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~ =7 T E T (Metropolitan Manila Development Authority: MMDA)

Bayani F. FERNANDO £ (Chairman)

Cesar S. LACUNA RlEE

Robert C. NACIANCENO General Manager

Martin Louis C. ONGPIN REEHBRHFa L Z 2 b

Baltazar N. MELGAR Drainage and Waterways Division Chief, Flood Control Management
Service

Michael D. DOCE Pumping Stations and Flood Gate Division Chief, Flood Control
Management Service

Elsie . ENCARNACION Head, Solid Waste Management Office

Patrocenio A. RANCAPERO Jr. Plant Engineer, Aviles Sampaloc Pumping Station

Daniel O. LAGUNILLA TII Plant Engineer, Quiapo Pumping Station

Delfin D. FELICILDA Plant Engineer, Tripa de Gallina Pumping Station
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AR - JHK4  (Department of Public Works and Highways: DPWH)
Rebecca T. GARSUTA Chief, Development Planning Division
HE B2 JICA 5 (BOET /31 F— (AKITE) )

The Philippine Atmospheric Geophysical and Astronomical Services Administration (PAGASA)
Susan R. ESPINUEVA Chief, Dam Operation Unit, Flood Forecasting Branch

BT KNG (Department of Environment and Natural Resources: DENR)
Eugenia L. LAGMAY Assistant Director, Environmental Management Bureau

EZ %% BT (National Economic Development Authority: NEDA)
Joseph CAPISTRANO JICA Desk Officer, Public Investment

¥4 (Department of Finance:)
Lina D. ISORENA Executive Director, National Tax Research Center (NTRC)

Aida SIMBURIO Assistant Commissioner, Tax Information Division

#5417 (The World Bank: WB)
Christopher R. ANCHETA Operations Officer

EHBA%EFHE  (United Nation Development Program: UNDP)

Edgardo A. POLICARPIO Program Assistant, Environment

USAID

Dainel C. Moore Chief, Office of Energy and Environment

Gil R.DY-LIACCO Deputy Chief, Program Resources Management Office
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Baltazar N. MELGAR Drainage and Waterways Division Chief, Flood Control Management
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Management Service
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Daniel O. LAGUNILLA III Plant Engineer, Quiapo Pumping Station

Delfin D. FELICILDA Plant Engineer, Tripa de Gallina Pumping Station
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Florante G. Igtiben Chief, Asia & Pacific Division
Robert I. Domingo Infrastructure Staff
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Ruby Estrban Director
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MINUTES OF DISCUSSIONS
ON BASIC DESIGN STUDY
ON “THE PROJECT FOR METRO MANILA DRAINAGE SYSTEM URGENT
IMPROVEMENT/UPGRADING”
IN REPUBLIC OF THE PHILIPPINES

In response to a request from the Government of Republic of the Philippines (hereinafter
-referred to as “the Government of the Philippines™), the Government of Japan decided to conduct a
Basic- Design Study (hereinafter referred to as "the Study™) on the Project for Metro Manila
Drainage System Urgent .Improvement/Upgrading (hereinafter referred. to as "the Project”) and
entrusted the study to the Japan International Cooperation Agency (hereinafter referred to as
"JICA™).

JICA sent to the Philippines the Basic Design Study Team (hereinafter referred to as “the
Team”), which is headed by Mr. Kenji NAGATA, Senior Advisor, Institute for International
. Cooperation, JICA, and is scheduled to stay in the country from March 1 to 24, 2007.

The Team has held discussions with the officials concerned of the Government of the
Philippines and is conducting a field survey in the study area. ‘

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

Manila, March 14, 2007

T e

v

Kshfi NAGATA
Leader ;,.m_;:fi -

Basic Design Study Team - Metropolitan Manila Development
Authority (MMDA)
- Japan International Cooperation Agency Republic of the Philippines



ATTACHMENT

1. Name of the Project:

The Government of the Philippines requested to change the name of the Project to “THE
PROJECT FOR URGENT IMPROVING / UPGRADING OF FLOOD CONTROL SYSTEM IN
THE METORO MANILA”.

2. Objective of the Project:

The objective of the Project is to reduce the losses of life and property of people through
developing the capacities and functions of the existing pumping stations by improving and
upgrading facilities of the stations.

3. Project Sites and Area Covered by the Project:
The requested sites of the Project are pumping stations located at “QUIAPO”, “AVILES
SAMPALOC” and “TRIPA DE GALLINA”.

4. Responsible and Implementing Organization:

4-1}  The responsible and implementing organization is “Metropolitan Manila Development
Authority” (hereinafter referred to as “MMDA™).

4-2)  The implementing department in MMDA is “Flood Control Management Service”.

4-3)  Organization chart of MMDA is shown in Annex-1.

5. Items requested by the Government of the Philippines:

The Government of the Philippines requested components described in Annex-2 for the
proposed Project including the project components in the original request. Regarding additional
items, both sides understood that the Team would study them as much as possible. However some
of them may not be able to be studied because of the Study schedule.

After discussions with the Team, the Government of the Philippines agreed that the Team
would assess the contents of the components. Both sides agreed that based on results of the study,
JICA would evaluate and finalize the components, then recommend it to the Government of J apan.

6. Prioritization and Selection for the Project:
The Team explained that the budget for the Project would be considered by the Government of
Japan by evaluating the result of the study.

Both sides agreed that the contents of the Project, which are described in Annex-2, would be
prioritized and selected from the technical consideration as well as in accordance with the budget
allocated for the Project.

7. Japan's Grant Aid Scheme:
7-1)  The Government of the Philippines understood the Japan's Grant Aid/ﬁchemexeg(_plained by

the Team, as described in Annex 3-1. \//‘
)




7-2)  The Government of the Philippines will take the necessary measures and allocate necessary
budget properly, as described in Annex 3-2, for smooth implementation of the Project, as a
condition for the Japanese Grant Aid to be implemented.

7-3)  The Team will clarify the necessary measures and budget to be taken by the Government of
the Philippines, in addition to the general measures described in Annex 3-2, by further studies.

8. Schedule of the Study:

8-1)  The consultant members of the Team will conduct further studies in the Philippines until
March 24, 2007.

8-2) JICA will prepare the draft final report in English and dispatch a mission in order to explain

its contents around August 2007 at the earliest if some measures described in this document

such as VAT issue and EIA would be executed properly by the Government of the Philippines.
8-3) In the case that the contents of the report are accepted in principle by the Government of the
Philippines, JICA will complete the final report and send it to the Government of the
Philippines in around September 2007 at the earliest. '
8-4) The Government of the Philippines understood that the implementation of the Study does
not imply nor commit the implementation of the Project.

9. Tax and Value Added Tax (VAT) :

The Team explained the reason of suspension of the Grant Aid and strongly requested that the
Government of the Philippines shall take necessary measures to pay the Value Added Tax (VAT),
custom duties and any other taxes and fiscal levy charges in the Philippines arising from the Project
activities and these taxes and charges would be borne by beneficiary agency in accordance with the
implementation schedule.

The Government of the Philippines understood the background of suspension and promised to
start necessary procedures for securing budgets for the refund of these taxes. The budgets will be
arranged exclusively for the Project in accordance with the Project cost and scale.

The Government of the Philippines will inform the result or progress to the Team through JICA
Philippine Office.

10. Other Relevant Issues:

10-1) Current Problems of the Pumping Stations and Flood Control System and Solution:
Both sides agreed that the Study is implemented with counterpart engineers of the Government
of the Philippines to find out and confirm the current problems mutually,

The Government of the Philippines promised to solve the problem by themselves if the Project
would not cover these problems and areas.

10-2) Operation and Maintenance of Facilities and Equipment: ‘

The Team explained that improving the capability of operation and maintenance is important
for the Project. The Team will evaluate the present capability of the system and propose measures,
such as allocation of additional budget and qualified personnel required for the proper and effective
utilization of facilities and equipment, if necessary. o

'



The Government of the Philippines agreed to abide with the proposal of the Team as results
of the Study, in accordance with the implementation schedule of the Project.

The Government of the Philippines explained the effort and progress in terms of operation
and maintenance of the facilities and equipment such as rehabilitation of facilities.

The Government of the Philippines promised to keep on allocating the budget continuously
for the operation and maintenance.

10-3) Technical Assistance:

The Government of the Philippines requested the technical assistance on improving the
capability of operation and maintenance system for sustainable development such as capacity of
observation and monitoring of equipment and facility.

The Team agreed to study its necessity and if it is confirmed, the implemqltation of the
technical assistance as soft component program or training # s wgu—l’@ﬁe considered in the
Project. o

10-4) Activities by the Government of the Philippines relateg;_‘_c_crﬂffé faster Plan™:

The Government of the Philippines explained acti/viti‘éé’/ﬁnd future plans to realize suggestions
proposed in the “Master Plan of the Development Study on Drainage Improvement in the Core Area
of Metropolitan Manila (2005)” such as dredging, resettlement of peoples and public education for
cleaning the drain channel. '

As examples of activities, the Government of the Philippines started opening pumping stations
to the public to show how they function and how they should be taken care of in order for the public
to appreciate the value of them.

The Government of the Philippines also explained they made 100 small boats to clean the drain
channel that are inaccessible by larger dredgers and equipments.

10-5) Environmental Impact Assessment (EIA):

The Government of the Philippines agreed to complete the EIA or to get the corresponding
equivalent document (e.g. Certificate of Non-Coverage) and get approval before the completion of
the Explanation Mission of Draft Basic Design Report at the latest according to the relevant
Philippines laws, regulations and guidelines, if it is required for the Project.

The Government of the Philippines also agreed to submit the official letter which shows
the completion of EIA or equivalent documents.

10-6) Relevant Permission for the Project:

The Government of the Philippines will expedite necessary procedure before the
Explanation Mission of Draft Basic Design Report, if the official approval or permission is required
for the components of the Project. The Government of the Philippines also agreed to submit the
official letter which shows the approval.




10-7) Arrangements for the Study:

As a response to the request by the Team, the Government of the Philippines agreed to
arrange counterpart personnel for the Study, necessary arrangements such as working space for the
Team and to provide promptly all the data and information relevant to the Project for the smooth
implementation of the Study.

10-8) Safety and Security:

The Team explained that security measures are indispensable for effective study. The
Government of the Philippines agreed to take necessary measures to secure the safety of the
members of the Team.

The Team strongly requested that Counterpart personnel should accompany the Team especiaily for
the field study and the Government of the Philippines agreed with this.

10-9) Lesson Learnt by the Past Cooperation by Japanese Official Development Assistance:

The Team requested to the Government of the Philippines that the outcome of technical
transfer and the cooperation implemented by the Japanese government in the past should be utilized
to improve the living condition of the Philippines people.

The Government of the Philippines agreed and promised to utilize the lesson learnt from the
past cooperation.

End

Annex 1 : Organization Chart of MMDA
Annex 2 : Items Requested by the Government of the Philippines
Annex 3 : 3-1 The Japan’s Grant Aid Scheme

3-2 Major Undertakings to be taken by Each Government
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ltems Requested by the Government of the Philippines

ANNEX 2

IMPROVEMENT OF MECHANIC AL AND ELECTRICAL EQUIPMENT
IN THREE PUMPING STATIONS

ITEMS

QUIAPO

AVILES-SAMPALOC

TRIPA DE GALLINA

. PUMP HOUSE
1. Main Drainage Pump
2. Main Diesel Engine
3. Engine Cooling System
4. Overhead Crane
5. Electrical System
Il. FLOODGATE
Motorized Lifting System
lll. TRASH COLLECTION SYSTEM
1. Automatic Trash rakes
2, Horizontal/inclined Conveyors
3. Sludge Pump
4. Hopper
5. Upstream Gate
v, ‘AUXILIARY SYSTEM
1. Fire Detection and Control System
2. Security System
3. Fuel Supply System
4. Loader
V. Pickup Truck and Double Cab
VI. SPARE PARTS

For Electrical and
Mechanical Equipment/Devices
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Notes; The symbol "QO"indicates the components and items in the original request.
The symbol "@"indicates the components and items additionally requested.
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ANNEX 3-1
Japan’s Grant Aid Scheme

Japan’s Grant Aid Scheme

The Grant Aid scheme provides a recipient country with non-reimbursable funds to procure the
facilities, equipment and services (engineering services and transportation of the products, etc.) for
economic and social development of the country under principles in accordance with the relevant
laws and regulations of Japan. The Grant Aid is not supplied through the donation of materials as
such. '

Grant Aid Procedures

Japan’s Grant Aid scheme is executed through the following procedures.

- Application (Request made by a recipient country)
- Study (Basic Design Study conducted by JICA)
- Appraisal & Approval (Appraisal by the Government of Japan and Approval by
Cabinet)
- Determination of (The Notes exchanged between the Governments of Japan
Implementation and the recipient couniry)

Firstly, the application or request for a Grant Aid project submitted by a recipient country is
examined by the Government of Japan (the Ministry of Foreign Affairs) to determine whether or
not it is eligible for the Grant Aid. If the request is deemed appropriate, the Government of Japan
assigns JICA (Japan International Cooperation Agency) to conduct a study on the request.

Secondly, JICA conducts the study (Basic Design Study), using (a) Japanese consulting firm (s).

Thirdly, the Government of Japan appraises the project to see whether or not it is sujtable for
Japan’s Grant Aid Scheme, based on the Basic Design Study report prepared by JICA, and the
results are then submitted to the Cabinet for approval.

Fourthly, the project, once approved by the Cabinet, becomes official with the Exchange of Notes
(E/N) signed by the Governments of Japan and the recipient country.

Finally, for the smooth implementation of the project, JICA assists the recipient country in such
matters as preparing tenders, contracts and so on.

Basic Design Study
Contents of the Study

The aim of the Basic Design Study (hereafter referred to as “the Study”), conducted by JICA on a
requested project (hereafter referred to as “the Project™) is to provide a basic document necessary
for the appraisal of the Project by the Government of Japan. The contents of the Study are as
follows:

- Confirmation of the background, objectives, and benefits of the requested project and also
institutional capacity of agencies concerned of the recipient country necessary for the
Project’s implementation.

Vo

- Evaluation of the appropriateness of the Project to be impleme|1ted/urrdé“f"‘the~(%mt Aid



2)

1)

2)

3)

. Confirmation of items agreed upon by both parties concerning the basic concept of the Project.
- Preparation of a Basic Design of the Project.
- Estimation of cost of the Project.

The contents of the original request are not necessarily approved in their initial form as the
contents of the Grant Aid project. The Basic Design of the Project is confirmed considering the
guidelines of Japan’s Grant Aid Scheme.

The Government of Japan requests the Government of the recipient country to take whatever
measures are necessary to ensure its self-reliance in the implementation of the Project. Such
measures must be guaranteed even through they may fail outsides of the jurisdiction of the
organization in the recipient country actually implementing the Project. Therefore, the
implementation of the Project is confirmed by all relevant organizations of the recipient country
through the Minutes of Discussions.

Selection of Consultants

For smooth implementation of the Study, JICA uses (a) registered consulting firm (s). JICA selects
(a) firm {s) based on proposals submitted by interested firms. The firm (s} selected carry (ies) out a
Basic Design Study and write (s) a report, based upon terms of reference 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 Notes, in order to maintain

technical consistency.
Japan’s Grant Aid Scheme

Exchange pf Notes (E/N)

Japan’s Grant Aid is extended in accordance with the Notes exchanged by the two Governments
concerned, in which the objectives of the Project, period of execution, conditions and amount of
the Grant Aid, etc., are confirmed.

Period of the Grant Aid

“The period of the Grant Aid” means the one fiscal year which the Cabinet approves the Project
for. Within the fiscal year, all procedures such as exchanging of the Notes, concluding contracts
with (a) consulting firm (s) and (a) contractor (s) and final payment to them must be completed.

However, in case of delays in delivery, installation or construction due to unforeseen factors such
as natura) disaster, the period of the Grant Aid can be further extended for a maximum of one fiscal
year at most by mutual agreement between the two Governments.

Procurement of Products and Services

Under the Grant Aid, in principle, Japanese products and services including transport or those of
the recipient country are to be purchased.

When the two Governments deem it necessary, the Grant Aid may be used for the purchase of the
products or services of a third country.

However, the prime contractors, namely, consulting constructing and procurement firms, are
limited to “Japanese nationals”. (The term “Japanese nationals= mealés/p'g_l:sonsu__gf Japanese
nationality or Japanese corporations controlled by persons of Japat@mti hality.) \"\\

. ;‘; M.



4)

3)

6)

7

8)

9)

Necessity of “Verification”

The Government of recipient country or its designated authority will conclude contracts
denominated in Japanese yen with Japanese nationals. Those contracts shall be verified by the
Government of Japan. This “Verification” is deemed necessary to secure accountability to Japanese
taxpayers.

Undertakings required to the Government of the Recipient Country

In the implementation of the Grant Aid project, the recipient country is required to undertake such
necessary measures as the following:

@ To secure land necessary for the sites of the Project and to clear, level and reclaim the land
prior to commencement of the construction,

To provide facilities for the distribution 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 execution for unloading, customs clearance at the port
of disembarkation and internal transportation of the products purchased under the Grant Aid,
To exempt Japanese nationals from customs duties, internal taxes and other fiscal levies which
will be imposed in the recipient country with respect to the supply of the products and services
under the Verified Contracts,

To Accord Japanese nationals, whose services may be required in connection with the supply
of the products and services under the Verified contracts, such facilities as may be necessary
for their entry into the recipient country and stay therein for the performance of their work.

® e ©

©®

“Proper Use”

The recipient country is required to operate and maintain the facilities constructed and equipment
purchased under the Grant Aid properly and effectively and to assign staff necessary for this
operation and maintenance as well as to bear all the expenses other than those covered by the Grant
Aid.

“Re-export™
The products purchased under the Grant Aid should not be re-exported from the recipient country.

Banking Arrangements (B/A)

a) The Government of the recipient country or its designated authority should open an account in
the name of the Government of the recipient country in a bank of Japan (hereinafter referred to
as “the Bank™). The Government of Japan will execute the Grant Aid by making payments in
Japanese yen to cover the obligations incurred by the Government of the recipient country or
its designated authority under the Verified Contracts.

b) The payments will be made when payment requests are presented by the Bank to the
Government of Japan under an Authorization to Pay (A/P) issued by the Government of the
recipient country or its designated authority.

Authorization to Pay (A/P)

The Government of the recipient country should bear an advising commission of an Authorization
to Pay and payment commissions to the Bank.




FLOW CHART OF JAPAN's GRANT AID PROCEDURE
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Major Undertaking to be taken by Each Government

ANNEX 3-2

REFFERENCE
To be covered To be covered by
No. Ttems by Grant Aid Recipient Side

To bear the following commissions to the Japanese bank for banking
services based upon the B/A

L 1) Advising commission of A/P ®
2) Payment commission @
To ensure unloading and customs clearance at port of disembarkation in
recipient country
1) Marine (Air) transportation of the products from Japan the recipient L

2 2) Tax exemption and custom clearance of the products at the port of °®

disembarkation
3} Internal transportation from the port of disembarkation to the project (@) (@)
site

To accord Japanese nationals, whose service may be required in

3 connection with the supply of the products and the services under the
verified contract, such facilities as may be necessary for their entry into ®
the recipient country and stay therein for the performance of their work
To exempt Japanese nationals from customs duties, internal taxes and

4 other fiscal levies which may be imposed in the recipient country with
respect 1o the supply of the products and services under the verified ®
contracts

5 To maintain and use properly and effectively the facilities contracted and s
equipment provided under the Grant Aid

6 To bear all the expenses, other than those to be borne by the Grant Aid, °

necessary for the transportation and installation of the equipment

(B/A: Banking Arrangement, A/P: Authorization 1o pay)
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For a better temorrow for all.

Japan International Cooperation Agency
PHILIPPINE OFFICE

19 October 2007

CHAIR BAYANI F. FERNANDO
Metropolitan Manila Development Authority
MMDA Building, Orense St., EDSA

Makati City

Dear Chair Fernando,

We are pleased to forward herewith, a copy of the Draft Final Report of the
Basic Design Study on the “Project for Urgent Improving/Upgrading of Flood
Control System in Metro Manila”. The Project is being proposed by the MMDA for
possible Japan’s Grant Aid.

As you may note in the Report, the contents of the Basic Design Study were
based on the agreements during the discussions of the Basic Design Study Team
and the MMDA representatives in March 2007. Said agreements are likewise
stipulated in the Minutes of Discussion which the Chair and Mr. Kenji Nagata,
leader of the Basic Design Study Team signed on 14 March 2007 (Appendix of Draft
Final Report.)

As Mr. Nagata has already informed the Chair, JICA intends to implement
the Project soonest time possible. Attached, for your further consideration, is the
Minutes covering the discussions between the MMDA and the Explanation Team for
the Basic Design Study of the subject Project from 15-19 October 2007.

Should you find the Minutes of Discussions in order, please inform our

office as soon as possible, so we could initiate the project implementation.

Thank you and we look forward to your usual cooperation on the matter.

40th Floor, Yuchengco Tower, RCBC Plaza, 6819 Ayala Avenue, Makati City 1200 Philippines
P.O. Box 1026, Makati Central Post Office
Tel. No.: (+632) 889-7119  Fax. No.: (+632) §89-6830
JICA Homepage: http:/fwww jica.go jp/philippines
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Best regards.

Very truly yours,

-y

NORIGMATSUDA

Resident Representative

And

ENJI ATA

Leader, Explanation Team

for the Basic Design Study

cc! Director Jonathan L. Uy, NEDA Public Investment Staff
Minister Akira Sugiyama, Embassy of Japan
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MINUTES OF DISCUSSIONS
ON BASIG DESIGN STUDY
ON “THE PROJECT FOR URGENT IMPROVING/UPGRADING OF
FLOOD CONTROL SYSTEM IN METRO MANILA”
IN REPUBLIC OF THE PHILIPPINES
(EXPLANATION OF DRAFT FINAL REPORT)

In March 2007, the Japan International Cooperation Agency (hereinafter referred to
as “JICA” ) dispatched the Basic Design Study Team on the Project for Urgent
Improving/Upgrading of Flood Control System in Metro Manila (hereinafter referred to as
“the Project” ) to Republic of the Philippines (hereinafter referred to as “the
Philippines” ), and through discussions, field survey, and results of technical examination
in Japan, JICA prepared a draft final report on this study.

In order to explain and consult with the Government of the Philippines on the contents
of the draft final report, JICA dispatched the Draft Report Explanation Team (hereinafter
referred to as “the Team” ), which is headed by Mr. Kenji NAGATA, Senior Advisor, Institute
for International Cooperation, The Team is scheduled to stay in the country from October
14 to 22, 2007.

In the course of discussions and field survey, the Team and Metropolitan Manila
Development Authority (hereinafter referred to as “both sides” ) confirmed the main items
described in the attached sheets

Manila, October 19, 2007

Kenji NAGATA Bayani F. Fernando

Leader Chairman

Draft Report Explanation Team Metropolitan Manila Development
Authority (MMDA)

Japan International Cooperation Agency Republic of the Philippines
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ATTACHMENT

1. Title of the Project

Both sides agreed to rename the title of the Project as “The Project for Urgent
Improving/Upgrading of Flood Control System in Metro Manila” , in compliance with the
request made by the Philippine side. Final decision on the title will be made when both
Governments sign the Exchange of Notes for the Project.

2. Components of the project
The Philippine side agreed and accepted in principle the components of the draft final
report.

3. Japan's Grant Aid Scheme

3-1) The Philippine side understood the Japan’s Grant Aid Scheme and wi | | take the necessary
measures and al locate necessary budget properly for smooth implementation of the Project,
as acondition for the Japan' s Grant Aid to be implemented. The Grant Aid Scheme and necessary
measures were described in the Annex of the Minutes of Meeting agreed by both sides on March
14, 2007 (hereinafter referred to as “the Previous M/M” ).

3-2) Measures for “Other Relevant Issues” in this document, should be timely and properly
undertaken by the Philippine side since these are indispensable to the whole Project Design.
The Team explained that if the measures will not be taken properly, the approval of the
Project would be reconsidered including cancellation by the Government of Japan

4. Schedule of the Study
JICAwill complete the final report in accordance with the items and confirmed by both sides
and send it to the Government of the Philippines in December 2007 at the earliest.

5. Cost Estimation

Both sides agreed that the Project Cost Estimation as attached in Annex-1 should never be
duplicated or released to any outside parties before the signing of all the Contract (s)
for the Project.

Regarding the cost to be borne by the Philippine side, the Team requested the Philippine
side to secure the appropriate and necessary amount of budget.

6. Other Relevant Issues:
The Team requested the Philippines side to carry out following matters;

(1) Taxes Arising from the Project
The Team explained again the background of suspension of the Grant Aid for the Philippine
as written in the previous M/M

The Team explained the rough cost estimate of the VAT and custom clearance fee to be borne
by the Philippine side. However, other taxes such as national internal revenue taxes and
import duties are not clear for the Japanese side. The Team requested to secure the
appropriate and necessary amount of budget to pay the Value Added Tax (VAT), custom clearance
fee and any other taxes and in the Philippines

The Team also requested the Philippine side to report following matters in writing by the
end of February in 2008.
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- The result of budget allocation for VAT and custom clearance fee to be borne by the
Philippine side

- Estimation and breakdown of any other taxes

- Information and schedule of reimbursement procedure for Japanese Consultant and
Contractor.

The Philippine side committed to arrange the budget for the Philippine fiscal year 2009-12
in accordance with the Project cost and schedule, and submit the reports on the subject
above mentioned.

(2)Operation rules of the pumping stations

The Team found that currently “no rainfall no operation” policy has been employed. It
means pumps are operated simultaneously only when there is a possibility of rainfall even
though water level is higher than pump starting level.

The Team pointed out that the current rule of operation is very risky and flooding at
upstream might not be avoided. Therefore the Philippines side should apply appropriate
operation rules of pumping stations in accordance with water levels
The Philippine side agreed to the Japanese proposal and promised to take necessary measures.

(3)Proper implementation of custom clearance and safekeeping of equipment and materials
The Team explained that the shipping of equipment and materials will be done twice during
implementation period of the Project and requested the Philippine side to properly carry
out smooth custom clearance.

The Team also requested the Philippine side to properly secure the storage space at the
Libertad warehouse because the equipment and materials will be brought to the Libertad
warehouse and will be classified for each drainage pumping station from containers

(4) Anticorrosive coat

The Team requested the Philippine side to carry out the application of anticorrosive coat
of parts which have been identified needing such application after completion of the Project,
even though parts are not to be replaced or renewed.

(5)Clearance of existing equipment and materials
Both sides confirmed again that the replaced equipment and materials to be replaced in
the Project should be re-used or cleared out by the Philippine side

(6)Fair Implementation of the Project

The Team explained that some information in both the draft and the final reports of the
Study should be dealt with confidentially until the tender is closed, since disclosure of
the informationwill affect fairness of tender procedure when the project proceeds to actual
implementation stage.

The Phil ippine side understood and agreed on careful handl ing of the reports and achieving
fair tendering.

END
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Confidential

Annex-1 Project Cost Estimation

1.1 Initial Cost Estimation

Initial cost of the Project is estimated as 1,352 million Japanese Yen. According to estimation
conditions that are mentioned below in item (3), breakdown of expense on Japanese side and the
Philippines side is calculated based on the division of responsibility which is mentioned in a
previous chapter. However, this amount does not suggest funding sources or amount of the

Exchange of Note (E/N).
) Cost Borne by Japanese Side
Total Initial Cost | Approx._1,197 million JY
Item of Expenses Estimated Project Cost (million JY)
2 Equipment Cost 839
5 Transportation and Packing Cost 13
é Installation Works Cost 227 1,144
§ Procurement Management Cost 32
~ General Administration Cost 33
Detail Design/ Prgcurement Supervision/ 53
Technical Transfer

2) Cost Borne by Philippine Side 64.02 million Pesos (Approx. 154.6 million JY)
(D Rental Const on Temporary Storage Yards 800,000 Pesos
(Approx. 1.9 million JY)
@ Removal and Relocation Cost of Existing Facilities 60,000 Pesos
(Approx. 0.1 million JY)
@  Security Measures Cost 1.800 million Pesos
(Approx. 4.4 million JY)
@ Banking Arrangement Charge 490,000 Pesos
(Approx. 1.2 million JY)
® VAT and Custom Clearance Fee 60.87 million Pesos

(Approx. 147.0 million JY)

Note: Any other taxes such as national internal revenue taxes and import duties are not included.

3) Estimation Conditions

@  Conditions : As of March in 2007

@ Exchange Rate :1US$=119.60 JY
: 1US$= 49.18 Peso
:1Peso= 242 JY

@ Procurement Period : Period of bidding, procurement of equipment and materials,
installation works is shown in the implementation schedule as a B
type national bonds project

@  Others : Estimation is carried out based on Japan’s Grant Aid system
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1.2

Operation and Maintenance Cost

Drainage pumping stations which shall carry out procurement and installation works by the
Project shall be operated and maintained by PSFO as mentioned in “Chapter 4 Project
Operation Plan”. Annual operation and maintenance cost is estimated as 24.995 million Peso
(Approx. 60.513 million JY) (Refer to Table 2-1). Operation and maintenance cost is divided into
management cost such as personnel expense, fuel cost, electrical and water fee, etc., and O&M
cost. Budget should be secured taking escalation in personnel expense and prices into account in
order to be operated without any problem in 2020 which is the target year.

Table 2-1 O&M Const of Target Drainage Pumping Stations (Annual)

Expense Item Amount
(Pesos)
Quiapo Drainage Pumping Station 3,617,000
Management Cost AYiles . Sampaloc Drainage Punpping SFation 4,420,000
Tripa de Gallina Drainage Pumping Station 6,545,000
Sub-total 14,582,000
Quiapo Drainage Pumping Station 2,056,000
O&M Cost AYiles . Sampaloc Drainage Purpping SFation 2,461,000
Tripa de Gallina Drainage Pumping Station 5,896,000
Sub-total 10,413,000
Total 24,995,000
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# 4-1 Annual Maximum Rainfall at Science Garden Station

Unit: mm
Year 1 hour 2-hour 3-hour 6-hour 12-hour | 24-hour | 48-hour
1961 - - - 177.8 213.1 251.0 280.2
1962 - - - 135.6 173.7 205.0 327.9
1963 - - - 71.6 125.0 167.1 178.3
1964 - - - 99.1 104.1 198.3 259.5
1965 50.8 73.3 88.2 115.3 140.8 159.8 239.3
1966 60.0 85.1 100.7 125.1 153.9 169.9 274.3
1967 102.4 149.6 181.0 239.7 292.8 334.5 350.0
1968 45.6 66.1 79.6 104.7 127.9 145.5 205.0
1969 38.9 56.4 67.8 88.4 108.6 122.8 397.3
1970 83.7 122.4 148.4 197.7 241.0 276.5 -
1971 46.2 54.7 57.9 74.4 80.5 84.6 103.7
1972 72.5 122.5 143.5 158.5 159.8 218.0 435.2
1973 130.3 130.8 131.3 131.3 131.3 131.3 298.1
1974 422 77.5 102.6 149 .4 180.8 214.3 366.3
1975 31.7 48.9 68.0 104.9 170.1 209.3 247.7
1976 128.0 186.3 224.7 294.5 361.2 410.1 -
1977 39.3 58.5 71.5 90.3 116.3 135.7 -
1978 472 68.1 81.3 103.8 148.2 174.4 255.5
1979 67.1 86.9 130.3 179.3 191.7 223.0 297.9
1980 46.0 70.4 77.4 102.7 123.6 133.8 147.5
1981 37.5 50.0 52.4 73.0 115.7 161.0 230.9
1982 42.2 60.1 71.2 89.1 109.8 121.6 144.2
1983 35.2 51.3 62.0 82.0 100.2 114.4 131.2
1984 354 50.9 60.8 77.4 95.4 106.6 -
1985 41.8 60.3 72.6 95.1 116.0 131.0 -
1986 72.2 122.7 150.7 176.1 184.9 190.4 367.5
1987 42 .4 62.0 74.7 99.0 120.1 137.6 142.0
1988 38.5 55.6 67.2 88.9 107.7 123.1 240.5
1989 32.4 45.8 54.5 70.4 85.2 96.4 175.4
1990 63.7 91.9 110.4 143.8 176.0 199.4 233.6
1991 - - - 157.8 194.2 253.5 295.5
1992 - - - 81.2 101.0 145.2 177.6
1993 - - - 112.6 138.6 151.9 209.4
1994 - - - 106.6 145.8 169.8 196.4
1995 - - - 72.0 106.0 163.6 169.8
1996 - - - 81.2 94.2 120.2 155.0
1997 - - - 104.2 191.8 223.8 301.2
1998 - - - 89.8 108.7 172.7 241.5
1999 - - - 191.7 204.8 280.7 431.3
2000 - - - 181.4 260.2 267.0 319.2
2001 - - - 88.0 105.0 129.4 209.7
2002 - - - 80.6 152.4 216.3 417.9
2003 - - - 73.2 99.0 156.0 278.6
2004 49.0 82.0 106.0 172.0 201.0 230.0 312.0
2005 39.0 65.0 74.0 82.0 83.0 100.0 119.0
2006 86.0 134.0 148.0 155.0 156.0 156.0 226.0
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2 Hour Rainfall (mm)
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3 Hour Rainfall (mm)
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6 Hour Rainfall (mm)
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12 Hour Rainfall (mm)
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24 Hour Rainfall (mm)
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PKBIEH COHERIZZIUEETH RV EHE TX /20T, LLFICIR~ % X 5 7o i
MEt & T o7,

2.2 BAlIERES

HPEABESS LR T OLEKIEIRE & AW IR R C OR KRR I BA SR AR R O b O
2R L, BRWTHRHE COMERRE S LT, RS TOHKIET) (10 et
J&) B WERELE TR L b o2 L,

XY BEWEEAE OB EREEZ M T EITOEIEA L TNDENE I A,
—IBIIARER A EICL D . —EI RIS L 0 IR L. SPEKIEDY 10 FEREER CREE
SNEFRENTHABEGORENCREST-WH L 72> TWEMNE ) E . FHfli L7z,

2.3 R A S
2.3.1 X 7 IR PEARBES K B

SRR U 7AW 5%, X 1.2.1(1) T/” 9 No.1. No.2 #1/5Tdh 5, No.l Hi
J1X, Estero de San Miguel ™ Mendiora #& {1 31T O Wi T3 ¥ . No.2 #1413, Estero de Quiapo
WZHAT D ZIREFKEOWE CThH 5, Tk, ZREi., W7 —& b AR
Db DONINT LD FREFE S HKRW -, AETEZ T IS4l &K
WAERD, EWREFHE 21T 572, 7235, Estero de Alix [ZATHE TRR7= X 912, ERIZ
BILDOHNTEY, JKkEEE L TOEREIXTS R0,

@ No.1 HiiL (Estero de San Miguel)

Section Area (kmz) QlO(m3/ s) Remarks
Pumping Station 2.293 10.8 | Design and Works
Q-No.1 0.100 0.5 | Area Ratio Calculation




LR TCKEHE AT o2 2 A, TO X ) iR R G o,

Quiapo No.1
10.00
Bottom of Concrete Slab
9.50 I —
9.00
n y
8.50 i Water Lvel =8.00m
E
=
2 800 -
=
-
=
= ity = -
750 ’Veloclty 0.039 mys, Fr.No.=0.012 ‘ /
7.00 - \‘/
6.50 -
6.00 1 1 1 1
-2.00 0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00

Distance (m)

Thbb, BETOAT 7O FmEmA 870micxt L, KA 8.0mazEL Th, il
12722 0.039m/sec. TH Y . 7b— REd 0.012 TH Y, Zhu, KO FREIDH 5
& DHWHIINLHOZ ENARETH D LTS5, L7272 > T, Estero de San Miguel |35
T RPEKEGHEKRENC R A TR TR ®H D LV 2D,

@ No.2 #isl (Estero de Quiapo ~D it A _IRHPEK )

Section Area (kmz) Ql 0(m3/ s) Remarks
Pumping Station 2.293 10.8 | Design and Works
Q-No.2 0.100 0.5 | Area Ratio Calculation




Quiapo No.2

6.00
Bottom of Concrete Slab
5.00 c
Y
4.00

Water Lvel =3.50m ‘

Velocity = 0.027 m/s, Fr.No.= 0.007 ‘

Elevation (m)
=

~

>

=
p

1.00

0.00

-2.00 0.00 2.00 4.00 6.00 8.00 10.00 12.00

Distance (m)

ZIZTH, BETFTORATTOFEMN 420micxt L, K 3.50mZ2MELTH, it
BT 0.027m/sec. TH Y . 74— FEE 0.007 THY . ZiUL, KU NRENIN S
B EDHEWBNISL ST EMRARETH D, L72A > T, Bstero de Quiapo ~D IR AHEK
BiL, 7 RYAKEBHKENCAB TR TREAND D VA5,

232 TELA Yoy 7 K PEK

HIECHH LA s sk, X 1.2.1(1) T/ No.3 Higi, I ONS Estero de
Sampaloc @ 04000 Hi5, 0-+339 Hiuf, 0+506 i TH D, ZHHIZOWT, No3
SOWET — 2 IXBARRERFO b OIS, o 3 #uS B FHE R O W T — &
RFEET D, 2D, Nod HUSIZHOWTiE, HEREZ RIS HIE R & KEE
Kb, BEBZHE 21TV, o 3 HSIZ W T, 0+000 HiE 2> B OHEWTEIFR A 5y
MBIz, REFRFIR ATV, BRAERHE 21T 572,

14.00



@ No.3 His (Estero de Sampaloc)

Elevation (m)

)

11.00

10.00

9.00

8.00

7.00

6.00

5.00

4.00

Section Area (kmz) Ql O(m3/ s) Remarks
P.S. 3.284 15.6 | Design and Works
Aviles No.3 2.550 12.1 | Area Ratio Calculation
Aviles No.3
Bottom of Concrete Girder = 8.42m }
—e —
Water Lvel =8.40m
L >
[ Velocity = 0.649 m/s, Fr.No.= 0.167
-2.00 0.00 4.00 6.00 8.00 10.00 12.00

Distance (m)

14.00

TR, BETOZAT 7O TED 842mIcxt L, KENPHT FO-1EW 0 8.40m %

BETE, JEEI 0.649m/sec. TH Y . 70— R 0167 THY . L, 7 FREH

R % & ORI EHIZITREGGR O D 2 LT WA AP ORIL 2 ET

HE FREETOEERE), it FhE

xH 5 LR s D,

0+000 M0, 0+339 i, 0+506 Hisl (Estero de Sampaloc)

Section Area (km2) | Q10(m’/s) Remarks

Pumping Station 3.284 15.6 | Design and Works
Aviles 0+000 1.931 9.2 | Area Ratio Calculation
Aviles 0+339 1.516 7.2 | Area Ratio Calculation
Aviles 0+506 1.312 6.2 | Area Ratio Calculation

Estero de Samapaloc (% 0+000 M 51 C Lacson Street FiZiXW\N 0, BFE L 72> TN 5,



Cross-sectional Profile of Aviles 0+000

13.00

12.00

11.00

m

—
g
>
S

8 \)_‘ [
L —0—Ymp
——Ypre

9.00

Elevation (m)

8.00

7.00

6.00
-3.50 -3.00 -2.50 -2.00 -1.50 -1.00 -0.50 0.00 0.50 1.00 1.50

Distance (m)

Z OO T s Td 5D 0+000 Hi TOHFKMAEHTE D £V O 12.0m THEL
T, JiElE 1L.7m/sec. 22 5, Lo L, T O LHii TOMO 2 Wik T, iiiE T 0.3m/sec.
~0.5m/sec.FRETH Y | BAKK & LTOWRTRENELH D L BDOIDL1, 22N bIFRE
7% 0+000m MR TlX, ZHAFOMELHY . ZOHRTOW FRe /B LTk, B
WD, Tbb, TELR - Hooiny 7 JekBh oKD AA - =K & 1X
FUVEE,

233 R U R T« U T HERBESHE K

HIEITRIR U2 BRI HSE, X 1.2.1Q2) TR g™ 04431 M, 14244 i, 2+402
i, 2+859 HiS D 4 HIFThH D, 2+859 HimlL, AIETERTWVA LI T, U~L¥
v RS & OFHg RS L ST aiaTh b, ek, 2D OWiHEA IEHEK
¥%55 75> 5 @ Estero de Tripa de Gallina {5V OREBEZ /KT, T 7206, 2+859 & IXHEAKRE
Bimn 5 2,859m i AR,

Estero de Tripa de Gallina (X, W72 7 —Z BNELNTND DT, AN D, it
FECORERAELZFERL, ZNOOWM NN OHELIToT2, ¥, TEARDYEKE
BT OWTIE, B LiRHLS O 04439 MmO Wi 2 FIH U CRHR A F0i L=,



@  0+431 HR, 14244 His, 2+402 Hi5, 2+859 Hisl (Estero de Tripa de Gallina)

Section Area (km®) | Q10(m’/s) Remarks
Pumping Station 17.05 57.0 | Design and Works
0+431 10.84 36.2 | Area Ratio Calculation
1+244 5.49 18.4 | Area Ratio Calculation
2+402 0.35 1.2 | Area Ratio Calculation
2+859 0.35 1.2 | Area Ratio Calculation

PR TARERIREEZER L72E 2 A, UFD XD RfERM G LT,

Longitudinal Profile of Tripa de Gallina Drainage Channel
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—a— Girder Elevation
—o— Water Level(m)

o

Elevation (m)
=

0 500 1000 1500 2000 2500 3000 3500
Chainage (m)

(ZZ T, Zs lIRIFEIR S %2~ 7)

Tabb, RUOTETKEEZ 120m IZHEETLE. RUo78OHEKENTH D
57m’/sec \Z ki L2 ElE, SHUS CH T ABETH D 2 L2V 5,

B, FER TN EMHT FEDNEEIT L TV D 24402 HiS1X, LFTOBEEIZRT XL 97
RN 72> TW D,



Estero de Tripa de Gallina 2+402 #155 (2007453 H 9 H)

FThbb, M FEAELOEREES L R VIES RoTEBY . 2 & 2 KEAH
TLERUCIZARD X IR > T EFAITKAL ERA-$225, K E LTt
TRENZALTWD LY s,



E  HABIET TR DB DR



E HKBER TR BN EE S ERE

B

XTHR, TELA - Hroiay sy hUS T« U FOPKEES O EHEOBLIR
A ORER, AT 20~30 FFORIOBEHOFER, W OEIEF ILITBVIAENTDH
AEGETIEHRVRBUCH D Z DV Lo, 2 HHEKBES DR o 7 s iE i 1k
IBVIAENZGA . ED X D IREBNTDHONE KB ITE N SRR ETT 572,
LUFIEZ OBGEIHER TH 2,

HEKH LR T

FHERIES OPEAOKEGE TIZLL O XL 5 TH D,

PEARBE S HEAK B4k 1 £ (km”) HEAKBE S (m/s)
X7 R 2.29 10.8
TELVA-Hr gy 3.28 15.6
YR T - TS 11.56 57.0

T BHEKEE D DEEICIE. 10 FFRERMEICRT LT, 12 REfLINICHEKR T 5 = & 24
e LT, BESNTWS, £7-. ZOMOTFREAKIEIX., 20cm & SN TW5,

7o, FrE (1974 4F) (S S 7 RN B O FERRGREE # R I3LL T O &
j/l/wcll\%)o

5106
(t + 1)0.46

Z 2T, 1 BRERY9EFE (mm/hr)
t o PERAERERFH (min)

RN 7 R 1k IR R R

R T PRI D3 2 BT8R #h R 12 B L CTIE. 2004 47> 5 2005 20T T
Nz~ = EEREE O s HE A RS BE 1) B SR 1 3\ A R AT R RN 9 B8 R R oo LT L an
ITHONLTEY, UTOLOREHIINLTWS, KReITiE, ZhveFEHRL,

1216
(t +11)°%



4. i an A Bl = 74 4
RO RIFERNRE R (10 4£6#ER) 1T, TR, TELR-H o ay 7,
cUR T« HYFZNENOPKEG~DIHNA S 77 7ORE{T>T2, &
nix, AREHRIC L VIToz, 2 OBOEKBIERRHREIT T ENROE %
2005 F-BHR A COR RN L,
BEAKI PR BERER] (hr) R
X TR 1.00 0.737
TELVR Yy 1.39 0.715
KU eF e HUF 1.39 0.619
ek, FHEERANA = h 777 Ui, iR EZEA L2 (1974 3t S
), BEINTHANA RO VT 7133 4-1~4-4, 725NN 4-1~4-4 [TRENTWD
Do
5. PEKFHR &k B
FTAHR, TELVR -V ooimy 7 BRSOk, BEEREETIEENEmaT
L7eitlka A L TV ADBIZ> TWAD A, FEEMICF@E L7ikzA L Tnbd 2 &
ME ., BEMRR S PRGBS O - 010, KETOHEK « K EBREFNC
WTIE, FNENORHEEIZEE LR FEH L, k=) 7 yib@oa s % —[K
ZEHL TS,
HEFERICINTE., FREROBAIZHOWTUTICRT L9 BN E L7,
Ry TG R R
BEAK LR Y =2 —2am’) | LEANm) | JCEEEm)
XT7R+ TELR Y0y 906,390 1.61 1,804,091
FUReF e HFYF 1,626,804 2.21 2,349,484
R T LA R
BEAKIS LR Y 2 —2am) | LKA (m) | LR mY)
X7 R 476,128 1.50 1,014,662
TELZR Yoy 372,534 1.42 854,257
FTR+ TELR B oy 247,757 1.32 661,053
FUReF e FYF 387,169 1.88 1,182,492

FEREICBWT, 7 NP EEE T RO E KX, TEL R - S omy
I HEKMESE DR Y TEIEEDO LN TON TWARSIZHNL L, TEL X - g vy
BEKBE S E L T R ORI KL, 7 RS O R TEIRO L3 Tn b



BTN T2, 2B, ENENLO%HE ORFRGEIC XD HEK « KR O 2l % X
5-1~5-4 |TRT,

iﬁ@@ﬁﬁjwmiﬁ%m%EKﬁbht%%%EﬁK@ﬁéﬂkﬁ%%ﬁ®ﬂ
HA—ELLIZLTHELNATWDS, HE-RNY 2—alifbFR a2 —Xzikic L
AEERR L, FT7TRENCT E LR - Foota y 7 HEKIRIc ok, @) 7T
HHZENBISS5IZRL, RUR T - FUFIZONTE, X 5-6 1277,

RN TIEEEP IR OILEHAKEIL, ERea s 2 —MIcE &, DTOL ) ICHEES
nTns,

eI O3B K T (m) KA | B llHuE &
X 7R 0.42 1.42 1.00
TELRA Yy 0.50 1.50 1.00
XTHR + TELAR-Hrmayy 0.61 1.61 1.00
INURARI AR R Rn 0.21 2.21 2.00

¥, LEKITRIL, KN TOPKENZ R < & BIRV#R R (=07 =Kk
o) LlEEAKMLEDEL LTHEEL TV D,

FTHRWRNZIT ELVR - Frovmy 7 O0#EE CoOmE LRI OV T, X 5-7
Rl 2 —Xix, X 5-8 1277,

FTREORTEL R« Hoosmy 7 oW T, WK o [E] Ry s H 1k R
DEBRG > &b RE <, TS HH O EEREIEOILEE L | [FIRSEE - oD
WA X 5-9 1R Lz, T, HAOFPHILE T ERF OIS L, KAOEHLY
I, EESTUEREOILESE AR, 72 L, MAOEHSIE. & BICIREMNICA S A0
WA ThHdH, RBZLIE, #EKKE (2T n0) = 725N, = A7 o |XTIFHE
B LOmANCHETY T TH D,

—J7. FUR T« FYFHOKEICE L ik, TR AR 5-10 IR L, X
—X %, X511 12R7, £o, IBEEOILA Y EX 5-12 1[2R7,

Ry TR R BT AL AKNIE 1.88m EHESNTWAN, a ¥ —XIiZk
W, EE20mUL TOESIE. = AT aN2LNT, R R 5 « F U FHKEES -
VI A EKMN DI S & 7> TEY . %E%ﬁm%w%ﬁ@mo
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1. F7REKBISHBIBRLIRGIEE ( QUIAPO )
1.1 BIARBFLRETES
1.1.1 FLOW SHEET OF COOLING WATER EQUIPMENTS

The cooling water system is composed from following equipments described in flow sheet and equipments of
heat resource are shown in table.

—] CLEAR
7| WATER
SERVICE
TANK

TO
OTHER MAIN PUMPS

FROM

DLt OTHER MAIN PUMPS
| 54—‘ AND GENERATETORS
©
@ 4H> REDUCTION
GEAR
Xw ‘ MAIN ENGINE ‘ ‘ ‘
TO
L OTHER
COOLING
TOWERS
COOLING
WATER FROM
\?VI;\%I'/;; PUMP OTHER
Puve () | (W) P [ COOLING
i TOWERS
\j
C£‘_ v v
H e A
Heat resource
Output (kW) Sets
Main engine 96 4
Reduction gear 96 4
Generator engine 70 2

1.1.2 REQUIRED COOLING WATER CAPACITY
Total required cooling water capacity is determined by following equation.
QCW = 2 Q

(1) Required cooling water capacity for Main Engine

Required water capacity is calculated below.

Que = Q.
ME 60 x AT x C x 71

Que : Required water capacity for main engine (L/min)

AT : Temperature difference of cooling water between input and output

= 15°C
C . Specific heat of water

= 419 kd/(kg*°C) = 4.19 kWxs/(kgx°C)
Y  : Mass of water = 10

Q, : Quantity of heat of Main Engine  (kJ/h)
Q= Pt x B x Hy x T

Pe  : Engine output kW

Be : Fuel consumption kg/kW/h



Hy : Net calorific value of diesel ol 42700IMJ/kg

T : Heat radiation factor
Que = 418,118
ME 60 x 15 x 419 x 1.0
= 110.9 L/min = 120 L/min

(2) Required cooling water capacity for Reduction Gear

Required water capacity is calculated below.

Q. = 60 x Pg x(1- 1)
¢ AT x C x 71

Qg : Required water capacity for reduction gear (L/min)

Pe : Engine output kW
AT : Temperature difference of cooling water between input and output
e

C . Specific heat of water
= 419 kd/(kg*°C) = 4.19 kWxs/(kg*°C)

r : Mass of water =10

n . Efficiency of reduction gear

Q. = 60 x 96 x (1 - 0.96 )
G 15 x 419 x 10

= 3.7 L/min = 10 L/min

(3) Required cooling water capacity for Generator Engine

Required water capacity is calculated below.

Qe = Q.
Ge 60 x AT x C x 71

Qge : Required water capacity for generator engine  (L/min)

AT : Temperature difference of cooling water between input and output

= 15°C
C . Specific heat of water

= 419 kd/(kg*°C) = 4.19 kWxs/(kgx°C)
Y . Mass of water =10

Q. : Quantity of heat of Main Engine (kJ/h)
Q= Pt x B x Hy x T

Pe  : Engine output kW

Be : Fuel consumption kg/kW/h
Hy : Net calorific value of diesel oil MJ/kg
T  : Heat radiation factor
M. = 304878
60 x 15 x 419 x 10
= 80.8 L/min = 90 L/min

Therefore, total required cooling water capacity for each pump is

Qe = 2 Q
120 + 10

130 L/min < NAEKRT (ERTRH)WERE




And then, for each generator

Qowe = 90 L/min <— ;%£”7K7|€>70 (%%*ﬁ%%) M‘g?ég% ‘

1.1.3 REQUIRED TOTAL HEAD FOR WATER COOLING WATER

For calculation, some conditions and requirements are supposed and given that,
a) LWL of Cooling Water Reserver is 3,000mm from surface on pump floor.
b) The admissible pressure for inlet of engine is from Om to 10m or less.
d) Required total head is divided as below
Before engine, total head is borne by cooling water pump, so
after pass the engine other total head is borne by included pump of the engine.

¢) Required residual head for cooling tower is about 5m

So, total required head shall be calculated for the most farther pump from Cooling Water Reserver and Cooling
Towers.

(1) For cooling water pump

(1)-1  Actual Head

Ha = 1555- 8.1 LWL m
= 745 m Inlet level for engine 1555 m
Has = 35m  Suction section Standard level m
Had = 395 m Discharge section of cooling water pump

(1)-2 Loss Head

a) Suction section

D1 Q = 130 L/min
Pipe bore _m 0.05 = 000217 m*/s
Veracity m/s 1.103
Veracity Head m 0.062

1) Friction loss of discharge straight pipe

_ L Vv A = (002+1/(2000x DI ) x 15
hls= N
= A X X = 0.045
= 0.53 m L = 95 m approx.
2) Friction loss of foot Valve
2 _
h2s= ¢ «x v ¢ = 22
2g
= 0.136 m
3) Minor loss
Supposed as 0.5 m
So total suction loss head is 1.166 m = hfs= 117 m
b) Discharge section
D1 D2 Ql = 130 L/min Q3
Pipe bore m 0.05 0.05 = 0.0022 m*/s
Veracity m/s 1.103 1.019 Q2 = 120 L/min
Veracity Head m 0.062 0.053 = 0.0020 m*/s




1) Friction loss of discharge straight pipe section D1

_ L V2 A= (002+1/(2000x DI ) x15
h1d=
e A TR = 0.045
= 0.067 m L = 1.2 m approx.

2) Friction loss of discharge straight pipe section D2

_ v A = (002+1/(2000x D2 ) x15
h2d= A x —=—
*Tbz ¥ T2 = 0.045
= 0.239 m L = 5m approx.
3) Minor loss including divided flow loss
Supposed as 3.0 m
So total suction loss head is 3.306 m = hfd = 331m
(1)-3  Total Head
HT = Ha + Hfs + Hfd
= 1193 m so, required total head of cooling water pump is determined 12m or more.
(2) For included pump of the engine
(2)-1  Actual Head
Ha = 1295- 1585 + 5 Outlet level for engine 15.85] m
= 21 m Inlet level 12.95] m
for cooling tower
Required head at m
inlet for cooling tower
(2)-2 Loss Head
#
D1 D2 D3 Q1 5| 130]L/min Q3 =] 203]|L/min
Pipe bore m 0.05 0.1 0.08 = 00022 m/s = 0.0056 m*/s
Veracity _m/s | 1.103] 1294 1.104| Q2 =[__610]L/min
Veracity Head m 0.062 0.085 0.062 = 00102 m%/s

1) Friction loss of discharge straight pipe section D1

o= A1 x L . V? A = (002+ 1/(2000x D1 ) x15
D1 2¢g = 0.045
= 0.497 m L = 89 m approx.

2) Friction loss of discharge straight pipe section D2

_ L V? A= (002+ 1/(2000x D2 ) x15
h2 = L
A x5 X = 00375
= 0.956 m L = 30 m approx.

3) Friction loss of discharge straight pipe section D3

_ L V? A= (002+ 1/(2000x D2 ) x15
h =
37 A X x = 003938

= 0.092 m L = 3m  approx.

4) Minor loss

Supposed as 2.0 m
So total discharge loss head is  3.545 m = hfd = 355 m



(2)-3 Total Head

HT = Ha
5.

+ Hfs + Hfd

65 m

=

6 m

so, required total head of included pump of the engine is determined 6m or more.

1.1.4 REQUIRED DIAMETER OF RETURN PIPE OF COOLING WATER

Actual Head

Ha

is,
10.5 -

-23 m

12.8

Outlet level m

for cooling tower

Discharge level of m
return pipe of cooling water
on cooling water reserver

Assuming that length of return pipe from cooling tower to cooling water reserver is m.

Q =[_8igL/min <—-H

= 00102 m*/s

D=2 T80 —KE

Diameter of return pipe of cooling water from cooling tower is determined that total loss head depending
on pipe bore must be less than absolute value of actual head from cooling tower to reserver.

Pipe bore m 0.1 0.125 0.15
Veracity m/s 1.294 0.828 0.575
Veracity Head m 0.085 0.035 0.017
A 0.0375] 0.0360/ 0.0350
Friction loss m 0.96 0.30 0.12
Minor loss m 1.5 1.5 1.5
total loss head m 2.46 1.80 1.62

Therefore, required pipe bore is 125A or more.

including velocity head



1.2 BRBEHEE ( QUIAPO )
1.2.1 THE OBJECTS FOR CALCULATION OF VENTILATION CAPACITY

The equipments and points for calculation are listed below.

Equipments Points to Check
MAIN ENGINE Quantity heat due to radiation
Amount of combustible air
REDUCTION GEAR Quantity heat due to radiation
GENERATOR AND Quantity heat due to radiation
ENGINE Amount of combustible air
EXHAUST PIPE AND Quantity heat due to radiation
SILENCER FOR MAIN ENGINE
EXHAUST PIPE AND Quantity heat due to radiation
SILENCER FOR GENERATOR

1.2.2 CALCULATION OF VENTILATION CAPACITY
The ventilation capacity shall be depended on the sum of amount of combustible air by engines and
cooling air for quantity heat due to radiation by equipments.

V=V1 +V2

In this case, we shall disregard heat radiations from panels. Because cubicle switchgear and DC panels
are in electric electric room that has individual ventilation, and control panels shall release less amount of
heat in engine room.

(1) Required ventilation capacity of cooling air for quantity heat due to radiations

_ > Q
VIZ %0x T, x{ & - &) x P

V1 ; Required ventilation capacity m®/min

0 : Airdensity (at 920hPa, 37°C, 50%RH) keg/m°

G, : Specific heat capacity at constant pressure of air kWh/kg/°C
t, ; Room air temperature 0C

t, ; Outdoor temperature °C

1-1) Quantity heat due to radiation from Main Engine: Q¢
Qe = n x Pg x Bg x Hy x f

n ; Quantity sets
Pe ; Output of main engines kW
Be ; Fuel consumption keg/kW/h
Hy ; Net calorific value of diesel oil kWh/kg
f : Radiation ratio of diesel engine (up to 1,000min ")
Qe = 4 «x 96 x 034 x 1192 x 0.025
= kw

1-2) Quantity heat due to radiation from Reduction Gear: Qg
Qe = n x a x Pg x(1-ng)

n ; Quantity Esets
o ; Coefficient of radiation of reduction gear

N ¢; Transmission efficiency

Q: = 4 x0 «x 96 x (1 - 0.96)
[ 2.30[)kw



1-3) Quantity heat due to radiation from Engine for Generator: Qg

QE_ n X

QE: 2 X

= 22.7|[kw

Pee x Bae x Hyge x fee

; Quantity I 2isets
; Output of engine kW
;. Fuel consumption kg/kW/h

;. Net calorific value of diesel oil 11.92)kWh/kg
: Radiation ratio of diesel engine (over 1,000min ")

70x 034x 1192x 004

1-4) Quantity heat due to radiation from Generator: Qg,

PGn X PFGnX(1_nGn)

Qe = n x

n

PGn
Pkan

nGn

OE: 2 X

17.16|kw

;. Quantity sets
; Output of generator kVA

; Power tactor of generator

. Efficiency of generator 0.857

75 x 08x(1- 086)

1-5) Quantity heat due to radiation from Exhaust pipe of Main Engine : Qgyxe

27w x( 6, - 6,)

Q = X
EXE n 3 | a - 2 x L / 1000
—x
A n do a x d1
n ; Quantity I 4isets
6, : Exhaust gas temperature (non turbo charger) °C
6. : Room air temperature °C
A ;. Thermal conductivity of a thermal insulation material 0.0688]W/m/°C
d, ; Outside diameter of a thermal insulation material m
do ; Inside diameter of a thermal insulation material m
o ;. Surface coefficient of heat transfer
of a thermal insulation material W/m2/°C
L . Length of a thermal insulation material m
Quee = 4 ——2 X x(400 = 37) , 43 , q000
1 % In 0.25 , 2
0.0688 0.15 10 x 0.25

1-6) Quantity heat due to radiation from Exhaust pipe of Generator Engine : Qgxge

27[X( er_eo)

Qexe = n x— ) 5 —x L/ 1000
TX In % + @ x d

n . Quantity sets

0, ; Exhaust gas temperature (non turbo charger) °C

7] + ; Room air temperature oC

A Thermal conductivity of a thermal insulation material W/m/°C
d, ; Outside diameter of a thermal insulation material m

dy Inside diameter of a thermal insulation material m



o ; Surface coefficient of heat transfer

of a thermal insulation material

L ; Length of a thermal insulation material
_ 2w x( 400 - 37 )
QEXE = 2 x 1 018 2 X 9 / 1000

00688 * " 008 "0 x 0.18

Therefore, V1 is

2 Q
60 x C, x( t, - t )

Vi=

3891+ 230+ 2270+ 17.16+ 1442+ 3.18
60 x 0.00028 x ( 37 - 27 ) x 1.024

= 573.6 m®/min = 574 m>/min
(2) Required ventilation capacity of combustible air
V2= > Vg

2-1) Amount of combustible air of Main Engine : Vg

A0 x BE X PE X K Po tN + 273

Vee =n x 60 Py X7 213
n ; Quantity
Aq ; Amount of theoretical combustion air for diesel oil
Be : Fuel consumption
Pe : Output of main engine
K ; Excess air ratio . Diesel Engine
Po ; Standard atmospheric pressure
Py ;. Atmospheric pressure at running condition
ty . Atmospheric temperature at running condition
Ve = 4)\11.2 x 034 x 96 x 25 1013 37 _+ 273

60 X920 * 273

=m3/min

2-2) Amount of combustible air of Generator Engine : Vgge

A0 x BE X PE x K Po ty + 273

Veae =n 60 Py T 213
n . Quantity
Ay : Amount of theoretical combustion air for diesel oil
Be ;. Fuel consumption
Pe : Output of main engine (supposed)
K . Excess air ratio . Diesel Engine
Po . Standard atmospheric pressure
Py ; Atmospheric pressure at running condition
tn ;. Atmospheric temperature at running condition

S

sets

m®/kg (NTP)
ke/kW/h
—

1013 hPa

o)
e

sets
m®/kg (NTP)

kg/kW/h
oW

1013 hPa

——om)ves
e



« 112 x 034 x 70 x 25 1013 37 + 273

Vsee = 2 60 X7920 X7 273

=m3/min
Therefore, V1 is

V2 =Vg + Vgge
76.18 + 27.77

104 m*/min = 104 m®/min

Thereby total ventilation capacity is fixed below,

V=V1 +V2
= 574+ 104
=__ 678 m*/min < l\\g]‘-ﬁﬁ"’éﬁ
= 113 m%s
= 40,680 m*/h



2. PELR-HonOyodkigwBsaRtiRitgE ( AVILES )
21 RUTRUBESE AEHEES
2.1.1 SPECIFICATIONS OF MAIN DRAINAGE PUMP in AVILES PUMPING STATION

2.1.1.1 OPERATING CONDITIONS

(1) CAPACITY

Aviles Pumping Station is expected to reinforce the total discharge capacity as 3m®/s without
increasing the number of installation of main drainage pumps.

a. Total Capacity Q; = 171 m%/s  (The present conditionis  14.1 m%/s )

b. Unit Capacity Q = 4275 m*/s (The present condition is 3.525 m/s )

(2) Water Level

Pasig River Estro Note
High Water Level 10.5 13.2
Low Water Level 10.3 10.5

(3) Actual Head

Design actual head is calculated following

Ha = Ham x C
Ham : Maximum actual head = 132 - 103
= 29
C : Correction factor = 0.8
Ha = 29 «x 0.8
= 232 m

(4) Loss Head

/ v
/
— LWL ’ ‘ l Pasig River

Estero

D1 D2
Pipe bore m 1.2 1.5
Verocity m/s 3.780 2419
Verocity Head m 0.729 0.299
1) Friction loss of discharge straight pipe
P S o A = (002+1/(2000x DI )) x15
D1 2g = 0.03063
= 0.124 m L = 6.68m

2) Friction loss of bend pipe (60 deg D=1.2m)

2 —
2= & x -V & = 0268
2g
= 0195 m



3) Friction loss of conical pipe (D=1.2m — D=1.5m)

2 _
g = ¢ x Y &= 019
2g
= 0.139 m
4) Friction loss of bend pipe (60 deg D=1.5m)
2 _
= & x Y & = 0268
2g
= 0.080 m

5) Friction loss of discharge straight pipe

_ L V2 A = (002+1/(2000x D2 ) x15
h5 = A
*D2 X Tog = 0.0305
= 0.023 m L = 38 m
6) Friction loss of flap valve
2 _
he = & x —v ¢ = 0.5
2g
= 0.150 m
7) Velocity head loss
2 _
h = & x—Y ¢ = 1
2g
= 0.299 m
8) Screen loss
h7 = 0.300 m
Therefore, total loss head is determinded below.
h = 0124 + 0.195 + 0.139 + 0.080 + 0.023 + 0.150 + 0.299 + 0.300
= 131 m
(5) Pump Head
H = Ha + h
= 363 m = 36 m
2.1.1.2 Determination of diesel engine output
Diesel engin output for main pump driving is fixed below.
_ Q x H Q : Pump capacity (m*/min)
= 0.1 o X H
P 0163 x Np x MNg x « H : Pump head (m)
Np: Pump efficiency (%)
R i ici %
— 0463 x Q x H < Na eduction gear efficiency (%)
Nep x Ng a : Allowance output
_ 2565 x 3.6
= 0.163 X—O.B 096 x 1.25

245 = 240 kW e,—ﬁyj"@]jj




2.1.2 SPECIFICATIONS OF REDUCTION GEAR EQUIPMENT

Transmission capacity of reduction gear equipmt that driving main drainag pump is fixed with the

following formula.

Transmission capacity

_ Driver output X

Load factor

Life factor
Load factor of reduction gear to driver and coupling type
Input side | .| High elastic Flexible
coupling| Fulid coupling counrin couprin

Driver pring pring
Mortor or turbin 1.00 1.00 1.00
Dle.sel engine with 6 1.00 110 195
cylinders or more
Diesel engine with less
than 6 cylinders 1.10 125 1.50

Life factor of reduction gear to running time

Total running time (h) 12,000 or less | 25,000 or less | 35,000 or less | 50,000 or less | 75,000 or less
Annual running time (h) 300 or less 600 or less 900 or less 1,200 or less | 2,500 or less
Life factor 1.33 1.00 0.87 0.82 0.72
T applied
So,
Transmission capacit = 240 X 1.10
pactty 0.87
= 3034 kW = 305 kW

L TR AL B )




22 HIBBEHRHES ( AVILES )
2.2.1 FLOW SHEET OF COOLING WATER EQUIPMENTS

The cooling water system is composed from following equipments described in flow sheet and equipments of
heat resource are shown in table.

] CLEAR

WATER
SERVICE
| | TANK
TO
OTHER MAIN PUMPS
FROM
o ﬁ OTHER MAIN PUMPS
| >—| AND GENERATETORS
5
@ AH REDUCTION
GEAR
Yo MAIN ENGINE
[ | |
TO
L OTHER
COOLING
TOWERS
COOLING
WATER FROM

CLEAR

WATER PUMP P | OTHER
COOLING

Puve (W) | (W) AL i TOWERS

\
C£‘-_ v v
®- - A

Heat resource

Output (kW) Sets
Main engine 240 4
Reduction gear 240 4
Generator engine 70 2

2.2.2 REQUIRED COOLING WATER CAPACITY
Total required cooling water capacity is determined by following equation.
QCW = 2 Q

(1) Required cooling water capacity for Main Engine
Required water capacity is calculated below.

Q.
60 x AT x C x v

Que =

Que : Required water capacity for main engine (L/min)

AT : Temperature difference of cooling water between input and output

= 15°C
C . Specific heat of water

= 419 kd/(kg*°C) = 4.19 kWxs/(kgx°C)
Y  : Mass of water = 10

Q, : Quantity of heat of Main Engine  (kJ/h)
Q= Pt x B x Hy x T

Pe : Engine output kW
Be : Fuel consumption kg/kW/h

Hy : Net calorific value of diesel ol 42700]MJ/kg

F-13



T  : Heat radiation factor

Que = 830,088
ME 60 x 15 x 419 x 10
= 220.1 L/min = 230 L/min

(2) Required cooling water capacity for Reduction Gear
Required water capacity is calculated below.

60 x Pg x(1- 1)

Q =
¢ AT x C x 7
Qg : Required water capacity for reduction gear (L/min)
Pe : Engine output kW
AT : Temperature difference of cooling water between input and output
L5
C . Specific heat of water
= 419 kJ/(kg*°C) = 4.19 kWxs/(kgx°C)
Y  : Mass of water = 1.0
n . Efficiency of reduction gear
Qe = 60 x 240 x ( 1 - 0.96 )
N 15 x 419 x 10
= 9.2 L/min = 10 L/min

(3) Required cooling water capacity for Generator Engine

Required water capacity is calculated below.

Qe = 9
GE 60 x AT x C x 7

Qge : Required water capacity for generator engine  (L/min)

AT : Temperature difference of cooling water between input and output

= 15°C
C . Specific heat of water

= 419 kd/(kg*°C) = 4.19 kWxs/(kg*°C)
Y . Mass of water =10

Q. : Quantity of heat of Main Engine (kJ/h)
Q, = P x B x Hy x T

Pe : Engine output kW

Bz : Fuel consumption kg/kW/h
Hy : Net calorific value of diesel oil MJ/kg
T  : Heat radiation factor
Que = 304878
60 x 15 x 419 x 10
= 80.8 L/min = 90 L/min

Therefore, total required cooling water capacity for each pump is

Qewp = 2 Q
230 + 10

240 L/min. « RHIKROT (FRVTH)MDERE




And then, for each generator

Qoo = __WUmn o GHEKRDT (REHA) LERE

2.2.3 REQUIRED TOTAL HEAD FOR WATER COOLING WATER
For calculation, some conditions and requirements are supposed and given that,
a) LWL of Cooling Water Reserver is 3,000mm from surface on pump floor.
b) The admissible pressure at inlet of engine is from Om to 10m or less.
d) Required total head is divided as below
Before engine, total head is borne by cooling water pump, so
after pass the engine other total head is borne by included pump of the engine.

¢) Required residual head for cooling tower is about 5m

So, total required head shall be calculated for the most farther pump from Cooling Water Reserver and Cooling
Towers.

(1) For cooling water pump

(1)-1  Actual Head

15.75 - 8 LWL

Ha

m
= 775 m Inlet level for engine| 15.75] m
Has = 35m  Suction section Standard level m
Had = 4206m Discharge section of cooling water pump

(1)-2 Loss Head

a) Suction section

D1 Q = 240 L/min
Pipe bore _m 0.065 = 0.00400 m®/s
Veracity m/s 1.205
Veracity Head m 0.074

1) Friction loss of discharge straight pipe

_ L Vv A = (002+1/(2000x DI ) x 15
his= A x5 x — = 004154
= 0.591 m L = 125 m approx.

2) Friction loss of foot Valve

2 -
h2s= ¢ «x v ¢ = 22
2g
= 0.163 m

3) Minor loss

Supposed as 0.5 m
So total suction loss head is 1.254 m = hfs= 125 m

b) Discharge section

D1 D2 Q1 = 240 L/min Q3
Pipe bore m 0.05 0.05 = 0.0040 m*/s
Veracity m/s 2.037 1.952 Q2 = 230 L/min
Veracity Head m 0.212] 0.194 = 0.0038 m’/s




1) Friction loss of discharge straight pipe section D1

_ L V? A = (002+1/(2000x DI ) x15
h1d=
e TR = 0.045
= 0.229 m L = 1.2 m approx.

2) Friction loss of discharge straight pipe section D2

_ v A = (002+1/(2000x D2 ) x15
had= A L
*Tbz ¥ T2 = 0.045
= 0.698 m L = 4m approx.
3) Minor loss including divided flow loss
Supposed as 2.0 m
So total suction loss head is 2927 m = hfd = 293 m
(1)-3  Total Head
HT = Ha + Hfs + Hfd
= 1193 m so, required total head of cooling water pump is determined 12m or more.
(2) For included pump of the engine
(2)-1  Actual Head
Ha = 1285- 1575 + 5 Outlet level for engine 15.75] m
= 2095 m Inlet level 12.85] m
for cooling tower
Required head at m
inlet for cooling tower
(2)-2 Loss Head
D1 D2 D3 Q1 = 240 L/'min Q3 = 525 L/min
Pipe bore _ m 0.065| 0.125 0.1 = 00040 m’/s = 0.0056 m*/s
Veracity m/s 1.205 1.426 0.707| Q2 = 1050 L/min
Veracity Head m 0.074 0.104 0.026 = 0.0175 m%/s

1) Friction loss of discharge straight pipe section D1

R N S o A = (002+ 1/(2000x D1 ) x15
D 2¢ = 004154
= 0.629 m L = 133 m approx.

2) Friction loss of discharge straight pipe section D2

_ L i A = (002+ 1/(2000x D2 ) x15
h2 = A x gy x5 = 0.036
= 0.785 m L = 262m approx.

3) Friction loss of discharge straight pipe section D3

_ L Vv A= (002+ 1/(2000x D2 ) x15
hd = A x o X = 00375
= 0.029 m L = 3m approx.

4) Minor loss

Supposed as 3.0 m
So total discharge loss head is 4443 m = hfd = 444 m



(2)-3 Total Head

HT = Ha + Hfs + Hfd
6.535 m = 7m

so, required total head of included pump of the engine is determined 7m or more.
224 REQUIRED DIAMETER OF RETURN PIPE OF COOLING WATER

Actual Head is,

105 - 1285 Outlet level 12.85] m

for cooling tower

Discharge level of m

return pipe of cooling water
on cooling water reserver

Ha

-235 m

Assuming that length of return pipe from cooling tower to cooling water reserver is m.

Q IB0L/mn < O—1)UH R —KE
= 0.0175 m*/s

Diameter of return pipe of cooling water from cooling tower is determined that total loss head depending
on pipe bore must be less than absolute value of actual head from cooling tower to reserver.

Pipe bore m 0.1 0.125 0.15
Veracity m/s 2.228 1.426 0.990
Veracity Head m 0.253 0.104 0.05
A 0.0375] 0.0360/ 0.0350
Friction loss m 2.85 0.90 0.35
Minor loss m 1.5 1.5 1.5| including velocity head
total loss head m 4.35 2.40 1.85

Therefore, required pipe bore is 150A or more.



2IPREBEHEE ( AVILES )
2.3.1 THE OBJECTS FOR GALCULATION OF VENTILATION CAPACITY

The equipments and check points for calculation are listed below.

Equipments Points to Check
MAIN ENGINE Quantity heat due to radiation
Amount of combustible air
REDUCTION GEAR Quantity heat due to radiation
GENERATOR AND Quantity heat due to radiation
ENGINE Amount of combustible air
EXHAUST PIPE AND Quantity heat due to radiation
SILENCER FOR MAIN ENGINE
EXHAUST PIPE AND Quantity heat due to radiation
SILENCER FOR GENERATOR

2.3.2 CALCULATION OF VENTILATION CAPACITY
The ventilation capacity shall be depended on the sum of amount of combustible air by engines and

cooling air for quantity heat due to radiation by equipments.
V=V1 +V2

In this case, we shall disregard heat radiations from panels. Because cubicle switchgear and DC panels are
in electric electric room that has individual ventilation, and control panels shall release less amount of
heat in engine room.

(1) Required ventilation capacity of cooling air for quantity heat due to radiations

_ > Q
VI2 50x C, x({ & - %) x 0

V1 ; Required ventilation capacity m>/min
0 : Airdensity (at 920hPa, 37°C, 50%RH) 1.024 kg/m3
C, . Specific heat capacity at constant pressure of air 0.00028|kWh/kg/°C

N Room air temperature °C
> : Outdoor temperature °C

1-1) Quantity heat due to radiation from Main Engine: Q¢
Qe = n x Pg x Bg x Hy x f

n ; Quantity sets
Pe ; Output of main engines kW
Be ; Fuel consumption kg/kW/h
Hy ; Net calorific value of diesel oil kWh/kg
f : Radiation ratio of diesel engine (up to 1,000min™")
Qe = 4 «x 240 x 027 x 1192 x 0.025
= kw

1-2) Quantity heat due to radiation from Reduction Gear: Qg
Qe = n x a x Pg x(1-ng )

n ; Quantity sets
o ; Coefficient of radiation of reduction gear

N q; Transmission efficiency

Qe = 4 x0 x 240x(1- 096)
| 5.76]kw



1-3) Quantity heat due to radiation from Engine for Generator: Qg

Qe =

Qe =

n X

2 X

22.96|(kw

Pee x Bge x Hyce x fee

Quantity I 2isets
Output of engine kW
Fuel consumption kg/kW/h

Net calorific value of diesel oil 11.92|kWh/kg

: Radiation ratio of diesel engine (over 1,000min"")

708 x 034 x 1192x 0.04

1-4) Quantity heat due to radiation from Generator: Qg,
PGn X PFGn X ( 1 - n Gn )
: Quantity sets

QE:

Qe =

n X
n

PGn

Pkan

nGn

2 X

17.16{kw

; Output of generator kVA
8]

. Power tactor ot generator

; Efficiency of generator 0.857

75 x 08x(1- 086)

1-5) Quantity heat due to radiation from Exhaust pipe of Main Engine : Qgyxe
27 x( 8, - 6,)

Qexe =

c’)EXE

n X

L

= 4 x

=L_13.43]kw

L 1000
NN 2 /
—x In
A dO a x d1
;. Quantity I 4isets
: Exhaust gas temperature (with turbo charger) °C
: Room air temperature °C
: Thermal conductivity of a thermal insulation material 0.0688|W/m/°C
; Outside diameter of a thermal insulation material m
: Inside diameter of a thermal insulation material m
;. Surface coefficient of heat transfer
of a thermal insulation material W/m2/°C
. Length of a thermal insulation material m
2w x (375 - 37 )
] 025 2 13 / 1000
X In +
0.0688 0.15 10 x 0.25

1-6) Quantity heat due to radiation from Exhaust pipe of Generator Engine : Qgxge

27TX( er_eo)

Qexe =

n X

" q > x L / 1000

Tx In a4 + o x d
: Quantity sets
; Exhaust gas temperature (non turbo charger) °C
; Room air temperature °C
; Thermal conductivity of a thermal insulation material | 0.0688]W/m/°C
; Outside diameter of a thermal insulation material m
; Inside diameter of a thermal insulation material m



o ; Surface coefficient of heat transfer
of a thermal insulation material

L ; Length of a thermal insulation material
_ 2t x (400 - 37 )
Qoe = 2 x— 078 7 —x 9 / 1000

00688 * " 008 70 x 0.18

Therefore, V1 is

2 Q
pX( tn_tO)

VI %ox ©

7724+ 576+ 2296+ 1716+ 1343+ 3.18
60 x 0.00028 x ( 37 - 27 ) x 1.024

= 8122 m*/mn = 812 m*/min

(2) Required ventilation capacity of combustible air

V2= 3 Vg

2-1) Amount of combustible air of Main Engine : Vg
A0 x BEX PEX K Po tN + 273

Vee =n x 60 Py X7 213
n ;. Quantity
Aq ; Amount of theoretical combustion air for diesel oil
Be : Fuel consumption
Pe : Output of main engine
K . Excess air ratio . Diesel Engine
Po ; Standard atmospheric pressure
Py : Atmospheric pressure at running condition
ty ;. Atmospheric temperature at running condition
Ve = 4x 11.2 x 0.27 x 240 x 25 1013 37 + 273

60 *7920 * 273

=m3/min

2-2) Amount of combustible air of Generator Engine : Vgge

A0 x BE X PE x K Po ty + 273

Veae =n x 60 Py X7 213
n ;. Quantity
Ay : Amount of theoretical combustion air for diesel oil
Be : Fuel consumption
Pe : Output of main engine (supposed)
K : Excess air ratio . Diesel Engine
Po : Standard atmospheric pressure
Py ; Atmospheric pressure at running condition
tn : Atmospheric temperature at running condition

[ ioJw/m?ec
[ SIm

sets
m®/kg (NTP)
kg/kW/h
=

1013 hPa

o)
e

sets
m®/kg (NTP)

kg/kW/h
Y

1013 hPa

——om)ves
e



« 112 x 0.34 x 70.8 x 2.5 M 1013X 37 _+ 273
60 920 273

3, .
m°/min

Therefore, V2 is

V2 =Vge + Vgge
1512 + 28.09
179.3 m*/min = 179 m®/min

Thereby total ventilation capacity is fixed below,

V=V1 +V2
= 812+ 179 _
= 991 m>/min %' \gmﬁgi
= 1652 m*/s
= 59,460 m’/h



3. BT ) KIS B R R AT 2
31 RIBBARHES
3.1.1 FLOW SHEET OF COOLING WATER EQUIPMENTS

( TRIPA )

The cooling water system is composed from following equipments described in flow sheet and equipments of

heat resource are shown in table.

ADJACENT
PUMP

FROM
ADJACENT
PUMP

—— CLEAR
WATER
SERVICE|
| | TANK
— _M_
——TO
OTHER MAIN PUMPS. GENERATORS
AND VACUUM PUMPS
FROM
GENERATORS
TO
1 Y
PAN
CLEAR REDUCTION
WATER GEAR
PUMP :@ I I
MAIN ENGINE
DIKCAIC) \ | |
e
(GEEGHGL
Heat resource
Output (kW) Sets
Main engine 331 4
Reduction gear 331 4
Generator engine 140 2

3.1.2 REQUIRED COOLING WATER CAPACITY
Total required cooling water capacity is determined by following equation.
QCW = 2 Q

(1) Required cooling water capacity for Main Engine

Required water capacity is calculated below.

Que = Q.
Y7 80 x AT x C x 1

Que : Required water capacity for main engine (L/min)

AT : Temperature difference of cooling water between input and output
= 15°C

C . Specific heat of water
= 419 kd/(kg*°C) = 4.19 kWxs/(kgx°C)

Y  : Mass of water = 10

Q, : Quantity of heat of Main Engine  (kJ/h)
Q= Pt x B x Hy x T

Pe  : Engine output kW
Be : Fuel consumption kg/kW/h



Hy : Net calorific value of diesel ol 42700IMJ/kg

T : Heat radiation factor
Que = 1,144,830
ME 60 x 15 x 419 x 1.0
= 303.6 L/min = 310 L/min

(2) Required cooling water capacity for Reduction Gear

Required water capacity is calculated below.

Q. = 60 x Pg x(1- 1)
¢ AT x C x 71

Qg : Required water capacity for reduction gear (L/min)
Pe : Engine output kW

AT : Temperature difference of cooling water between input and output
e

C . Specific heat of water
= 419 kd/(kgx°’C) = 4.19 kWxs/(kgx°C)

r : Mass of water =10
7 : Efficiency of reduction gear

Q 60 x 331 x(1-097)
G 15 x 419 x 10

= 9.5 L/min = 10 L/min

(3) Required cooling water capacity for Generator Engine
Required water capacity is calculated below.

Q

Q= % AT x © x 7
Qge : Required water capacity for generator engine  (L/min)
AT : Temperature difference of cooling water between input and output
= 15°C
C . Specific heat of water
= 419 kd/(kg*°C) = 4.19 kWxs/(kgx°C)
Y  : Mass of water =10
Q. : Quantity of heat of Main Engine (kJ/h)
Q= Pt x B x Hy x T
Pe  : Engine output kW
Be : Fuel consumption kg/kW/h
Hy : Net calorific value of diesel oil MJ/kg
T  : Heat radiation factor
M = 538020
60 x 15 x 419 x 10
= 142.7 L/min = 150 L/min

Therefore, total required cooling water capacity for total pumps is

Qe = 2 Q
=( 310 + 10) x 8
= 2560 L/min



And then, for generator

A SN S r—y—1
Qewe = 150 L/min <—/m £”7K7I_\/70M\g,§.3
1] > V=1
So, total required cooling water capacity is 2710 L/min <— 7 JJO 9 Ij 7](3
Existing fresh water pumps are three sets, so capacity for each pump is 677.5 = 700 L/min

3.1.3 REQUIRED TOTAL HEAD FOR WATER COOLING WATER
For calculation, some conditions and requirements are supposed and given that,
a) LWL of Cooling Water Reserver is EL. 8.60 .
b) The admissible pressure for inlet of engine is from Om to 10m or less.
d) Required total head is divided as below
Before engine, total head is borne by cooling water pump, so
after pass the engine other total head is borne by included pump of the engine.

¢) Required residual head for cooling tower is about 5m

So, total required head shall be calculated for the most farther pump from Cooling Water Reserver and Cooling
Towers.

(1) For cooling water pump

(1)-1  Actual Head

Ha =  142- 86 LWL m
= 56 m Inlet level for 142 m
main engine
(1)-2 Loss Head
a) Discharge section
D1 D2 D3 D4 D5 D6 D7
Pipe bore m 0.15 0.15 0.15 0.125 0.125 0.125 0.065
Veracity m/s 1.952 1.811 1.509 1.738 1.304 0.869 1.607
Veracity Head m 0.194 0.167 0.116 0.154 0.087 0.039 0.1320
Q1 = 2070 L/min Q3 = 1600 L/min Q5 = 960 L/min Q7 = 320 L/min
= 00345 m’/s = 00267 m*/s = 00160 m*/s = 00053 m*/s
Q2 = 1920 L/min Q4 = 1280 L/min Q6 = 640 L/min
= 00320 m*/s = 00213 m’/s = 00107 m%/s

1) Friction loss of discharge straight pipe section D1

_ L V2 A = (002+1/(2000x DI ) x15
1d=
htd= A x5 x —; = 0.035

= 0.023 m L = 05m

2) Friction loss of discharge straight pipe section D2

_ L V2 A = (002+1/(2000x D2 ) x15
h2d= A x 5= x —o = 0.035
= 0.857 m L = 22 m

3) Friction loss of discharge straight pipe section D3

_ L v A= (002+1/(2000x D3 ) x15
h3d= A x 5= x —o = 0.035
= 0.162 m L = 6 m



(1)-3  Total Head

4) Friction loss of discharge straight pipe section D4
_ L V2 A = (002+1/(2000x D4 )
h4d=
d= A x5 X g = 0.036
= 0.266 m L = 6 m
5) Friction loss of discharge straight pipe section D5
_ L v A = (002+1/(2000x D5 )
h5d=
= A x x5 = 0.036
= 0.15m L = 6 m
6) Friction loss of discharge straight pipe section D6
_ L V2 A = (002+1/(2000x D6 )
h6d=
6d= A x5 X = 0.036
= 0.067 m L = 6 m
7) Friction loss of discharge straight pipe section D6
_ V? A = (002+1/(2000x D7 ))
h7d= A L
*Tb7 ¥ T2 = 004154
= 0.506 m L = 6 m
3) Minor loss
Supposed as 5.0 m
So total discharge loss headis  7.031 m = hfd = 703 m
HT = Ha + Hfd
= 1263 m
so, required total head of included pump of the engine is determined 13m or more.
(2) For included pump of the engine for No.6 pump
Total loss head is caldulated for the piping with the most water capacity.
The new group of cooling water's flow is described below.
2-2 2-1 1-2 1-1
COOLING COOLING COOLING COOLING
TOWER TOWER TOWER TOWER
| %( | | %{ | % | | %(
J o J o o o o J o o
< < < < < < <
L L L L L L L
5} p o 5} 5} 5} 5} 5} 5}
a o o fa fa fa fa fa fa
= [t [t = = = = = =
<C < < <C <C <C < < <
w & & w w w w w w
= 4 4 = = = = = =
5] wi wi 5] 5] 5] 5] 5] 5]
= (&) (&) = = = = p=d =
W W W W W W W
~ - « © 0 < o ~ -
[} [=] [=] [e] [e] [e] [e] [} [e]
= 4 4 4 4 4 4 4 4

No.8 ENGINE AND GEAR —N—

1.5

15

1.5

1.5



(2)-1  Actual Head

Ha = 151 - 1585 + 5
= 425 m
(2)-2 Loss Head

D1 D2 D3 Qi

Pipe bore m 0.065 0.065 0.1
Veracity m/s 1.607 2.361 0.707] Q2

Veracity Head m 0.132 0.284 0.026
1) Friction loss of discharge straight pipe section D1
hi = A x —= x v A=
D1 2g =
= 0.759 m L =
2) Friction loss of discharge straight pipe section D2
h2 = A x —= x v A=
D1 2g =
= 0.907 m L =
3) Friction loss of discharge straight pipe section D3
h3 = A x —= x v A=
D1 2g =
= 0.244 m L =

4) Minor loss

Supposed as 2.0 m

So total discharge loss head is

(2)-3 Total Head

HT = Ha +
= 816 m

Hfs + Hfd

=

Outlet level for engine 15.85] m
Inlet level I 15.1i m

—

for cooling tower

Required head at
inlet for cooling tower

=l  320JL/min Q3 =] 715]L/min
= 0.0053 m’/s = 0.0056 m*/s
=L/min

= 0.0078 m*/s

( 002 + 1/( 2000 x
0.04154

9m approx.

( 002 + 1/( 2000 x
0.04154

5m approx.

( 002 + 1/( 2000 x
0.0375

25 m approx.

3910 m = hfd = 391m

9m

so, required total head of included pump of the engine is determined 8m or more.

3.1.4 REQUIRED DIAMETER OF RETURN PIPE OF COOLING WATER

Actual Head is,
Ha = 11 -

-2.41

Assuming that length of return pipe from cooling tower to cooling water reserver is m.

Q

L/min
0.0132 m*/s

m

13.41

for No.6 pump

Outlet level 13.41

for cooling tower

Discharge level of
return pipe of cooling water
on cooling water reserver

D1 )

D2 )

D2 )

m

m

x 1.5

x 1.5

x 1.5



Diameter of return pipe of cooling water is determined that total loss head depending on pipe bore must be
less than absolute value of actual head

Pipe bore m 0.1 0.125 0.15
Veracity m/s 1.676 1.073 0.745
Veracity Head m 0.143 0.059 0.028
A 0.0375] 0.0360/ 0.0350
Friction loss m 0.86 0.27 0.10
Minor loss m 1.5 1.5 1.5| including velocity head
total loss head m 2.36 1.77 1.60

Therefore, required pipe bore is 100A or more.



2 PRAEMEE ( TRIPA )
3.2.1 THE OBJECTS FOR CALCULATION OF VENTILATION CAPACITY

The equipments and points for calculation are listed below.

Equipments Points to Check
MAIN ENGINE Quantity heat due to radiation
Amount of combustible air
REDUCTION GEAR Quantity heat due to radiation
GENERATOR AND Quantity heat due to radiation
ENGINE Amount of combustible air
EXHAUST PIPE AND Quantity heat due to radiation
SILENCER FOR MAIN ENGINE
EXHAUST PIPE AND Quantity heat due to radiation
SILENCER FOR GENERATOR

3.2.2 CALCULATION OF VENTILATION CAPACITY

The ventilation capacity shall be depended on the sum of amount of combustible air by engines and cooling
air for quantity heat due to radiation by equipments.

V=V1 +V2

In this case, we shall disregard heat radiations from panels. Because cubicle switchgear and DC panels are
in electric room that has individual ventilation, and control panels shall release less amount of heat in
engine room.

(1) Required ventilation capacity of cooling air for quantity heat due to radiations

_ > Q
VI2 50x C, x({ & - %) x 0

V1 ; Required ventilation capacity m>/min
0 : Airdensity (at 920hPa, 37°C, 50%RH) 1.024 kg/m3
C, . Specific heat capacity at constant pressure of air 0.00028|kWh/kg/°C

N Room air temperature °C
> : Outdoor temperature °C

1-1) Quantity heat due to radiation from Main Engine: Q¢
Qe = n x Pg x Bg x Hy x f

n ; Quantity sets
Pe ; Output of main engines kW
Be ; Fuel consumption kg/kW/h
Hy ; Net calorific value of diesel oil kWh/kg
f : Radiation ratio of diesel engine (up to 1,000min™")
Q= 8 «x 324 x 027 x 1192 x 0.025
= 208.6{[kw

1-2) Quantity heat due to radiation from Reduction Gear: Qg
Qe = n x a x Pg x(1-ng )

n ; Quantity sets
o ; Coefficient of radiation of reduction gear

N q; Transmission efficiency

Qe = 8 x0 x 324 x(1- 0.96)
15.55([kw



1-3) Quantity heat due to radiation from Engine for Generator: Qg

QE_ n X

QE: 2 X

Qe = n x
n

PGn

Pkan

nGn

QE: 2 X

PGE

x Bge x Hyge x fee
Quantity I 2isets
: Output of engine kW

: Fuel consumption kg/kW/h
. Net calorific value of diesel oil 11.92|kWh/kg

: Radiation ratio of diesel engine (over 1,000min"")

140 x 03x 1192x 004

= 40.05|fkw
1-4) Quantity heat due to radiation from Generator: Qg,

PGn

x PFg x(1=-1ng, )
: Quantity sets
; Output of generator kVA
: Power tactor of generator m

; Efficiency of generator 0.857

150 x 08x(1- 086)

34.32|fkw

1-5) Quantity heat due to radiation from Exhaust pipe of Main Engine : Qgyxe
27 x( 8, - 6,)

QEXE = n X
n
0,
0.
A
dy
do
o
L
QEXE = 8 x

L 1000
NN 2 /
—x In
A dO a x d1
;. Quantity I 8isets
: Exhaust gas temperature (with turbo charger) °C
: Room air temperature °C
: Thermal conductivity of a thermal insulation material 0.0688|W/m/°C
; Outside diameter of a thermal insulation material m
: Inside diameter of a thermal insulation material m
;. Surface coefficient of heat transfer
of a thermal insulation material W/m2/°C
. Length of a thermal insulation material m
2w x (375 - 37 )
] 025 2 13 / 1000
X In +
0.0688 0.15 10 x 0.25

=|L_26.85]kw

1-6) Quantity heat due to radiation from Exhaust pipe of Generator Engine : Qgxge

27TX( er_eo)

Qexe = n x

" q > x L / 1000

Tx In a4 + o x d
: Quantity sets
; Exhaust gas temperature (with turbo charger) °C
; Room air temperature °C
; Thermal conductivity of a thermal insulation material | 0.0688]W/m/°C
; Outside diameter of a thermal insulation material m
; Inside diameter of a thermal insulation material m



o ; Surface coefficient of heat transfer
of a thermal insulation material

L ; Length of a thermal insulation material
_ 2t x (3715 - 37 )
Qoe = 2 x— 018 7 —x 9 / 1000

00688 * " 008 70 x 0.18

Therefore, V1 is

2 Q
pX( tn_tO)

VI %ox ©

208.6 + 1555 + 4005+ 3432+ 2685+ 296
60 x 0.00028 x ( 37 - 27 ) x 1.024

= 1908 m*/min = 1908 m>/min

(2) Required ventilation capacity of combustible air

V2= 3 Vg

2-1) Amount of combustible air of Main Engine : Vg
A0 x BEX PEX K Po tN + 273

Vee =n x 60 Py X7 213
n ;. Quantity
Aq ; Amount of theoretical combustion air for diesel oil
Be : Fuel consumption
Pe : Output of main engine
K . Excess air ratio . Diesel Engine
Po ; Standard atmospheric pressure
Py : Atmospheric pressure at running condition
ty ;. Atmospheric temperature at running condition
Vee = 8x 11.2 x 0.27 x 324 x 25 1013 37 + 273

60 *7920 * 273

=m3/min

2-2) Amount of combustible air of Generator Engine : Vgge

A0 x BE X PE x K Po ty + 273

Veae =n x 60 Py X7 213
n ;. Quantity
Ay : Amount of theoretical combustion air for diesel oil
Be : Fuel consumption
Pe : Output of main engine (supposed)
K : Excess air ratio . Diesel Engine
Po : Standard atmospheric pressure
Py ; Atmospheric pressure at running condition
tn : Atmospheric temperature at running condition

[ ioJw/m?ec
[ SIm

sets

m®/kg (NTP)
kg/kW/h
—

1013 hPa

o)
e

sets
m®/kg (NTP)
[Co3]ke/kw/h
-
1013 hPa

——om)ves
e



« 112 x_0.3 x 140 x 2.5 M 1013X 37 _+ 273
60 920 273

3, .
m°/min

Therefore, V1 is

V2 =Vge + Vgge
408.3 + 4901
4574 m®*/min = 457 m*/min

Thereby total ventilation capacity is fixed below,

V=V1 +V2
= 1908 + 457
=__2365 m’/min WEBRS RS
= 3942 m%/s

141,900 m*/h
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