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1995 | 1996 | 1997 | 1998 | 1999 | 2000
1.
7.6 5.5 3.7 1.8 5.0 4.5
35 9.0 9.1 12.6 0.0 4.0
1 US$ 284 292 276 252 268 282
GDP
/ | 25560 | 2,713 | 3,400 | 3,800 | 3,775 | 3,800
2.
10° 643.0 | 749.1 | 881.0 | 942.7 |1,353.1 | 1,529.0
10° 1,247.9 | 1,418.3 | 1,267.9 | 1,563.8 | 1,834.2 | 2,073.3
10° 1015 | -79.9 | 527 | -243 | 2434 | 331.9
10° -604.9 | -669.3 | -386.9 | -621.1 | -481.1 | -544.3
3.
108 321 347 517 612 720 -
10° 700 875 873 957 | 1,080 -
108 379 | 529 | -356 | -345 | -361 -
10° 540 361 250 130 120 -
4.GDP
446 | 427 | 428 | 393 | 37.0 -
18.7 | 206 | 198 | 195 | 19.8 -
36.6 | 366 | 372 | 412 | 432 -
2000
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1953 504
C ) 9
78.3%
(95 ) 11%
ASEAN 1998 65.9
(1998) 6.3 /km?
(1998) 2.4
IMF 54.4
181,350km? 18.1
(1998) 1,143
(1US$)(2001 6 ) 3,950 (1999) 720
1 1 12 31 (1999) 1,080
67
1,529x10
2,073x10
-361 21 (1998)
ODA (1999) 401 58  (1998)
GDP,2000 3,240
GDP 37 2,146 (1998)
19.8 13 (1998)
43.2 4.0 (2000)
2 5
(2000) 4.5




(1998  -2000 ) 15m
1 2 3 4 5 7 8 9 10 11 12 /
35.0 | 36.5 | 38.2 | 39.2| 37.5| 35.6| 34.9| 34.5| 33.8| 33.3| 33.5| 33.3|35.4¢C
17.4 | 17.8 | 20.9 | 22.7 | 23.4| 23.5| 23.5| 22.6| 22.9| 21.5| 19.2| 15.1[20.9 C
27.427.9029.930.2| 20.7| 29.0| 28.4| 28.7| 27.9| 27.4| 26.4| 25.2|28.2¢C
1.0| 1.4] 5.7[63.9| 165.7 | 235.5 | 217.1 | 141.2 | 258.7 | 251.9 | 117.5 | 11.7 | 1,471mn
/
ODA
1997 1998 1999 2000
27.1 18.5 23.3
41.8 78.2 86.0 82.1
0 0 41.4 0
68.9 96.7 150.7 ---
OECD (1999 ) (
)
@ ODA
(2) 1)+2)=3) (3)+(4)
(
1. 23.0
2. 16.6
3. 13.2
4, 10.8
5. 89.0
( )
1. 53.3
2. 34.8
3.ADB 26.9
133.1
400.7




2001 4
2001 4
2000 4



BEHH6-1 MIEEMIER  EARSCETINE

Minutes of Discussions
On the Basic Design Study
On the Project for Siem Reap Generating Facilities
In the Kingdom of Cambodia

In response to a request from the Government of the Kingdom of Cambodia (hereinafier
referred to as "Cambodia"), the Government of Japan decided to conduct a Basic Design Study on
the project for Siem Reap Generating Facilities (hereinafier referred to as "the Project™) and
entrusted the studv to the Japan International Cooperation Agency (hereinafter referred to as
"JICA").

JICA sent to Cambodia the Basic Design Study Team (hereinafter referred to as "the
Team"), which is headed by Mr. Katsutoshi KOMORI, Third Project Management Division, Grant
Aid Department, JICA and 15 scheduled to stay in the country from May 15 to June 16, 2001,

The Team held discussions with the officials concemed of the Government of Cambodia

and conducted a field survey at the study area.

In the course of discussions and field survey, both parties confirmed the main items
described on the attached sheets. The Team will proceed to further works and prepare the Basic
Design Study Report.

Phnom Penh, May 24, 2001

Kaisutoshi Komori Ith Praing *
Leader, Secretary of State,
Basic Design Study Team, Minstry of Industry, Mines and Energy 'E
Japan International Cooperation Agency i ’_“ “‘“-H‘

Pl
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I = 1 - 1
R 45 B ﬂﬂd{mﬁ—-
P B T e a
. Tan Kim Vann C s

“Managifig Director,
Electricite du Cambodge



ATTACHMENT

1. Objective of the Project
The objective of the Project is to improve the standard of living of inhabitants in the Project site
by installing new generating facilities. \

2, Project site
The site of the Project is shown in Annex-1.

3. Responsible and Implementing Agency .

The responsible agency is the Mmistry of Industry, Mines and Energy. The Implementing agency
is the Electricite du Cambodge (EDC), Tﬁclﬂrgan[:mii}ﬂ charts of EDC, whole organization and
Siem Reap, are shown in Annexes 2-1 and 2-2.

4. ltems requested by the Government of Cambodia
After discussions with the Team, the following components were finally requested by the
Cambodian side; |
1) Construction of a 10MW new power plant in Siem Reap,
2) Expansion of 22kV line to connect the new power plant with the existing system (if
NECcessary j,
3} Consultant’s services including the training of maintenance staft of the power plant in Siem
Eeap,
JICA will assess the appropriateness of the request and will recommend to the Government of

Japan for approval.

5. Japan's Grant Aid Scheme

5=1. The Cambodian side understood the Japan's Grant Aid scheme explained by the Team, as
described in Annex-3.

5-2, The Cambodian side will take the necessary measures, as descnbed in Annex-4, for smooth

implementation of the Project, as a condition for the Japanese Grant Aid to be implemented -

6. Schedule of the Study
6-1. The consultant will proceed to further studies in Cambodia until June 16, 2001
"6-2. JICA will prepare the draft report in English and dispatch a mission in order to explam its

-
YR



o,

contents around August

6-3. In case that the contents of the report is accepted in principle by the Government of Cambodia,
JICA will complete the final report and send it to the Government of Cambodia by November,
2001.

7. Other relevant issues

7-1. The Cambodian side will provide necessary data and information for the study.

7-2. The Cambodian side will secure personnel and budget necessary for the Project.

7-3. The Cambodian side will take all possible measures to secure safety of the concerned people
during the study and implementation of the Project on condition that the Grant Aid by the
Government of Japan is extended 1o the Project.

7-4. The Cambodian side requested to build a new power plant in the suburb of the Siem Reap City
based on the future plan. The Team will review the location of the new power plant in Japan
from the point of view of economy, technology, future expansion plan of the power system,
and environmental protection, and inform the Cambodian side the result with the mission
dispatched around August In case that the new power plant is constructed in the land different
from the place where the existing power plant is built, the Cambodian side will complete
necessary measures described as follows prior to the implementation of the Project;

(1) To take necessary procedures for land acquisition and compensation, including to obtain
necessary approval from related agencies,
{2} To construct approach road.

7-5. The Cambodian side will remove all UX0Os and mines in accordance with the results of the
UXO and mine search. The search and removal work by the Cambodian side will be
completed prior to the commencement of the detailed design and construction of the new
power plant, respectively, While executing the Basic Design Study, the Cambodian side wall
also secure safety survey condition regarding all L'XOs and mines.

7-6. The Cambodian side requested to build the distribution line via the enfrance of Angkor Wat to
the Siem Reap Airport. The Team explained that the distribution line would not be included in
the components of this Project because the population in the area along the distribution line 15
not much and the benefit to cost is estimated low. |

77 The training of the maintenance staff of Electmcity Siemreap Unit 15 indispensable to ensure
smooth operation of the new power plant provided under the Project. EDC Headquarter will
keep close cooperation with Electricity Siemreap Unit and take necessary measurcs for the

staff training on condition that the Grant Aid by the Government of Japan is extended to the



Project. The Team will consider the plan of consulting services for training of maintenance
staff of Electricity Siemreap Unit and will prepare the draft of the plan with the mission
dispatched around August.

7-8. The Cambodian side requested to consider use of heavy oil, not light oil, as fuel of generating

facilities because of economy. The team will review type of the fuel in Japan from the point of
view of economy and maintenance, and inform the Cambodian side the result with the mission

dispatched around August

. The both sides confirmed the Cambodian side’s intention that even if the plan to purchase

115kV power from Thailand by construction of 4 transmission line 15 realized, the new power
plant will remain as the main electricity resource to Siem Reap and the purchase from Thailand

15 & backup resource



i Qrpphim

nil?leflu Eng uﬂﬂ'l To Cho

....--~:'P""F"‘"*-'-=:. | LR
< Phut g ,np_ o Roesoel - 1 i

fa

" i BipiEey
Bl T =
- ! : h

LA | Ry Py
1

H Annex — 1 The sites of the Project

Can ey
T

TR

Chidm Mt | ==« 5

M= N Thewtiamay

":..
v | Tt T
“ iy Prruny Toek S8k Phu

Hrﬁnéﬂ.-. g
Kadh Hing "_'.?Fm“ Ly s

Apnm Peke |
i

‘E_.ﬂlsu-l
o

. =
H| 4
alt

e

23

n Tt i

2 .
Kimpang Sadm_ e

I o | - .._
. ftlng Kl €

eodim sl mde st Lok e T

Phzur Rimm




. Annex2-1: Organization Chart of Electricite du Cambodge

Mos of Staff

E" Phasarn Penhy 1363 persans z

EM™ Province 334 persomns Board of Director ]
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Annex 2-2: Organization Chart of Electricity Siemreap Unit

Director
r ' |
Deputy Director Deputy Director
: E i [ 1
Account & Administration &
Production Distribution Marketing Finance Personal
Section Section Section Section Section
I i
|
J e | .I I [ |
Control Room Mechanician Dresign Distribution Invoice & Meter Collection || Energy Selling
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Annex-3

S e s

The Grant Aid scheme provides a recipient country with non-reimbursable funds
to procure the Facilities, eguipment and services (engineering services and
transportation of the products, ete.) for economic and spcial development of the
country under principles in accordance with the relevant laws and regqulations of Japan.

The Grant Aid is not supplied through the donation of materials as such.

1. Grant Rid Procedures i b

Japan®s Grant hid Schame [s executed through the fellowing procedures.

Application {Regquest made by a reclplent country)
Study tBasic Design Study conducted by JICR)
Rppraisal & Approval '{ﬁppraiaal by the Government of Japan and

fpproval by Cabinetr]
Determination of {The Moktes exchanged between the Govecrnments

Implementation of Japan and Ehe EEELPiEﬂt count oy

Firatiy, the application ar regueat for a Grant Aid project submitted by a
ceclpient ecuntey is examined by the Goverament of Japan (Che Hiniskcy of Forelgn
Bffairs} Codetermine whether ar not it is =ligible foar the Grant Aid. IF the request
is fesmed sppropriate, the Government of Japan asslgns JIGAE {Japan Internaticnal

Cooperation Agency) to conduct a study on Che réegquest,

Secondly, JICA conducts the study (Basic Deablgn Study), using (a) Japanese

conaulting firmis) .

Thirdly, the Government of Japan appraises the project Lo se2 whebhef Or Rot
i 15 suitable for Japan's Granc Aid Schem=, based on Che Basic Design SCudy repart

prepared by JICA, and the resulrs are than submicted ta the Cabinet for appreval .
Fourthly, the project. once spproved by the Cabinet, becomes official with

the Exchange of Hotes (E/N] zigned by the Gowvernments of Japan and the reciplent

Country .

7 |



Finally, for the smooth implementatfion of the project, JICA assista the

recipient ceuntry in such matters as preparing tendera, contracts and 80 om.

Basic Design Study i

1) Contents of the Study

The aim of the Basic Design Study (hereafter referred te as "the Study"},
conducted by JICA on a requested project (hereafter referred to as "the Froject™)
is to provide a basic document necessary for the appraisal of the Project by the
Government of Japan. The nnntantg of the Study are as followa:

- Canfirmation of the background, cbjectives, and benefits of the reguested
Froject and also institutional capacity of agencies concerned of the recipient

country necegsary for the Project’s implementation.

- Evalustisan of the appropristeness of the Project to be implemented under the

Grant Ald Scheme from a techniecal, social and economic peint of view.

- Confirmation of items agreed upon by both parties concerning the basiec concept

of the Project.
- FPreparation of 2 Basic Design of the Fraject
- Estimation of cost of the Project

The contents of the eriginal request are not necessarily approved in their
initial form as the contents of the Grant Aid project, The Basie Design of the

Froject is confirmed considering the guidelines of Jezpan’'s Grant Aid Scheme.,

[he Government of Japsn requests the Gavernment of the recipient country to
take whatever measures are necessary to ensore ire self-relisnce in the
implementation of the Project. Such mpasures musc be guaranteed even though they
may Fali ovtaide of Lhe jurisdistien of the organizatlien io Ehe recipient country
actually implementing the Projsct. Therefore, the implementation of the Proisct
is confirmed by all relevant organizations of the rec:nient country throogh the

HMinutes of Discussiona.




2) Selection of Consultants

For smooth implementacion of the Study, JICA uses {a] reglsterad consulbing
Firm(s] . JICA selects (a) Firmis] based on proposals submitted by interested
firms. The Firm(s] selected carryi{iea) out a Basic Design Study and ¥writeis) a
report, based wvpoan terms of cefarence set by JICA.

The consulting firm(s) used for the Study is(are} recommended by JICA to the
recipient country to also work on the Project’s implementation after the Exchange

of Motes, in order to maintain technical conslacency.

Japan®s Grant Aid Schama )

1) Exchange of Hotea (E/H)

Japan® = Grant Rid is extended in accordance with the Notea exchanged by
the two Governmeats concerned, in which the objectives of the Project, period

of executlion, conditlens and amount of the Grant Aid, etc,, are conficmed.

2}"Th&perladnftherhﬁnthiﬂ'mzansthennefi5calyaarwhiﬁthEEabinEtappEDvea

the Project for. Within the fiscal year, all procedures such as exchanglng

of the Hotes, concluding contracts with (&l consulting ficmis) and {a)
contractor (s} and final payment to them must be completed.

However, in case of delaya in delivery, installacion or construction due

to unforeseen factors such as natural disaster, the pariod of the Grant Aid

can be further extended for a maximum of one fiscal year at most by mutual

agreament betwesn the two Gowvernments.

3) Under the Grane Aid, in principle, Japanese products and servicea lncluding
transpart oz those of the recipient countcy are to be purchased.

When the tWwo Governmeats deem it necessary, the Grant Ald may be used

for the purchase of cha products of services of a bhird country,

Howayer, the prime contractors, namely, consulbing constEwciing and
procutesent Firms, ars limited bo "Japansse nationals®. [The becm "Japanese
nationals" means persons of Japanese nationality of Japanese corporations

controlled by persons of Japanese maticnalicy. )



1) Necessity of "Verificatien”

The Government of recipient country or its designaced avthority will
coenclude cantracts dencainated in Japanese yen Wwith Japanese natlonals. Those
contracts shall be verified by the Government of Japan. This "Warification®

1
is deemed npecessary to secure accountability to Japanese taxpayers.

5) Undertakings required to the Government of the Reciplent Country

B

7)

In the implementation of the Grant Aid project, the recipient country

is reguired to undertake such necessary measures as the following:

(D To secure land necessary for the sites of the Projest and ta clear, lewvel
and reclaim the land prior to.commencement of the constructian,

@ 1o provide facilities for the discribution of electricity, water supply and
drainage and other incidental facilities in and around the sites,

@ To secure buildings prior to the procurement in case the installation of
the equipment;

® To ensure all the expenses and prompt executien for unlecading, customs
clearance at the .port of disembarkation and internal transportation of the
products purchased under the Grant Add, .

& To exempt Japanese nationsls from customs duties, intesrnal Eaxes and other
fiscal levies which will be imposed in the reciplent esauntey with respoct
Lo the supply of the products and services vndar the Verified Contracts,

® 1o aceord Japanese natlenals, whose services may be required in connection
WiLh the supply of the products and services under the Verified contracts,
such facilities a8 may be necessary for their entry into the recipient country

and =stay therein for the performance of their work.

"Proper Usa®

The recipient countey is required to operate and maintain the facilities
constructed and aqul pnént purchased under the Grant hid properly andeffecrively
and to assign staff necessary for this operation and malntenance as well as

Lo bear all the expenses ather than those coversd by the Grant Aid,

"Re-exposL"
The preduchs purchased wnder the Grant Ald should not be re-exported fran

Ehe recipient countey.




A) Banking Arrangements (B/A)
a) The Government of the recipient country or its designated awthority should

open an account in the name of che Governsment of the recipient country in

& bank in Japan (hereinafter refercred co as "the Bank®™) . The Government of

Japan will execute the Grant Aid by making payments in Japanese yen to cover
the abligations incurred by the Governmanct of the recipient country or its

dasiqnate-::l avthority under the Verified Contracts.

bl Tha paymants will be mads whan payment redquests are presanted by the Bank

to the Government of Japan under an Authorizatlon to Pay (AfP) issued by the

Government of the reclplent countey or ifs designated authoricy.

8) authorization to Pay (A/P)
The Gowernment of the recipient country should bear an advising commission

of an Authorization to Pay and payment commissions to the Bank.



Annex-4

Major Undertaking to be taken by Each Government

o ltems
1 |To secure land = i o
2 |Ta elear, level and reclaim the sits when needed b
3 |To eonstruet pates and fences in and arovnd the sie -
4 | To construct the parkiog lot -
5 |To constnict roads
1) Within the sile o
2} Outside the site _ ot
6 |To construct the buildings i
7 |To provide facilities for the distrbution of electricity, water supply, diainage and other
incidental facilitics
1] Electrieity .
a. The distributing line to the site =3 .
b. The drop wiring and internal winng within the site »
. The main circuit breaker and irapsformer .
2] Waler Supply =E;
a, The city water distribution main Lo the site L
b. The supply sysiern within 1he site (receiving and elevated tanks) [ ]
3} Drainage
a. The cily drainage main {for storm, sewer and others) 1o the site - -
The drainage system (for Loilel sewer, ordinary wasle, slorm drainage and others) within th| =
sile
4] Gas Supply
& The city gas maino io the site .
b. The gas supply system within the site _
3} Telephone Svstem _
a. The telephone trunk line to the main distnbution frame/panel (MDF) of the building .
b. The MDF and the extension after the frame/panel ) .
6) Furniture and Equipment
| a. General fun]_I'l_En. »
; b. Project eguipment &
R T bear the Iollowing commissions 1o the Japaness Toreign exchange bank for the banking
services based upon the BiA | PR), [
1) Advising commission of AP et
| 12) Payment commission | R
9 |Ta ensure |JI'I|'EI=|-I;|-I]'IE and cusioms elearance al port of dise mh.—nkmu:m in recipient country
1‘.I Marine {Air) transportation of the products from Japan Lo the recipient country °
[ |2} Tax exemption aod cusiom clearance of the products at 1he pon of disembarkation -
II [nternal transporiation from the pon of disembarkation 1o the project site (@) Ll
10{To accord Jupancse nationals whose services may be required in connection with the supply of |
f theproducts and the services under the venfied contact such fncilities as m av be pecessapy [or ] |
__!‘lgrl_r_lln'::.-' inlo the recipient country and slay v thertin for the performance of their work. |’ |
{12{To exempt Japanese pationals from customs dLlII‘_'i- intermal taxes and other fiscal levies which = ' '
(mity be imposed in the recipient countey with respect 10 the supply of 1he products and services | . !
!Imﬁhgj!‘:riﬁ&d coniracts. |
| 12| Tt maintain and use properly and e(feciivel the facilities consinicted and cquipment provided | | .-_
| _junder the Gran B o Lk
|13/ To bear all the expenses, othes that 1hose (o be borme by the Grant. necessary for construction of _'
thé [ncifilies ag well all for the transportation and installation of 1he equipment.

W £
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Minutes of Discussions
on the Basic Design Study
on the Project for Siem Reap Generating Facilities
in the Kingdom of Cambodia
(Explanation on Draft Report)

In May 2001, the Japan International Cooperation Agency (hereinafter referred
to as "JICA") dispatched a Basic Design Study Team on the Project for Siem Reap
Generating Facilities (hereinafter referred to as “the Project™) to the Kingdom of
Cambodia (hereinafter referred to as “Cambodia™), and through discussions, field
survey and technical examination of the results in Japan, JICA prepared a drait report of
the study.

In order to explain and to consult on the components of the draft report, JICA
sent to Cambodia the Draft Report Explanation Team (hereinafter referred to as “the
Team™), which is headed by Mr. Yasuhiko Wada, an officer of the Planning Division,
Grant Aid Management Department, JICA, from August 23 1o September 1, 2001.

As a result of discussions, both parties confirmed the main items described on
the attached sheeats,

Phnom Fenh, August 30, 2001

fon B 7%

Yasuhiko Wada f Ith Praing
[eader Secretary of State
Draft Report Explanation Team Ministry of Industry, Mines and Encrgy

Japan International Cooperation Agency

Tan Kim Vinn
Managing Director
Electricite du Cambodge




ATTACHMENT

1

1. Components of the Draft Report
The Cambodian side agreed and accepted in principle the components of the draft
report explained by the Team.

2. Japan's Grant Aid Scheme
The Cambodian side understands the Japan's Grant Aid scheme and the necessary
measures to be taken by the Government of Cambodia as explained by the Team and
described in Annex-3 and Annex-4 of the Minutes of Discussions signed by both
parties on May 24, 2001, '

3. Schedule of the Study
JICA will complete the Final Report in accordance with the confirmed items and
send it to the Government of Cambodia in around November 2001,

4. Oiher Relevant [ssues
4-1. Considering the objective of the Project, which is to improve the standard of living

of inhabitants in the Project area by installing new generatimg facilities, the
Cambodian side shall provide electricity to the residential area as the top pnority.

4.2, In order to achieve the objective of the Project mentioned above, proper operation
and maintenance of the new generating facilities are indispensable. Therefore, EDC
Headgquarters will keep close cooperation with Electricity Siemreap Unit and take
necessary measures for the training of operation and maintenance staft of Electnicity
Siemreap Unit.

4-3, On condition that the Grant Aid by the Government of Japan is extended to the
Project, the Cambedian side will take necessary measures:
(1) to secure sufficient personne] and budget necessary for the Project in proper time;
(2) to secure safety of the concerned people during the implementation of the Project,
(3) to remove all UXOs immediately, if found during the construction of new power

plant;

‘_f:l_'[



{4) to complete necessary measures described as follows prior to the implementation
of the Project, )

a) to obtain the permissions necessary for the construction from related agencies,
including that of the environmental issues,

b) to take necessary procedures for land acquisition and compensation, including to
obtain necessary approval from related agencies and

¢) to construct access road.

(5) to obtain the permissions necessary for the transportation of disassembled engine
generators from the unloading site of Tonle Sap lake to the new power plant site
by a trailer from related agencies, including that of the exclusively use of road and

(6) to dispose the sludge produced from the heavy oil purifier unit in a proper manner

and in compliance with the environmental requirement.
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1-INTRODUCTION

For safety reason of consfruction, the soil under foundation should be
investigated.

The main objectives of the soils investigations showed that the
Engineer's method define type of foundations (Strip footing, mat foundation,
foundation piers, and foundation piles...).

On 09™ June 2001, Research And Design Enterprise of Soil Testing
Laboratery has been awaorded a confract to undertake the soil investigation
for New Power Plani Project, located at Khum Chreal, Siem Reap Disirict,
Siem Reap Province, Kingdom of Cambodia.

The field works have been camed out from 09t to 10 June 2001 and
laboratory festing from 124 o 18% June 2001.

This report presents the ground condifions, mechanic of the soils, results
of Standard Penefrafion Test (3PT) and field log recording.




2- SCOPE OF WORK
The scope of work for investigafion included the following:
2.1-FIELD WORK
All field works activities were supervised by: .
- Mr, KONG Sangva - Engineer of Geology
- Mr. SIENG Peou -Master Engineer of Geology
Two boreholes of 120mm nominal diameter and 20 m depths with
Standard Penetration Test (3PT) where camied by rotary auger machine
model YT'B-50M (Russian equipment) with a maximum capacity 35m depths.
The positions of boreholes are shown in the location plan {(Fgure 1)
2. 2-STANDARD PENETRATION TEST (SPT)
S5tondard Penetration Test was camied out 1.50m intervals inside the

boring hole. A standard split spoons of §0.8mm diometer with a ball check
valve on the top and harden steel cutter. A Standard spilt spoon was
installed and drives into the soil by a 63.5Kq, automatic drop hammer falling
freely from o fixed height of 760mm along a guide rod.

The blow counts defined for each 150mm penetration of the seating
drive. Total penefration of the spoon is 460mm and the numbers of blow
N-value for last 300mm. Penefration was recorded as the N- value of the soil
stratum encountered which indicated the relative density of non-cohesive
soil as well the consistency of the cohesive sail.

2.3-SAMPLING

-Undisturbed samples

Undisturbed samples were taken in the natural state of the soil from
firm to stiff clay ond sandy clay for testing undrained direct shear test,
unconfined compression test, consolidation test,..The undisfurbed samples
were faken by thin wall tube sampler.

-Disturbed samples

The disturbed samples were taken at a rote of 1.5m to 3m and all
strata in the borehole. The disturbed samples were also collected in soft to
stiff clay and sandy soil for laboratory testing,
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3- LABORATORY TESTING PROGRAM

The Laboratory Testing Program Included:

-Matural water contents determination

-Density and dry density determinafion :

-Atterberg fimit tests of selected cohesive soil or sandy sieving pass 425
micrometers

-Sieves disfribufion Test

-Unconfined compression Test

-specific gravity Gs

The testing-procedure was conducted in accordance with ASTM
Standaord and classified soil by USCS (Unified Soil Classificafion System).

mr. SIENG PEOU (Master engineer of geology) prepared this present
report.

Summary of testing results was presented in the table characteristic of
Soil Mechanic.

Page 3



4- RELATIVE DENSITY AND CONSISTENCY

The relationship between Standard Penefration Test result and

cansistency clay, silt soil (Cohasive soil) and relative density for sandy soll

(non-cohesive soil) are shown in the table No 1 and 2.

RELATION BETWEEN S5.P.T RESULTS and CONSISTENCY

for CL YEY-SILT and SILTY-CLAY
(COHESION SOILS)
Table 1
S.P.T N Value (blows/ 300mm) CONSISTENCY
210 4 u Soff
408 Medium
Bio 15 : SHiff
i 15 to 30 Very Stiff
30 over | Hard :

RELATION BETWEEN 5.P.T RESULTS and RELATIVE DENSITY
for SAND and GRAVEL.
(COHESIONLESS 30IL)

Table
S.P.TN Value [blows/ 300mm)  RELATIVE DENSITY
Less than 4 Very loose
41010 i Loose
b= 10 to 30 Medium dense
30 to 50 = Dense
~ Qver 50 Very dense
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5- GROUND CONDITION AND SOIL PROPERTIES

Ground condition from the ground surfoce to 20m depths for this site

cansisted of filing process of geclogy was in 4t Era (Young alluvium) by
Geologic Map of Cambeodia showing location of litho-logic section.

The soil condition encountered on boreholes have been into strafa as

follows:
BOREHOLE No |
Stratum Descripfion of soil strata M-value
o Bdowees/ 300mm

I-  Farm Soil, encountered from top to 0.50m depth.

2-  Yellow white loose silty FINE SAND, M-5
encountered from 0.50m to 2.50m.
3 Yellow white loose clayey FINE SAND, MN-4
encountered from 2.50m to 3.70m.
4-  White grey clayey silty medium dense MEDIUM SAND, N-11
encountered from 3.70m to 5.30m.
5-  White grey clayey silty loose COARSE SAND, P-4
encountered from 5.30m to 7.00m,
&  White grey ciayey silty loose FINE SAND, M-5
encountered from 7.00m to 9.80m. MN-&
7-  White grey medium dense clayey MEDIUM SAND, M-13
encountered from 9.80m to 12.80m. MN-10
&  White grey medium dense clayey silty FINE SAND, MN-24
encountered from 12.80m to 15.50m. MN-27
?-  White grey clayey medium dense FINE SAND, M-19
encountered from 15.50m to 20.00m. MN-23
M-30
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Stratum
Mo

BOREHOLE No 2
Description of soil strata

Farm Soll encountered from top to 0.50m depth.
Yellow white very loose clayay silty MEDIUM SAND,
encountered from 0.50m to 4.00m.

White gray clayey medium dense MEDIUM SAND,
encounterad from 4.00m to 5.00m.

White grey clayey silty loose MEDIUM SAND,
encounterad from 5.00m to 6.50m,

White grey clayey loose FINE SAND,

encountered from 6.50m to 11.50m.

wWhite grey medivm dense clayey MEDIUM 3AND,
encountered frorm 11.50m fo 12.40m.
White grey clayey silty medium dense FINE SAND,
encountered from 12.60m fo 20.00m.
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4-GROUND WATER CONDITION

The invesfigation of the ground water is one of importance for soil

investigation, becouse the variation of the ground water level, the

characteristic of soil mechanic can be change.

The ground water is divided into two kinds and two seasons:

6.1-Water sirikes and Ground water level
-During boring activities, water is found at a greater depth (Water

strike).

-But a few hours or 24 hours after the boring completed. water is
stabilized at a higher level (Ground water level).

6.2-The ground water by season

The ground water vanes according to the season:

-In dry seqson the ground water level is decrease.

-In rainy season the ground water level i increase.

Table No 3
Borehole |Boring started| Boring finished Water Water Date
Mo date date strike level measured
{rm,) (m.)
BH-1 09/06/2001 09 /04,2001 3.00 0.50 = 10/06/2001
BH-2 10/06/2001 10/06/ 2001 [ 1.00 0.50 10/06/2001 :I
6.3-Ground Water analysis
Results of Ground Water analysis show in table No 4,
Table No 4
ltem Unit Amount Standard
BH-1
pH - 5.07 651085 |
504 ma/| 8.376 25 o 500
Cl ma/l 1.403 25 to 350
Ma _. mg/l 2989 150 to 200
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7-CONCLUSION AND RECOMMENDATION

Based on the soil data from 2 boring holes, the following

recommendation can be presented:

1-For this project pile foundation should be recommended.

2-The allowable bearing load for pile foundafion was presented in the
Table Mo 5.

TABLE No 5
Borehole | Pile size | Pile | Pile End End Friction |Allowable
Ne depth length| bearing | bearng | jaad bearing
capacity | load Load
(m2) | (m) | () [ pvmy | o | oy | N)
BH-1 0.20x0.20| 450 | 4.00 1100 44 10.56 24,54
BH-1 10.30X0.30| 13.50 | 12.00 1834 163.11 62.10 227.21
| BH-2 [0.20x020| 450 | 400 | 1300 | 520 | 40 56.0
BH-2 |0.30x0.30] 13.5 [ 1200 1881 1469.34 56.19 225.53

Phnom Penh, June 20, 2001
Master engineer of Geology

=N

Mr., SIENG PEOQU
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8- GENERRAL

The analysis and recommendation submitted in this report are based
on available information. Since significant variations in soil conditions may
occur between the bonng. it is recommended that pile experienced soil
engineer fo assure that the beanng capacity conform to the design and
specifications.

The suggestion and recommendation herein ore bosed on available
data obtfained from limited specified soil information, the homogeneity of soil
formation assumption, and equations invelved in the calculation, which are
believed to be reliable. However, such prediction or recommendations
should be verified by full-scale test of investigation during construction period
to obtain more precise refiable data. Construction method must be adopted
fo best suit the analysis method assumption We do not make any
representations as to its accuracy or completeness .Any, data or design
criterion is only cument solutions which are subjected to change or revise.

This report has been prepared in order to qid in the evaluation of the
site conditions only, to assist the engineer in the design of the project, based
on our understanding of the design details, criteria & utilization of the project
as outlined herein. If our understanding of the design and ufilization is not
comect, we should be promptly informed of the comect data so that we may
revise our recommendations as appropriate.
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General

The Japan International Cooperation Agency (JICA) conducted, upon a request of the
Government of Cambodia (GOC) to the Government of Japan (GOJ), a Master Plan Study on
the Rehabilitation and Reconstruction of Electricity Supply in Phnom Penh and Siem Reap in
1993 and a Feasibility Study for the urgently required power generation and distribution
facilities identified in the Master Plan.

On the basis of the study results, GOC requested grant aid from GOJ for the project for
rehabilitation and upgrading of electricity supply facilities in Phnom Penh. The project was
conducted under two grant aid projects from GOJ in 1995/1996 for the project phase-l and in
1999 for the project phase-11 to be completed in 2002.

Besides GOC requested Grant Aid from GOJ for the Project for Siem Reap Generating Facilities
in 2000.

In response to the official request, GOJ decided to conduct a Basic Design Study to examine the
viability of the Project. JICA dispatched a Basic Design Study Team in May 2001 to Cambodia.
The team surveyed the Project area, collected relevant data and information for the formation of
the Basic Design and discussed technical aspects of the Project with the officials of authorities
concerned.

Project Description
The Project for Siem Reap Generating Facilities (the Project) aims to construct;

i) adiesel power plant having total installed capacity 10.5 MW in Siem Reap with 3-units of
3,500 kW each, 2-units for regular operation and 1-unit for standby, and

i) 22 kV underground transmission line of 1.2 km in length to connect the new diesel power
plant with the existing Siem Reap distribution network.

The project site islocated in the Developing Area specified in the Siem Reap City Plan prepared
in 2000.

The power plant site is about 4 km east of Siem Reap city, the provincia capital of Siem Reap
province, by road, which is close to the National Route No.6 that links Phnom Penh (285 km
away) to Thailand (150 km away). And the most famous building Angkor Wat is 8 km
northwest of the plant site.

The location map of the project site is given in the Appendix.

Rationale of the Environmental Study

The Project is not likely to cause significant impacts on the environment in and around the
project area considering its development component, scale, and location. However, an
Environmental Study will be required, because it has project components which may bring about
adverse environmental impacts on the natural and social environment, such as installation of
diesel engine unit.

Consequently, the Environmental Study (the Study) is conducted in an Initial Environmental
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Impact Assessment level by focusing on one project component which might bring about
adverse environmental impacts, namely the construction of a diesel power plant having total
installed capacity 10.5 MW in Siem Reap

Objectivesand Strategies

The principal objectives of the Study are to clarify environmental impacts caused by the diesel
power plant construction in Siem Reap, to evauate those magnitudes, and to propose
countermeasures, if any. This result shall provide necessary data and information for formulation
of environmentally sound project design and guide a way to cope with possible impacts for
implementation of the Project.

To attain the objectives mentioned above, the following strategies are taken in the Study:

- to collect and review relevant data and documents related to environmental aspects of the
Project including laws and regulations concerned in Cambodia,

- to carry out a field reconnaissance in the existing and potential project sites for checking
environmental sensitivity of the Project,

- to evaluate the magnitude of impacts preliminarily and to prepare the study report.

National Policy on the Environment in Cambodia

The Government of Cambodia issued “The Law on Environmental Protection and Natura
Resource Management” on January 1997.

The purposes of the law are:

- to protect [and] promote environmental quality and public health though the prevention,
reduction, and control of pollution

- to assess the environmental impact of al proposed projects prior to the issuance of a
decision by the Roya Government

- to ensure the rational and sustainable conservation, development, management, and use of
the natural resources of the Kingdom of Cambodia

- to encourage and enable the pubic to participate in environmental protection and natural
resource management

- to suppress any acts that cause harm to the environment

The environmental study is carried out based on the above Law.

Initial Environmental Study

Environmental Itemsto be Studied

Although a lot of environmental items could be picked up in accordance with the Law on
Environmental Protection and Natural Resource Management for Project, most of them would
not be necessary or not have significant impact due to the specific conditions of the Project in



Siem Reap.

The followings are the key points for selection of environmental items to be studied in
Environmental Impact Assessment.
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M eteor ology

The climate of the area is strongly monsoona. The cooler dry northeast monsoon
(November to March) follows after the southwest monsoon with higher winds, and
humilities and most of year's rainfall. Daily mean temperatures at the Project site range
from about 24 in December and January to 29 in April. Average annual rainfall is about
1400 mm.

Topography and geology

The power plant site is on plains between Lake Tonle Sap (10 km to the south) and the
national route No.6 some 400 m to the north.

The power plant site is located in the Development Area classified in the Siem Reap City
Plan.

The plains undulate gently, ranging in elevation from 9-10 meters. The soil at and around
the power plant site are aluvia silts, sand and clays deposited by flood waters from adjacent
rivers an Lake Tonle Sap. Groundwater levels around the power plant site are generally high
and fluctuate from close to the surface in the wet season to about 4 meter below in the dry
season.

Necessary acreage of the diesel power plant would be about 19,685 m?®, with plant trees area
of 20 m wide around the area. The land area of new power plant is an uncultivated field. No
there are houses and other obstacles in the area. Thus, displacement of the local peoples and
houses are not required for the project. This means that the environmental impacts related to
the project location would not be significant, and the Project is not situated in an
environmentally sensitive area.

Besides, the power plant siteis at an enough distance from the main roads and houses in the
vicinities. So, the environmental impacts during the construction stage could be in minimum,
and no serious adverse effects are expected.

Underground water

There is no permanent water supply system and body in the vicinity of the power plant site.
The Project will provide a water supply system by means of a deep well pumping system in
the power plant site.

Diesel power plant to be installed by the Project is a open type generator with a closed
circulation radiator type cooling system. Consequently, little amount (200- 300 litters/day)
of water will be used for cooling purpose. All drainage water from the power plant should
be corrected to the oil-water separator pit for processing to separate oil from water.

Therefore, water quality pollution and impact on the social environmental in the surrounding
of the power plant will not be expected by the operation of the power plant.



(4) Floraand Fauna

There are rich fisheries in Lake Tonle Sap, but only very poor ones in the rice fields and
irrigation canals around the Project area. The wildlife around the Project area has never been
studied in detail. However, about 100 mammals and 400 bird species inhabit the general
area. A number of these are on international endangered species list (17 species of
endangered mammals and 24 species of endangered birds, none of which been recorded in
the close vicinity of the Project ared). There are no natural or near natural forests within 3
km of the Project area.

Considering the given conditions mentioned above and a general project feature, it is considered
that the Project is not environmentally sensitive. The possible environmental impacts to be
studied are eventually four items during the operation stage, namely;

i) Air pollution by NO,,
ii)  Air pollution by SO,,
iii)  Noise, and

iv)  Vibration.

2.2 Resultsof Initial Environmental Examination

2.2.1 Air pollution by NO, and SO,

A diesel power plant with total installed capacity of 10.5 MW (3,500 kW x 2 unit for regular
operation and 1 unit for standby), will be installed in the area of the new power plant in Siem
Reap. The future NO, and SO, concentration is predicted by Sutton’s formula as shown in
Table-1.

(1) Prediction of NO,

Air quality standards of NO, concentration in Japan, USA and Cambodia shown below. The
maximum ground concentration of NO, would appear at the point of 1,116 m apart from the
pollution source as shown in Table-2 and summarized bel ow.

(One hour mean value)

Air Quality Standards Predicted Value
Japan 0.082-0.123 mg/m®
USA 0.102 mg/m? 0.0274 mg/m®
Cambodia 0.300 mg/m?

NO, concentration is expected to increase about 0.0274 mg/m? by the Project. The predicted
NO, value would be fairly below compared with these standards. The background NO, level
around the project site is considered as a natural condition because there are no large scale
point sources of air pollution. Thus, no significant environmental impact on air quality
would be expected by NO, emission from the power plant.



(2) Prediction of SO,

Air quality standards of SO, concentration in Japan, USA and Cambodia shown below. The
maximum ground concentration of SO, would appear at the point of 1,116 m apart from the
pollution source as shown in Table-2 and summarized bel ow.

(One hour mean value)

Air Quality Standards Predicted Value
Japan 0.114 mg/m?
USA 0.362 mg/m’ 0.0200 mg/m?
Cambodia 0.500 mg/m?

SO, concentration is expected to increase about 0.0200 mg/m? by the Project. The predicted
SO, value would be fairly below compared with these standards. The background SO, level
around the project site is considered as a natural condition because there are no large scale
point sources of air pollution. Thus, no significant environmental impact on air quality
would be expected by SO, emission from the power plant.

2.2.2 Noise caused by the Operation of Diesel Power Generator

(a) Prediction Point

Two prediction points of noise are set on a line from the noise source (newly installed power
plant) to a boundary of the plant site (about 60 m in distance) and other is the nearest house
(about 100 m in distance) as shown in Table-3.

(b) Noise Level of the Power Plant

According to the general specification of a diesel power plant with capacity of regular
operation (3,500 kW x 2 units), its noise level is 97.9 dB compounded with exhaust gas outlet,
intake air filter, and radiator at the adjacent place of a plant as shown in Table-3.

(c) Prediction Noise Level

The prediction noise level at the prediction points by the operation of power plant is shown in
Table-3 and summarized below:

Noise Level (dB(A))

Noise Source Plant Site Site Boundary (60 m) Nearest House (100m)

Power Plant 97.9dB(A) 54.3 dB(A) 49.9dB(A)

(d) Evaluation

The future noise level caused by the operation of the newly installed power plant is assessed
about 54.3 dB(A) at the site boundary and 49.9 dB(A) at the nearest house. It should be noted
that the actual future noise level could be less than those of predicted level, because the
existence of administration office, oil tanks, plant tree area and ground undulation in the
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project site will reduce the noise level.

Table-5 shows genera criteria related to noise. The assessed noise level could be amost a
background noise level in common residential area. Moreover, no facilities which require calm
conditions such as school, hospitals, and libraries are situated around the power plant site.

Therefore, relatively low magnitude of impact would be expected by the operation of the
installed power plant.

Vibration caused by the Operation of Diesel Power Generator
(a) Prediction point

Vibration basically considered an annoying source for human which has the same origin and
characteristic as noise. Therefore, the prediction of vibration level caused by the newly
installed power plant is conducted taking similar approach used for the noise level prediction.
Thus, the prediction point of vibration is the nearest house the same as noise (about 100 min
distance from Power plant).

(b) Vibration level of the Power Plant

The prediction result of vibration level at the prediction points by the operation of power
plantsis show in Table-4 and summarized below:

Noise Source Plant Site Site Boundary Nearest House (100m)
Power Plant 83.0dB(A) 25.2dB(A) 39.1dB(A)

(c) BEvaluation

Table-6 shows general criteria related to vibration. The vibration level at the prediction points
is very low, and these vibration values would be negligible for the most person. Therefore, no
serious impact is expected by the operation of the newly installed diesel power plant.

Conclusion and Recommendation
Conclusion

Displacement of the local peoples and houses in the project area are not required. Water
quality pollution and impact on the social environmental in the surrounding of the power plant
will not be expected by the operation of the power plant as discussed in Section 2.1.

Minimal impacts are predicted during the project construction, provided that good
construction standards and procedure are adopted under the contractual guarantees with
contractors.

Eventually, four environmental items, namely i) NO,, ii) SO,, iii) Noise, and iv) Vibration, are
selected as the principal subjects to be studied carefully considering feature and location of the
Project.
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The Environmental Study of the selected four items revealed that relatively low magnitude of
impacts would be expected and no significant impacts be caused by the Project. Moreover, no
complaints related to the environment could be found through the inquiry survey to the local
people who live around the existing plant. Therefore, the Project is judged acceptable and no
mitigation measure is required from the environmental viewpoints, conclusively at this stage.

Recommendation

Since no actua data of air quality, noise, and vibration are available in this Study, the
verification of prediction results is crucial. To monitor and check the assessed values surely
contributes to improve an assessment method in accuracy and to strengthen an environmental
management capability of EDC’s staff.



Table—1  Calculation of Pollution Intensity of NOx and SOx

A diesel power plant with 10.5 MW (3,500 kW x 2 units for regular operation and 1 unit for standby)
will be installed in the area of the new power plant in Siem Reap

Output : 3,500kW/unit
Fuel consumption : 189 g/kWh (Heavy oil)
Sulfur content 2%

Intensity of the pollution source (Nm%s) : 22,500Nm* h wet 21,300Nm* h dry
Height of emission outlet : GL+15m,750A(ID=753mm)

The future NOx and SOx concentration is predicted by following Sutton’s formula;

C(X)=(2Q/(mt U x*") exp (-He/(CZ  x*") 10°
where
C(X) : Ground surface concentration at a point of X (m) apart from the pollution
source (ppm),
X :  Distance of leeward direction (m),
Q . Intensity of the pollution source (m%s),
U : Wind velocity (m/s), (applied 6.0 m/s),
Cz,Cy,n : Sutton’sconcentration parameter, Cz=0.07, Cy=0.07/0.15, n=0.25
He . Effective height of emission outlet (m), (applied 32.6m)
He =Ho+0.65(Hm+Ht)
Hm =079/ Q V (1+258 V)
Ht =2.01x 10°x Q' x (T-288)x (2.30log(J)+1/J1)
J =1 vQ V (1460 296V (T-288))+1
Ho : Actua height of emission outlet(m), (15m)
Q :Intensity of the pollution source (15 1atm,m?/s),
\Y% : EX.Gas Vel ocity
thus
V. =22500x 1 3600x (273+365) 273 (T 4x 0.753%)
=32[m/g]
Q =22500x 1 3600x 288 273
= 6.59 [m?¥/s]
J =1 V 6.59 32 (1460-296x 32 (273+365-288))+1
=098.7
Hm =0.795x Vv 6.59 32 (1+2.58/32)
=10.6 [m]

Ht =201x 10°x 6.59x (273+365-288)x (2.3010g98.7+1 98.7-1)



=16.6 [m]
He =15+0.65x (10.6+16.6)
=32.6[m]

Q =500x 10°x 21,300x 1 3600x 288 273
=3.12x 10° [m?/s] (SOx)

Q =950x 10°x 21,300x 1 3600x 288 273
=5.93x 10° [m%/s] (NOx)

Max ground surface concentration is calculated as follows:
Cmax : Max ground surface concentration
=1.72x Q' He [ppm]
Xmax : Distance between at a point of max ground surface concentration and the pollution
source
=20.8x He"* [m]
thus
SOx : Cmax =1.72x 21,300x 500x 10° 32.6°
=0.0172 [ppm] = 0.0491 [mg/m?]
NOx : Cmax = 1.72x 21,300x 950x 10° 32.6°
= 0.0327 [ppm] = 0.0672 [mg/m”]

X max = 20.8x 32.6"“3= 1116 [m]

Above ground surface concentration show 3 minutes mean concentration. So one (1) hour mean
concentrations are shown below;

Cmax(SOx 1hour) = 0.0200[mg/m?]at 15
Cmax(NOx 1hour) = 0.0274[mg/m’]at 15

Theresult of prediction isindicated in Table.2.



Table 2 (1)

Distance Ground surface concentration

X NOX SOx

m ppm mg/m? ppm mg/m?
100 0.0000 0.0000 0.0000 0.0000
200 0.0000 0.0000 0.0000 0.0000
300 0.0000 0.0001 0.0000 0.0001
400 0.0013 0.0026 0.0007 0.0019
500 0.0060 0.0124 0.0032 0.0091
600 0.0134 0.0276 0.0071 0.0202
700 0.0208 0.0426 0.0109 0.0312
800 0.0264 0.0542 0.0139 0.0397
900 0.0301 0.0617 0.0158 0.0452
1000 0.0320 0.0657 0.0168 0.0481
1100 0.0327 0.0671 0.0172 0.0491
1116 0.0327 0.0671 0.0172 0.0491
1200 0.0325 0.0667 0.0171 0.0488
1300 0.0317 0.0651 0.0167 0.0476
1400 0.0306 0.0628 0.0161 0.0459
1500 0.0293 0.0601 0.0154 0.0440
1600 0.0279 0.0572 0.0147 0.0419
1700 0.0264 0.0543 0.0139 0.0398
1800 0.0251 0.0515 0.0132 0.0377
1900 0.0237 0.0487 0.0125 0.0356
2000 0.0224 0.0460 0.0118 0.0337
2500 0.0171 0.0350 0.0090 0.0256
3000 0.0133 0.0272 0.0070 0.0199
3500 0.0106 0.0217 0.0056 0.0159
4000 0.0086 0.0177 0.0045 0.0129
5000 0.0060 0.0124 0.0032 0.0091
6000 0.0045 0.0092 0.0024 0.0067
7000 0.0035 0.0071 0.0018 0.0052
8000 0.0028 0.0057 0.0015 0.0041
9000 0.0023 0.0046 0.0012 0.0034
10000 0.0019 0.0039 0.0010 0.0028
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C: Ground surfgge concentration (ppm)

0.0400

0.0350

0.0300

0.0250

0.0200

0.0150

0.0100

0.0050

0.0000

Table2(2) The result of ground surface concentration prediction

NOx : 0.0327ppm

v

/N

SOx : 0.0172ppm

v

AN

1000

2000 3000 4000 5000 6000
X: Distance (m)

7000

8000




Table—3 Calculation of Noise L eve

According to the general specification of a diesel power plant with capacity of 3,500 kW, its
noise level are shown below.

Noiselevel at the power house  :90dB(A)

Noise level at Ex.Gas outlet :90dB(A)

Noiselevel at Intake air filter :80dB(A)

Noise level at Radiator :90dB(A)
The combined noise level of the above component is calculated below formula;
Lp =10log(Z {10"(Li/10)})

= 10| Og ( 1090/ 10 + 1090/ 10, + 1080/ 10 + 1090/ 10)

=94.9dB(A)

where

Lp : Compound noise level of above component (unit noise level)
Li : Noise level by above each component

Thus, the noise level of the regular operation (3,500 kW x 2 units) is estimated 97.9 dB by
compounding the unit noise level at the power plant based on the following compound
formula:

Lw =10log(Z {10MLp/10)})
= 97.9dB(A)

The noise levels at the selected prediction points of site boundary (60 m) and the nearest
house (100 m) are assessed by the following logical formula of propagation;

L =Lw-20logR-8
Leo =54.3 dB(A) at the site boundary, and

L100=49.9 dB(A) at the nearest house.
Where
L : Noise level at the selected prediction point
Lw : Noise level of the source (94.9dB(A))

R . distance from noise source to prediction point (100m)
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Table—4  Calculation of Vibration Level

According to the general specification of a diesel power plant with capacity of 3,500 kW, its
init vibration level should be less 80 dB at the adjacent place of a plant. Thus the vibletion
level of the pollution source is estimated 83 dB(A)by compounding the unit noise level for the
regular operation (3,500 kW x 2 units) of the power plant based on the following compound
formula.

VLo =10log(Z {107(Li/10)})
=83.0dB(A)
where
VLo : Compound unit noise level (noise level of power plant)
Li : Unit noise level

Since the vibration propagated though the ground as a medium, the following logical formula
of propagation is applied for the prediction of the vibration level at the prediction points
caused by the operation of power plant.

VL =VLo - 20log(R/Ro)*n —8.7*(R —R0)*2
VLeo =39.1dB(A)
VLioo =252 dB(A)

Where:

VL : Vibration level at the prediction point of “R” m apart from the point of VLo
(dB),

VLo :vibration level at the point of “Ro” m apart from the source (dB),

R . Distance from the point of VLo to ther source,

Ro : Distance from the point of VLo toits source (= 1 m)
n Damped coefficient of ground (= 0.8),

a Damped coefficient of ground friction (= 0.03).
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Table—5 Provisional Conservation Criteria Related to Noise

Noise
Level (dB(A)) Description
80 Air craft on taking off or landing
75 Indoor of anoisy factory
70 Ringing telephone
65 Indoor or an action-movie theater
60 Indoor of anoisy office
55 Background level in a common residence area
50 Indoor of aschool or calm office
45 Indoor of alibrary

Table—6  Provisiona Conservation Criteria Related to Vibration

Vibration
Level (dB(A)) Description
>75 Quaking houses, clattering doors and windows
70 Tangible for most person and awaking from deep sleep
65 Tangible for most person and awaking from light sleep
60 Tangible for most person in walking but not awaking from deep sleep
55 Tangible only for person in standing but no influence to sleep

<50 Intangible for most person
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