5.2.2 Sediment vun-off disaster prevention works

The construction works for sediment run-off disaster prevention
works comprise three (3) categories; Sabo dam construction, chanmel

works and groundsill works.
The construction plan for the above major works is as follows:

{1) Sabo dam

Major work items and quantities of Sabo dams are tabulated below.

‘Contract Sabo Basin - Work Quantity (ms)
Package No. Excavation Concrete
Package-A 2 _ 35,200 22,000
3 ' 8,500 9,800
Subtotal 43,700 31,800
Package-B 7 13,900 9,400
8 6,400 3,700
subtotal 20,300 13,100
Package-C .10 600 1,100
11 . 4,400 7,300
1z - 3,900 4,900
subtotal 8,900 13,300
Total 72,900 58,200

The total work quantity of excavation was estimated at around
72,900 m3, distributed as follows: 43,700 m> for Package-A, 20,300 m>
for Package-B, and 8,900 m? for Package-C. Meanwhile, the total work
quantity of conérete was approximately estimated at 58,200 m3,
distributed as follows: 31,800 m> for Package-A, 13,100 m® for Package-

B and 13,300 m® for Package-C.

Excav&tioh wag planned to be carried out by medium class
construction equipment owing to limited site conditions. The excavated
materials were tb be transborted to spoil banks which were basically
planned in the vicinity of eéch dam. Hauliﬁg distance from dam site to

the spoil banks was approximately 1 km on average.
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Following the excavation of dam foundation, Sabo:dam conétxuctiom
was planned with due consideration for foundation treatment and against
expected flood during construction. Temporary construction piant was
exclusively designed in each Package for secure concrete supply, which

meets design mix proportion.
(2) Channel works

Major work items and quantities of channel works are. tabulated

below.

Contract Sabo Basin Work Quantity

Package No. Length (m) Excavation (m3)

Package-A 2 530 70,800

3 490 31,200

subtotal 1,020 102,000

Package-B 7 250 39,400

8 440 23,200

subtotal 690 62,600

Package-C 10 - : -

11 410 12,300

12 ’ 750 64,000

subtotal 1,160 76,300

Total 2,870 ' 240,900

The total channel 1length was estimated aﬁ around 2;870 m,
distributed as follows; 1,020 m for Package-A, 690 m for Package-B, and
1,160 m for Package-C. Meanwhile, the total work quantity of excavation
was approximately estimated at 240,900 m3, distributed as follows;
102,000 m> for Package-A, 62,600 m> for Package-B, and 76,300 m > for

Package-C.
The channel works, which were designed at the downstream of each

Sabo dam except for basin No. 10, comprise channel excavation, gravel

backsill, concrete block installation, wet masonry and gabion mattress.
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(3) Groundsill

Major work items and quantities of groundsill works are tabulated

below.
Contract Sabo Basin Work Quantity

Package No. Nos. Excavation (m3) Concrete (m3)

Package-A 2 4 15,700 i,210

3 1 120 230

subtotal 5 15,200 1,440

Package-B 7 5 10,500 1,040

' ; 8 4 4,000 370

subtotal 9 14,500 1,410

Package-C 10 ~ - -

11 11 15,700 1,100

12 9 19,000 900

subtotal 20 34,700 2,000

Total 34 65,020 4,850

The total groundsills amount to 34 numbers; 5 nos. for Pasckage-A,
9 mnos. for Package-B,' and 20 nos. for PackégE-C. The total work
éhantity of excavation was estimated at around 65,020 m3, distributed as
follows; 15,820 m° for Pabkage-A, 14,500 m> for Package-B, and 34,700 m>
for Package-c;' The total work quantity of concrete was approximﬂtely

3

estimated at 4,850 m”, distributed as follows; 1,440 m° for PackageuA

1,410 m for Package-B, and 2,000 m for Package-C.

Construction of groundsill with maximum height of 5 m, arranged
in each river channel, was planned to be executed together with channel
works. Construction works were to be carried out, taking into full
account sequence of the works, restricted site coﬁditions. and

combination of the equipment.
5.2.3 Flood Disaster Prevention Works
The construction works for flood disaster prevention works

comprise dike construction, new channel excavation of around 1 km

dredging, and relocation works of road and railway bridges.

- 53 -



The general feature of the priority project of flood -disaster

prevention works are summarized below:

Component Type of Structure Quantity
Dike 265,000 m>
Excavation : 334,000 m
Dredging 141,000 m
Revetment Wet masonry 9,800 m
Culvert 1.5m x 1.5m (6 sites)

2.0m x 2.5 m{(1l site)

Intake Weir Concrete

Parapet Wall Concrete
Road Bridge 46.8 m
Railway Bridge 130.5

The construction plan for the major works is as follows:

(1) Dike

3 was planned to be carried out

The dike construction of 265,000 m
in parallel with a new channel excavation and dredging works.
Approximately one-third of embankment volume was to be_diréctly hauled
from excavation site, whereas around sz.was transported from stock yard
vhere excavated materials were to be treated, Remaining embankment

material was planned from borrow pit in the upstream of the Moji river.
(2) Channel excavation

The new channel excavation of the Moji river amounting to 334,000
m> was planned by combination of convéntionél excavation and dredging
method. The excavation above water level was basicaily'to be pérformed
by medium class construction equipment. Meanwhile, dredging was also
planned for excavation below water level and where applicable, to save
excavation cost.

3 was planhed to be directly

Excavation volume of around 100,000 m
hauled for dike embankment. Another 100,000 m> was to be transported to
stock yard for material treatment and remaining 134,000 m> was envisaged

to spoil bank.
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(3) Dredging

Around 141,000 m® of channel dredging was basically planned to be
carried out using pump suction dredger. The dredged material obtained
from the upper sediment of riverbed material was designed to be hauled
to stock yard to exert material treatment for dike embankment. On the
other hand, the sediment material mainly consisting of silty deposits
from the lower portion of the riverbed was planned to spoil bhank for

future land reclamation.
(4) Relocation of existing bridge construction

The existing road bridges and Federal railway (RFFSA) were
planned to be relocated in the early stage of construction works. Both
relocation works were designed with due care for local traffic and

consideration during construction and for future permanent use.
5.3 Cost Estimate
5.3.1 Unit cost revised

The unit costs for major works were revised based on the basic
data such as labor wage, material and equipment cost, These figures were
obtained with a little ‘difference from unit costs estimated in the

master plan stage. The unit costs revised are indicated in Table 20.
5.3.2 Construction cost for priority project

The construction cost for the priority project was estimated
based on the’ preliminary design and construction plan., The basic
essumptions and conditions adopted for the cost estimaste are basically

the same as that of master plan stage as follows:

a) price level --- the end of June 1990

b) official exchange rate.-—- US§ 1.0 = Cr$ 60 = ¥ 150

¢} éurrency of cost estimate -~-- foreign and local currency
d) labor wage, materials and equipment cost .

&) constitution of capital cost

The construction costs for the priority projects in the financial
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basis were estimated for the sedimenﬁ'_run-off and flood disaster
prevention works. The summary of financial cbst for the sediment run-off
disaster prevention works was estimated at US$ 25.7 million as presented
in Table 21. The direct and indirect costs were estimated at US§ 17.0
million and US$ 8.7 million, respectively.

_ The finénéi&l cost for the flood disaster prevention works of the
Moji river was estimated at US$ 11.4 million as shown in Table 22. The
direct and indirect costs were estimated at US$S 7.4 million and US$.4;D
million, respectively. The financial cost for the priority projects is
tabulated in Table 22 altogether,

Total construction: cost for the sediment run-off and flood
disaster pfevention wofks, therefofe, was estimated to amount_tD‘US$
37.1 million; direct cost of US$ 24,4 million and indirect cost of US$
12.7 million, '

Construction Cost for Priority Project .

(Unit : million US$)

Sediment Disaster Flood Disaster Prevention
Works Moji River

Item : -
: F/C =~ LJC ~TOTAL F/C L/C TOTAL
I Preparatory Work 1.0 1.2 2.2 0.2 0.1 - 0,3
(5-152 of II1)
I1 Construction Cost 7.0 7.8 l4.8 4.0 3.1 7.1
IIT Compensation Cost 0.1 0.1 Q.2 0.2
IV Administration Cost 0.9 0.9 0.4 0.4
{52 of T + II)
V Engineering Service 1.4 0.3 1.7 0.6 0.1 6.7
(10 of I + II)
V1 Physical Contingency 1.4 1.5 .2.9 0.7 0.6 1.3
(152 of I+IT+TTIHIVEV)
VII Price Contingency 1.3 1.6 3.1 0.8 0.6 1.4
(F/C 31, L/C 3I)
Total 12.3 13.4 25.7 6.3 5.1, 11.4
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{Unit : million US$)

Construction Cost

Works _
Direct Indirect Total
(1) Sediment run-off disaster 17.0 8.7 25.7
prevention works '
Basin 2 6.0 3.0 9.0
" 3 2.7 1.3 4.0
" 7 2.7 . 1.6 4.1
" 8 1.1 0.8 1.9
" 10 : 0.3 0.1 0.4
" 11 2.2 1.1 3.3
v 12 ' 2.0 1.0 3.0
(2) Flood desaster 7.4 4.0 11.4
prevention works

Total _ 24,4 12.7 37.1

5.4 Project Economic Evaluation

5.4.1 Economic cost

The constitution and concept of the economic cost for the
priority project was assumed to be the same as applied in the master
plan. Hence, the financial cost was converted into the economic costs

by adjustment based on the conditions and assumptions.

The economic cost for the sediment run-off disaster prevention
works was estimated at US$ 20.0 million comprising US§ 15.1 million for
direct cost, US§ 0.02 million for compensation cost, US$ 0.8 million for
administration cost, US$§ 1.5 million for engineering services and US$

2.6 million for physical contingency.

. The economic cost for the flood disaster prevention works in the
Moji river basin was estimated at US$ 9.0 million comprising US$ 6.8
million for direct cost, US$ 0.06 million for - compensation cost, US$
0.3 million. for administration -cost, US$ 0.7 million for engineering

services, and US$ 1.2 million for physical contingency.
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operation and maintenance(O&M) costs are incurred annually during
the'prbject life affer completion of construction. The rate of 1.0 % of
the construgﬁion cost was assumed to be O&M cost for the sediment run-
of f disaster prevention works and 0.5 I of that for the flood disaster
prévehtion works. From the above, 0 & M costs for the sediment run-off
and flood disaster prevention &orks were estimated at US$ 0.15 million
and US$ 0.03 million annually. | |

The economic cost of the priority project is summarised below.

Economic Cost of Priority Project

(Unit: million US$)

Economic Cost

Works
Direct Indirect - Total
{1) Sediment run-off disaster 15.1 £.9 20.0
prevention works
Basin 2 5.4 1.7 7.1
" 3 2.3 0.8 3.1
" 7 2.4 0.8 3.2
" 8 . 1.1 0.3 1.4
" 10 0.2 0.1 0.3
n 11 1.9 0.6 2.5
12 1.8 0.6 2.4
(2) Flood disaster 6.8 2.2 9.0
preventlion works
Total ' -21.9 7.1 290

5.4.2 Economic benefit

The economic benefits were estimated as the . reduction in
damages or losses to damageable properties, which will be brought about
by implementation of the designed dis&ster prevention wbrks. With the
design scale of about a 25-year return period for the sediment run-off
disaster prevention works for the proposed project selected among the
master plan stage, the benefits were considered to be comﬁensutate with
the reducible amount of annual mean sediment run-off damages

corresponding to the design scala,
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Meanwhile, the benefit of the flood protection works of the Moji
river basin consisting of channel excavation and flood dike construction
with the design scale of 10-year return periocd was estimated on the
basis of the effect of reduction in annual mean flood damages to assets
and properties in and around the flood protection areas. In addiﬁion,
the benefit was &lso estimated on the basis of conceivable socio-

economic projectibns up to the year 2020 in the study area.
(1) Sediment run-off damages

Most of the target properties which would be vulnerable to the
sediment run-off disaster were identified as the industrial
establishments located in the foot of Serra do Mar. Large scale
petrochemical réfiﬁery establishments, in particuiar. are.'the most
serious tafgets. fellowed by the substation facilities and state

highway.

Taking into account the identification of damageable properties
above, the sediment run-off damage was estimated for each establishment.
Damageable properties of respective industrisl establishments were
éstimated on fhe basis of depreciable assets and inventory stocks, which
were basically : valuated ffom the sector-wise asset holdings in the
siate; and value of produdtion of each establishment, adjusted by the
price .index. Damage rates to properties was assumed to bhe 501 for
buildings, equipment and installations, and 802 for moveables, vehicles

and inventory stocks.
Probable sediment run-off damages and annual damages were

estimated for 7 Sabo subbasins of the selected priority project under

the present conditions below.
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Probable Sediment Run-off Damages and Annual Damages

(Unit: USS million)
Réeturn Period : N

Sabo ' . : . Annual g,
Subbasin 5 .25 50 100 Damage
2 1.2 6.0 7.0 7.7 0.7
3 0.3 4.6 6.2 8.1 0.4
7 1.9 3.6 4.6 6.3 0.6
8 0.7 0.8 1.1 1.4 0.2
10 0.1 0.6 1.4 1.9 0.1
il 1.4 2.2 2.7 3.1 0.4
12 1.0 3.0 8.6 11.4 0.4

Note: (*) Annual damage with the design scale of'appfoximately 25-year
return period.

1 US§ = 60 Crd
(2) Flood Damage

Damageable properties in the fleood protection area’ of the Moji
river _b#sin wefe identified from the topdgraphic maps, aerial
phdtographs ahd'field inﬁesﬁigation,.by using a mesh éurvey with a grid
of 500m interval squares. fhé‘potential flood damage was then estimated
‘as the product of three(3} components: number of properties by t}pé.
unit wvalue of each property and damage rate corresponding to the

inundation depth.

. In fhe.flood protectioﬁ érea of around.a.o_km2 in Moji river
basin, the following damageable properties were identified: 250
residences, 10 small scale commerce and services shops, and nine(9)

ma jor industrial establishments.

Probable flood damages and annual damages were estimated for the
Moji river basin as a reduction in damages and losses with river
improvement works designed for a 10-year return period and without the

preject, as summarized below.
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Probable Flood Damages and Annual Damages

(Unit: USS million)

Return Period Annual
Basin Damage
2 5 10 25 50 100
Mojl : 0.9 1.5 2.0 2.1 2.4 2.5 1.0

Note: Annual damage with the design scale of 10-year return period.
1 UsS§ = 60 Cr$

5.4.3 Economic evaluation

An economic evaluation was carried out to ascertain the economic
viability of the proposed projects by comparing the economic costs and
benefits. The Economic Internal Rate of Return (EIRR) was applied as a

criterion for economic evaluation.

Based on the cost stream disbursed in accordance with the
construction schedule, and the benefit flow to be accrued from the
proposed project, the EIRR was separately calculated for the sediment

run-off disaster prevention works and the Moji river improvement works.

Overall economic evaluation of the Sabo works, consisting of 7
5abo sub-basins, showed an EIRR of 18.27. 0Of the above, sub-basin No.7,
i0, 11 and 12 were analyzed to exhibit quite high economic return of
more than 20Z. On the other hand, the Moji river improvement works
showed an EIRR of 11.1%.

The economic analysis of the priority project is summarized

below.
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Econemic Evaluation of Proposed Projects

Works/Sabo Sub-basin’ EIRR (Z)

Sabo Works

2 ' 13.3

3 17.8
7 23.5
8 16.8

10 30.1
11 21.2
12 22.3
Totel i8.2

River Improvement Works 11.1

5.5 Environmental Impact Assessment

The  checklist method was applied as the basic tool for
identification of impacts which may be caused by the selected priority

projects.

The four(4) effects, such mrs state park, soil erosicn, water
quality deterioration and damages on forest are eipécted to be mainly

caused. during the construction of stage of the priority projects.

The environmental effects caused by the priority projects are
considered mﬁinly during the construction stage. However, those
magnitudes are not expected so serious, it 1is considered that the
priority projects are acceptable through the viewpoint of the

environment.

The environmental effects of the priority projects will be
generally limited to the construction stage. However, the magnitude are
expected to be small, because the impacts are tentative and effective

countermeasures will be taken during construction of the projects,
5.6 Project justification

Based upon the results of the economic evaluation above, the
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proposed projects for the sediment run-off prevention works with a

design scale of an about 25-year return period could be justified.

‘Moreover, taking into account unmeasurable social impacts and intangible

damage which could be caused by sediment run-off disasters, these

proposed projects were judged to be highly viable for implementation.

With regard to the proposed project for flood protection works in
the Moji river basin, major industrial establishments are at high risk
of repeated frequent inundation by overflowing from the Moji river and
its tributaries. If future land use in the Moji river basin 1s taken
intc consideration, the  probable flood damage will be significantly
higher than ﬁhat of the present projection. If the above situ&tioﬁ and
economic evaluation aré taken into account, the flood protection works
of the Moji river Dbasin will be seen to be as highly justified as the

proposed project with a design scale of a 1l0-year return period.
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VI. RECOMMENDATION

1. The proposed priority project for the sediment run-off and flood

disaster prevention works is strongly recommended to be implemented at
the earliest possible time because of eminent social request from high
potential of disaster, as shown that the project is technically feasible

and economically viable with high economic return.

2. It is well known that the forest restoration plan. is very important
to protect industrial establishments and. inhabitants from sediment run-
off and flood disasters. Therefore, basic study on the rélationship
between vegetation dhanges and air pollution, and. monitoring on the
asroplantation should be carried out in continuous and effective methods

as applied presently.

In considering uncertainty and difficulty in predicting accurate
timé and location of occurrence for the sediment run-off disasters, the
present civil defense plan and forest restoration program are also
strongly requested to be continued as effective countermeasures which
are complementary to the proposed priority project in order to restore

forest in Serra do Mar.

3. Prior to the detailed design and during fhe construction, it is also
recommended that geotechnical investigations for bearing capacity of
foundation, cutting slope stability and bank materials should be carried
out because of complex geological conditionsg in the project area of the

priority project.

4, Other projects in the Master plan especially diversion tunnel works
including open channel through the marsh area, which were not selected
as the priority project, could seem to cause relatively serious impact
on mangrove and its neighboring environment. From the above, detailed
environmental Impact assessment should be undertaken before the project

is implemented,
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TABLE 9 SEDIMENT YIELD OF SABO SUB-BASIN

Rorber Catebent Sedinent Tield of Slope Paileses [[0'153] Sedixenl Yield of Toreont Sepesil £10°3a3} Pelential Sedinent Yield
Ur s;bo ‘:ts ---------------- Trmemmees AR messassenss B b n g e e AR e N AN A A e un T r AR AY  EEAEALALIEACEEAReEAdakabihn T E
Sub-Basin {is2) 115 1118 1/5¢ 17100 s 125 15 e s 1488 1150 11100

1 .2 6.8 RiN 00,0 16 a1

I R I T R TP B TR SRR Y
POLN MEE UL 289 Hed TR S W ' SRS BT AR R
S KT R T ST R T S TR WE G 6 I S fLD 80 100
R R KR TR R TW BT X B0 W BAE MLD MGG ST BLE 0
SR X R TN ST SRR ST T R T S TR S O ST SN BTN S TY
S R R T St R S "N TS T B T T T RS B TN ST S A
SR AT R U T SR TS BTN 0.6 68 665 he . M D6 1l 166
SRR X (Y I T ¥ S W ATy 3.8 I S R N S WA T R TR
R X N N N TR S R N B W R W AT SEPT SN TR R X
BoOLE 18 e w1 s T3 S N B TR S TR ST BT SR W AR
TR N R R T SR TR BTN R TN S TR B T B TIE SR B TR BRI
i TR T T T B X YW LI S 1 S U S T3 SR TS S Y R W AT

TABLE 10 DESIGN SEDIMENT RUN-OFF DISCHARGE

Design Sediment Run-off Discharge

Sabo
Sub-basin 1/5 1/256 1/50 1/100
i(2.39) 0 0 0 0

2(3.79) 77,600 124,200 142,900 159,400
3(1.29) 56,400 87,100 99,000 109,400
4(8.42) 72,900 119,800 139,900 158,700
5{0.90) 19,100 30,200 34,600 38,700
6(1.73) 38,400 62,100 71,600 80,100
7(2.64) 83,000 130,500 149,800 166,600
8{0.41) 7,500 11,800 13,600 15,200
9(0.17) 13,700 21,800 24,900 27,700
10(1.26) 18,700 29,400 33,700 37,700
11(0.62} 13,000 20,400 23,400 26,100
12(1.11}) 24,500 37,300 42,500 46,800

Note ; ( } means Sabo sub~basin area in km2
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TABLE 12 FINANCIAL COST FOR SEDIMENT DISASTER PREVENTION WORKS

Unil  Quanlily

Foreign Corrency

dnanl

Local Currcucy

Amount,

Total

Unit Gost {1,0000S4) Unil Cost {1,0000s4) {1,0000s3

I, Preparalory Works

(15% of 11]
IT. Gonstruction Cost
I1.1 Ssho dan {32 sites) & 179,600
11.2 Chamnel works {11 sites} 2 16,800
I1.3 Groundsil) {2-¥es.] . a3 t, 700
114 ¥iscellancous :
{%% of Totsl I1.1 - IL.3}
Yotal af II
111, Compensalion Cost
CHT.1 Residence Hos, 12
111.2 Regidential Area ¥4 - 466
173 Hon-Residential Ares ! 11,200
IT1.4 Raclory Ares ul {32,700

Yotal of 11

1¥. Adainistration Cosl
{5 of I 411}

V. Enginecring Service
(10% of 14 I]]

Vi, Physical Conliogency
(I3sof LA T+ LI+ IV W)

VII. Price Contiugency
{F/C 3x, L6 3%}

Tetal

2,899

$5.0 17,082
15.0 1,062
.0 153

814

19,181

3,608

2,861

i, 301

3,102

95.0 17,062
3.0 2,418
90.0 i53
885

20,678

{00 5

2.5 2

0.7 3

1.3 113

188

2,292

917

§,076

7,288

38,542

5,380

34,124
1,840
08
1,893

39,969

> TR oD oy

085

1,

14,190

7,041
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.TABLE 14 FINANCIAL COST FOR FLOOD DISASTER PREVENTION WORKS,(1/2)

ALTKRMATIVE C-2(2]

Poreign Corrency Local Cuerency
o Total
Iten Unit  Quantity dnount Anount
' : Unit Cost {1,00008%) Unit Cosi {},00008%) {1,000Us})

1. Preparatory Works 695 520 1,215

(5% of 11} '

1. Construction Cost :
1.1 Bike nl 157,000 2.1 30 1.4 200 550
1.2 Brcsvalion B T 256,000 1.8 {61 1.2 307 768
11,3 Dredging. ul 256,000 2.1 691 1.8 {61 1,152
114 Revetment ¥ 6,100 15,0 101 35.0 35 335
11.5. Culvert (11 Nos.] L. 8. 4 84 256 R0
I1.§ Diversion ¥eir R 1 o ' 160 400
1.7 Overflow Heir . [ 1 130 30 71
11.8 Diversion Chennei (Cubatso) L. 8. ] 530 850 1,380
11.3 Tunnel {2 Hos.) ] 1,200 1,800 9,360 5,200 6,240 15,500
11.10 Biversion Chanuel (Sso Vicente) L.S. 1 kI 610 - 880
11.11 Road Bridge (2 Nos.) B8 | 192 120 312
11.12 Railwsy Bridge {1 Mos.) L8, | oo ) . 210 510
I1.13 Protection Dike L8, 1 143 - 230
1. 14 Biverbed Protection L.§. 1 36 H 60
[i.15 Kiscellaneous 562 9% 1,151

(5% of Total II.1 - I1.14)
Total of II _ 13,83¢ 10,334 24,193
1. Cozpensation Cost

iil.1 Residence Yos. 10 {00 { ‘4
1H1.2 Ractory L.§. i 0 )]
111.3 Residential Ares al 800 2.8 Z H]
1114 Hon-Residential Ares L} 248,000 0.1 - 174
180 180

Total of I
I¥. Adeinistrstion Cost 1,275 1,308
(5% of 1 ¢ H]

V. Bagineering Service 2,041 510 2,551
{1oy of T+ 11}
¥i. Ph}SiCll Contingenc‘y 2,195 1,932 {1,427
(15% Qf T4+T1+1I0+ IV + V)
YII. Price Coﬁtingency 5,247 1,058 9,300
{rfc 3%, LIC 3%}
2,372 18,869 13,241

Tolal




TABLE 14 FINANCIAL COST FOR FLOOD DISASTER PREVENTION WORKS (2/2)

ALTREMATIVE H-2

) o Foreign furrency - bLocal Currcocy
: Total

Itex Unil  Quantity Anount : Azount
Unit Cost {1,000083) Uuit Cost (1,000U83) {1,000U53)

I, Prcparatnrj Korks 378 pEx 86t
(5% of 1i)
1. Construction Gosl
11,1 Dike 2l 250,000 2.1 525 1.4 150 (34
11,2 Excavation CM] 816,000 1.3 1,523 L £,015 2,538
.3 Dredging el 584,000 2.1 1,570 1.8 1,081 2,628
IT.{ Revetment . xal 24,800 15,0 i 35.0 868 1,240
1.5 Culvert {7 Nos.) LS8, | 2440 150 400
I1.6 Intake Weir {1 ¥o.) 1.8, 1 12 {8 128
.1 Groundsill ({ ¥os.) b8, [ 120 80 o100
1.8 Roed Bridge LS. i 1,000 00 1,700
11,9 Railway Bridge : _ LS, ] 1,600 1,000 2,600
11,10 Repeir of Riprap Dike {{ Wos.) L.§, 1 1 115 290
il.1I §iscellancous 360 283 £30
(5% of tolal I1.1 - II.10) o
_ Tota] of 11 1,563 . 5,658 13,221
11§, Compensation Cust
[I1.1 Residence Hes. 0 b0 ] b
ItI.2 Factory _ ' L.S. 1 ] 0
111, Residential Ares ul 0 2.5 0 b
1.4 Hon-Resideutis) Area nl 354,000 0.1 248 s
Total of 111 s Ik}
1V, hdminictration Cosl 634 694
(5% of T ¢ II)
V. Engineering Service 1,11} 278 1,388
(10X of 11 11}
vl. Plysics] Contingency 1,368 i,0n RED)
(E5% of 1 v 1D 4 AT A IV 4 ¥)
Y11, Price Coslingency 2,199 1,801 §,100
[RfG 3%, LIC %) : '
12,108 10,005 2,M3

Total
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TABLE 18 WORK QUANTITIES FOR SEDIMENT RUN—OFE
DISASTER PREVENTION WORKS

Unitk m3

Dam No. Item Dam Channel Groundsill Total
2.1, v 22,000 ( 530m ) 1,200 23,200
Ve 35,200 70,800 15,700 121,700

3.1 v 9,800 ( 490 m ) 200 10,200
Ve 8,500 31,200 100 39,800

7-1 v 3,600 ( 250m ) 1,000 4,660
Ve 10,300 39,400 10,500 60,200

7-3 v 3,800 { Om) - 3,800
Ve 2,400 - - 2,400

7-4 v 2,000 { Om) - 2,000
Ve 1,260 - - 1,200
Sub-total V 9,400 (250m ) 1,000 10,400
Ve 13,500 39,400 10,500 63,800

8.1 v 3,700 ( 440 m ) 400 4,100
Ve 6,400 23,200 4,000 33,600

10-1 v 1,100 ( Om) - 1,100
Ve 600 - - 600

11-1 v 7,300 ( 410m ) 1,100 8,400
Ve 4,400 12,300 15,700 32,400

12-1 ' 4,900 { 750 m ) 900 5,800
Ve 3,900 64,000 19,000 - 86,900

Total v ss,zoo (2,870 m ) a;aoo 63,000
Ve 72,900 240,900 65,000 378,800

Note : V ; volume of structure
Ve ; excavation volume



TABLE 19 WORK QUANZTITIES FOR FLOOD DISASTER

PREVENTION WORKS

e it ek Sk Ak T B LR s AU U A T REA M TR fLm MM A LAS WAL ErE R S M e e ARE WLe 8 Sk AT BN B B Ak b dem mm e P Ard AR Mk At St Kot ek

Item Unit  Quantity
(1) Dike (L=39.3km)
1) Gravel metalling m3 6,600
'2) Excavation m3 329,000
3) Dredging m3 141,000
4) Embankment m3 255,000
5). ‘Sod Facing m2 111,600
(2) Revetment (L=1.45km) '
1) Wet stone masonry m2 9,800
2) Concrete block m3 170
3) Berm concrete m3 120
4) Gabion ' m3 2,900
(3) Culvert (6 Sites) _
1) Excavation m3 2,300
2) Concrete m3 550
3) Reinforcement bar ton 30
4) Form m2 860
5) RC pile m 136.
6) Gate ton 8
" {4) Intake Weir (1 Site) _
1) Excavation m3 2,000
_§§ 2) Concrete m3 270
= 3) Wet stone masonry m2 ' 460
4) Concrete block m3 840
(5) Parapet wall (1 Site)
1) Excavation m3 680
2) Concrete - m3 310
3} Reinforcement bar ton 25
4}y Form m2 870
(6) Road Bridge (1 Site)
1) Embankment - m3 5,100
2) Super structure (Steel) ton 74
3) Sub structure (Concrete) m3 350
4) Steel pile m 450
(7) Railway Bridge (1 Site)
1) Embankment : m3 5,240
2) Ballast - m3 550
3) Super structure (Steel) ton 270
4) sub structure (Concrete) m3 440
5) Steel pile m 620

e S e W . A T Bt WS o Sva S F7E At e Am o e e e S8 Eed A Rt Pt Pef PR St 4 s A S B e e o e R 8 B St Ep Ak ket



TABLE 20 UNIT COST REVISED

T Unit Cost (USS)
Item " Unit - . ' Total
| | “¥/C L/C

S P i o, r— T By g

(For Sediment Control)

—— i — — p— af——n. pr—

1)  Excavation m3 1.7 1.8 3.5
2) Outer Concrete - om3  76.7 . .83.3 160.1
3) Inner Concrete © m3  71.3 | 80.4 151.6
4) - Form L m2 7.7 . 15.4 23.1
5) Wetstone Masonry m2 13.6 23.4 36.9
6) Concrete Block m3 60.9 .  94.6 155.5
7} Berm Concrete 1 m3 60.9  94.6 155.5
8) Gabion - " m3 18.4 30.3 48.7
For Flood Control} o

(9) Gravel Metalling m3 12.1 ' 18.4°  30.4
10) Excavation m3 . 2.1 1.3 3.4
11) Dyredging _ . m3 . 2.4 1.6 4.0
12) Embankment ' m3 2.2 1.4 3.6
13) Sod Facing ' .. m2. 0.2 0.6 0.7
14) Concrete - w3 74.0 81.8 155.8
15) Reinforcement Bar ton 642.2 488.2 1130.4
16) RC Pile m. . 12.0 - 8.0 20.0
17) Gate . ton 3000.0 2000.0 5000.0
18) Steel Pile _ - m 162.0 108.0  270.0
19) Ballast m3 =~ 16.2 35.7 51.8

(For Compensation)

20) Residence m2 . 400 . 400
21) Residential Area ' m2 2.5 2.5
22) Non-Residential Area m2 0.7 6.7
23) TFactory Area : A m2 1.3 1.3




TABLE 21  SUMMARY OF FINANCTAL COST FOR SEDIMENT DISASTER PREVENTTON
WORKS IN EACH BASIN (FOR PRIORITY PROJECT) -

Unit : 1,000 USS

Ttem Basin 2 7 Basin 3 Basin 7 ~ Basin 8

F/C L/ TOTAL F/C  L/C. TOTAL - F/€  L/C TOTAL F/C  L/C TOYAL

1 Preparatory York 358 413 781 160 183 343 168 188, 356 74 8 160
(15% of 11) : _

11 Construction Cost 2,453 2,751 5,204 1,068 1,218 2,286 1,120 1,253 2,373 495 573 1,068

111 Compensation Cost - it i 10 10 ) 9 4 4

IV Administration Cost 296 299 13 131 136 136 61 61

(5% of 1 +°11) :

V¥ Engineering Service 479 120 598 210 83 263 218 55 273 98 25 123
(10% of 1+ 11) .

VI Physical Contingency 495 539 1,034 216 239 455 226 246.  .472 100 112 212
{15% of  I+11+111+1VaV) o

VII Price Contingency 527 574 1102 230 255 485 241 262 503 107 120 226
(F/C 3%5,L/C 3%) : :

Total ’ - 4,322 4,707 9,029 1,884 2,089 3,073 ‘1,973 2,149 4,122 - 874 981 1,8%%

IHem | Basin 10 Basin 11 Basin 12 : Total

HC,'_ L/C  TOTAL F/C L/C  TOTAL- F/C L/C TOTAL - F/C  L/C Total

1 Preparatory Work 15 17 32 132 150 281 122 143, 263 -1,039 1,177 2,216
(15% of 11) ' _

Il Construction Cost 102 114 216 878 997 1,875 810 940 1,750 6,926 7,846 14,772

I11 Compensation Cost 0 i} 13 13 15, 15 62 ERR

IV Administration Cost 12 12 108 108 1010 101 849 ERR
(5% of 1 + 11)

V  Engineering Service 20 5 25 - 173 43 216 161 40 201 1,359 340 1,699

{10% of { + 1) _ ] :
V1l Physical Conlingency 21 22 43 177 197 374 164 186 349 1,399 1,541 2,940

v (15% of I+IT4ITI+IV4V)
VII Price Contingency 22 24 46 189 209 398 175 198 372 1,490 1,642 3,133

(F/C 3%,1/C 3%)

Total - 180 194 - 374 1,549 1,717 3,265 1,431 1,620 3,051 12,213 13,457 25,670
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FIG.26

ANNUAL CHANGE OF AFFECTED
VEGETATION AREA BY EACH

POLLUTION INTENSITY AREA
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FIG.28

INUNDATION AREA OF DESIGN SEDIMENT

RUN-OFF DISCHARGE
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