the site reconnalssance along the_route, soil investigations at
prospgct1§e tower locations are to be:undertaken. Maﬁual excava-
tion, goncretermixing with portable mixer, backfilling with rammer
or the like of it are to be used for civil works, while towex
erectipn is to bé'carried out with pole type erector (gin pole)
and 1ine étringing with tension stringing meﬁhod. .

10.5 Construction Schedule
10.5:1  ¥irst Stage Construction -

The first stage construction is to construct the power station
having the installed capacity of 201 MW {3 units, 67 MW each) to
cope with the domestic powér demand after the middie of 1990s, The

scheduled commissioning time of each unit is as shown below,

Unit No, 1 : June 1994
Unit No. 2 : September 1994
Unit No. 3 :  June 1999

[Commissioning time of unit 3 will
change on September 1998 for the two
stage development scheme,]
The - construction schedule 1s drawn aiming at chese commissioning
. dates on the basis of work plans described in 10.4 above. The
construction schedule for the first stage is shown in Fig. 10-6
which also. indicates the times required for the detailed design,

tendering, etc.

The schednle of commencement of. the major works are as shown helow,.

. Access road

.

N _ _Novembér.1987
;Divgréion‘tunnéi B 3 'Novémber 1989
m . - .-Noﬁémber.légo.
 November 1989

' _ﬁém & splllway

Head:aée tunnel'

Powerhouse (civil)

: June 1990

Geﬁérating equipment . : . November 1992

- Transmission & '
substation faclilities :

June 1992

10-29



10.5.2

The critical path for execution of the filrst stage construction
runs along acaésé road and headrace tunnel as obséf@éd in Fig.
10-6. As to access road, it is_ planned to complete the first phase
works which allow vehicle traffic to the dam site 'f.c-)r 'tfanspor—
tatfon of construction materials and équiﬁme‘nt by October 1989 in
94 months, and then to execute the finishing w‘drks as ‘the second

phase during the succeeding 24 months.

In order to start the road construction In November 1987, the
utmost efforts of the related parties have to be exerted:to shorten

the necessary time for the detailed design, tendering, etc.

' While, for shortening the construction period of headrace tunnel,

it is planned to adopt tunnel boring machine (TBM) for driving the

upstream tunnel section of 7.5 km long.

Second Stage Constructiom

The second stage construction is the extension of the generating
facilities of .201 MW (3 units, 67 MW each) for the purpose of
mainly power export, It is scheduled to start the second stage

construction in June 1994 which is set up in consideration of the

" time required for negotiation of power export. with the importing

- dountry which will be entered at the time of commencement of  the

first stage -construction in November 1989 and the time for the
detailed design, fund arrangement, tendering, -etc-., as discussed

with NEA.

The overall construction schedule including the first and second
stages is shown in Fig. 10-7. As shown thére, the major works
included in the secor_ld stage are the con's.truction' of headrace No, 2
and installation of the additional turbines, generators, e_i:c. The
time necesséry fof 'con's'truction of headraée"tunﬁel No. 2 is con~

sidered to be same as that for headrace tunnel VNQ. 1.

The total project with the installed capacity. of 402'MW._'inclt.xdi_ng
the first and second stages is planned to be éqmpleted_ in June

16 — 30
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ll.l

CHAPTER 11. COST ESTIMATE

General Concept

'Construction_costs of the Arun 3 project are estimated based on the

following concepts.

n

(2)

(3)

(4)

(5)

(7

- (8)

Project cbst is divided 1ht§ 7 catégofies; suﬁporting facili~

ties, civil works, hydraulic.equipment, electromechanical equip-

ment, transmission line and substation egquipment, administra-

tion including engineering services and contihgency.

The unit prices of the similar works in Nepal are referred for
cost estimate, however, those applied to works in Japan and

other countries are also referred.

The price level 1s on June 1, 1986 and the exchange rate of

21,35 Rupees per US$ {by Nepal Rastra Bank) is adopted.

The administration including éngineering services is calculated

at 7.5% of the direct cost which is gemerally applied to the

projects of simllar scale.

The coﬂtingencj is calculated at 15% of cost for the supporting
facilities and civil works and 10% for the hydraulic equipment,
electromechanical equipment and transmission line and substation

equipment and administration including engineering services.

The interest during constructinn and price escalation are not

included in the project cost,

The construction costs are divided into two portions, namely,

the fofeign_burrency'pbrtion pertaining to - those for equipment
and‘materials to be impcrted_and the local currency portion for

labour; materials and ‘- equipment .available in Nepal, inland

_ transportation, etc,

Taxes and duties are excluded in the cost estimation.
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11,2 Component of Cost

(n

Supporting facilities

(1)

Access road

The cost for access road includes the coastruction: cost of
new road from Dhankuta (Hile) to the dam site of about 115

km and also the cost for improvement of the existing road

.between Dharan and Dﬁankuta. Thé breakdown of the cost for

the new road is shown in the sepérafe Volume I,

(ii)

Preparing works

The cost for preparation, works 1includes those for camp
facilities, telecommunication - facilities .and temporary

diesel power plant.

The costs for camp facilities are for providing office
buildings and living quarters to be used by HEA and the
Engineer. The costs for telecommunication facilities are

for providing wireless system between Kathmandu and the

. project site and also telephone system in the project area.

The costs for temporary power plant are prd#iding diesel
engine generator being described in paragraph 10,3 and
appurtenant facilities, fuel, and operation and maintenance

of the plant.

The costs required for the above supporting facilities are
calculated at respective lump sum prices. Vﬁoweﬁér, the
costs for aggregate plant, concrete ﬁixiﬁg and placing
equipment, service roads in thefprbject area, tempbra:y
bridges, water supply and drainage facilities, etec, which
are directly required for. execution of-the.WOfks are to be

included in the unit prices of civil works.

(2) Civil works

The costs for civil works are calculated on thé basié:of work

quantities estimated based on design drawings described in

Chapter 9 “"Feasibility Design” multiplied by corresponding unit

11-2



(3)

(&)

prides. The unit prices are figured taking Into. considerationm
labour wages in Nepal (Table 11-6), prices of materials (Table
11-7), unit prices of the works adopted at the similar projects,
etc._which are mainly collected during the field investigations
as well as local conditions particular te the Arun 3 project.
Some of the unit prices for constructing headrace tunnel and
powerhouse are estimated referring to those applied to the simi-
lar works in Japan with adjustment for local conditions in

Nepal.

The unit prices include the costs for labour, equipment and

materials, transportation, insurance premium, temporary facili-

.ties and ofher incidental works. The costs for the works other

than the major items are brought up together and estimated at

the lump sum prices as miscellaneous,
Hydraulic equipment

The costs for closure gate at the diversion tunnel, spillway
gates,‘intake gates and trashracks, gates and other facilities
in the desanding:basin,.steei.liﬁing in headrace tunnels and
surge tanks, penstdck steel pipes -and: tailrace gates are
included in this category. The cost for each equipment ﬁertains
to - materials,  fabrication, transportation, installation,

insurance premium and all other incidental works.
Electromechanical equipment

The cost for the electromechanical equipment pertains to
materials, fabrication, transportation, installation, insurance
ptemigm and other incidental works of turbiﬁés, generators, main
transformers, auxiliary powerhduSE eqﬁipmentg switchyard, etc.

The cost for each work item is estimated at the lump sum price.,

11 _'_3



(5) Transmission line and substation
(i) For domestic power supply

Costs for the following transmission lines and substations

are lacluded in the project cost,
¢ Transmission line

Transmission line connecting Arun 3 P/S - ﬁubi' 5/8 -
Dhalkebar 8/Y - New Kathmandu $/8 (220 kv, 2 cet),

excepting those as follows:

New Kathmandu $/S - Balaju $/$ (132 k¥, 1 cct)
New Kathmandu $/5 - Siuchatar $/8 (132 kv, 1 cct)
Hetauda S/S - Dhalkebar 5/8 — Dubi S/8 (132 kV, 1 cct)

® Substation/Switchyvard

Dubl $/5 (220 kV and 132 kV equipment), Dhalkebar S/Y
{220 kV equipment) and New Kathmandu S$/S (220 kV and 132

kV equipment), excepting those as follows:

Expansion of 132 kV equipment at Hetauda S/S
Static condenser and shunt reactor facilities at the

existing power system near Kathmandu

{ii) For power export

In addition to the above facilities to be constructed in
Nepal, the cost for the part imside Nepal only of 220 kV
trnasmisslon lines (2 cct) and substation facilities at the

Dubi $/8 are included for power export,
(6) Compensation cost

The compensation cost includes those required for acquiSition df
lands to be occupied by dam and reservoir, surge tanks, facili-
ties around powerhouse, access road, transmission line towers,

substations, etc. and for removal of private houses and is esti-

i1-4



mated at approximately U5%1.6 nillions. The details of compen-—
satlon. are ae described in Chapter 12. Since the compensation
coét of the above amount 1s relatively small compared with the
others, this cost i3 included in the comtingency cost for the

project.
(7) Allocation of foreign currency portion

Percentage of foreign currency portion in respective construc-
tion costs are estimated as shown below, veferring to the latest

values applied to the projects of similar nature in Nepal,

Accessg road T4.1%
Preparatory works : 76.1%
Civil works 85.0%
Hydraulic equipment 90.0%
Electromechanical equipment 90,0%
Transmlssion line and substation 90,0%
Administration and

engineering services 85.6%
Contingency 84.8%

Total 85.5%

11.3 Construection Cost

11.3.1

Construction Cost for First Stage

The total construction cost for the Ffirst stage (3 units, 67 MW
~each, 201 MW in total) which 1s planned to cope with the domestic
power demand is as shown below and Table 11-1., The above cost also
Ineludes those for a part of the facilities for power export in rthe
future such as intake, desanding basin, powerhouse (extension),

tailrace, etc. which are necessarily constructed simultaneously.,

1i1-5



. Summary of Construction Cost for lst Stage (US$)

"Supporting facilities ' ' 48,700,000

Civil works - o 131,187,000
Hydraulice equipmenﬁ ' 11,573,000"
Electromechanlcal equipment 38,400,000
Transmission line and substation i 87,500,000
Administration and englneering services 23,810,000
Contingency - ' - 43,121,000 -

Total 384,391,000
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(1)

(2)

(3)

(4)

(5)

(6)

(7

. Table 1121 Total Construction Cost {1st Stage)

Supporting facilities
Access road
New Construction
Improvement of existing road
Camp facilities
Telecommunication:facilities
Diesel engine generator
Civil works
Diversion tunnel & cofferdam
Dam & spillway
Intake & desanding basin
Headrace tunnel & surge tank
Penstock
Powerhouse & switchyard

Tailrace tunnel & outlet

Hydraulic equipment
(Gate, trashrack & penstock)

Electric equipment
(Turbine, generator, transformer,

“auxiliary equipment & switchgear)

Transmission line & substation
facilities

Administration & engineering
services 1/

Contingency 2/

Grand Total

F/C portion L/C portiom  Total
(103 ys$) (103 us$) (103 us$)
36,280 12,420 48,700
28,900 10, 100 39,000
28,900 5,100 34,000

0 5,000 5,000

0 1,500 1,500

900 100 1,000
6,480 720 7,200
111,509 19,678 131,187
5,797 1,023 6,820
20,748 3;662 24,410
18,114 3,197 21,311
44,222 7,804 52,026
2,502 441 2,943
15,938 2,812 18,750
4,188 739 4,927
10,506 1,167 11,673
34,560 3,840 38,400
78,750 8,750 87,500
20,370 3,440 23,810
36,586 6,535 43,121
328,561 55,830 384,391

Note 1/ : . 7.5% of total cost for works from (1) to (5) above.
2/ : 157% of total cost for works (1) and (2) plus 10% of

(3) to (6) above.
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The yearly disbursement and breakdown of the total construction cost

for the first stage are as shown in Table 11-2 and Table 11-3,
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Table 11-3  Breakdown of Construction Cost (15t Stage)

(USS)
Unit :
Ttem Unit Price Q'ty Cost. Note
(1) Supporting Facility
Access Road
| Wew construction 13 1 34,000,000
Improvement 1.5 1 5,000,000
Sub-total 39,000,000
Camp Facilities LS 1 1,500,000
Telecommunications LS 1 1,000,000
Diesel engine generator LS 1 7,200,000
Sub-total | 9,700,000
Total - 48,700,000
(2) -Diversion Tunnel
Common excavation n3 5 530 2,650
Rock excavation " 12 2,120 ' é5,ﬁ40.
Tunnel excavatlon " 48 19,000 912,000
Structure concrete " 170 B10 137,700
Lining concrete " 150 4,500 .675;0ﬁ0
Tunnel form m 310 355 110,050
Plug concrete m3 130 1,280 156;409
Shotcrete n? 40 1,400 56,000
Wire mésh m? 15 1,400 21,600
Rock bolt (L=3m) © pes 700 200 14,000
Reinforcement t 635 100 63,500
Grouting t 410 100 | 41,000
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(us$)

Unit
ITtem - Unit Price Q'ty Cost Note
Miscellaneous LS _ 1 111,260 3%
Sub-total - , ' 2,336,000
Closure gate . t - 3,400 40 136,000
Total - 2,472,000
(3) Khoktak Khola Divérsion
Common ékcavétion m3 5 200 1,000
Rock excavat;on " 12 300 - 3,600
" Tunnel excavation " 48 2,200 105,600
Dyke concrete " 125 500 62,500
Structure concrete "o 170 100 17,000
Lining concrete . " 150 470 70,500
Tunnel form o om 250 135 33,750
Shotcrete - w2 40 1,200 48,000
Wire mesh | " i5 1,200 18,000
Rock bolt (L=3m) pes 70 700 49,000
Miscellaneous - LS 1 21,050 5%
Total .© .= -~ . : . 430,000
(4) Gotferdam
Upstreaﬁ éoffé;aém
Imperviééslégfé m3 .. 12 10,200 122,405
Rockfii1f"' ':_ F 12 68,600 823,200
Siufryjffénch B " 450 570 256,500 -
Dewatering - . - L§ 1 . 200,000
Reconstruction R S 1 1,580,000
Miscellaneous . - L8 - 296,900 . . 10%
Sub-total o | B 3,279,000
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Downstream cofferdam
Impervious cove
Rockfill
S5lurry treunch
Re—construction
Miscellaneous

Sub-total

Total

Reservolr cleaning
Common excavation
Rock excavation
Foundation cliean up
Mass concrete
Structure concrete
Reinforcement
Grouting
Miscellaneous
Sub~total
Spillway gate

Total

{(6) Intake
Common excavation
Rock excavation

Tunnel excavation

init

— et

LS

LS

LS

Unit

Price

[m———

12
12

450

1,000

15
13
115
170
635

140

5,000

15

48

1112

2,500
11,320

460

75
52,500
55,800

8,800
150,900
9,800
820
8,600

i

600

9,740

© 39,000

26,000

Cost

30,000 -
135,840
207,000
332,000

70,160

775,000

4,054,000

75,000

420,000
837,000

114,400

17,353,500
1,666,000
520,700 -

1,204,000 -

2,219,400

24,410,000

3,000,000

27,410,000

77,920 .
585,000 -

1,248,000

'(US$)

Epte

10%

10%



Ttem

Structure concrete
ﬁining concrete
Tunnel form
Shotcrete
Wire mesh
Rock bolt. (L=3m)
Reinforcement
Grouting
Miscellaﬁeoﬁs
Sﬁb—total
VControl gaté
(Trashrack |
Sub-tot;1

Total

(7) Desanding Basin

Underground excavation

Tunnel excavation
Side wﬁll_concrete'
Base concrete
Lining concrete

- Tunnel form - .
Shotcrete

Wiré mesh_

Rock bolt -

Reinforcement .

11-13

Unit

Unit Price Q'ty
n3 170 13,200
" 150 8,100
m 530 150
m2 40 5,400
n 15 5,400
pes 70 440
t 635 680
t 410 90
LS 1
t 5,060 160
" 13,000 70
nd 45 144,000
" 48 7,400
- 170 . 16,100
" 155 11,000
" 150 2,700

m 250 - 600
m2 40 15,800
" 15 15,800
pcs 70_-;-.9,300
t 635

1,100

Cost

2,244,000
1,215,000
79,500
216,000

81,000

30,800

431,800

36,900

312,080
6,558,000
800,000

210,000

1,010,000

7,568,000

6,480,000

355,200
2,737,000
1,705,000

405,000

150,000

632,000
237,000
651,000

698,500

(US$)

Note

5%



Ttem

Miscellaneous
Sub-total

Drainage gaté

Steel pipe
Sub-total

Total

{8) Headrace Tunnel

Common excavation

Rock excavation

Tunnel excavation (TBM)
v (CBM)

Adit tunnel excavation

lining concrete

Tunnel form

Invert concrete

Culvert concrete

Plug concrete

Shotcrete

Wire mesh

Rock bolt (L=3m)

Reinforcement

Grouting

Rock trap

Miscellaneous

Sub-total

Unit
Unit . Price Q'ty

LS 3
t 5,000 90
3,200 100

m> 5 3,000
" 12 5,000
47 290,000

" 48 156,000
m3 48 41,000
m? 150 55,500
n 310 4,600
m3 150 2,000
" 170 7,550
“ 130 6,250
mZ 40 114,500
" 15 114,500
pes 70 17,000
t 635 1,950
t 410 650
LS | 1
LS 1

11— 14

Cost

702,300
14,753,000
450,000

320,000

770,000 -

15,523,000 -

15,000

60,000

13,630,000

7,488,000

1,968,000

8,325,000

1,426,000

300,000

1,283,500 -

812,500
4,580,000
1,717,500

1,190,000

(Us$)

~ Note

5%

Upstream
part
Downgtream

-~ part’

1,238,250 .

266,500 . .

1,200,000

2,275,750 -

47,776,000

5% -



Ttem

Steel pipe

Total

(%) Surge Tank

Common excavation

Rock excavation

Shaft excavation

Adit tunnel excavation

Lining concrete
Prelining coﬁcrete
Shaft concreﬁe
Bottom qoncréte
Plug concrete
Shotcrete
Wire mesh
.810pe protection
Reinforcement.
Groﬁting
Miscellaneous
Sub-total
Steel liniﬁg

Total

(10)  Penstock

Common excavation

Rock execavation. -
Tunnel excavation’

Shaft excavation

Unit

Tnit
Price Q'ty
3,200 150
5 4,000
12 15,500
70 15,550
61 9,150
150 1,100
175 650
210 3,650
170 1,950
130 2,850
40 1,450
15 1,450
60 1,650
635 295
410 200
1
3,200 205
5 500
12 1,000
61 2,900
56

1115

8,800

Cost

48G,000

48,256,000

20,000

186,000
1,088,500
558,150
165,000
113,750
766,500
331,500

370,500

58,000

21,750
99,000
187,325
82,000
202,025
4,250,000
656,000

4,906,000

2,500

12,000

176,900

(Us$)

Note

5%

492,800



(Us$)

Unlt :
Item Unit - Price Q'ty Cost Note
Adit tunnel excavation - m3 48 13,000 624,000
Structure concrete " 170 650 110,500
Filling concrete " 130 6,300 819,000
Plug concrete h 130 1,400 182,000
Shotcrete ,  m? 40 5,800 232,000
Wire mesh | § 15 5,800 87,000
Reinforcement € 635 100 63,50b
Miscellaneous LS, 1 140,800 _ 5%
Sub~total 2,943,000
Steel penstock t 3,200 1,300 4,160,000
Total 7,103,000
(11) Powerhouse
Powerhouse 7
Underground excavation n3 45 82,000 3,690,000
Adit tunnel excavation 48 3,300 158,400
Arch concrete " 7'190 | 4,600 874,000
side wall concrete " 170 11,000 1,870,000
Base concrete " 155 7,300 1,131,500
Shotcrete  m? 40 13,600 544,000
Wire mesh " 15 13,600 204,000
Rock bolt (L=3m) pes 70 670 46,900
Rock bolt (L=5m) " 120 T 450 54,0007_
Rock bolt (L=15m) " 1,000 | 450 450?006_7 
Reinforcement tr 635 1,740 i,104,900_j,
Mortar injection m3 250 300 75,000 .
Architectural LS ' 1 1,366,600.-

finishing work
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(Us$)

AUnit
. Item _ Unit _ Price Qlry Cost Note
Miscellaneous LS 1 573,300 5%
Sub-total 12,036,000
Main Trans, Room
Underground excavation w3 45 17,300 778,500
Arch concrete e " 190 1,800 342}000
Side wall concrete " 170 3,800 | 646,000
Base concrete m3 155 300 46,500
Shotcrete - m? 40 6,400 256,000
Wire mesh o 15 6,400 96,000
Rock bolt (L=3m) pcs _ 70 320 22,400
Roek bolt (L=5m) pes 120 300 36,000
Rock bolt (L=15m) pes 1,000 150 150,000
Reinforcement t 635 400 254,000
Miscellaneous LS 1 131,600 5%
Sub-total _ 2,759,000
Access Tunnel
| Common exgavation w3 5 1,400 7,000
Rock'egcaﬁatibp " 12 5,400 64,800
Tunnéi excévatiqn_ _ " 48 9,000 432,000
Wall concrete " 170 200 34,000
Lining éoﬁcréte _ o 150 3,000 450,000
Tunnel form - m 310 330 102,300
Reinforcéﬁént"“f | t 635 160 - 101,600
MiscellaﬁééuS' LS | | 1  $9;390 5%
Sub-total | 1,251,000
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(US3)

_ Unit ) 7 _
Ttem : Unit Price Q'ty . Cost ~ Note
Cable Tunnel
Common excavation w3 5 11,000 55,000
Rock excavation " 12 1,000 12,000
Banking oo A 7,000 28,000
Tunnel excavation " 48 2,500 120,000
Culvert concrete v 170 2,400 408,000
Lining concrete " 150 © 900 135,000
Tunnel form m 250 173 43,250
Reinforcement t 635 150 95,250
Miscellaneous 1S 1 44,500 5%
Sub-tatal 941,000
Busbar Tunnel - 7
Tunnel” excavation wd 48 1,700 81,600
Lining concrete " 150 600 90,000
Tunnel form m 250 190 47,500
Reinforcement t 635 50 31?750
Miscellaneous L8 635 1 -12,150 5%
Sub-total 263,000

Total - 17,250,000

(12) Switchyard and Control Buillding

Switchyard LS ‘500,000
Control buillding . LS 7 1;000,000*_

Total 1,500,000
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‘item

(13) Tailrace Tunnel

Tunnel éxcavafioh (A)

Tunnel excavation (B)

Adit tunnel excavation

Plug concrete

Lining concrete

Tunnel form (A)

Tunnel form (B)

Shotcrete

Wire mesh

Rock boit'(L=3m}

Reinforéemen;

Miscellaneoué
Sub-total

Draft gate

Totai

(14) Tailrace Outlet

Common excavation -
Rock.excaﬁation S
_wall coﬁcréte.
:'Struéture concrete

' Shoterete

Hite mesh
:;Reinforcéméﬁﬁf'z“

- Cate-bf-riﬁéf'"'

Unit

pcs

LS

LS

~ Unit
Price Qtty
48 7,700
61 8,300
48 1,500
130 1,500
150 5;300
310 180
250 340
40 1,500
15 1,500
70 200
635 200
1
5,000 120
5 7,000
12 | 16,000
170 2,000
170 - 2,500
40 2,700
15 2,760'
635 220
1

11—19

Cost

369,600
506,300
72,000
195,000
795,000
55,800
85,000
60,000
22,500
14,000
127,000

115,800

2,418,000 -

600,000

3,018,000

35,000
192,000
340,000
425,000

108,000

40,500

139,700

1,000,000 -

(Us$)

_ Note

Branch
tunnel

Branch

‘tunnel

5%



Item

Miscellaneous
Sub-total

Tallrace gate

Total

(15) Electromechanical Equipment

Turbine

Generator

Main transformer

Others

Sub~-total

Arun 3 switchyard

Total

(16) Transmission Line and Substation

Transmission Line
Arun 3 8/Y - Dbubi S5/8
Dubi 8/5 — Dhalkebar 35/Y

' Dhalkebar S/Y ~—
New Kathmandu S/S

Sub=~total

Substation and Switchyard

" Dubi S/S

Dhalkebar S$/Y -
New Kathmandu 8/s
Subefotal

Telecommunication

Total

11 —20

Unit .

Unit Price = Q'ty
LS 1
t 5,000 210
LS 1
13 1
1" 1
"t 1
LS 1
LS 1

" 1

i1 1

LS 1

" 1

" 1

LS 1

Cost

/228,800
2,509,000

1,050,000

3,559,000

10,080,000

8,520,000

1,660,000
9,940,000
30,200,000

8?200;000

38,400,000

23,200,000

14,800,000

12,100,000

50,100,000

11,900,000

7,500,000
12,500,000

31,900,000

5,500,000 .

87,500,000

(Us$)

Note

10%.



11,3.2 Total Construction Cost for First and Second Stages

-The total construction cost for the whole project (6 units, 67 MW
each, 402 MW in total) which includes both the Ffirst stage for
domestic power demand and the second stage for power export is shown
below and Table 1l-4. In connection with the transmission line and
substation_facilifies required for power export, only the costs: for

those to be constructed in Nepal are included in the above total cost.

Summary of Construction Cost for
lst and 2nd Stages (US8)

Supporting facilities ,48,700,000
Civil works 185,872,000
Hydraulic equipment . 17,569,000 
Electromechanical equipment : - 69,400,000
Transmission line and substation 107,000,000

Administration and engineering services 32,141,000
Contingency 57,???,000
Grand Total 518,479,000
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Table 11-4 Total Construction Cost {1st 8& 2nd Stages)

F/C portion L/C portion - Total
(103 uss) 103 uss) (103 us$)

(1) Supporting facilities 36,280 12,420 48,700

Access road 28,900 10;1Qﬁ -39, OGO

Conatruction 28,900 5,100 34,000

Improvement of existing road 0 5,000 ¢ 5,000

Camp facllities 0 1,500 1,500
Telecommunication facilities 900 100 1,000 .

Diesel engine generator 6,480 - T20 - 7,200

(2) Civil works 157,991 27;881: 185,872

Diversion tunnel & cofferdam 5,797 1,023 . 6,820

Dam & splllway 20,748 3,662 - 24,410

Intake & desanding basin 18,114 3,197 21,311

Headrace tumnel & surge tank 86,686 _ 15,298 101,984

Penstock 4,161 734 . 4,895

Powerhouse & switchyard - 17,101 3,018 20,119

Tailrace tunnel & outlet 5,383 950 6,333

(3) Hydraulic equipment 15,812 1,757 17,569

(Gate, trashrack & penstock)

(4) Electro-mechanical equipment 62,460 6,940 69,400
(Turbine, generator, transformer, '
auxiliary equlpment & switchgear)

(5) Transmission line & sﬁbstation 96,300 10,700 107,000
facilities :

(6) Administration & engineering 27,664 4,477 32,141
services 1/ '

(7) Contingency 2/ 49,365 8,432 57,797
Grand Total ' 445,872 72,607 518,479
Note 1/ : 7.5% of total cost for works from (1) to {5). above

2/ : 15% of total cost for works (1) and (2) plus 10% of
(3) to (6) above,
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The yearly disbursement for the first stage and second stages are as

" shown in Table 11-3,
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Table 11—6 Labour Wage

Labour Type

Rate per day

7 b
. Rs Uss
Head labour 50 2.34
Labour 40 1.87
Porter .60 2.81
Head mason 80 3.74
Mason 70 3.28
Carpenter 70 3.28
Palnter 80 3.74
Plumber 100 4.68
Electrician 160 4,68
‘Auto Mechanics 160 4,68
Auto Electrician 120 5.62

1/ Wage at 1986 price level

2/ Exchange rate

iU8S = Rs21.35
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Table 11--7 Price of Construction Materials
Material Unit Price- Remarks
(Us$)
Cement t 150 CIF plus inland transpdrfation
Reinforcement bar t 380 "
formed steel t 490 "
Petroleum kl 520 *
Light oil kl 360 "
Explosive kg 5.2 "
Detonator pcs 1.0 "
Rock bolt (L=3m) pcs 27 "
Rock bolt (L=5m) pcs 43 "
P.C. bar (L=15m) pes 160 "
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12. 1

CHAPTER 12. ENVIRONMENTAL IMPACT

General

The project area is prééentlyIOnIy accessible by footpaths or trails,

'By'impléméntétiou of the Arun 3 project and its long access road

eﬁvircnmentél'changes'of different magnitude may occur in the villa-

ges as well as to the natural ecosystem.

Favironmental imﬁéct'studieé in connection with a large development

prOJect ‘have a short history 1n Nepal. Therefore, available data are

. .scarce and systematxc analys1s of data and evaluation is a very dif-

ficult task. The present study attempts to quantlfy the possible

. magnitude of compensatlon and to qualltatlvely 1dent1fy the probable

12.2

areas of env1ronmental impact, including both ecologlcal and socio-
economic impacts to be induced by the project. - Limited field survey
on land-use in the vicinity of the project areas was conducted and
the exiéting-land utiltization maps (1/50,000 scale) were extensively

used for the study,

.Hethodology

An environmental.impact assessment (EIA) is defined by Hunnl/.as
being acfively designed to identify and bfedict the impéct‘on man's
health and well-being and on environmental conditions, of legislative
proposals, polibies, programs, projects, and operational procedures,

and to interpret and communicate information about them,

 The prééent'éthdy'WiIl attempt to identify the environmental impact

by the following two approaches:

(1) Estimation of Compensation

_The amount of compensation was estimated in connection with land

acquisition and resettlement involving houses, cultivated &

1/ Munn, R.E,, 19753: Env1ronmental Impact Assessment - Pr1nc1p1es

and Procedures. SCOPE Report 5. Toronto, Canada
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non-cultivated 1énd, forests,.etc. to be affected by the Arun 3
project including the access road, the transmission line, and
substations. The existing land utilization maps (1/50,000'sca—
le} were used to obtain land-use data on the éntire”géometribal
location to be affected by the proJect -Distributioh of houses
is based on field ingpection and newly developed 1/10, 000 scale
maps which cover an avea of about 180 kmz_contaln;ng two alter-

native access road routes,
(2) Qualitative Identification of Impact Areas

. Impaét areas were identified by a:systehatic approach developed.
by Aegerter and Messerlrl/‘for a formal EIA to identify signifi-
cant 1mpact areas and probable effects. Elaborate mathematical

treatment has been omitted dpe to the lack of substantive data,
The following terminology is defined to clarify the approach:

(1) actions: man's activities in comnection with a project
(2) effects: change of environmental conditions due to a project

{3) impacts: change of env1ronmental quality and of human well- belng

The study will identify activities and impact area of effects;
followed by prediction and estimation of the extent of eavironmental

impact on the qualitative basis.
Project work is classified into three categories:.
(1) Preparation Phase:

This includes engineering studies, land acquisition and compen-

sation.

1/  Aegerter, S., and Messerll, P., 1985 The Impact of :
Hydroelectric Power Plants on a Mountain Environment. Chapter 4
of Integrated Mountaln Development Himalayan Books, New:Delhi,
India : N '
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(2) Construction Phase:

This iovolves 311 construction activities,_both permanent and
temporary., Also included are actions related to soclo-cultural-
economic area such as creation of jobs, migration of workers and

~exposure of the loéal people to foreign workers.,
(3). ﬁperation Phase:

This covers a variety of action components such as operation of
existing installations (pondage, roads, buildings, etec.),
..ereation of permanent jobs, generation of energy'and development

- .of fish culture in the pondage.
Detailed action c#mﬁonents are listed in Table 12-1,

'Impact areds consist of a spectrum of possible areas to be affected
or ihfluencéd directly‘of indirectly by the specified actions., Major
components are (1) Non-Biotic Area, {2} Biotic Area, (3) Soclal Area,
(4) Cultural Area; (5). Economic Area, and (56) Political Area. A
detailed breakdown of each area mentioned above is shown in Table
12-2,

The relationship between the actions and the impact areas for a par-—
:tiéular preject can be conveniently expressed by the Relevance Matrix

a sample of which is shoyn_bélow}

Fig. 12—1 Relévance Matrix

i-ﬁctions'
¢ L . R
Ol e |0
O R ES.
pact | L1 TOl L T Ll U | @ : certain effect is
N R0 e N e expecied
‘Areas b A o
S N © : effect is possible
o] |® |
| - lol |o
ol || i ®
‘ ‘o)
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12.3

The matrix only shows the result of systematic entry of certain and
possible effects on the impact areas corresponding to each actiom.

The wmatrix does not show whether the effect attached to ‘the impact

" area identified is significant enough for predicting impacts, Such

effects will be 'di3c1pséd ‘through an iteration process generally
using subjective judgment because quantitative measuring of most
effects except for limited cases such as the number of houses to be
inundated is not practical in this study due Eo'the'difficuity in

collecting relevant data or the time factor involved.

For éach action an iterative consideration is made for further scru-
tiny of the entire impact area identified as effective by the matrix.
During an iteration each sub-impact area prone td'a éerta1ﬁ effect 1is
examined for its direct linkage to the overall impact area. Through
the iteration-proceés the effects in the impact areas Eééomé.clearer
and enhanced, and the process is terminated when there is no addi-
tional impact to be considered. Fig. 12-2 shows a flow chart of the

process,

The Project

The project is composed of the power generating facilities (civil &
electro-mechanical works) and the access road. The former consist of

major components such as a pondage, an underground desanding basin, a

power tunnel, a surge tank and penstock, and an underground power—

house. Since the project is a typical run-of-river type utilizing
high quality flow of the Arun river the project -is essentially simple
despite its large power generating:capacity. 'The_poﬁdage c;eafes
only 4 km of backwater with a maximum water Ievei rise 6f 50 m which
will minimize the égssibility of inundation of:fdrest'aﬁd cultivated -
land. deal villagers generally liveron the high elevation terrace
areas, Houses, therefore, will not be affected, Major civil works
are of the underground typeilike the deséndlng basin, tﬁe power tun-
nel, and the underground type powerhouéé. These_facilities wiLl.be
invisible from the surface or very low-key in appéaiance, with mini-

mal disturbance of the natufal 1andscape.'

The main flow of the Arun river is partially divarted throughout the

year to the desanding basin, and then flows into the power tunnel
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Fig. 12--2 Flow Chart for Environmental impact Study
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12.4

reaching the surge tank. Water drops through the penstock to the
powerhouse asd eventually returns to the Arun river. 'Even during the
dry season the minimum flow of 10 n@/seé will be available elimi-
nating drying-up of the river section between the dam and the power-
house. This planning consideration 1is particularly important for

maintainiﬁg the aquatic environment in the said sectioun,

‘The project requires a long access road because the only motorable

road terminates near Hile-Basantapur in the Dhankuta District'about'
100 km south of the project site., The proposed alignment of the foad
is the river-side route. Consequently the alignmeht near the
riverbed is generaily at a lower clevation than the. terraced or

cultivated field typical on the hills.

The transmission line is divided into three sectors; namely, (é) the

powerhouse - Dubi substation sector which is about 120 km long; {b)

~the 146 km long bubi - Dhalkebar substation séctor, and {(¢) the 120

“km long Dhalkebar - Kathmandu substation sector. The first sector

(a) generally follows the access road but there will Se more’ short
cuts and straight sections through hi11 areas eventually reducing the
total distance. The sector (b) is located in the Terai'running from
cast to west. " The sector {c¢)} is oriented in the north west diréction
passing Sindhuli and the Swalik range to the Kathﬁandu val1gy; The
details are shown in Chapter 9. The land space requirement for the

transmission tower is very small.

Present Environmental Conditions .
(1) Location

The project area covering the dam and the pb#éfhouSe_(550 m ele-
vation) is located im the three village panchayats, ﬂ.e;, Num
(1,200 m), Pathibhara and Diding in Sahkhuwﬁéébha Dié;rict in
the Kosi Zone of the Eéstern Developmenf:-kegi&n; :Thé long
access road runs along the Arum river th}dﬁgh'fhé distriété.qf
Sankhuwasabha and Dhankuta. The dam site is loéated 40 km south

of the Chinese border.

26



(2)

(3)

Natural Environment

The majority of local people are engaged in farming using the
terrace fields on the hills, There are no irrigation facilities

and  natural éhyironment is tranquil without ~any slzable

industrial activities. Air pollution is non-existent. The Arun

‘river has a low fluctuation of annual discharge with steep gra-

dients and high sediment loads of both suspended and bed-loads.
The climate is subtropical with a moderate temperature fluc-

tuation between 7°C and 20°C on the average. Disﬁrict—wise

average annual rainfall is 1, 950 mm.

The tdpogfabhj shows 'a typlcal Midiand landscape of rolling

" terrain with gentle slopes along the Arun river surrounded by

steep ridges, Most of the slopes are composed of terraced slo-

pes and barren_hillsides. This area is geologically called the

Tumlingtar Window and is rectangular ih shape, 20 km wide and
extending 50 km (direct distance) with 1its southern boundary
near Pakharibas sitting atop of the ridge in northwest Hile,

_ The northern boundary lies near Diding where the powerhouse is

located., The sector between the powerhouse and the dam shows

steep topography.

Biotic Environment .

B The total forest area ig about 160,000 ha which is approximately

_45Z-of the total aistrict area. The area under cultivation is

;9,0007ﬁa;"Thére are many grassy slopes and no rare species of

flora and fauna are found in the project area or in the area
along the access road., Among the protected wildlife species,
the Liger is reported to be found in the project area. There is

no protected species of aquatic vegetation in the Arun river and

“u“ité tributaries close to the project aféas. only limited infor-

:-mation is- available on fish distribution and habitat and there

appears to be o fish migration.
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(4)

(5)

(6)

Social Environment

The total area of the district is 3,480 km? with a population
density of 37,2/km? (1981), This sparsely populated condition
is partially due to migration of the villagers to the Terai
Plain where there are better living conditions, Average family
size per household is 5 persons with a declining:trend due to
the ffagmentatidn of households ;nd other;rggspnér Population
composition for the three groups of (1}'ﬁnder714‘years, (2) bet-
ween 15 and 49, and (3) ovér 49, is 39%, ﬁﬁzland_13%,'respec—
tively, Communication with other pé?ts of Vthé nation. is
possible through postal services aﬁd privafe portérs who carry
messages. to the postal facilities. Telecommunication services
are available between Khandbari, the district headquarters, and

Kathmandu,
Cﬁltural Environment

Availability of hospital beds is about 4 persons per bed., There
is one health center in Chainpur and 8 health posts, Schools in
the district include 131 primary, 51 lower secondary and 5

secondary schools,

Traditional land use includes cultivation, buildings for both
people and cattle, forest for fuelwood and grazing, and paths
and trails. Ethnic composition shows a leading majority of Rai

(36%) féllowed by Chetri (18%).And Magaf (182)._ The rest are

Damai, Kami, HNewar, Tamang and Gurung;in order of population

size, There are no outstanding archeological or cultural sites

in the area.
Economic Environment

More than 97% of the labor force is engaged. in _agriculture,

forestry and fishing. Other sectors, including public serviées,

manufacturing and commerce, occupy -at most- 3% of the labor o

force.

Principal cereals are paddy, maize, millet, wheat and barley.

Cash crops are oilseeds, potato and sugarcane. The majority of
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cultivated land is allocated for paddy and maize, Per héctare
production is low and the trend shows a declining production

rate, Forests are mainly ‘used for firewood, construction

 materials and grazing. The average farmer's agricultural pro-.

(73

duction meets only his own subsistence needs and only surplus is

given for trading. Due to the low production rate, the average

farmer purchases foods to make up the supply deficit, Livestock

production also contributes to cash income. Low-income villa-
gers are generally engaged as porters on a regular basis., Wages
are subject to seasonal fluctuation varying between 20 and 40

Rupees/day. .

ioufiét attraction centers are Chainpuf for the main trade
éénfér, Kﬁandﬁéri f&r'the aistrict headquartefs; Tumlingtar for
the'aiffield‘éhd pottéfy'industries, and Chyankerti Bhanjyang
for viewing the Himalayan Peaks. There are no roads exéept

footpaths and trails. Hile or Tumlingtar is the starting point

-for trekking to .the base-camp of Mount Makalu. Hile-Piluwa—

Tumlingtar-Khandbari is the only main trail for the passage of

_porters, There are no hotels for travelers and trekkers beyond

Khandbari.

Political Environment

Sankhuwasabha District 1is included in the ¥Kosi Zone of the
Eastern Development Region. The district is sparsely populated. .
The area . is 3,480 kmzr and administratively divided into 36

village panchayats. Development plans for hydropower generation

_andiconstchtion of motorable roads are well received among the

.. villagers as a means for betterment of the living standard.

‘National level interest in development in the district is

focussed on  inter alia, rural electrification, advancement of

agriéultur&l production, cottage industries, water supply, and

“ forest-condervation,
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12.5 Impact Assessment

This section describes the results of (1) estimation of_cbmpensation
and (2) qualitative impéct identification study. Table. 12-3 sum-
warilzes the esfimated compensation, Table 12~4 through 12-20 show
the results of impact identification. . Idgntified “impacts are
described in the following sﬁbsections_according to the major sub-

jects relevant to the impact assessment.
(1} WNegligible Compensation Réquirement

Inundation of forest and cultivated areas by the small pondage
to be created is minimal and the access road will require mini-
mum acquisition of residential and cultivated lands. The road
alignment along the riﬁerbed can make such rdpte selection

possible.

As shown in Table 12-3, the estimated total compensation cost in
connection with™ the major civil works and the acgéss road is
US$0.312 million. This cost, as it is relatively small, is
included in the project contingency cost. Similarly the esti-
. mated compensation cost for the transmission line and substa-
tions, is only US$1.627 million and is included within the

contingency cost for this work component,
- (2) HNegligible Impact on the Eéology

Encroachment on flora and fauna will be negligible due to the
fact that the project is a typical run-of-river type and the:
access road will mostly follow the route near the riverbed of
the Arun river where the geology is stable and houses and
farmland are scarce. There is no ecologipaily sensitive area

nor endangered species im the project areas,

The Sagarmatha National Park is located 80 km northwest of the
dam site. The present boundary of the park does not reaéh:the
Arun river. The project area including-a km backwétef of tﬁe
pondage is Far to the east of the park boundary. Althbugh the
Barun Valley Survey.'recommends_ expansion of  the Sagarm&tha_

National Park such that the present park boun&ary will be
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extended directly eastward to the Arun river, the expected new
boundary still be outside the Arun 3 project area. Fig. 12-3

shows approximate boundaries of the park and the dam site.

Fig. 12—3 Location of the Sagarmatha National Park

Sagdimo?ho National Park

Borun Valley Survey Recommendotion Site

“Kosi Tappu Wildlife Reserve.

{3) Climatic Change & Pondage’

Local climatic change by the develepment of a4 small pondage 1is
not expected The estimated surface area of the pondage 1is
about 50 hectates and thus evaporation from such a small sar-

erce.will not_alter climate in the pondage viclnlty.

The pondage ‘will atiract birds migratory. This type effect was
already demonstrated by the Kosi Bafrage'which created a large
- sWamp area now designated as Kosi Tappu Wildlife Reserve

gazetted in July 1976.
PoesihleradverSe effects would be as follows:

‘gllting in the pondage

-

- scouring or lowering of the riverbed downstream of the dam
= possible breeding of mosquitos (although seasonal water fluc—-
| ‘tuation and rapid movement of the surface water layer nay pre-
-”‘vent such breeding) '
:-hrthe creation of the pondage may effect the slope stability of
. the waak zone in the area, "and thus adequate precautionary

measures may be required
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(4)

(5}

(6

Air Pollution

Aix pollution by internal combustlon ehgines;operated_ddrlng the
construction period is temporary and if it occurs at all, will
occur only in very limited locations. Therefore, no envlronmen~
tal problem .is envisioned. Possible air pbllution by traffic
along the access road will nol be an immediate environmental
issue but some plan for monitoring the degree of pollution may

be necessary for an exteunded period.
Fishery

A flsh ladder facility is not considered because there is no .
reported fish migration activities in the Arun tiver near the
project site. Reported fish production rate in HNepal wvaries
from 6 kg/ha/year to 39 kg/ha/year. An expected water surfﬁce
of 50 ha may not significantly contribute to fish production,

Forest GConservation

Rapid reduction in forest resources in the Hlmalaya range is
posing serious problems for Nepal. People in Nepa1 heavily’
relies on wood for their daily supply of.energy. Wood accounts
for almost 87% of total enmergy. This haavy.reliange;on'wood is_

the major reason for the disappearance of forest.,

Deforestation will eventually be stabilized by the folloﬁlng

factors:

—,Demand reduction for new farmland due to the 1ncréase of agri-
cultural production and availability of cheap surplus foods -

obtainable by the: improved transpottatiqn_system,

- Availability of alternative sources of energy for fuelwood
such as kerosene and electricity. As shown in the following
table, fuelwood is the source for 95/ of domestic energy con—
sumption while electricity accoants for only 2/. It is envi-
saged that transition: from fuelwaod to other alternative

sources of energy may take some time. .
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Table 12—-22 Sectoral Distribution o'f.Total'Energy Consumption by

Major Sources of Energy in Nepal
) : . Year 1378-7% .
“An Toe (Tons of equlvaleat)

Yagatable Animal Coal and

A e T i o
1. Transportation - . Co 3000 5.0 56715 0 94,0 I53 0.3 59928 100
2, Pomestlc ! 2516700 95 . 32000 2.0 30000 0.8 ) 28665 k.l 6559 0.2 2623944 100
1, Agvlculturse : LLUX] 86.5 488 13.5 5091 100
4, Conmercial & 20300 28.9 33078 &7.0 10956 15.6 6013 8.8 76347 100
Industrial
S, Stzeet _ 173 100 . ous 1m0
Lightalng
6, Other usea $000 100 5000 100
‘A1 Uses 253700 “?l-& §20040 L9 20000 0.7 ’ 16078 L.} 160819 3.6 18588 0.7 2764485 100

" Ref.: C. K. Sharmea, Watar and Energy Resources of the Himalayan Block

(7Y

(8)

~ Since approximately one million cubic meters of waste soil and
rock debris will be produced during the construction of the
access road, this waste could be utilized to develop new use-—

ful land for various purposes including reforestation.
Rural Electrification and Telecommunication

Besides the national level bemefit in enérgy supply, people near.

the project area and alsec the entire district will eventuélly

benefit from the supply of electricity. Water supply and irri-

gation will be potential projects. Local people will benefit
from the telecommunication facility {(Power Line Carrier System)

of the Arun 3 Project.
Employment Opportunity

The construction perlod 1s about six years including the main

facilities and the access road. But power generation capacity

~will be developed in stages up to the maximum capacity. This

- will require additional years  of ~upgrading and maintenance

works. - The construction works will require the operation of

various heavy construction équipment and considerable manpower

tﬁus.créating'many'short-term and long-térm-employment oppor-
tunities ‘to the local villagers and people farther away from the

project areas.
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(9)

The access road hill -eventually become a trunk road for

transportation in the district;'and‘generated electricity will

be provided tb the. local people. Moreover the project will

require a certain number of people for operation and maintenance
of the facilities. The broject site will also become a new
tourdst attraction and wvarious development activities will be
plannéd and implemented. Greation of project related employment

is envisaged.
Multiple Impacts of the Access Road

Intercommection of people on the hills and the Terai Plain will
create complex influences on the total socio-economical area of
the hill people, The following are major items to -be con-

sidered:

- Tncrease in migration of people

- Stimulation to new industries

With the supply of cheap electricity and avallability of good
access, certain mineral resources may commerclally be deve-

loped at the fellowing sites:

a. limestone at Mamling and Nigaie,ﬁear'Dhankuta

b. semiprecious minerals, e.g., pegmatite, at Hykule and
Phakuwa '

‘c. lead and zinec at Hykule and'Pﬁakuwa

d. copper in the area between Khandbari and Phakuwa

e, garnet 10 km east of Khandbari
Fig. 12-4 shows the above mentioned locations,.

-~ Development of tourism and assoclated new jobs
- Better communications .
- Requirements for public services and facilities in the fields

of health, education, administration, and vocational training

Special attention should be given to coping with infections
diseases related with labourer inflow and traffie increase.

Some examples are as follows:
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Fig. 12—4 Locations of Mineral Deposits
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a., gastro-intestinal parasitic infections
b. tuberculosis '
¢, dysentery

d. malaria

Adequate health and sanitation facilities should be prepared

(Lead ! Zinc )
{Lead ! Zinc)
{Leod | Zinc }

(Sumnpracwus )
Minaral

(Samlptacmu:) .
Hinaral

{Limestone )

{Limestone )

and health check of labourers should be carried out,

(10) Improved Living Standard and Social Reform’

Incoﬁe increase, agricultural modernization, and exposure of the
“local 'peOple"to-various outside ‘technical and socio-cultural
' _1nf1uences w111 force the local community to change in a number
‘of ways in' different degrees which will likely contribute to

the betterment of the quality of their lifestyle and well-being.

12,6 Conclusion 'a_nd Recommendations

Thls study was'qualltatlvely conducted based on’ the I.unlted field
'_:survey and document research It is 0bv1ous that a large project
Like the Arun 3 Hydrcopower PrOJect and 1|:s long access road will ine-
:"v1tab1y have a profound 1nf1uence on the health and well ~being of the

1ocz_il vﬂlagers 11v1ng7 close to the project and to certam people
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throughout the district., From the study it may be concluded that
there will be uo detrimental or harmful effects to local people or
the ecosystem except for very limited cqmpensation or resettlement of
people. A total compensation cost is estimated_at about two million

U.S. dollars. The magnitude of compensation is very small.

The following recommendations are made towards the succeséful imple-
mentation of the project to eliminate unnecessary and unintended
environmental effects and to avoid jeopardizing the fundamental well-

being of people:

(1) Although compensation or resettlement will create no problem due
to the small magnitude, there will be a need for careful imple-
mentation to ensure appropriate timing of disbufsemgnt and care
of the villagers who will be éompeﬁsdted or removed. Their
experiences will be toially pew to them thus requiring relevant

advice and guidance from the concerned authority.

(2) Disturbance during the construction period to the ratural eco-
system should be minimized, and construction planning should be
critically reviewed from this standpoint. Adéquahe health and
‘sanitation facilities should be provided' at the construction

camps and health check of labourers should be carried out.

(3) Design and construction of the access road should be carefully
conducted to minimize landslide and soil erosion along the

route. Sufficient funds for maintenance should be. allocated.

{4) A relevant monitoring program should be launched for long term
observations in the areas of environmental impacts-which_requirg_
"long term data collection and subsequent analyses.  Such'areas
may include air pollution, deforestation, population movement
and other socio-economical studies.',These,will'provide impor—

tant informaton for future large scale development projects.

(5} Education of villagers should be_conSidefed'aé one of the p}iﬁe
means towards better management of their pdtentialiin ad justing
.to the new environment to be created by ;Hé pf@jeét{ The . new
environment will include new jbb oppoffuniéie& an&xasébéiated'
income increase, access road for'éfficient tfansporf#tion and

better communications,

1216



(6)

Iwpact studies of the access road require a continuous and ela~

borate scope of works, Linking the mountain communities and

those in the plain by the access road will produce valuable data
on enviroomental impact assessment for a future large scale
development project. Implementation of a relevant EIA project

in connection with the Arun 3 project is recommended.
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Table 12—1 List of Actions

Preparation Phase
1. Engineering Studies (Field Activities: Seismic Prospecting, Boring, Survvey)
Payment of Compensation
Real Compensation
Resettling
Land Reform and Reform of Land Use
Development of Agricultural land & Forest
improvement and Construction of Public Buildings & installation

N oo W N

Construction Phase
8. Land Use of the Entire Plant
Q, Quatries {Stone and Gravel)
10.  Timber Cutting
11. Storage and Deposit of Construction Material

12.  Improvement or Modification of Existing Road
13. Road-Bed

14. Bridge

15, Protective Measures

16.  Parking

17.  Transportation by Road, Airplane, Heli
18. Diversion Tunnel
19. Coffer Dam
20. Dam & Spillway
21. Intake & Desilting Basin
22. Power Tunnel

'23.  Surge Tank
24.  Penstack
25. Powerhouse
26. Tailrace
27.  Switchyard
28. Erection of Towers and Installation of H/V Line
29,  Blasting & Cleaning of Loose Rock
30.  Erection of Protective Construction against Rock Falling
31.  Protective Wroks for Land Slide
32. Reforestation

33, Landscaping
24.  Temporary Accommodation
35, Storage of Construction Materials
36.  Supply and Refuse Logistics
37.  Construction Workers and Auxiliary Personnel
38. Technician
39.  Professional Personnel
40.  Service and Administrative Personnel
41,  Contact with foreign Workers
42.  Contact with Stranger
43.  Contact with Science and Technology
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Operation Phase

44
45.
46.
47.
48.
49
50.
51.
52.
53.
54.

.55,

56
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.

Pondage
Buildings and Constructions

. Transmission Line

Road

Energy Praduction

Permanent Jobs

Contract for Maintenance & Repair

Taxes (Reve'nue)

New Supply of Services & Consumer Goods
Qutdoor Activities & Sport

_Fishing -

Hiking & Camping

Latent Risk.

Connecting across the Valley
Seasonal Variation of Water Level
Emergency Drainage

Retention of Gravel & Slit
Dredging of Pondage
Production of Fish

Change of Erosion Process

.Loss of Water

Transport of Gravel and Silt

Maintenance of Breaks {(Pressure Ducis and Power Line)
Transport of Goods and Persons

Protective Construction

12-19
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Table 122  List of Impact Areas

Non-Biotic Area

1. Air (1.1 Polution, 1.2 Noise Intensity)
2. Water (2.1 Surface Water, 2.2 Underground Water)
3. Soil & Rack (3.1 Cultivated Soil, 3.2 Natural Soil, 3.3 Rawsoil and Rock)
4.  Underground
5.  Surface (Landscape)
6, Climate {6.1 Sunshine, 6.2 Micro-climate)
Biotic Area
7.  Flora and Fauna of the Soil
8. Surface Fauna Terrestrial Ecosystem _
Q, Plant Formations of Terrestrial Ecosystem (9.1 Forest, 9.2 Glassland)
10. Aquatic Ecosystems (10.1 River & Brook, 10.2 Pondage)
Social Area
t1. Population Structure (11.1 Age, 11.2 Profession}
12. Population Movement
13 Health {13.1 Physical Health, 13.2 Psychical Health)
14. Security (14.1 material Security, 14.2 Existential Security, 14. 3 Socnal Securlty)
15. Aesthetic
16. Freedom of Choice and Decision
17. Communication

Cultural Area

18,
19.
20.
21.

Institutions (18.1 School, 18.2 Cultural Sites)

Scales of Values :
Traditions and Customs {20.1 Festival, 20.2 Traditional Land Use, 20.3 Art Craft)
Content of Cultural Landscape (21.1 Habit, 21.2 Natural Features to be Protected)

Economic Area

22.
23.
24.
25,
26.
27.

28.
29,

Professional Structure

Agricutture and Forestry

Trade

Industry

Tourism

Public Service

Infrastruciure (28.1 Roads, 28.2 Public Bldg. + Instaliations, 28.3 Supply Ser\nce)
Management of Public Finances

Politica! Area

30.
31.

Interest of Indigenous Population {(30.1 Development 30.2 Admlnlstratlon)
External {31.1 Economic, 31.2 Other Public, 31.3 Private)

12 -20



1.

Table 12—3 Estimation of Compensation .

- Dam -and Powerhouse Areas

s Effected Unit Rate| Compensation
Facility Aréa (ha) Langd Use (Rs/ha) (Rs)

Pondage 23.0 B 5,000 115,000
17.00 H 25,000 425,000
35.00 G 25,000 875,000
Dam 0.8 . B 5,000 2,400
1.32 H 25,000 33,000
Intake 1.00 H 25,000 25,000
Surge Tank 0.490 H 25,000 22,500
Powerhouse & Switchyard | 2.60 H 25,000 65,000
Total Rs1,630,400
($77,640)
Rs1,562,900
($74,420)

Access Road

a. House

. Notes? =Sand/Gravel/Boulder
G=Grazing Land
H=Forest

‘= 22 houses € Rsb50,000

b. Land

1.260ha @ Rsd0,000

10.794ha @ Rs50,000

Tars, Alluvial Fans, ete. (F)

12-121

Level Terrace (T) 24.612ha € Rs50,000
Sloping Terrace (C)‘10.976ha € Rs50,000

- Valley Floors ineluding Tars, Foot Slopes, ete

Grazing Land (G) 6.580ha @ Rs25,000

1

Rs1, 100,000
($52,380)

= Rs1,230,600

= Rs548,800

(V)

= Rs50,400

Rs539,700

"

Rs 164,500



- Sand/Gravel/Boulder (B)

38.668ha € Rs5,000 = Rs193,340
- Forest (H) 90.384 @ Rs25,000 .= Rs2,259,600
Subtotal _ ] Rsh, 986,940

($237,500)

Substation & Tranémission Line

a., Substation {(Land Acquisition)

~-. Kathmandu 7
20,000m2 @ Rs900 = Rs18,000,000
- Dhalkiewar .
10,000m2 @ Rs520 ' = Rs5,200,000
- Duhubi

1}

20,000m2 @ Rs520 Rs10,400,000

Subtotal ' © Rs33,600,000
($1,600,000)

b. Transmission Tower {(Land Acquisition)

- Arun 3 Powerhouse Substation (S.5.) to Dububi 8.3, (120km
Line Length) :

Land (B) : 0.68ha @ Rs5,000° | - = Rs340
Land (H) : 6.345ha @ Rs25,000 o - = Rs158,625
Land (V) : 0.338ha @ Rs50,000 = Rs16,900

- Duhubi S.5. to Dhalkiewar 5.5. (146km)

Land (B) : 0.383ha @ Rs5,000 = Bs1,915
Land (H) : 7.448ha € Rs25,000 "z Rs186,200
_Land (V) : 0.383ha @ Rs50,000 - = Rs19,150

Notes: B = Sand/Gravel/.Boulder
H = Forest
V = Cultivated Land
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- Dhalkiewar $.S. to Kathmandu S.S. (120km)

Land (B} : 0.068ha @ Rs5,000 = Rs340

Land (H) : 6.345ha @ Rs25,000 - Rs158,625

~ Land (V) : 0.338ha €@ Rs50,000 = Rs16,900
Subtotal Rs558,995
($26,600)
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RELEVANCE MATRIX FOR
ENVIRONMENTAL IMPACT STUDY

Construction Phase

/ Preparation Phase / /

IMPACT AREAS
Non-Biotic Area - s -
1. Air(L.1Polution, .2 Noise Intensity) ] 0O ®
2. Water(2.1Surface Water, 2.7 Underground Water} o) O ¢
3. Soll & Rock (3.1 Cultivated Sofl, 3.2 Natural Soil, 3.3 Rawsoil and Rock) ® ® ®
4, Undefgvound
5. Surface (Landscape) & LN @) ¢
6.  Cliate (6.1 Sunshine, SZMkro—d:mm) I
.| Biotic Arez :
7..  floraand Fauna of the Soil O ® .0 @ 8|0
8. Surface fauna Terrastrial Ecosystem O 9|0 L J ® O
9. Plant Formations of Terrestrial Ecosystem (9.1 Forest, 9.2 Glassland) L2 O L. B L B8
10.  Aquatit Ecosystems {10.1 River & Brook, 10.2 Pondage) ®
Social Area -
1.  Populstion Structure (1.1 Age, 11.2 Profession} O 0101 @ Q
12,  Population Movement O 0OI$] O O O QO O
13.  Health{13.1 Physical Health, 13.2 Psychical Health)
14.  Securily [14.1 material Security, 14.2 Existential Security, 14.3 Social Security) S :
15, Aesthetic 010 L 3K ] e 0 .o
16.  Freedom of Choice and Decition | o @ 3
17.  Communication @) o ¢
Cultural Area
18, jrostitgtions {18.1 School, 16.3 Cultural Sites)
19, Scalesof Values ol NeR e,
20, Traditions and Customs (20.1 Festival, 20.2 Traditions! Lend Usa, 20.3 Art Creft)
21, Contentof Cultural Londscepe (21,1 Habit, 21,2 Natursl Festurss to be Protected)
Ecanamic Ares
12,  Profeisional Structure
23, Agriculture and Forestry ®
M. Trade 0. @ ®
25  industry ' ]
26, Tourism E S - FIs
27, Public Service ololOoT 0O @)
3B, Tireriracture (18, Roads, 18.2 Pubhe 816g. + insatations, 26.3 Supply Servica) TeT Y Q
9. Management of Public Finances ® o S
Political Area . ' s
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Construction Phase

Operation Phase
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' Table 12—4 Relevance Matrix for

Environmental !mpact Study

 (Basic Form by §. Aegerter and P. Messarli)
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Table 12—-5 Environmental Impact Study {1 of 17)

{Basic Form by S. Aegerter and P. Messerli)

Judaement Svinbois for Ffiects
. Effect 1s not negilginie
Effect is nealigible

Need more data

MNeed long time monitering

om0 o e

. Rea flag

"Not Acceptable Alteration”
H: Already considered in lteration
-StepNe. __
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Table 12—6 Environmental impact Study (2 of 17)

{Bastc Form by S. Aegerter and P, Messerli)

Judaemen: Svmbols for EHects

A: Effect s not neqigibie
B: Effectis negligible
C: Need more data
£: Need long time monitering
F:  Already considered in Action No.
G: Red flag
“Not Accepiable Alteration® c
H: Already considered in iteration H
W
Step No. 2
0
=]
=
No.of I rteratmn' I Supamvisit:-
Actvay syep | NO- limoact Area of A Ehent
11 | peowation Protesuon Chanps B
3,4 1 sarotture
1
g- 12 | Pocuisuon mtrense -]
= : Movemen
Q:U‘) 16 | trecoomot Howwng IMTE e B
5._5 Crosce Woen
Q':" 19 | sl Apmcecate 8
%i&’ vaes
<13
U 27 | pusi service |incrense 3
gl 29 imuhmt\(e ' Incresys i B
(ﬁ'- 30 ]nmnmm Settiermenl nereRse I A .
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15 i aentnenc l lcnam l B ) .
5 1 - V.
- £ 27 lPuﬂltSﬂvxe I Emm-n ie lteratlon l
L
g& 28 Inmummure l | imorovemens I -3 FOr :
. :
-4 g 30 ]lmc&eﬂo‘! InCesse ' A These :
POSARIGA a wga i
Activities ;
6 | 5 lunmm ] ](nangf } B . - - i
~ 1
11 | pooravon Change B .' :
= Stucture H
o 2
) 12 | ropwation mrreate B
,..6 B Moremen:
o3
.—:r-c, 35 ] Arstrenus ] ]cmngg £
a5 .
£ 5 23 { ngrevnured | Aamiry mitesie B
Coam bpeesiry
op —
gl 2 24 J 1race Ay lm(lene I ]
Slé 30 | srerest ot seimement InGeaLe B
Poguistion.
7 18 i-mm-men temoot iimmmzmgn'. ’ l B
A 28 !lmrunuﬂm ‘Pubh(s-a;. iammcrumen:
g g‘ 30 | nrerestol Agfmsntration | ingiease A
E"G PoTutaTION
5=
L ! i
2 v
o I !
a3
£ |
@
>0
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88
£
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Table 12—7 = Environmental Impact Study (3 of 17}

(Basic Form hy S. Aegerter and P. Messerli)

aemens: Svmbots for THecy

Jug

A
B:
C
E:
F:
G:

M

Effect ts not negiigiole
Efect is nagligible

Need more gata

Need long time mpnitering

Already consioered in Action Na.

Red flag

“Not Acceptable Aleration®
Already considerad in ligration
Step Neo. ___

Judgement

No.oi | keration l Supdivision .
Acuviy S1en | NO. Pmbactareal Ty Effect H
3 | 5 | uinoscace | Enance A I } l
7 I Fiora § Fguna E Erccoachment B i E !
8 } Surtace Fauna ] Encroachmant 3 ! H
_S,_: - 9 | Pum - Enczoacnment B ! '
- Formanian . | B
— g H
o Eﬂ: i0 | sovane Encipanment 3 l !
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; -_E 12 l PoOuiIUON Ilmm l B ? ] ]
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c
o 15} emtneuc E ‘t i 8 l [ |
o] fanee hd : i i
25 | moswnere iaeom Ilmmrne:en- i ] ‘ N
30 }m\mn! Ittbnomp- Ilr-t:uu I B l h O —
| teouren L - Iteration
T A Boutron IntreRse ] .
E ! } Fnoue ‘ ‘ i For ’
— - .
E I | wee o {surscewmr 1 Pounen | & Th ese :
" g 3 E Vo1 & foge } Cumwstec s 1 Encrosermen: | 5 Acti Viti es
R $ franeacane j Crange | & i _,
v \ H
5 e 7 ] rerantaune | Jencoaenmens | 5 ! :
® s h : [
(5, @ 8 1sunacersyns | | ereroacnmen: [ 3 : I
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-~ 15 Esm'_-ﬂ-: l | crarge {8 . !
10 1 2 ‘ Veate: Swrince Water Duémrge I S I ;
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B o 3 I Sou B R . ilrm-nn mcreose | E
o~ - " = 8
e 3 I Land4aoe I l(nouge 5
E g rrans
— 9 [ eam Forey Reauction 5
=0 -] Formauon : )
15‘1‘ arneue Trangt 7 B
T | : i , o . iﬂ'ﬂq( i ] g
- c 2 Lo 1"““‘.‘““. ‘ g
O-g"a 5 |sorbtore | cumwateasor | Encroscimen: | B
%35 S ‘\.:m-snm ‘ T trange ie
e - - T
; g’; g s j' - ; e
: S .
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Table 128  Environmental impact Study (4 of 17)

{Basic Form by S. Aegerter and P. Massatli}

Jusgemen: Symbois for SHecys

A; Effect s not negiigible
B: Effect is negligible
C: Need more data
E: Need long time monitenng
F: Alreaagy considered in Acuon No.
G: Red flag
"Hol Acceptable Alterauon® v
. . o . @
H: Already considered in Iteration £
)
Step No. o
0
2
No, oz | n:ara'ucml ’ | SubpvIsIon
aActwty | Siep | NO.Iimbactbreal  gipp l EHea
12 ' 1 | an | mone {sncreme B i
g"u 2 | waner ] ifoun-on g
e 2 fsoathon | Jercroachmem | 8
g4 - T
ui § | emranruaure | ks | rmpecvement A
1. ar Poation rere B
13 : [
Noae
2 | water | {Pormee I B
o S f $0if & Roce | | encrosenment 1
o :
m: 5 | unoscece I ithangg A
-S 7 | soa s rav | | Encroanment | B
2 No
= 2 | surtace tauna § | trercscament I B
- . .
g | rem - Yerroutnmens | 3 - Iteration
Formacicm F
15 | ertomu | {crange A or i
1
12 | I 1 | s j?mm-m Imﬂtne Th ese !
jrers . . s
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= s l [ETEETT N ! | Coange #
2 ! H
& 15 fanome | | thance B i ;
15. | 1 | & | Powron Ilmem | 8 1
o [0
z¥
-E" ?_ 5 | vanamaeoe i i(mngl | 8
2 % 15 | ketnesc | i_(nange B
16 i 1 | & Porteoss I Increse B
o hooe
= H ' LANG a0 I i(mnge : E B
A T
& 15 | erwens | | tasnge 3
% Larr PoToa INCIERSE 8
17 t hone Ilnﬂ!lu A
}% 17 | commune ] Imoc oMt A
Ao - g
g ' 22 freace | Azzoenv - Jincrease A .
—
*{G m 42 1 Posunation Migra o ngrease A
Q. SauTie
= A
g'& 30 | mogenons | tevenoment  Jincresse A
WL Fapustica I .
3
E T 31 | emernn Erondmt inreae LY
-~ Q2
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Tabie 12-9 Environmental Impact Study (5 of 17)
{Basic Form by 8. Aegerter and P. Messerli)

Judgement Svmbols for Efiects
A: Effectis not neqiigible
8 ttect s negligible
£: Neea more data
E: Need long time monitering
F: Already considered in Action No. ___
G: Red fiag
“Nat Acceptable Alteration” T
- - L . :
H: Alreaay considered in lteration g
Step N E
ep No. &
0
=]
-
No. of ttetzmon' ] Subowision . |
Activity | Srep | NO-impattArea] 50 Efiect
18 1 1 ! Aw fotviree. ireTEave ‘ ]
N~ 2 waw unteiground | Dacharge 8
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b
E’ [=4 4} unsen * pttounowstet | Crange B
> E round tevel '
Q
: !
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19 i ] o ]
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] | I
i 1 No
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23 \ 1 {ae Fonmon LT ] B
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oy © | Cnange '
: g % 4 | unaergrovne 'f\mm et | Crange A2
w S [ rancause . |  Jnange { e 7
13 | aviveene T t_:nln_g.r | B
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Table 12--10 Environmental Impact Study (6 of 17)
' {Basic Form by S. Aegerter and P. Messerli)

junpemen: Symbois for Efiecys
A; Efiect s not negiiginte
g: Effect is negligible
C: Need more data
E: Need long time monitering
F: Already considered in Action No.
G: Red flag
“Not Acceptable Alteration” =
H: Already considered in teration £
Step No. N
T
2
No.ot | herauon : Subdivision
Actvity S1ec ,No. {lmpan ATea af A , Effect
24 I 1 i An l Foinon I INCEEER B
e 2 ] waer lum«grouna Crance B
E, B £ | ungergrovns iwne- Lever - [Cnange I AL
o R
5} tansacape | Crange 1 B
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2§_ J luom I
2T
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23 5 1. 1 ]
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T %2 HazeIE H
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|I| == ig J AEinEi } Changs B
29 ! 3 I L il-orn ilnunu I E
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© -
3 '§ 5 ' Lsna-szoe | . ‘:r.nr.gg B
8 = 1t l Agtneuc I l(n-up: B
' ] { i
30 i S I Sodkhore | Rock stacuny 1!mrulr A
- (o3} 5 | tang-scape ! ]{mnqp B
‘6’ % 15 | setneuc. [ (hangt B
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Table 12-11  Environmental Impact Study (7 of 17)
{Basic Form by $. Aegerter and P. Messerli)

Judoemen® Svrmbols for Effects

A: Effect s not neghgidle

B: Effect is nealigible

C: Need more data

£: Need long time monitering

F:  Already considered in ActionNo. ___
G: Red flag

) “Not Accepiable Alteration”
H: Alreagy considered in \teration
5tep No.

Judgement

No. o1 tteranonl 1 E
Actwiny | Step [N limpatiarea

i Subawsion |

[T Ettecs
EY] | 3 | soneran { ot sander | increme & |
e 5 | iensacane I Change -3
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Table 12—12 Environmental lmpact Study (8 of 17}

{Basie Form by S, Aegerter and P. Messerli)

Juagement Svmbols ior Effects

A: Eftectis not neangible
B: Efiectis negliaime
C: Need more data
E: Need long time monitering
F: Alreagy considered in Action No.
G: Red flag )
“Not Acceptable Aleration” €
H: Already considered in leration £
Step No. o
e
3
=
o, of iterauonl I Supaiwnsion
Attty step | NO. jimpact Area of UA Effect
36 i 12 :::::mon Argnry increase -B
@ -
g 17 { commeni- Imptovement 8
ha-’ “ TRERDN

i
[~ 2L | Trsce | inceease ] A
3.2
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x Customs vand Use i T ese

f - . . R
= oh 25 | qunura naon Crange B ACthltleS
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e
Yo 2z lmm. trange 2
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i
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|
|
!
i
i
I
|
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Judgement Symbols for Effects
A: Effect is not negligible

fmpact Area

Non-Biotic Area

/ Biotic Area /

Social Area

fconomic.

B: Effectis negligible
C: Need more data
E: Need long time monitering
F: Already considered in Action No.
G: Red flag
"Not Acceptable Alteration” e
H: Already considered in lteration g
@
Step No. &
°
=
=
No.of [ Iteration Subdivision
Activit step | MO- lmpact Area of 1A Effect
4
) 37’ 38, ! 2 | waier Polution B
39, 40 11 | rop. struc. Change A A FAY AN A A "
T ! at jea
Q) 12 | pop. move. P A A Al A A A A A A pac
g : 13 ] Mealth Physical Disease A
w tncrease
by
i
QCU_. ] 14 | securiyy Social Change 8 A ﬂ‘ge\ﬁoi;
gf % 17 | communi- Possibitity Increase B
L cation
(v
o : ‘E 18 | scales of Change A A
w | ﬁ value
[+H
Q )
-~ 22 | piateccional Change A
8 | = Structure A A ) & .
g ) 28 ) trade Infrease A A A A A
£
[o] } 27 | pubhcservice | Mealth Intvease A A A
Bt 4 -
g | 2B [ infraswucture | Supply Service Improvement A A A B A
N —1
a : 29 | pub. Finances Improvernent A
[ 30 A
i Indigenqus Employment Increase
8 | Population A A
i il 11 1 Pop. Struc. Change A
!
i 12 | rop. Move. Increase A
|
: qCJ 13 | Healn tmprovement A.E
: g 14§ security Change A
%; § 16 | freedom increase A
| .
g ) a 17 | communi- Possibility Increase A
o9 cation
0.2
a—” ':,'; 18 | Institution schoot Improvement A
[a W9}
— 'Ia' 19 | scale of value Change A
@y =
g i = 21 | Tradition Change AE
i A
Wt _g 22 ) Prof. st Change A
oy -
@) L i E
q.,o..‘ > 24 | Trade naease A, Table 12—-13
&l - 27 | public Sve. Health Improvement A
P @ . .
| W 2B | infrasieucture | Supply service . | improvement A Environmental im
[ .
: ‘5 29 | pub. Finances Increase B (Basic Form by 5. A
[ -
i 3 30 | indig. Pop. pevelopment | Increase A
} - -
' 31 | External Activity Inceease A
I




ymbols for Effects
not negligible
negligible

re data

\g time monitering

considered in Action No.

Impact Area

Non-Biotic Area

/ Biotic Area /

Social Area

_ / Cultural Area/

Economic Area / Political

eptable Alteration” ]
considered in Heration £
' o
— o
v
=]
=
; Subdivision
No. llmpact Area ot i Effect
2 water Palution B
11 | Fop. Struc Change A ‘ A : A A A . )
: at least one subdivision of
12 { Pop. Move. increase A A A A ) A A A A é_‘ A Impact Area will be altered
13 | Heattb Physical Disease A
Increase ) A A .
14 | security sodial Change B one of more subdivisions of
. N A will possibly be altered
17 { Communi. Possibility Increase B )
cangn
19 | scales of Change A
Value A
22 | profeccional Change A .
Structure A A A
24 | Vrade increase A A & I ‘ A A A
27 | publi Service | Health . increase A . A A
28 | intraseruciure | Supply Service improvement A A A A
-~
29 | pub. Finances Fmprovement A
30 [ indigenous Employment Increase A,
Population ‘. A
11 { pop. Struc. Change A
12 | Pop. Move. Increase A
13 | neaith improvement AE
14 | security Change A
16 { freedom Increase A
17 { Ccommuni- Possibility Increase A
Catan
18 | institution School Improvement A
19 | scafe of Value Change A
21 | vradition Change AE
22 | prof. struat (hangé A . .
-
24 | 1rade tnuease AE : Table 12—13
27 | Public Sve. Health Improvement A . : . ) .
28 | mirastructure | Supply Service | improvement A En\"ronment_ai impact Study {9 of 17)
29 | Pub. Finances Increase B (Basic Form by S. Aegerter and P. Messerli)
30 | indig. Pop. Development Increase A . : )
31 } taemnat Activity Inkrease A
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Table 12—14 Environmental Impact Study (10 of 17)
“{Basic Form by S. Aegerter and P, Messerli)

Judaement Svmiois for Effects
A: Effectis not negiigipte
B: Effect 15 negiioible
C: Need more data
£: Need long time monitering
F: Already considered in Action No,
G: Red flag )
"Not Acceptable Alteration” z
H: Already considered in lteration g
Step No. o
B
=]
=
No. of neraunn[ i | Subowision
Activity Step {NO.lImpactArea)l ™ . qya Etect
a2 ’ [ 14 | securne Sociat Secutte | Crange B
17 | comme- General tncreare A
-5 MCaen Intormartion
R o
; @ 30 | wooensus Oivescoment | Ingrexse B
ﬁ g‘ FORUMILON
M M
25
S
LW
43 . 17 I(m.rm- Genera InTierse ’ B
‘| maauon Intoenation
v
& 15 | xamoi Change E
\g . ’ U] vawe . ' ) . N (o]
] X .
w0 20 I'm'ertm& . l Crange E 1. i '
Z® e i ‘lteration
s - - ~ -
@ 21 | cumprnt ‘ Crangt £ i or
A : :
e Kanenaa e 4
% . i These
oo 30 | maipenows . | Dereoomen intrease & i a e
- | soomation 1 Activities
a4 ’ i 2 |venr Suriste Vegranon i
2 | sonsnoce Encrorcamens [ B :
5 }rancsaace Mrcro-cumate - | Enenge 1A !
- |
& ?@umle ]ca-nge | 8
7 Jrontem | |tnnn.-mmen‘. ‘ 8
B sezemer !Elraz Arerpcron 1 A
W 9 feam Encroacnment I 8.
g 10 |?==-=-=' fanns | ‘,I A
han] Eemvnen Mosguite Ereeding A
< T
g 15§ zememer | f erange | &
a.
3.} sodname Potentiai ntrene 3
el 4
23 | Agrunure & | Sumuareon ntrere B
Ferertry
26 | Tournm ! 1ntresse | z
.30 nRIgEn NS Deveicoment increase 1.8
Foputavan:
2§ frieenat” Teonomic Sumuation B
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Table 12--156  Envirenmental Impact Study (11 of 17}
(Basic Form by S. Aegerter and P. Messerli}

Judgemens Svmbois for Effects
A: Effect s not nealigibie

B: Effectis negligible
€. Need more data
E: Nead long time monitering
F:  Already considered in Action No.
G: Red flag
" *Not Acceptable Alteration” =
H: Already considered in lteration g
’ Step No. £
]
=
=
No. of Reratronl | Supdivision I .
Acuvity srep | NO- limpact Area of 1A Efect
17 | tomm Intteare B
a5 I Aanon l |
- E 22 Iwoﬂnmu Sumutatron | A
w 2 28 | Tesar |Emniurmeﬂl Stmutotion !
m“
- g 29 | runic Protr; InaTae
- = financts ’
= 2 30 | inaigrnom Ceveicoment  |intrease A
m 0 Pooulanien 1
O
31 lmemat Econamug inrease A
26 | 15 [.\mnem Chanpe
17 | comme- Tere Esuachsnment I I )
[ hatian communcalion N (9]
g
‘U;‘ © 22 'anlml“\iﬂ ! " | semustion ! o ite ration
'E ;‘:- 26 :lmnnluﬂmt i |cmnfo\rmn: | & FOE’ .
c | C
8 1 , i ] These
— - 2 ega
1 , Activities
a8 i 25 l:nmmry :::;n:tww Poavmilny I s ’
[ 27 l Puin dernct | Drmane AT ERLE ia
- 2 :
m_a 28 | mrassraiee | buoor vermice Il—owumy I A
i
¢ 3 30 | incioerous Oeveiooment | metne [
U:.I-g FODuw atIon : .
6.- 31 | Eviernat l!(m-: Ilmnu . I S
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I | |
I 1 | i
| | |
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judgement Symbols for Effects

Impact:Area

Non-Biotic Area

/ Biotic Area /

Social Area

/ CulturalArea/

Economic Ar

At Effect is not negligible
B: Effectis negligible
C: Need more data _
£: Need long time monitering
F:. Already considered in ActionNo. ____
G: Red flag
*Not Acceptable Alteration” IS
H: Already considered in lteration g
StepNo. ____ £
| 3
=
A?,c't)i.v(i)tfy Itesrta:[;)on No. [Impact Area Sut:)c?ms\mn Effect
a7 i 1 | ar Polut. & Nois. | increase E
6 | Climate Micro-Clim. Change E
atleast
9 | forest Ares fiaduction B Impact 4
12 { Pop. Move, Mige. & Shut, Increase A A A A
15 | Aestheric Change A A A ane or n
6 [ Jwor e | A 1 AlA JARRONVIY:
17 | commun. increase A A A A
19 | values Change A A
22 | erot.stru. Change A . VAN N
23 | Agr. & Fors. Activity Increase A FAN . : A A ‘
24 | Trade Increase A A A A A A A A A A A
29 [ mdusiey New Opport. Increase A A A A A . A A A A A A A A A
26 | tourm e | A AlAa A ATAIAIAIATA A A
27 ] Pub. Serv. increase A A . A
28 | intes. improve, A FAY A
29 | Manage Increase A | :
30 | nterest Bevelopmeny Increase A A A A A A A
-g 31 | external Economy Increase A . A : A A
;g m 8 | Ecosystem Change E 1
9 | Plant (ha}.ge E
11 ] Pop.su. Charge E
12 | Pop.Mov. Change E
13 | Heahh tmprove. E
14 | Security Improve E
15 | Aethetic Thange A
16 | freedom Increase . A
17 | commun. Improve A
18 | 1nstitution tmprove A
19 | scal. val. Change E " Table 12—16
20 [ Teadition Change E .
31 1 comure change . Environmental Impa
22 | prot. s Versatality A ] {Basic Form by $. Aeg
23 { Agr L Fore. increase E : : '
24 | Trade increase E
] 122




impact Area
t Symbols for Effects Non-Biotic Area / Biotic Area / Social Area : / Cultural Area / Economic Area / Political
is not negligible _ - ; Area
is negligible o ' o
nore data
ong time monitering
y considered in Action No. ___
g
\cceptable Alteration” ¥
y considered_ in lteration g
o. -§'
2
,on No. limpact Area Sulﬁi;ﬁ;ion £ffect
1 | an Polut. & Nois. Incrzase E
6 | imate b bl £ at least one subdivision of
Forest Area Reduction B y \ A Impact Area will be altered
12 | rop. Move. Migr. & Shot, Intrease A A A A A A A A
15 ] pesthetic change A AN one or more subdivisions of
16 | rrecdom Work incresse A AT A AN 1A will possibly be altered
17 | commun. Increase A A A A |
19 | values Change A A )
[ 22 [ erot. s, Change A VAN FAN
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8 | ecosystem Change E
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17 | pop. ser. Change E
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13 | Mealth Improve. E
14 ] security Improve E
15 | aethetic Change A
16 { Freedom Increase A
17 | commun. mprove A
18 | mstirurion Improve A
19 | scal. vat. Change 3 Table 1216
20 | tradition thange E - o . o o
21 | cunore Change £ Environmental Impact Study (12 of 17)
22 | erof. st Vessatality A (Basi'c Form by 5. Aegerter and P. Messerli) -
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" Table 12—17 ~ Environmental lmpact Studv (13 of 17)

" {Basic Form by S. Aegerter and P, Messerli)

Judaement Svmbols for Effects

A: Eftectis not negilaibie
B: Effectis negligibie
C: Need more data
* E: Need long ume monitering
F: . Already considered in Action Mo,
G: Red flag
“Not Acceptable Alteration” €
H: Already consiaered in lteration g
w
Step No. . @
L — -
2
=
No.of | | reration . .. | Subguwision S
Acuvity Step | Moo imoact Area of 1A Efiect
47 " 25 | inswruy Incresse E l i
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]
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Table 12—-18 Environmental Impact Study (14 of 17)
(Basic Form by S. Aegerter and P, Messerli)

judgement Svmbols for Ef{ecys
A: EHect is not negilgible
- B Effect is nealigibie
C: Need more data
E: Need long time monitering
Fi  Already considered in Action No. __
G: Red flag
*Not Acceptable Alteration” e
H: Already consideted in lteration g
]
Step No. &
. el
=2
=
No. o1 naraunnl l } Subowvisian i .
Acuvry | srap [ No.Jimoacthreal © pp Effect
51 1 18 impwm e vttt i?mubllr\y l &
o~ 28 | wirmttucture | General Fosuniimy A
« g Modovemen
¥ g 29 | bunix Profn . Increase A
E = FingncEs
11
> 30 { innpenown Aommiranse | Increase A
Pooviblon
53 ' 13 [num\ Emvica) Imerovement ! A
16 | St Matera !mcrnﬂ I
o 19 | wans ot Cnange A
v .,‘6‘ Vawe
E o 23 | Agannure b |1 - N
i c rHuer Frooucion o)
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Sl
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1 .
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£
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w
ic 26 | 1ourmm i.’wmuunon 1 A
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Table 12-19  Environmental Impact Study (16 of 17}

.(Basic Form by 8, Aeé’ertér and P, Messerli}

judaemen: Svmbals for Effects

A

oonrmom

Effect 15 not negiigiole
Efiect is neghaibie

Need more data

Need long time monitering

Already considered in Action No.

Red flag
*Not Acceptable Alteration”

. Already considered in Heration
Step No.

Subomsion
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No, of r(eranoﬁi I .
AcCtivity sren | No- [impact Ared of 1A Effect
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Table 12--20  Environmental impact Study {186 of 17)
{Basic Form by 8. Aegerter and . Masserli)

Juggement Symbols for Effecy
A: Effect ts not nevipibie
B: Effectis negligible
C. Need mere data
E: Need long time monering
F:  Already considered in Acuon No. ___
G: Red flag
. "Not Acceptable Alteration” z
H: Already considered in lteration E
Step No. o
Ju— o
-
3
=
No.of | herauon Supaivision '
Attty Step o, |Impact Area oflin tHfec
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Tabie 12-21 Environmental Impact Study {17 of 17}
{Basic Form by $. Aegerter and P, Messerli)

Jugaement Svtribols for Effects

» tffect 1s not neghgidDie

Eftect is negligible

Need more data

Need long time monitering

Already considered in Action No. ____
Red flag

"Not Acceptable Alteration”

Already considgered in lteration
StepNo.

aomowy

x

Judgement

No.ot | iteravon ' SupaWIsIon
Aciivity Sten ' Na. '"“Du’ Area of ta ' ftec
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