris used in the initial channel and levee
designs for the project, tut slso to permit a continuing evaluation of
chenges in river regime cauged by the early construction stages in order
to develop design criteria for the later stages and to modify the project
scheme if necessgry. Measurements on the Tan~Shul and its tributaries
will be difficult during a typhoon flood, btut 1s belieéved that the program
ocutlined below can be accomplished.

B. Discliarges.

1. BStations. Good estimates of discharge at key locations
within the project are essential for an effective vprogram. The purpose
of discharge measurements is 1o establish a stage-discharge relatiomship
which is normally used in conjunction with a continuous record of stage
to produce s discharge hydrograph at the measuring station. A discharge
hydrograph may be desired either, {a) continuously on a 12-month basis
for a determination of the total water volume past the station, or (b)
only during flood periods. The following discharge messuring stations
are recommended:

Stream locstion Record Required
Hsin Tién- Creek Chung-Cheng Bridge © 12 months
Ta-Ke-Kan Creek Ta~Chi 12 months
Ta-Ke-Kan Creek Hsin-Chusng 12 months
Keg~Lung River Wu-Tu 12 pmonths
Kee-Lung River Chung-Shan Bridge During floods
Tan-Shui River Paipeli Bridge ' 12 months
- Ten-Shui River Tu-T1-Kung-P1 During floods

With the exception of the station et Tu-Ti-Kung-PLi (below Kuan~Tu), all

the gbove are existing stations. It is recognized that discharge measure-
ments at Tu-Ti-Kung-Pi will be difficult to obtain, but a good determination
of flood dAischarges at this point ig censidered to be a most essential
element in the Hydraulic Observations Program since at present there are

no direct discharge determinations for floods large enough to by-pass the
Teipeil Bridge on the left overbank.

2, Gages. Two gages will be required at each discharge measuring
station. These will be designated as pain gages and water surface slop:z
gages. The main gage at each station should be a recorder since a
continuous record is needed for the determination of discharge hydrogrephs.
The recorder should be set high enough that it will not be drowned out by
large floods and should, if possible, be accessible during floods for
checking and adjustments. It should be located far enough upstream or
dowmstream of a bridge that it is not affected by "drawdown" of the water
surface into the bridege opening. Auxiliary staff or wire weight gages
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should ve eatablished near the main recorder to provide a means of

continuing the record in case the recorder fails. The auxiliary gages
should be located to be accessible during very large floods--or should
be oriented so that they can be resd from a distance with a telescope.

From the discharge measurement data reviewed in Septembex
1954 it was apparent thet variations in water surface slope accounted
for some of the "scatter” in plotted rating curves. At low and medium
discharges the stations on the Kee-Iung River are usually subject to
backwater from the Tan-Shui end the Tan-Shuil itself is affected by
tidal fluctuations. At high discharges the water surface slope is
varigble at all stations due to steep slopes on the fronts and flat
slopes on the backs of sharply peaking flood waves. In order to account
for the effect of slope variations in stage-discharge relationships, it
is recormended that water surface slope gages be established for each
measuring station. The water surface slope gsge may be elther upstream
or downstream of the pain gage, provided a bridge does not fall in
between to augment with bridege losses the measured fall in the water
surface. The distance between the two gages should be long enough that
the difference Letween the two readings will be large compared with the
probable error in either reading due to water level fluctuations. A
spacing, if practiceble, at which the fall in water surface would be 30
to 50 om at medium and high discharges is vecommended. Water surface
slopes have been measured in econjunction with many of the discharge
measurements made in recent years; however, the reach lengths used have
usually been too short to obtain significant siope values. Recorders
would be degirable for the water surface slope gages but staff or wire
weight gages will be satisfactory provided they are read continually
during floods to provide a stage hydrograph.

The stage records from the two gages should be carefully
synchronized during flcods or the indicated fall may be considerably in
error for fast-rising end fast-felling flood waves. During a discharge
measurement, it is recommended that both gages actually be read by cbservers,
rather than derending on gage records being perfectly synchronized.

3, Discharge Measurements. The present technique for measur-
ing flood discharges with floats appears to be practicable for these stream
conditions and is believed to yield satisfactory results. Certain refine-
ments are suggested, however. .

More floate should be used to measure surface velocities in
more locations in the cross sections. At Tu-Ti-Fung-Pi the floats
probably must be placed in the water from a boat.

Some special measurements should be made with a current
meter at each station during flood flows to firm up the coefficient used
to convert surface velocities to average velocities over the stream depth.
A culrrent meter with a heavy weight shculd be operated with a winch from
a bridge near each measuring station. Memsuring verticals should be
located well away from bridge piers to aveid leeal flow and scour pstterns.
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First, it 15 suggested that enough points. be measured in a few verticals
to wefine the veloclty distribution. The ratio of aversge velocities to
surfsce velocity can be obtained easily from these distributions, but a
quicker and simpler procedure will be possible after a check to assure
that the usual semi-logaritlmic velecity distribution exists at these
stationg, Plot the velocity at cach point in the vertieal against the
logarithm of the distance from the streambed. If the plotted points
define a straight line reasonsably well, the semi-logarithmic distrivuticn
holds; and the average velocity can be found by measuring about 6/10 of
the depth beiow the water surface. The ratio of average veloecity to
surface velocity can, therefore, be found quickly by measuring near the
surface and at 6/10 depth. With this procedure the ratios for a number
of verticals can be measured from & bridge in a short time. These special
‘measurerents should be discontinued when it is decided that encugh data
are available to define correetion coefficients over a range of stages

at each station. At Tu-Ti-Kung-Pi it may be possible to anchor a bost
for a short time while obtaining special current reter measurements.

The most questionable feature of the present discharge
measuring technique is that cross sections are not measured concurrently
with the velocity measurements. Cn the Hsin-Tien and the Ta-Ke-Kan,
eross section surveys under flood conditions are probably not feasible
and relisnce must continue to be placed on surveys wade just before and
Jjust after flood events. The present puhr of discharge measuring cross
sectiong should be evaluated to assure that they are far encugh downstream
from bridges to assure that they are not affected by loeal scour in the
opening or by the deposition of the scoured material. On the Kee«Iung
and the Tan-Shui, it should be possible to eound the cross sections by
boat concurrently with discharge measurerents; apd it is vecommended
that this be done whenever possible, particulsrly below the Taipei
Bridge and at Tu-Ti-Kung-Pi.

k., Rating Curves, Aside from errors in.the discharge
measurement itself, plotted stage-discharge relationships ror most
stations show considerable "scatter" due to changes -in crgss -section,
changes in hydraullc roughness, and changes in slope. It is suggested
that the "scatter” can be reduced by plotting the data in the following
way that takes slope changes into acecount.

The quantity QATE at a given stage is defined as the
"eonveyance” which remains constant at the given stage as long as the
ercoss section and the roughness escefficient do not change. Q is the
measured discharge; and & is the water surface slope, assumed to be about
" egual to the energy gradient ss long 28 veloeity head changes between
the main Eage and the water surfece slope gage can be neglected. FPlot
the conveyance s Q/wfg' , against stage for all discharge measurements
at a station. (The scatter will probably be less than for the usual §
versus stage relationship,) Prav 2 curve of best fit through the points;
this will be a “conveyance" rating curve. Using the conveyance rating-
curve it will be possible to prepare & family of stage versus Q curves with
curves for various values of 2. Using this femily of rating curves and
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the hydrographs of stage and water surface slope measured at a station,

the discharge hydrograph can be determined, although uncertainities as

+t0 the effects of cross section and roughness changes will still remain.

In apalyzing past discharge measurements in which the water surface slope
has not been adequately determined, S can be mpproximated by the expression,
8 = 80 + R/W, in which S, 1s the slope at that stage for s steady discharge
(stage not changing with time}, R is the rate of vise in stage in meters
per hour, end W is the speed of travel of the flood wave in mebters per hour.

C. ADDITIONAL GAGES.

In addition to the zages listed in paragraph Bl, it is recommended
that gages be maintained at the following locstions to obtain stags hydro-
graphs during floods:

Hsin Tein Creek at Hsin Tein

Hsin Tein Creek at the new Taipel Waterworks
HBsin Tein Creek at the Kuan-Tu Bridge
Kee-Iamg. River at Sung-Shan:

Tan-5hul River at Shih-Tzu-Tou

Tan~Shui River at Kuawn-Tu

Tan-Shul River at You-Che-Kou

Bast China Sea at Hsiang-Diao-Tzu

These gages are now in existance. Although recorders are preferable,
gtaff or wire weight geges will be satisfactory provided they are read
continually to define stage hydrographs during flood pericds. The purpose
of the additional gages is to help define stage relationships between key
locationg in the project and to provide information om the timing of flcod
peaks and rates of flood wave travel for use in hydrologic studies and in
a flood warning system.

D, CROSS SECTION SURVEYS.

The channel cross sections already established throughout the
projeet area will be entirely sdequate for this progrem. Resuxveys
about every two years should be sstisfactory, although resurveys should
be made in the Tall of each year that a very large flood cecurs. Cn the
Tan-Shui River about ten cross sections, spaced from the mouth to Wan-Hua,
should be selected for special study plrposes and resurveyed more
frequently in order to understand the amnual pattern of deposition and
scour in this tide-affected reach. The special study cross sections should
be surveyed at the beginning and end of the typhoon season, once during
the winter, and as often as indicated during the typhoon season. It will
be espeeially valuable to survey these sections during floods. ~faragraph
B3 emphasizes the need for sounding the discharge measurement secticns.
These, of course, may correspond to some of the speclal study sections.
Tt is suggested that the best use can be made of the limited bime during
flood flows by selecting s few special sections and sounding them several
times to follow the changes. In order to comvert soundings to bed elevations,
the water surface elevations should be knowm throughout the survey pericd.
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It is, therefore, suggested that the sounding surveys be coordinated with
the water Surface profile measurements to be discussed belew. BSed sampling
should also be coordinated with the scundings. '

E, WATER SUPFACE PROFILES, -

Tor analysis of friction coefficients and iocalized energy losses
throughout the project area, provision should bte mede for obtaining water
surface profiles at varioue times during eack flood. For this purpose
water surface clevations are needed at mady locations in addition to the
gages listed in Sections Bl and C. Flevations should be abtained about
every L-1/2 to 2 kilometers throughout the project with sdditional measur-
ing points above and below each bridge snd on the right bank just upstream
from the Kuan-Tu GQorge. Measurements can be made with staff or wire weight
gages; by measuring down from reference points on bridges, flcodwalls or.
other structures; or by leveling from special bench marks established neax
the water's edge. The measuring points should be established with
accessibility éuring floods in mind. Aleong the Tan-Shui below Kuan-Tu
the road along the right bank provides good access, a8 do existing levees
and floodwalls along the right bank of the Tan-Shui and the Hsin-Tien
from Fan-Tzu-Ko upstream to Ching-Mei. Access is aleo probsbly available
along the Kee-Iung. The Tan-Shul in the firsi 6 kilcmeters above Kuan-Tu
and the Ta-Ka-Kan are important reaches where aceess will be difficualt
during large floods. Otaff gages orientad so they can be read Trom a
distance by telescope would be one possibility where access would other-
wise be impossible. Fach water surface profile in & reach of the project
should ve cbtained over as short a time as possible in order to represent
& nearly instantancous pieture of the water surface:. This might be
accomplished by assigning moblle observers +to read & number of gages
in turn on = comfinual schedule. Stage hydrographs plotted fiom the read-
ings would permit determination of "ipnstantaneousd”™ profiles.

F. ROUGHNESS COBFFICIENTS, -

The discharge measurements, cross sections, and water surface
profiles will permit evaluation of hydraullc rowghness coeffreients for
stream reaches throughout the project.

G BED MLDIG a ™

The techniques used in bed sampling and the data obbuined thus
far have been excellent. Sampling should be repeated at the same locations
concurrently with sll croes gection resurveys. Attemphs should be made
to obbain semples with a B-48 Bed Sewpler in conjunction with soundings
during high water in the Tan-Shui River when semples should also be
obtained from bridges over the Tan-Shui and Kee-Ilurg. Due to the large
aize of the material, it is questicnable thet valid Ted samples can be
obtained during high water on the Ta-Ke~Kan and the Hsin-Tien; however,
the pit sampling during low waler seems 4o have produced consistent
results. A mechanical analysis should be run on all samples.- For an
nccagsional semple in each streem channel reach, specific gravities should
be run for each sieve fraction of the material, :
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B, SUSPENDED SEDIMENT SAMPLING. -

It will be of value %o know the total magnitude of the suspended
sediment load and the relative contribution from each tridbutary in assess-
ing the potential for dredging maintenance in the Tan-Shui River snd
planning possible remedial measures. It 1s recommended that suspended
sediment sanpling stations be maintalned at the fellowing locations:

Chung~Cheng Bridge on the Hein-Tien
Hsin-Chuang on the Ta-Ke-Kan

Wu-Tu on the Kee-Iung

Taipel Bridge on the Tan-~Shui

The stations at Wu-Tu and the Taipei Bridge have been established. All
samples should be of the depth-integrated type and should be anslyzed for
total concentration and the percents of sand, silt, and clay. {The

grain sizes separating these three catagories are about 0.07 mn and 0.00L4
mm.; A minimun of three verticals should be sampled at low flows, and

the number of verticals should be increased with higher stages to a
maximum of 5 to 10. An attempt should bte made to locate all sampling
verticals in ecentroids of flow; for this purpose past dlscharge measure-
nents should he analyzed to obtain the parcent distribution of discharge
across the measuring sectioa at various stages. (If five sampling verticals
are to be used, for example, the cross section should be divided into

ten segments with about 10% of the flow in each segment; and the sampling
verticals should be located at the points where the cumulative percent of
flow across the section is 10%, 30%, 50%, 70%, end 90%.) Verticals should
be located far enough from bridge piers that they will not be unduly
affected by local flow patterns. Each sediment station should be sampled
at least once each week during low flows and more often during rises in
stage in accordance with a planned schedule. Efforts should be pade to
obtain & maximum number of sampling measurements during flood flows.

It is considered important not to neglect the sampling of within-the-
channel rises during the non-typhoon semson. Although these disharge
reaks usually are not high, a relatively large portion of the anaual run-
off-~gnd presumably & large portion of the annusl sediment load--occurs
during this season. Plots of sediment concentration versus water discharge,
for both total concentration and sand corfeentration, should be meintained
for each station. These "sediment rating curves" will be used in
estimating daily sediment loads. The distribution of data on the plots
will help indicete which stations and whieh river conditioms should have
priority in sampling.

I. FRICRITY., -

It is recognized that in the one to three days available during
a typleal flood event man power and equipment limitations will not permit
&)l the observations in all the locations proposed for this program. ‘The
Tan-Sbui River should be given priority since the most immediate problems
are concerned with this reach.

B-6



J. EGUIPMENT. -

Since the above program requires the collection of data at
several locations durisg relatively short flood periods, additional
equipment such as current meters, bed samplers, depth-integrating samplers,
and crences and reels for handling them, will probebly be required. The
most critical need, however, is for sounding gear and for a boat that
can be operated safely on the Tan-Shui River during floods. An echo
sounder is the only feasible means of obtaining reliable sounding data
under these river conditions. The Corps of Engineers on the Missourl
River in the United States has had good experlence with the Bloodworth
Portable Echo Depth Recorder ES 130 for 6 or 12 volt power supply. This
equipment is reliable, light in weight, and essily transferred into and
out of a breat. The sounder can be plugged into transducers mounted
permanently in the bottom of the boat. Informatich can be obtained from
States Electronic Corporstion, Bloodworth Marine Division, 96 Geld Street,
New York, New York, U.S.A, A 6 to 8 meter boat with outboard motors
would be needed to operate safely on the Tan-Shui. A number of newly
designed fiber-glass and aluminum hulkswhich are stable and maneuverable
in rough water are now on the market in the United States. Information
can be obtalned from the following compenies:

Crestliner
Division of Bigelow~Sanford, Inc.
Little Falls, Minnescta

Dorsett Marine
1955 lLafayette Street
Seante Clara, California

Grumman Boats
Division of Pearson Corporation
Sausalito, Californis

Boston Whaler

Fisher-Pierce Company, Incorporated
1149 Hingham Street

Rockland, Massachusetts

Eydro Swift
1750 South Eight West
Salt Iake City, Utab

Lone Star Boat Ucmpany
P. 0. Box 218
Plano, Texas

Shell lske Boat Ccmpany
Shell Lake, Wisconsin
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These hulls are light in welght, can be transported on a srall boat
trailer, and can be easily launched and retrieved by 3 or 4 men.

It is reccmmended that the best performance and safety in the
water and the most convenient handling on land can be obtained by power-
irg the boat with two outboard motors, each with a minimum of 40 horse-
pcwer. A boat trailer should pe purchased with the boat or manufactured
loceally. ' :

K. PIANNING, -

It might be helpful in planning s Hydraulic Observations
Program for a Chinese engineer to visit the United States to cbserve
the techniques employed for obtaining and analyzing date on the
Mizsourl River and to receive guidance, if desired, in the selection of
& sounder, a boat, and other equipment.



II. HYDRAULIC MOTEL STUDIES. -

A, Verification'studies. -

As discussed with Mr. T. S. Lee and Mr. R. C. Wu, it would be
ddvipable to make further verification of the model channel roughness.
Series of steady flows should be run in each medel channel for stages
up to about bank full. Where the stage-discharge relationships do not
correspond to available prototype data, the model roughness should be
adjusted. There is a scarcity of prototype data for verification
purposes, but rating curves do exist for the Taipel Bridge on the
Tan-Shuil and the Chung-Cheng Bridge on the Hsin Tien. Some weter
surface profile data are also available for peak flows during the Opal,
Amy, and Gloria floods in the Tan-Shui downstream of Kusn-Tu. Every
opportunity should be taken in the future to obtain prototype data for
further model verification.

B. Peak Reduction at Kuan-Tu. -

. As discussed with Mr. K. Y. Hsueh, the most valuable use of

“the Taipei Basin Model will be in estimating the effect on peak discharges
at Kusn-Tu after overbank storage in the Taipel Basin is eliminated by
confining floods between the proposed levees. Under present conditions
the overbank storage effect undoubtedly produces some peak reduction
which would not oeccur with the proposed levees. The proposed 200-year
design discharges are necessarily based on analyses of historic records
with vpwerd adjustments for the estimated effeot of fuw™re eonfinenent. An
important guestion is whether the expected increase in flood peaks is
adequately reflected in the design discharges presented in paragraph T
of the Report. The model should provide a reasonable amswer to this.
question.

The amount of peak reduction probably cennot be correlated
directly with peek discharges because the reduction is a tunction of
flood volume and the slope of the hydrograph, as well as peak flow.

(A flood hydrogreph with a small volume but a high, sharp peak will
have more reduction than a hydrograph with a large volume "and a long,
flat peak of the same magnitude.} It will be necessary, therefore, to.
evaluate the storage effect by categorizing historile floods on the basis
of their bhydrograph characteristics and running through the model a
series of floods in each category. At least one of the flocds derived
from unit hydrograph analysis of 200-year storm rainfalls, described in
‘Mr. Hsueh's memorandum, ''Sélection of Design THscharge", dated

5 September 1964, should be included with the historic floods to be run
through the model. EBach flood should be run (1) with existing levees
and overbank conditions and (2) with all proposed levees in place, and
the discharge hydrographs at Kuan-Tu should be measured. By comparing
the resulte from (1} and .(2), the effect of overbank storage on peak
reduction can then be evsluated for each category of flocd hydrograph.
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In order to make the study recommended above it will be
necessary to comstruct in the model just downstream from Kuan-Tu a
discharge take-out equipped with a device for measuring discharge
hydrographs and a gate for centrelling.: stages in the model upstresm
of the take-out. At the take-out a revuvable section should be pro-
vided which can be replaced, allowing rlow in the model to precede
downstream undisturbed. In obtaining Tlood hydrographs at Kuan-Tu, it
will be necessary to run each Tlood twlce: first, with the removable
section in place, measure the stage hydrograph at kuan-Tu; second, with
the take-out in operation, use the control gate to produce the previously
measured stage hydrograph and measwre the discharge hydrograph.

C. Kuan-Tu Traiping Works. -

Due to the swall horizental scale and the vertical distortion
-of the Taipei Basin Model, it is not suitable for localized deeign
problems such as the Kuen-Tu Gorge training works recommended in
paragraph 13 of the Report. It is recommended that a separate undis-
torted model be constructed for this purpose. The scale should be at
least 1:100 and as large as the water supply at the Hydreulic Model
Station will permit. An erodible bed might be provided to give an
indication of the relative potential for scour in various parts of the

study area, although a quantitative reproduction of scour should not
‘be expected.

The purpose of the model study will be to develop the most
economical arrangement of upatream training works to minimize the energy
loss at the entrance to Kuan-Tu Corge. The study should anticipate two
stages of development. According to the econstruction schedule recommended
in paragraph 6z of the Report, when the Kuan.Tu tralning works are
initially'constructed, the Ta-Ke«Kan Diversion will be several years in
the future. The training works, therefore, must be designed to operate
efficiently in the interim period with existing conditions on the lelt
bank of the Tan-Shul in the vicinity of the Wen-Tze-Chuan. But the
design should anticipate a second construction stage at the time the
Ta-Ke-Kan Diversion is accomplished. In order to provide degirable
flow conditions, the first stage design way require some construction
that must be removed in the second stage. The model study should aim
at a first stage design which is as compatible as practicable with the
second stage. The model layout for both stages should reflect the
proposed closure of the existing mouth of the Kee-Lung River on the
right bank of the Tan-Shui and should include the new confluence if
this 1s not too far upstream to be in the wmodel. With reference Lo the
type of structures to he considered, parallel training dikes are.
preferable to straight-out spur dikes since the latter induce con-
sidereble energy' dissipation. '
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ITI. TA-KE-KAN STABLE CHANNEL DESIGN. -

Ae diseussad with Me. Hu, and as stated in parsgraph -9 of the
Report, it is believed feasible to design a stable divers%rn channe

for the Ta-Ke-Kan. The criterion for stabllity is that the new channel
should have the same average snnual capacity for transporting bed material
load as the lower 10 Km reach of the existing Ta-Ke-Kan channel which
will be replaced by the diversion channel. A study of cross sections

of the Ta-Ke-Kan obtained over & periocd of yesrs revealed that the lower
reach seems to be in equilibrium with no markeéd long-term trends of
aggradation or degradation. If the existing reach is in equilibrium, a
diversion channel designed for the same average annual bed material lcad
transportitg capacity should elso be in eguilibrium,

It 1s suggested that the study be based on total bed material
“load transport rates computed by the method presented by H. A, Einstein
in, "The Bed Load Function for Sediment Transportation in Open Channel
Flows," U. S. Department of Agriculture, Soil Céngervation Service,
Technical Bulletin No. 1026, September 1950. While these ealculsted
lcads will probably not agree with the magnitude of. losds in the prototype,
provided they could be measured, it 1s belleved that the relative values
obtained will be significant. That is, if the calculated loads in the
and the proposed channels agree, the actusl loads probably will also agree.

The first step is to obtain an average channel ecross section in
the existing reach. BSome eight cross Bections are now avallsble for
averaging purposes. Next an average slope is determined and an average
mechanical analysis of the bed material is adopted from available bed
sawpling data. A discharge rating curve, typical of the study reach, is
now needed. It would he best to develop an actual rating curve from
meaeurements at Chang-Tsu-Teul; but as a second alternative & rating
curve. can be developed anslytically by the method presented by Einstein.
Since medium discharges will probably be found to transport a large
portion of the average annual load, it may be feasible to await flow:
measurements that will define an actual rating curve up to the medium
range of discharge. The next step is to compute by the Einstein method
a sediment transport rate versus water discharge relationship for each
sieve fraction of grain sizes found in significant proportion in the bed
material. A discharge-duretion curve is now applied to these sediment -
transport relationships to cbtain avergge annual loads for each sieve
fraction. Although a discharge-duration curve for the Te-Ke-Kan with
Shi-Men Dem in operetion is presented in the Memorandum, "Sediment
Discharge Estimation," dated September 6, 1964, it was derived very
approximately and should be refined when there is time for a moxe detailed

enalysis.

The next phase of the study is to assume the cross section end
slope of a design channel. 7The composition of the bed which the Ta-Ke-Kan
will deposit in the new channel is an important question, The suggested
approach is to assume that the bed will consist of the same grain sizes which th
existing channel can transport and to arbitrarily assign two mechanical
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analysis curves which define the limits of a range inm which the actusi
mechanicsl analysis can be expected to fall. Now compute average annusl
loads for each limiting mechanical analysis. This will define a range
in possible transport rate for each sjeve fraction for eonparison with
the computed loeds in the existing channel. If they do not compare
reasonably well,vary the design width over practiecal limite to see if
better reaults can be obtained.

It is belleved that by this method it can be demonstrated that
& range of possible diversion channel designs exists in which the average
snnual transport capacity compares with that of the existing channel.
A design to produce a moderate excess of capacity would proebably be
preferable in order to facilitate natural channel elean-out. No
excesgive degradation would be expected, due to the controlled water

surface at the confluence of the diversion channel and the Ten-Shul
River.
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IV. SEDIMENT LOADS AND CHANNEL MAINTENANCE. -

The aim of channel imorovement on the Tan-Shui River is to lower
the design water surface profiles to permit reasonable heights of levees
and flood wells. The larger the improved channel, the sower the levees
and flood walls. But at the same time, the larger the improveé channel,
the lower will be its velocities and the greater will bte the tendency for
sediment deposition which must be removed by maintenance dredging. There
1s an improved charmel size beyond which maintenance dredging costs
become too high and the safety of the project 1s 1In guestion because
there is no assurance the channel capacity will be available when needed.
One goal of the design studies for the Tan-Shui channel improvenent is
to determine a practical limit of channel enlargement that can be
maintained with a minimum of maintenance dredging. Knowledge of the
sediment load of the Tan-Shui is, therefore, important because from
the msgnitude of the load can be deduced an upper limit of the maine
tenance dredging that might be required. Knowledge of the sand load is
particularly important since the sand is probably the material
principally involved in bed changes, while the silts and clays are
carried through tc the sea or are deposited at low flows but readily
scoured at higher flows.

The distribubion of the existing sediment load between Hsin-Tien
Creek and Ta-Ke-Kan Creek is alsc important to know because Plan C calls
for eventual diversion of the Ta-Ke-Kan which would make Hsin-Téan Creek
the only contributor of water and sediment to the existing reach of the
Tan-Shui from Wan-Hue to the confluence of the Kee-Tung. There is a
question whether the Tan-Shul channel in this reach, initially improved
to carry the combined flows, cen be maintained essentially as an
extension of Hsin-Then Creek.

Preliminery indications are that the potential for deposition is
not high and that the proposed channels can be maintained with a
reasonable amount of dredging. However, present estimates of sediment
lcads are based on very limited sampling data and are only very
approximate.

The program proposed in Section I, parsgraph H, if it is irplemented.
consistently for severasl years, will provide the data needed for fiim
“estimates of sediment loads. Good discharge-duration curves are also
needed at each station for determination of average annual loads. Some
of the duration curves presented in the memorandum, “"Sediment Discharge
Estimation", dated 6 September 1964, are the result of approximate
adjustments and should be firmed up with a more complete analysis when
time permits. Due to the sharp pesks of flood hydregraphs, duration
curves should be based on instantaneous discherge values or on discharges
averaged for a period no longer than 3 hours.
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Since some good sampling data are already available at the
Taipei Bridge, a reasonably good estimste of average amnual load will
Probably be available at this station before it 1s available at the
others. One approach to estimsting the proportions of the send load at
the Taipel Bridge origineting from Ta-Ke-Kan Creek and Hsin-Tien Creek
18 suggested by Rittenhouse and Thorp in "Heavy Minerals in Sediment-
Transportation Studies”, Transactions, Americen Geophysical Union,
1943, p.p. 524-530. Samples of sand might be collected from the
Hsin-Téen and the Ta-Ke-Kan in the same size range a5 the sand bed
downstream of Kuan-Tu in the Tan-Shui. Through retrographic examina-
tions iv might be possible o find some distinetive quality, such as
proportion of heavy mimerals or light minerals, that labels" the materisl
from each source. 3By determining the proportions in which the "labeled"
uaterial is mixed in the bed material below Kuen-Tu, it may be possible
to estimate the portion of the sand load from each source.
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V. DREDGING COST BSTIMATE. -

As discussed with Mr. Y. T. Hu, the cost: estimate for dredging
is high. The project estimate dated 8 September 1965 shows & total of
kh, 000,000 cubic meters of dredged material at & cost of NT$990, 000, 000,
giving & unit cost of NT$22.60 per cuble meter or Us$0.45 per cubic
yard. Under these project conditions the unit cost should run well
under half this emount.

Tt is suggested that a more firm estimate can be based on a
preakdown of the individual items, such as plant, labor, and fuel,
which make up the total cost of dredging. An example of such &
detniled estimate prepared for a Job on the Missouri River is shown
velow. The actual items and costs o e used in the computations must,
of course, fit tke conditions of the Taipel flood control project.

The construction schedule recommended in paragraph 6a of the report
allows several yeers for dredging the Tan-Shui and the Ta-Ke-Kan and,
therefore, permits a minimum capital investment in dredging plant. It
is suggested that the annual cost of major plant items be based on 8
ten-year amortization period. Dredging experts suggest that with the
long pipe lines required 1t might be advisable to reduce by 15% the
capacities of 400 M3/hi and 6CO M3/br for 20-inch and 2k-inch cutter-nead
dredges, assumed by the FWCB for planning purposes. The assumption of 200
work days per year seemS reascnable; bub an 18 nour work day would be
more realistie than 20 hours.

Tue to problems in handling long and unweildy land-lines, it has
peen suggested that 20-inch dredages might be wmore practicable than 2h-inch.

Useful information on dredging equirment and costs mey be obtained,

i not alresdy availeble in the PWCB office, from the Ellicott Machine
Corporation, 161l Bush Street, Baltimore 30, Maryland, U.S.A.
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Typical Dredging Cost Estimate

1. Work to be done. -~ Furnish all plant, labor and materials
necesgary to dredge 3,500,000 c¢.y. of material and waste it approximately
11,000 feet from the dredging scurce. Waste area 1s 30 feet higher than
the water surface. Maximum pumping depth 32 feet from water surface.

2. Material. - Fine sand with low percent gravel.

3. Completion time. - One year.

4. Dredge. - 33' x 100' with 5.5 feet draft (loaded)

6 Pcot cutter head with 600 h.p. motor

2k inch intake (suction) - 20 ineh discharge

20 inch dredge pump with 2000 h.p. elec motor

8ide lines and speeds operate frowm 1-300 h.p. motor

All motors are electrie (L1600 volt)

Commercial power to be used - 13,800 volts transformed
at the dredge. A 20-inch booster pump with 2000 h.p.
required will be inserted in the pipe line 3000 ft.
from dredge.

Dredge oneration ~ three S-hour shifts with 20 bours
estimated actual pumping time.

Estimated output &C0 cubic yard/hour of actual pumping.
time.

5. Time. - 3,500,000 cubie yard = 800 = L375 hours Eumping time.
Total operation time requived - B375 x S% = 5250 hours
or 210 days. '

6. Dredge drew. - Dredge operator, mechanic-electrician, 2 deck
hands, waster engineer (day shift only).

7. Discharge line., - Size - 20 inch diameter

Iength - 11,000 feet (2000 feet floating type,
9000 feet land type)

Pipe Section - 200 inch diameter x 40 feet quick
connected

Portions Parrel-type - 48" x 20' long, @ per
L0 feet of pipe

8. Plant for discharge line. - 1 smell motor launch, 1 crane, 1 bull-
dozer, welding machine and £ trucks with A-frames.

9. labor for discharge line. - Launch operator, 1 crane coperator,
tractor operator, foreman, welder, and 3 laborers.

B-16



10, Costs. ~

Latox: .

Predge operator 5250 hours @ $3.00 $15,750

Mechanic 5250 hours @ 2.75 2%, 438

2 Deckhonds 5250 hours @ 1.85 19,425

Master Engineer 1750 nours @ 4.00 7,000

Lawnch Operstor 5260 hours @ 2.25 11,813

1 Traetor Operator 5250 hours @ 2.75 1k, 438

1 Crance Cperator 5250 hours @ 2.75 1k, %38

Foreman 5250 hours @ 3.50 18,375

Welder 5250 hours @ 2.75 14,438

3 Iabarers 5250 Hours @ 1.50 23,625

2 Truck Dirvers 525C hours @ 1.50 15,750

Sub~total $169, oo

Insuyrence, Taxes & Social Security 16, 949

Total Labor 186,439

11. Materials & Miseellancous Supplies $ 5,000
12- Plantr. -

1-20" Dredge w/Discharge ldne

5250 hours @ $66.18  $3h7,4k5
Electric Pover 5250 hours @ $19.56 102,690
l-Booster Pump w/Power 5250 hours @ $17.89 93,923
L~Teunch 5250 hours @ $ 3.73 19,583
1-Crane 5850 hours @ $ 4.00 21,000
1-Tractor 5250 bours @ $ 5.61 29,453
1-Weldey 5850 hours € $ 1.00 5,250
2-Trucks w/A-Freme 5250 hours @ $ 1.50 15,750
1-Pickup 5250 hours @ $ 0.75 3,938
Small Tools L.S. 5,000

Total Plant  $644,032
13. Total direct cost. - $866,131

4. Direct unit cost? ~ 835,471/3,500,000 = $0.239 per cubic yard

* This cost does not include profit, mobilization, demobilization, Jjob
overhead, and supervision or home office expenses,
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VI. so_It,s INVESTTCATIONS., ~

Recommendations for further foundations ‘investigations and soils
tests are presented in raragraph 26 of the Report.
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VII. . ORGANIZATION FOR FLOOD DAMAGE SURVEYS. -

There is need to develop a trailned staff to survey flood damages
immediately after their occurrence. This need is not limited to the
Ten-Shul River Basin. The control of such surveys should be in the
bands of those who are charged with the responglvility for caleulating
future benefits for flood-control projects. It is suggested that such
a staff be developed as rapidly as poessible and be available for damage
Surveys upon the occurrence of flooding at any point in the Province.

It is further suggested that the services of trained real estate appraisers
be obtained for use in estimating property values with and without proposed
projects for use in calculating benefits from future land enhancement.
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2 Aprdil 1964,

- NMENORANUUM FUR THE RECCRD:

SUBJECT:  Preliminary feview of Flood Frotection Flan for Tan-Shul
fiver, Tulpei Flain, Taiwan

1. The undersiygned arrived in Talpei, laiwan on the evening
of & April 1964, in response to a request from AlD, Taiwan, to the
District fngimeer, USA Engineer District, Okinava. Assistance was
re.ueated from Lhe (orps of kngineers, U.5, Amy in reviewing a
Fiood Control FProtection Flan for Talpei and surrounding areas
which apre in Lhe Tan=-Zhul Hiver flood plain. Col. 3. E. Smith,
dwvision Engineey, bacilic Ocean Jivision, Corps of Engineers and
Gol. Hs C. Schroder, Jistriet Engineer, CUdinaws Jistyiet, Corps of
Engineers, arrived at the save time for inspection of projects
urkier construction in the Taipel area undepr the jurisuiction of the
Taiwan fpea 0ffice of the Ludnawa inginesr District, as well & to
attend initial meetinga relative to the flood control atudy. Kr.

4, L. Fursons, lission Jiresior, Ald, Taiwan was called on during
the corning of 7 April 1964 at which time ilr. Parsons gave a short
briefting of the projosed wori Lo be accomplished. Tlood protection
studies have been carried sut by tha Chinese under a grant of NT@§
4y, 00 froc: AlD, 3ee Incl Y1 for list of individuals present

at this briefing, In accordance with an agreement betwsen Col.
‘Sehrader ond !ir. Varsons, the review of the lan=Shul River Flood
Control Frotection Flan would be agconplished in twe phases. The
initial phase would be preliminary in nature but would be sufficlent
to persit an evaluation of the composition of a team of engineers
who would make a detzlled review of the plan, this would include
“Lhe estimubad time and costs reqguires for & detailed review., Xr,
farsong menti-ned that the peport on phase 1 study should be ¢ompled-
ed prior to 1 Hay 1564. He zlso nentioned that the Chinese Govern-
ment Jegires a workable solution for flood protection by 30 Sapt.em-
ber 1964.

2. luping the afternoon of 7 -.ipril 1904 a meeting was attend-
ed zt the “roject (fiice of the Yan-:ilui ziver Flood Control Flann-
ing Coumittes, Frovincial Jater Conservancy Lureau (F.C4). 3ee Inel

2 for & iist of individusls gresent at the meeting. MNr. B. Y. Edu,
uhAaf sngineer, i ol, gave o briefing of the project with the aid
of Laps showing the Tan-shui diver drainage basin, and the various



' 24 April 1964
sUBdalT: Preliminary Review of Flood Protection .lan for Tan-Skui
River, Ia:pei flain, Taiwan

schenes for alleviating the flooding of Tuijpei and adjacent area which
have been considered. Ir. Lin pointed outl that studies have been under
way ifor several yeurs and every possible weans of providing proteetion
hus been included in the studies. Tal,ei and the surrounding areas’

has been subjected to damaging floods during typhoons on many ogeasion,
the latest and most damaging fleod occurred during tyspoon "Gleria" on
10 and 11 Septenber 1963, Juring that flood u large area of Iaipet and
adjacent aress were covered with from 1 to over 3 meters of water. Illere
were 31 lives loet in the Taipei area and damages to projerties estimated
between Kiy700,000,00 and NTH1,000,000,000.

&+ The Tan-Shui Jiver basin drains an area of 2,726 sq. km.
along & length of 195 km, (ses Incl 3). There are three main tributaries
of the Tan-Chul River, namely: Take-ian Cmesi, Bsin fien Cpeei, and
Kee-lung River, all of wuhich meet in the Taipeil basin and enpty to the
sca through the Kuan-tu corge. The latter is z constriction of the Tan-
Shui diver which causes back water in the iuipei bvasin and aggravates
the {looding sreblem. The project under study is limited to the basin
area, bordered by ilseu-ling on lace-gan (reek, Hsin-iien on Hsin-tien
Creex and Song~man on Kee-lung River. See Incl 4 for plan of urea and
Inel 5 for leeation of range lines and profiles along the streams. The
total length along the river amounts to 35 km. There are existing dikes
with a total length of 30 i, C.8 im of bank protection snd 127 sets of
groins. ‘The oldest part of the exiating flood protuction systen consists
of the Tadpel vity flood wall which was sterted during 1913.

b. Kr. liu stited that the various schenes considered included
the use of upstreax flood control reservoirs, diversion through tunnels
to other areas, diversion of ths laite~kan (resk and iisin-Tisn Creel with-
in the Taipel basin, dredging of the ian-Shui Aiver, and diking as the
major protection feature, The operation of SBhib-¥en dam on t'e upper
reaches of Take-ian Crees for jiood control wms also considered. This
dan is a multiple purpose project which is operated mainly for power and
irrigation, the flood control atorage reserved in the ressapvoir amounts
to only 64,000,000 cubie meters which would delay the Leak flow 5 to 7
hours but would not reduce the peaik, It was decided to concentrate on
the most feagible means of local flood protection within the areas sub-
Ject to flooding. Four differsnt schemes were investizated in Jetatl
and a fifth scheze was included later. The scheus ad,ited is a eompre-
hemgive one. It jncludes complete diversion of Take wnan crsex from
Hein~Chuan into  aew channel through Wen-tze-chuen area and joining
Tan~Ehuil River at Kusn-tu (esee Incl 6). 1ibe sbandoned river bed of 300U
hectares could be reclaimed and town ares of Hsin-Chuan could be joined
t Fan-Chiso to provide un uninterrupted area for aeveloiment., Under
this plan, briiges over Tea~Shui River and Hsin-tien creekx as well as
exlsting leve,a along Hsin~tien creex wWould not re.uire raising, The
adopted plsn rovides more benefits than any other scheme based on Fu(B
conjutations although the B/C ratic they show is less than 1. It was
peinted out that there are wany intangible benefitsconnsceted with this
project, such as prevention of loss of human life and the fiet tmt
Taipel ias the capital city.
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f aprdl 1944
SUBJECT: FPreliminsry Review of Fiood Frotection Plan for Tan-Srui
River, Taipei Plain, Taiwan

¢. To assist in the design of the flod protection project,
& hydraulic model will be used. The mode}l was just recently complet-
ed and verification tests will be carried cut within the next 6 weexa
or two montha. 3See Incl 47 for deteils of the model.

3. After the briefing by Mr. Liu, & discussion was held to de-~
termine the best way on how to ¢arry on the phase 1 review study of
the Tan~-5huil flood protection project. It wsas agreed that a visit
to the rmodel and the existing flood protaction worke, as well as the
areas subject to flooding, would be highly desirable before begining
& review of the.reports.

4e ©0n 8 and 9 Aprdil 1964, an inspection was made to the hydrau-
lic model located adjacent to the water resourses planning cormission
hydraulic laboratory (see Incl #8 for those present); Shih-Men Dam;
the site of the Ta Chi Jem that was considered during the studiles;
existing flood protection leveee and flood walls along Tase-Kan and
Hsin-Iien Creeks; as well as to view the Taipei plain area suojected
to flooding. The Kuan-tu gorge and the Tun-Shui river between the
gorge and the mouth were alse visitsd. On 15 april 1964, the 3 exist-
ing pumping stations in Tasipei were visited as well as the punping
stetion at Yung~bo. Juring the inspection of 3h:b~len dam msntioned
ahove, kr. F. T. Y. Ting, Director, Ha:s Construction lepariment, Shih-
et Jevelomment Commission, gave a briefing at the model building at
the Shib-Men dak, and conducted the tour of the dam. Those present
vore ¥r. T. K, Chu, tir. Yo Ts Hu, ¥r. ke Y. Hsueh, Kr. W. 7. Chang,
Fr. J« . ¥eloy, Professor 3. T. Heu and kr. ., D, DJarling, Profeasor
Hau is a consultant to the FLiB.

%, Betwean lclhnd 2iy April) 1964 a review was made of the studies
which have “men made to date. This was accomplisbed zainly at the
project office of the lan-Shui River Flood Contrel Planning Conmittes,
P03, Mesars K. Y. lsueb and Y. T. Ru, Cenior BEungineers, .CB, were
vory belpful in malding data available and explaining details. kr, .
T. Chang, JCGAR, wes also present rost of the time and spsisted very
mich in translating several of the reporis. The responsitility for
‘deaign of the project is divided between three differeni agencies;
F.CB is responaible for protection worike ineluding outlet works for
the entire area; interior drainage within Ifaipei city is the res-
ponsibility of the iaipei drainage & Lewerage Corps; while interior
drainage in the villages outside Talpeic¢ity limits 1s the responsibl-
lity of the Fublic Vorks Sureau. A total of 46 reports kave been pre
pared during 1663 and 1964 by the ".Ci Flood Control Flanning Cosmi-
ttee (see Incl ;9 for listd; in addition several Memoranda wers pre-
pared by Dr. Hans K. Kivisild, Flood Control Zxpert for Urited Kationeg;
a report on Typhoon Cloria and its effect on luipei and surreunding
areag by A. D. Smythe, Sanitary snginesr, ‘.orld Health Urganisation,

* Mr, Buswell participitated between 18 and 24 4pril 1964.
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. _ _ 24 Aprdl 1564
SUBJELT: rreliuninary Heview oI Flood ¢rotection Flan for Tan~3hui
: River, Taipei Flain, Taiwan.

was made available und the Heport on Storm Jrainage Facilities for the
Municipality of Jaijei prepared by the Taipei Drainage and Lewsrage
Corps was Iurnished. A large number of the reporis were read, scme
were studied while oilhers were scamied.

6. Bused on review of available date the following phases of
the study program and project features are discussed:

a. lydrelogy {zee lncl 710 for location of rsin fall sta-
tions within the busin and 1lncl 11 lor = record of rainfell during
typhoona between 1912 and 1963,: ibe storm design sdafted by FWCE has
beeri u sontroversial quesiion betweer. the F: Ul snginesrs and Or. H, R.
Kivigild, UN Flood Uontrol Expert, who reviewed the Flood Control
Planming Couritiee work betwzen harch 1561 and sanuary 1964. P.Cb engin-
neers have used what they oonsider the maxizmn flood of record for each
drainage area in the basin for design of flood barriers. ihese data
are bassi on yage readings, f{ioat tesis for velocity and cross sections
obtained after ihe flood, plus attempts to correlats rainfail reatings
with estimated digcharges. 1ihe differcsnce of opinion is irn connection
- with the estimuted dischurge of the Tan-lbui River at the Taipel sridge.
When the gzage reading at the laip-i Lridge exceeds 5.5 i, tbe river over-
flows inlo the isn-tse-civan; area, thus sn estimate of the amount of
gverflow 1g rejuirsd., ilso since tie FiVer Cross-section at the Tudped
Bridge is based on soundings after the flood, it is pessible, and quite
likely, that vl e cross-section is imch deeper during pead dibcraruea
dus to erosion by high velocity fiow during the flood; the sroded areas
later filled as the current velocity drops. -

b, Hydraulic Jesign: [he effect of the diversion channsl
on the ;of the river is uninowa. ihere is a ¢onsiderable varia-
tion of curreni velocitiss with digeharge, this will effect sediment
Joad., The bed msterial in the upper reaches of igke-kan and iHsin~Tien
creeis is coupoged of gravel asnd cobbles. In Tade-:un ¢reel, the mean
diaeter of bed nateriale at z point about 18 im above the confluence
with Hein«Tien cresx is sbout 117 mmn, lthere is a gradual reduction in
gize between that point ami the couth where the nmean dianeter is about
Ued mm. The mean diaveter of bed materials in Hsin-iien cresx 1, lm
pbove the mouth is &2 mus. This 1s reluced 1o mbout 37 mmw at & point
6 i from the wouth; from that point there is wa sbrupt drop to slizht-
ly over 1.0 alm. At the aouth the cean diameler 1s aboul Ul mm. The
mean diaveler of bed naterials in the Lee-lung Liver varies beatween
Qo10 mm and Le35 o in the reach studied. Design of ths optimum chan-
nel widening resquired at the upper end of the Muan~tu zorge is propos-
od by Hydraulic model gtudy. wsesign of the diversion channel is based
on & simple trapezoidal section in eul to Ltaide norma) flows. Flood
flows will be by overbank flow between confining levees. Except for
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SUBJA0T:  Preliminary Review of Flood Mrotection rFlan for Tan-Stul
diver, lai;et Fladn, Taiwsn

. the upsirear end of the diversion channel which will be in gand, the
-major portion of the excavation will be in clay which is jenerally
present in the upper stratux of soil in the entire ial ei Flood plaln.

dredging of the Tan-jhui river frow Ruun-tu to the present moull of
iaie~Kan crees will be mainly in fine sand will very from < meters to
2 meters in cepth. laintenwcs dredging in this reach may be a con-
Siderable problem. The eati.ated annual maintenance dredzing in tie
reach beiween the gea and the ugstreas end of (sn-Shui river is 2UL,ULK

awbic peters, this could be higher.,

¢. Geology and Soils: For bed materisls in the irree tri~
butaries of the lan=3hui Hiver, see above parugreph. The bed cuaterial
in the Tan-Chul River is predominantly fine sand with some sandy silt
cand silt present. 3etween Kuan-tu gorge and the mouth, the bed materi-
al is rainly sand; thers are large sand bars at the mouth., Boring lo-
cationa are shown on Incl 712, while loys of borings sre shown on Ircl
Nos 13~ 16, inmclusive. A large number of uirect shear, unconfineu
coppresgion snd consolidation testa have been com.leted on melerials
obtained by standard drive sanplers along the profosed diversion chan-
nel. The soil is classified rainiy as a CL clay. Hesults of divect
shear snd unconfined compression tests do not apjear usable, A high
parcentage of the direct shear tests indicate angle of intemal frice-
tdon in the hiszh 30Ps snd up to 53° with cohession varying from G.l3
to 0.3 kg lem<. fesulta of unconfined compression testis show very
low strengths; nany only 3C to 4U pounds per sy foot, ihe szfivles ob-
tained by drive sanipling wmethods are not considered "undisturbed" and
are not considered suitsble for strength Lests. Zecause of the small
size samples obtained it appears Lhuat remoldsd soil may have bdesn used
for preperation of test apecimena. Soils report forns coull be ip~
proved oconsiderably since thers is no single form an whick all of Lie
basic test data is tabulsted to permit overall evaluation of test data.
boring logs, like wise, include only symbols irlicating soil iype, itus
it is not possible to evaluate conditions by ghdveamg sl boring logs
along the soil profiles shown. A standard set of Copps of Enguineer
solls forms was furnished (5 esngineers for consideration for future
use, Undisturbed sample of the foundation clay alon; the leves 0lign-
ment spn either side of the diversion charmel should be obt:iined by
using thin walled shelby tubes Lo permit completion of uneonfined cop-
pression tests. Dirsct shear tesis are not considered necessary for
the low levees involved. Cuidance in the logation of borings could
be obtained from classification and moimture teosis on drive saniles
already obtained. Depth of boring uncer these levees should be & mini-
mum of 7 meters with a percentage of the boring drilied to 1U and 15
neters below ground surface,
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SUBJECTy  Preliminary Review of Flood Protsction Plen for Tan=-Shui
River, Taipeiy Flain, Talwan

d. Flood Barrier Design: Earth levees and gravity type
flood walls are used as flood barriers. Sections used appear guite
conservative, flood walls over 5U years 0ld are still in use snd sppesy
in good condition. The narroweat top width used for levees iz 5.5
meters with ihe majority of them being & or 1C neters wide since the
top of most levees are usad as rouds., Sideslopes of 1 or 2 are quite
connon. hepe earth levee heights exceed 4 meter in helght a 4 meter
landgide berm is added 3 metlers bslow the top. ‘hen sandy or silty
111 materisls are used ior leves constyuction a ¢lay blanxet is used
3U=-5C em thick., In some areas ¢obble levees are used, grouted stone
facing is used on these levees. A 1 to 2 umeter desp $oe trench is _
used with the cobble levess. Flood walls are sravity tLype with shest
vile cut off st the river toe und drsinage at the heel. HMost are pile
aupported. FuWCD enginears indicated that thuse are conaidered nore
economical in Tsaiwsn than ithe inverted -type Ilood waiis used in the
United States. Seversl different types of slope protection are used
on the levess, including turfing}briek paving, concrete paving, concretie
bleck paving, and grouted stone. Several aress were noted vhere lovess
are subjected to only back water an which slope protection was conorate
pavement or snother expensive type, which woulg be adequately protected
by turfing. Toe protection is provided in may- &reas by "wire sausages".
lhese are long oval shaped bundles of cobble atone held toyether by
wire mesh made with No. 8 galvenized wire. 7Two sizes of these wire smi-
sages are used the larger sise baing HU ¢m by 1 neter and thefmaller
size being 40 om by 67 em. Lengths of wire sausages vary; they usually
extend 8 meters riverward of levee we and exiend up the slope 14.5
meters. The life of the sgusages is dependent on the wire messh remain~
ing intact; in fresh wuter where ihere is no abrasion by coboles or
boulders moving along the channel, a life of 5 to 12 yeurs may be ex-
pected. The wires last only 1 to 2 years where expoeed to sea water ard
abrasion by stones, thus these apre not generslly used in the ugper or
lower reaches of the streams for new work. bnxeept for turf, brick pav-
ing is the zoet economical type of slope jprotect.on. bBricks 5% x 107 X
21 thick are used set on edge. Zach brickd hes 4 holes throagh which Ne.
8 wire is used to hold the mass together. Adjacent rows of bricks are
stageered. The wires are secured Lo a concrete beam at Lhe Loe und at
the top of alope. For levee heigbis over .5, an intermediate b
is added. Comerete [aying 18 used in ares of higheal velocitiss, with
sonerete plaged in al& n%c plocks on « filter layer. Thickoess of
concrste used imabout & inches. Une roject under construstion along
the Yung-ho levee was viewed which did not have an udequate filter,
About 1% inches of gravel of uniform 13 inches size was used, thie gra-
ve) was being pounded inte the clay esbankment slope by wooden tampers,
See paragraph 6h, below,for comment on levee sections along the Jiver-
sion channel.

e, Interior Druainsge. Az mentioned above interior drainage
ineluding pumping stations is the responsibility of the Tadpsl Urainage
and Sewerage Corps within Talpei city while the Fublic “orks Zureau has
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UBJEST: Preliminary Review of ¥lood Frotection Plan for Tun-Shui
River, Talpel Flain, Taiwan

the responsibility for the villages outeide of Tsipei city. The IWlB
are responaible for design of drai:uge gates through the flood barriers.
See inclosure 17 for drainage plan prepared by I U8, this includes
drainage and check yates only. Bxieting pumping station have peen indi-
cated in red peneil. There are three existing pumping stetiors within
Taigei city plus one in the village of Yung-ho. Ibe Tsipei Drainuge on
Sewerage Corps have propoeed 16 drainage districis within Taipei city
with & total of 5 pumping stations. FPresent Jewers are combined sanitqry
and atorm sewars, mainly of the open ditoh type, aithough probably lese
than 20 psrcent cof the population use modern plumbing, the majority of
the pejpulation are served by the night-Soil eollection syetem. It is
proposed o have seperaie sanitary and stom sewsrs eventually. The
Japanoae at one time prepared plung for a seperale sanitary sewads systéi
with 4 treatment plants for the city of Taipel, Storn sewers and punp-
ing plante for the city of Taiiei are disigned for 5 ysar rainfall in-
tensity duration. 4 jun-off coefficient of C.7 is ueed initially. Five
houre after flood gates sre closed a run off coefficient of (.8, ia used
for all subsejuent run off uantity comatations. iJrainage strustures
designed by P.L3 are designed for a }0~year rainfall intensity duration.
Irdtially it is proposed o furmish pumping capacity less than the above
by taking advantage of ponding in areas which presently are not bult up.
As the areass are utilized and ponding areas are reduced additional pump-
ing capacity will be added. The public works dureau proposes < pumping
stations each for San-Clung end Shi~lingEqui;ment provided at the exist~
ing panping stations is us follows:

Taipel City
Station Power Unite Puznp Sigze
Shuang~Yang ~ 3=a1l1is Chalmers Diesel, Jmi By
25, HF Eash '
¥in=-Sheng 3-Yauresha Gagsolines, 3iyg"
125 HF Eaoh
Yuan-Zhan S>-l'sukesha Gasoline, Gueg i3t
125 HF Zaech
Yung-Ho Viilage
Tung~Ho <~ auseana Casoline, PENN.
125 My -Each

Costs for interior drainage, including pumping station are not
included in project costas. [he estimated cost for interior drainage
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SUsJiCTt  Preliminary Review of Flood Frotection Plan for Tan-Shui
River, ‘mpu Plain, Taiwan :

for Taipei city is N"rﬂ,zzo,ooo,

f. Sridgest See Incl #18 for bridso alterations md additions.
A total of 38 bridges sre involved altbough zany of these are obsolets
and are to be reslaced under a regular program, these are not changed to
the project. Ihree new bridges will be required ssross the diversion
charnel. ihese plus 13 others to oe altered are included in projwt. costa.
The total estimuted cost of bridge work is N19256,350,000,

g. deatties at mouth of Tan-ihui Hiver: lhe need for jetties
for the flood gontrol projeot is c,ucat.icmod. It ie considered that those
- should be included in the navigation project being considered ineliuding
& harbor for coastal vsuels along the wight banic of the Tan-Shul river
upstream from the mouth and the cost of the jettiss deleted frow the
fiood control project.

h, Jiveralon chacnel construgtion? It is contemplated that <
2~18" and <-24" bhydraulic dredges and Z-24" booster pumping station will
be used on the pmjecg Eatimated production 1s 200-3U0 M7/hour for the
18" dredges and 600 ¥</hour for the 23 dredges, based on a 2U hour opera~
tional day. A unit cost of NT913.6/2%° plus 103 indirect costs has been
used. Contingencies of L5% have been added. Jince the majority of the
material to be dredged in the diversion channsl is clay the above figures
appear reascnabls, However only about 50 percent of Mhe total dredging
for the project is included in the diversion channel, the tosts zay be
oo conservative for dreging fine sand in the Tan=Shwi river since pro-
dugtion per hour should be much higher for this material. It has been
proposed to ouild the levees on either sids of the diversion chasnel by
diecharge from the hydraulic dredges. Since the naterial is nainly clay
this methicd of construction i3 juesticned. The levee section projosed
is 1U meters top width with 1 on 3 side slopwss, howsver, this has not
heen designed. Heijght of the levees above eximting ground will be about
5 aeters. The levee section proposed would appear to be stable for the
§ meter helght on the clay foundation, although thim should be verified
after undisturbed sasples are taken and shear testa compleied as mentioned
in paragreph be, above. Special aitention should be given to the upstream
end of the dsvmion channel where sand foundation is shown by borings.
The posaibility of paping and boils at landward toe should be investigat— _
ed, & specisl cvi-off trench may be recuired in this area. I1he need for ‘
$.top width of 10U meters where clay dike will rest on clay foundation 1s
uestioned.. 4 top width of 3 meters would be adecuabe. 4 saving of
aproximately 28 of fill qusntities, or 7CU,C00 X3 less fill would be
uquimd if a 3 peter top widih was adopted. This is based on ihe estinat-
od quentity of 2,500,000 M2 of £111 reguired for the levess with 10 meter
top widih.
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FINCTe Preninary Review of Flaod fpotestion lan for Tanw=ihal
River, Taipel Plain, Triwan -

1. Feonomic Sealuatlon - All-ezosunle evaluations rade to date
have compared eomprenansive nlarg of trorovement on o total hasis, done of
the costs ars not cronerly chareeabls 45 the flood contrel imarovenents.
Yor examnle, costs of acquiring land betueen the low 7ater 1ine ond the
river hanks are includedj also couts of relocating villares in the fised
plaln in areas that wll) ot be af Tected Ly the flond contral works are
inclnded,

A reanalysis of the ~lang of faurovement ig ngeengary to detaruine

shether separable olaments of th plans sre Sustified,

Sone Ltsag o7 cost renerly chareeailc to the plan of im.rovenent have
been omlitted s:ch ag costs of pampler alarts nr pon ine aress venitred to
handls interior drainaze at the levoes Jurine flscds.

S2mAzeA are rot baged sn “sta semnerable to Corpa etoniapds. “Xnent
in "aipel ity where 4mcarces fron inrdation will e orevented ng snon ag
the lovee row under ronatruction ig congleted, 511 dmae data sre basad
on estimates by the individuals da.ared, here andt lacarcs usine sueh
data were obviously ircorract, nasyned megonabls gnit darnazes vore used,
The anit flond damazes 4 n6t svrear ressonsile arcd should e reevaliated

by a comretent flood “asare acuraiser.

Trese should he 4 almificant benefit from charge in ls-d use ansli-

- gable to protesting the Wenelzg«rnan aces from flnods. Sune of (hilg bonge
fit has been included i ~wrront coonomis evgluations by estimating damaces
to land that will shanre use in ‘he future flooa slain e#nd ineliding that
dunares as part of tho Clond hoane sreventeds  Lood sntoncement bencfits
ginuld be stinzuished Mron flood danacas orgvesied s d gomputed BATHT -
telve Thare is need for detervilalng the eharma tin valag of lani from
chanee to hirher tvoe uzg.

Flood damages from lnadente Anteriopr drainase should be genarated
fron_damese from inundetion as Affopent protective reasur:s are requlred

to eliminste *hege danares tian to eli-inate overfloy damgra,

There 1s & ~sed for detor ining the reasonabl:oncss of the Tremancy
curvey used in detercining flond won:flta, as nointed out mevinaly, de-
teraining of flo0d dissharges an’! stazes ig #1frtenlt sn- E:*ébjavct to mieh
erYor, AR canages in the Tanshul flood nlafn to +he stace
gt Talpel briire 1s questloned, ‘er se-arabls eleuents of the olar are
evaluated stare froquencles 8t other roints in the flsod plain should be
rore apslleca le for ~any aress than uging the stage at Taipel bridye 65 a
refere-ce.
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STy Prellainary Review of Mlood “‘mwct%. isv fae i’I[’an--ﬁhuri.
River, Tairal ?laln, Telwar

7. T, idgns R, Xivis 14, UN - lood Fontml Caroultont - who was a
wanbar of the U review tean of 1961 for the Tanshul " lood Conmtrol plan,
has prepared aight wemoranda and reports corcamine the propoosd plans
during the period June 1963 thma June 1961,  “hose raverts sre lated
in Incl. #9. 1t im sugmested that thase reporta be caref:lly considered
br pergorndl of ary subssquent review tean, efrecially hla finald renort
of 15 January 196l The modified schane U ~ronosed in that renort deserves
sarious consideration as an optime plan of ckvveloment.

8., Uonclusions ~ Plan ¢ should not be considered ap a sinsle nlan
of developnent phoge justlification can be exvressel solaly by a sinsle
banefll « cost ratio, It is & collection of sevarable items of work re-
lating v‘nmari.].y to flood control. If each of the separdhle pe g of t"&e

tifled br nﬂoibla bmeﬂts; fall pmtectian i’m,n flm ;im- ':ai‘ ﬂf}&t- of’ the
Wen~tse-chuang f1ood plain would be found rot Justified, however

{tams would be Tound fustified by intansihle benefits such as (as ‘revm-
tion of loss of human lifa, (D) erhansemant of the =encral welfare and
security of the peo~le, {g) improvement of sanltation, {d) protection
apalngt epldenies, and (@) maintaining uninterrmted fanctionire of the
national ~overmet located in the flood plaing

2, The fullowing studles wiuld be roquired to schatantiate the orew
csoding eoncluslor and datarsing the best alternative to thas olon ¢ treate
nont of the Yentsechuany flsed nlain,

a. Review and reviglon, if fourd negassary, 57 the iydrolo-ic
gomputations used 4o esteblish the slacs and Mescharce frejquarcy cusvee
and dogign fivods,

b. Review and revision, as found necessary, of the Irdranlie
dosign of the ‘3!‘0{.'!03&& plasg of imnrovemant. We 'iave serious doubts as
to the dependability of the hyiraulle earacity nbin 1 PR U by
dnedging the sandy botbom of tia Tane iy river hod o8 well a8 LAt of
tha proposed Averslon channel wideh 31l be sublested to the antire bad

of Take«l:mn Lreak. The doalen of inbterior ainage stﬂr-, gowars and
pamping. gtations on & S-vear intensitv duration Ls ohvio:
Zﬁmm resilted fron interior flooding durin: Lhe flood af Septenher

Cao hayigtom of gonaree=fpguioney cumres tnby inderl *ml aneg A=
plleable to each scparate unlt of tha plan,

d. Uetarmlination of lustification of lashk of 4.atification for
each umit of the oplen hasad on flaod damazes rievente? or {ntaneitie bea
mﬂ.ts. :
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SUBJHCT: Preliminary Review of Flood Protection lan for lan-Shul
River, Taipei Flain, Taiwan

¢. Determination of best plan of improverent for len-tse-
chvang flocd plain. This would re;uire evaluation of land enhancerent
benefite. '

10. A Gorps of Engineers Review Teau consisting of the follow-
ing members would be required o accomplish the preceeding studies,

One Hydrologiat G5-12 or 13
(ne Hydrazlic Bngineer GS=13 or L4
One Ecomomist - F5-12 or 13

Assuming local engineer would be able to determine ihe Suetdfi-
cation of sach of the slements of the plan under the guidance of tean
members, it is estimated that the review would require approximnately
2 months exclusive of tyavel time.

The cost of the review is sstimated to be §18,000,00
11. Inclosure #19 contains the names of individuals of AlD,

JCRR and the Chineee Coverrment with whom discussion were held during
the review period.,

WI

%USEPH L, /m W

BUSWELL




19 Inclosures,

L 1im of tndtvihals present at AID office, Taipel during movning of 7 Apr 1944

2. liat of individoals prosent at project office of Tanshui Fiver Flood Control
Planning Cornmittes, Provincial Water Consarvaney “ureau, afterncon T Apr 196L.

3. Hap of Tan-Shui River Besin

h. Map showing firet stage work for hdog;ted flood nrotaction plans

5. location of range lines and river profiles along gtraeams

6. Plan stowing Pronosed Scheme "C* for Flsod Contrel of TaneStul River

T« . Tan Stul Rivar Hydreulic “odel test plan

8 List of individuals sho 1nspected Mwdranlle Model during AM, 8 April 1964
9 Tabulation of Rerorts snd Meworarda on T&n Shul River Flood Contyol

10, Location of rainfall stations, Ten Shal River bastin |

Ll. Tan Shui Dasin averag: depth at 3uday storm ralnfall suring typhoon 1912-1541
2. Heap showing boring locations

13, SHoring loge along Jan Shud River bed

. Toring logs in Wen=Teu=Chuan Area

15, . Noring loze I.n Fan=Tou=Kou

16, Horing loce slong laft bank of Tan Shol River at 84an Chung

17. lay out of dralnage aystem

18, Tocation of hrirdgerevisions - yn4 additions of Tan Shul River Flood Contrel
Project

19. lames of individusls of AIT, JCRR, and the “hinese Govarnment with whom diseussion
were nade durlug the review period



