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MINUTES OF DISCUSSIONS
ON THE BASIC DESIGN STUDY
ON THE PROJECT FOR REHABILITATION OF THE WATER TRANSMISSION TUNNELS
IN DAMASCUS CITY
IN THE SYRIAN ARAB REPUBLIC

Based on the results of the Preliminary Study, the Government of Japan decided to conduct
a Basic Design Study on the Project for Rehabilitation of Water Transmission Tunnels in Damascus
City ( hereinafter referred to as "the Project" ) and entrusted the study to the Japan International
Cooperation Agency (hereinafter referred to as "JICA").

JICA sent to Syrian Arab Republic ( hereinafter referred to as "Syria" ) the Basic Design
Study Team (hereinafter referred to as "the Team" ), which is headed by Mr. Kazuhide Nagasawa,
Resident Representative, JICA Syria Office, and is scheduled to stay in the country from October
13 to December 26.

The Team held discussions with the officials concerned of the Government of Syria 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.

Damascus, November 21, 2004

lcafgeman

=

Mr. Kazuhide Nagasawa

Leader

Basic Design Study Team

Japan International Cooperation Agency
Japan

Eng. M\@ é)allouf

General Director

Damascus Water Supply and Sewerage
Authority

Syrian Arab Republic



ATTACHMENT

1. Objective of the Project
The objective of the Project is to maintain the effective functioning of the water transmission
tunnels from the Figeh Spring to Damascus city by rehabilitating them in order to ensure safe and

stable water supply for people in the service areas of Damascus city and its vicinal villages.

2. Project sites

The sites of the Project are the Old Tunnel and the New Tunnel. The location of the sites is
shown in Annex-1.

3. Responsible and Implementing Agency

3-1. The Responsible Agency is Ministry of Housing and Construction (MOHC).

3-2. The Implementing Agency is Damascus City Water Supply and Sewerage Authority
(DAWSSA). The organization chart is shown in Annex-2.

4. Items requested by the Government of Syria
After discussions with the Team, the items described in Annex-3 were finally requested by the
Syrian side. JICA will assess the appropriateness of the request and will recommend to the

Government of Japan for approval.

5. Japan's Grant Aid Scheme
The Syrian side understands the Japan's Grant Aid Scheme and the necessary measures to be
taken by the Government of Syria as explained by the Team and described in Annex-4 of the

Minutes of Discussions signed by both parties on July 22.

6. Schedule of the Study

6-1. The consultants will proceed to further studies in Syria until December 26, 2004.

6-2. JICA will prepare the draft report in English and dispatch a mission in order to explain its
contents around March 2005.

6-3. In case that the contents of the report is accepted in principle by the Government of Syria,

JICA will complete the final report and send it to the Government of Syria by July 2005.

Bon



7. Other relevant issues
7-1. Contents of the Inception Report
The Team explained the Inception Report, describing the study schedule, contents of the study

and items to be discussed. The Syrian side understood it.

7-2. Sections to be investigated

Both sides agreed that the sections for detailed survey would be selected based on the results of

the preliminary study and general exploratory investigation by the Team.

7-3. Replacement of the corroded gates in the Old Tunnel

The request includes the replacement of the corroded gate valves and related equipment in the Old
Tunnel. DAWSSA explained that they would be necessary to control water flow in the tunnel after
realization of the water transmission project from the coastal area in the future.

The Team will investigate the p]an.of tunnel operation and actual condition of the gates to assess

the necessity of replacement in the Project.

7-4. Undertakings to be taken by the Syrian side
To facilitate the smooth implementation of the Study, the Syrian side will take necessary

measures as follows:

1) To provide the Team with available relevant data, information and materials necessary for the
execution of the Study,

2) To prepare the answers for the Questionnaires presented by the Team,

3) To assign full time counterparts to the Team during their stay in Syria, to act in the following
roles as coordinators to the Team:

- To make appointments, set up meetings with the authorities, departments and all other
factories and firms or whatever the Team intends to visit,

- To attend the site survey and any other place with the Team and to make any convenience
on accommodation, working room, adequate transportation, getting the permissions if
required, etc.,

- To assist and to advise the Team for their collection of data and information as much as
possible, and

- To acquire knowledge and skill on inspection and rehabilitation of the tunnels through

e



collaboration work.

4) To secure permission to photograph and enter into private properties and restricted areas for the
Team for the proper execution of the Study, if necessary,

5) To take any measures deemed necessary to secure the safety of the members of the Team,

6) To make arrangements to allow the Team to bring back to Japan any necessary data, maps and
materials related to the Study, subject to the approval by the Government ot Syria, in order to
analyze the Project and prepare the reports,

7) To exempt the Team and its members from customs duties, internal taxes and other fiscal levies,

8) To provide the Team with office space equipped with office supplies such as desks and chairs,
electricity, electric lights, telephone. air conditioner, photocopy machine ete., and

9) To stop or to control water flow in the tunnels during the tunnel inspection.

The Japanese side explained that the Project would contain construction work and be different
from the previous projects with DAWSSA, which were defined as equipment p'rocurcmcnt‘ [n this
context, the Japanese side requested the Syrian side to take the necessary measures described in
Annex-4 for smooth implementation of the Project, as a condition for the Japanese Grant Aid to be

implemented. Details of each item will be discussed in the course of the Study.

7-5. Visibility

DAWSSA will disseminate the Project under Japan's grant aid for public awareness, through a
television program and installation of billboards under the expense of DAWSSA. The Japanese side
proposed to keep a record of the Project graphically by video not only for dissemination but also
for training material on the tunnel rehabilitation. The Japanese side also expressed their expectation
for high visibility of the overall Japanese cooperation for Damascus water supply including other
previous and ongoing projects, because they were designed to cover the whole water supply system

from the water sources to the distribution networks,

7-6. Training
DAWSSA requested the counterpart training in Japan on tunnel inspection and repair work. The
Japanese side promised to convey the request to related authorities. Both sides also agreed that the

Team would provide OJT in the course of the Study.

B,



ANNEX-1 : Project Sites

Barada Spring

Figeh Spn
Barada River ERLIE

New Tunnel (15km)

Old Tunnel (16km)

Wali Reservoir

Damascus City
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ANNEX-2 : Organization Chart of the Damascus City Water and Sewerage Authority

General Director

Deputy General Director

Water Quality Laboratory

Press Office

Training and Qualifying

Secretariat

Public Relations Office

Studies & Design

— Production

Customer Affairs

Administration & Legal Affairs

SCADA & BYS

- Distribution

Financial Affairs

Internal Inspection

u Stand-by wells

Water Resources

Accounting Affairs

Planning & Statistics

. Maintenance & Vehicles

Environment

Construction & Supervision




ANNEX-3 : Items requested by the Syrian side

The main requested component of the Project is as follows:

(1) Rehabilitation of the Old Tunnel

Mo, (Tulnl]i;glnnuj rl‘:"ii';‘:' Condition of the deterioration Possible mending methods
E—‘nn'.n und protection or the ingress of rools: a)
216 | Ingression of oot into the tnnel Sreel pl?n: b FRE AN 0 IO
: 1465 1670 208 Exfoliation and tallings at the arch portion. Corroded a) Intemnal repair *-1 or b) Repair from the outside
! * reinfarcing steel exposes, of the tunnel or ¢) FRP lining
2304 3.018 624 |Remfoming stoel exp Extoliation and dull sound by the |a) Intemal repair *-1 or b) repair from the outside off
- _ L hammer blow at the arch portion, the tunnel or ¢) FRP lining
2471 2.642 171 |Ingression of raots from eracks 0.3-3mm wide g:::;' "fi:,;njrpr,:;"::g“:" T e sl o rovils )
I 3_343_-_ 4.840 il ) E’ FllE:E!SIN\_"—‘_r.mO|SE|‘_“ ll'l_unnmci E‘I::rné::nifr;ﬁo;lloﬂ! Tor the mgress of rools: a)
0,555 9561 6 Remntoreing sicel exposures and extoliation at thearch { 3 Ja) Intemal repair *-1 or b) repuir from the outside of
ek ! poINts ) the wnnel or ©) FRP lining
| 9,548 | i Iﬂgre::uon_ul' rool§i||ln the unnel i _l;:::n] l'lls ?:Tprb{;t?:igl?n for/tha Ingress:of soow; 1)
9,641 1 Repuir of ercks
9.764 | 9,841 M g should be mnud
3 _ 9929 10254 3 |Surfoce corrosion of the round steel pipe. Clearing rust and painting antirust !
| Reinforcing steel exposures, falling and dull sound by ” Narae
i L 10.390 ! lyammer blow at the arch and wall of the tannel, ) Imm_m_l_tcfafr_'lfi _b_} I_Ri_’ Immg_ —— i
10,549 10,509 50 [Cracks 0.2-0.3mm wide Repair of crucks e
Reinforcing steel exposures, falling and dull sound by £ i
10,735 10.780 ! 45 | Bl at thevsroh asicd whil oF e tinn. a) Internal repair *+1 or b) FRF lining
10.747 10,770 23 Jeracks 0, 1-0.25mm wide Repar of eracks
- 12325 | 12,745 420 |Back siphon Pipe ronewal
5 13,740 13.938 198 |Surtace corrosion of the reund steel pipe, Cleanng rust and painting antirust
| B . Repur of crcks
§ 53| 16,071 350 [Cracks 0.1-2mm wide CGrouting at the section under the road
| Corroded gate valves and related equipment Replacement
Total | 2341

*-1: To remove corroded reinforeing steel, then set reinforcing material again and cover with concrete

(2) Rehabilitation of the New Tunnel

No. L Length of the Condition of the deterioration Possible mending methods
(Total Distance) section
1 0l 218 218 |The tunnel passes under the road and houses Grouting
1,09 | Cracks 0.25mm wide Cruck repair i
2 Lol Falling (BH d 304303 4 em) | Internal repair *-2 S|
1,160 | Cracks 2mm wide Crack repair
3168 | Falling (BHd 110X 100 3cm) [nternal repair *-2
3 3.169 | Falling (BHd 30<100> | cm) | Internal repair *-2
3,172 | I Fulling (BHd 303200 2 cm) Internal repair *-2
4 8514 | Cracks 0.2mm wide Crack repair
G 9,376 | ) Falling (BH d 603<80% 3cm) Internal repair *-2
9.573 | Cracks 0.7mm wide Crack repair
g 11,127 | Falling (BH d 4040 2¢cm) Internal repair *-2
11,148 | Falling (BH d 20260 3 cm) Internal repair *-2

*.2: To remove low quality concrete and replace it with fresh concrete




ANNEX-4 : Undertakings to be taken by the Syrian Government

[ Construction Stage (Cooperation by the Japanese Grant Aid) |

1.

To obtain necessary permissions, licenses, and other authorization for implementing the Project,
if necessary;

2. To secure a lot of land necessary for the Project;

3. To provide a proper access road to the Project site;

4. To provide facilities for distribution of electricity and other incidental facilities necessary for
construction work in and around the site;

5. To control traffic and secure safety of pedestrians and vehicles against construction traffic;

6. To take necessary measures to mitigate environmental impact caused by construction work;

7. To stop water flow in the tunnels in accordance with construction schedule;

8. To ensure prompt unloading and customs clearance of the construction materials and equipment
purchased or brought under the Japan's Grant Aid at ports of disembarkation in Syria;

9. 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 Syria and stay therein for the performance of their work;

10. To bear commissions, namely advising commissions of an Authorization to Pay (A/P) and
payment commissions, to the Japanese foreign exchange bank for the banking services based
upon the Banking Arrangement (B/A);

11. To exempt Japanese nationals from customs duties, internal taxes and fiscal levies which may be
imposed in Syria with respect to the supply of the products and services under the verified
contracts;

12. To bear all the expenses, other than those covered by the Japan's Grant Aid, necessary for the
Project;

13. To allocate counterpart personnel;

14. To increase the visibility of the Project;

[ Operation Stage |

15. To ensure that the facilities constructed under the Japan's Grant Aid be maintained and used
properly and effectively for the Project; and

16. To conduct periodical inspection and repair work.
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MINUTES OF DISCUSSIONS
ON THE BASIC DESIGN STUDY
ON THE PROJECT FOR REHABILITATION OF THE WATER TRANSMISSION TUNNELS
IN DAMASCUS CITY
IN THE SYRIAN ARAB REPUBLIC
(EXPLANATION ON DRAFT REPORT)

In November 2004, the Japan International Cooperation Agency (hereinafter referred to as
"JICA") dispatched the Basic Design Study Team on the Project for Rehabilitation of Water
Transmission Tunnels in Damascus City ( hereinafter referred to as "the Project" ) to Syrian Arab
Republic ( hereinafter referred to as "Syria" ), and through discussion, field survey, and technical
examination of the results in Japan, JICA prepared a draft report of the study.

In order to explain and to consult with the Government of Syria on the components of the
draft report, JICA sent to Syria the Draft Report Explanation Team (hereinafter referred to as "the
Team" ), which is headed by Mr. Kazuhide Nagasawa, Resident Representative, Syria Office,
JICA, from March 11 to 17, 2005.

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

sheets.

Damascus, March 17, 2005

Gk st . e

Mr. Kazuhide Nigasawa Eng. Mwafak Khallouf

Leader General Director

Draft Report Explanation Team Damascus Water Supply and Sewerage
Japan International Cooperation Agency Authority (DAWSSA)

Japan The Syrian Arab Republic

e

Mr. Bassam al-Sibai
Deputy Head of State Planning Commission
The Syrian Arab Republic




ATTACHMENT

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

2. Japan's Grant Aid scheme

The Syrian side understands the Japan's Grant Aid Scheme and the necessary measures to be
taken by the Government of Syria as explained by the Team and described in Annex-4 of the
Minutes of Discussions signed by both parties on July 22.

3. Schedule of the Study
JICA will complete the final report in accordance with the confirmed item and send it to the
Government of Syria by July, 2005.

4. Other relevant issues
4-1. Project components

Main components of the project are shown in Annex-1.

4-2. Undertakings of the Syrian side
The Syrian side will take the necessary measures, as described in Annex-2, for smooth
implementation of the Project, as a condition for the Japanese Grant Aid to be implemented.

4-3. Technical assistance
The Team explained a plan of technical assistance (so-called Soft Component) to DAWSSA.
DAWSSA will allocate counterpart personnel for the activities.

4-4. Visibility

DAWSSA will disseminate the Project under Japan’s grant aid for public awareness, through a
television program and installation of billboards under the expense of DAWSSA. DAWSSA will
install display panels disseminating the Project under Japan’s grant aid at DAWSSAs tariff paying

counter office. ‘é/f:é;?



ANNEX-1 : Main components of the project

< Rehabilitation >

Item

Contents

Leakage prevention at the upper part of
the Oid Tunnel

FRP lining

Repair work for concrete deterioration in
the Old Tunnel

Injection of epoxy resin into cracks with at least
0.2mm wide

Polymer cement mortar filling for
exfoliation and falling parts

concrete

Cleaning and polymer cement mortar filling for
corroded and exposed reinforcing bars

Measures against surface corrosion of
round steel pipes for reinforcing the Old
Tunnel

Pipe cleaning, rust scraping, polymer cement
painting

Replacement of corroded gates of the Old
Tunnel

Replacement of the gates at the entrance and siphon

Measures against structural cracks in the
Old Tunnel

Repair by rock bolt

Reinforcing of bridge girder of Aqueduct
No.3

Sticking carbon textile on the bridge girder,

Repair work for concrete deterioration in
the New Tunnel

Removal of surface deterioration (15 cm),
installation of waterproof board, resin mortar filling |

< Equipment >

Item

Contents

Equipment for tunnel inspection, repair
material

Crack scale

Concrete test hammer

Convergence tape

Water level meter

Flow meter

Polymer cement mortar waterproof material

Displacement measurement equipment
for the Wali underground reservoir

Laser measurement equipment
Laser reflector
Strain gauge and reading equipment

< Technical Assistance (Soft Component) >

Item

Contents

Tunnel inspection and repair

Preparation of inspection and repair work manuals
Institution-building for systematic tunne] inspection
Instruction on usage of inspection equipment
Instruction on simple repair technique

Displacement measurement of the Wali
underground reservoir

Learning of displacement measurement skill by
provided equipment

Acquisition of recordkeeping method

Instruction on appraisal of crack characteristics
classification

ey =

=




ANNEX-2 : Undertakings of the Syrian Side

[ Construction Stage (Cooperation by the Japanese Grant Aid) ]

2. To obtain permissions, licenses, and other authorization, if necessary;

3. To secure a lot of land (approx. 500 mz) for a temporary stock yard in DAWSSA Figeh and Wali
Office;

4. To provide facilities for distribution of electricity and other incidental facilities necessary for
construction work in and around the site;

5. To stop water flow in the tunnels in accordance with construction schedule;

6. To ensure prompt unloading and customs clearance of the construction materials and cquipment
purchased or brought under the Japan's Grant Aid at ports of disembarkation in Syria;

7. To ensure prompt execution of the rehabilitation work;

8. 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 Syria and stay therein for the performance of their work;

9. To bear commissions, namely advising commissions of an Authorization to Pay (A/P) and’
payment commissions, to the Japanese foreign exchange bank for the banking services based
upon the Banking Arrangement (B/A);

10. To exempt Japanese nationals from customs duties, internal taxes and fiscal levies which may
be imposed in Syria with respect to the supply of the products and services under the verified
contracts;

11. To bear all the expenses, other than those covered by the Japan's Grant Aid, necessary for the
Project;

12. To allocate counterpart personnel and necessary budget;

13. To increase the visibility of the Project; '

14. To accord the relevant stakeholders and concerned authorities in collaboration with the
Consultant and the Contractor;

15. To install measurement devices in the new Wali Reservoir in collaboration with the Consultant:

16. To allow the Consultant and the Contractor to use the two battery cars in the new tunnel, when
required;

17. To provide office space for the Consultant members assigned for technical assistance;

[ Operation Stage ]

18. To ensure that the facilities constructed under the Japan's Grant Aid be maintained and used
properly and effectively for the Project;

19. To conduct periodical inspection and repair work of the tunnels; and

20. To continue displacement measurement of the Wali reservoir.

To provide necessary data and information;
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6 REEHJVAK

No.

Data

Year

Publisher

Studies and Design of Works Concerning Rehabilitation and
Expansion of the Water Supply System of Damascus City and its
Surroundings (Project Primary Report Vol 1/3 Primary Report)

Mar 2004

LAHMEYER

Ditto (Project Primary Report Vol 3/3 Plans)

Sep 2003

LAHMEYER

Ditto (Flow Chart, Proposed Concept)

Jul 2004

LAHMEYER

Ditto (Proposed Flow Schematic Year 2020 Coastal Project in

Operation)

Jul 2004

LAHMEYER

Ditto (Elevation Diagram of Primary Supply Facilities)

Oct 2003

LAHMEYER

Ditto (92 - Inlet Tank, Proposed Status Civil Site Layout DWG
No. Inlet CO Not to Scale)

May 2004

LAHMEYER

Damascus Water Supply From Coastal Area (Pipelines & Stations
Aerial Photography Scale: 1: 200,000)

IBG

Ditto (Part of Pipelines, Scale: 1:50,000)

DAWSSA

Al Hermon region #LK[¥| (Scale: 1: 25,000)

DAWSSA

10

K ZF) ATTATEIE] (Scale: 1: 15,000)

DAWSSA

11

DAWSSAS #4-5HEZE (1996-2000) (778755

DAWSSA

12

DAWSSAS 4 5HEE (2001-2005) (778 75

DAWSSA

13

Investment Plan in 2004 (7 & 73

DAWSSA

14

Damascus Sewerage Project (Environmental Review of Proposals
for Use of Treated Wastewater Reuse and Sludge for Agricultural
Use in the Damascus Ghouta Area)

Nov 1997

Howard Humphreys
& Partners Limited

15

B L U A s &

16

B L i

17

ARV HITZIX

18

[H b v Ve W X

19

b v HUE Wi X

20

[Hh> RO SRS £ 1967 4

21

Hrho N OREHX

22

AR L ARG S 1999 4

23

Attachment 9: 357~ RV S ffE B 1997 45

24

AR L ARG S 1980 -

Nov 1980

SOGHREAH

25

AR L ARG S 1967 -

Sep 1967

SOGHREAH

26

Fo 2D IS T2 AT Y EE KO SRS B 1999 4=

27

List of DAWSSA Facilities (with floppy diskette)

28

Topographic Map (with CD)

29

Daily Tunnel Discharge (with floppy diskette)

A-18




No. Data Year Publisher
30 | Rainfall Data (Electric File)
31 | Daily Production (Electric File)
32 | Demand (Electric File)
33 | Unified Exploitation Regulation for Water Authrities Oct. ‘99 MoHC
34 | Water Supply Tariff
35 | Ministry of Housing and Construction
36 | Water Lekage Measurement Report
37 | Terms of Financial Standard Accounting
38 | Basic Law of State Employees 1985
19 Rehabilitation and Expansion of the Water Supply System, EIA Tl <04 LL AAC and AWM
Report
40 | Statistical Abstract 2003 2003 Central Bureau of
Statistics
41 | Water Quality Test Data (with floppy diskette) Laboratory
42 | Standard for Drinking Water (Copy)
43 | Pump Capacity at Barada Springs LI Report
44 | DAWSSA Organization Chart 2003 DAWSSA
45 | Leak Detection LI Report
46 | Water-born Diseases
47 | Annual Budget DAWSSA
48 | Electric Tariff DAWSSA
49 | Daily Water Consumption in floppy diskette
50 | Pump List at Figeh and Damascus LI Report
51 | Location Map of Meteor. Stations
52 | Data for Cut-off of Water Supply (Electric File)
53 | Seasonal Water Quality Test (A4 paper)
54 | Production, Demand Data (Electric File)
55 | Drawing for Aloyon New Reservoir
56 | Map for Service Area DAWSSA
57 | Map for Well Pump Station DAWSSA
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7.1

7.11

7.1.2.1

M RILRKERE

RAEOEREEW

ZHVE TO DAWSSA IZ K IR EARAREFIC KA, 1B b oxouid 4 Bl EOTRAKD
HbHErbNTND, —J, # bRV ORKIIEL E STV 5D, KE, KFHO
LEMEARR, BERKERORE L7252 LD AT ZOEENEE L 25,

Z 2T, YFHEAE, BRI B IO R R ERGIT, DAWSSA (2K D IRAKET
BEONKERIET D & & b, EBNR X OHMEEA 247> T R o R AVNOKINE &
R L, 70, AR E L SN TWAIE R RO NTIE, R RBF DS
— NEFIH L CHEEHS T L. IR X OREZ1T 2 72,

DAWSSA IC& 2 BEERKEFEND L E1—
DAWSSA (2L 5 A F 2B L% b RV OIRAFENE 2 B EECl X B 12 &
DHER L. £ DOHIEFIEONESOREICRIEN 2 W E iR LT,

DAWSSA OEEERAERR

T E TIZEM S 472 DAWSSA IZ LA H R 318 L O b o 1L Ol KA R 5
D—EETRIORT, EHEEICLB SN TODIH R OIRAKZEIL, 2003 49 A
ICFEM SN TRAEREIC L > TELNEZLDOTH Y 46.7%DIRAKE L ShTW5D,
F72. 2004 4 10 HICHFEEROFENA R 2 TEMINTED, 60.3%E Mo
TREVIHERR L 2> TWND,

HFRVDOPRRAREZI N RVAODT7 4 V=& boxHOOT Y OIHRTEGE
ENTWAZD, BIEOIRKROFIRICE EF 0 RAKRBOREIZITHO TV,

B R OWTIE, 2003 FFIZEKTRAEE XN D 3 [BR/KRHAEZ S L TV
5o WTFNOFEREETH, 7402V TOREOEITIZFE A SELS | HEEE
FEE IR KIZIZVWEDE STV 5,

DAWSSA IZ X 5 IH k>3 /b36 LU b o RV DOBHEIRK AR R 2 (BB - 11w
¥

F£1.1 DAWSSAZERONIHN XIILRKEFAERER

FJHA T4 U Rk § R
No. o - oo . o Tk B IR A R
o | gjip MR | WoAokm | AR AR
1. |2003/9/30 1,500 m*/hr 800 m’/hr 700 m*/hr 46.7%
2. |2004/10/23 1,890 m*/hr 750 m*/hr | 1,140 m*/hr 60.3%

Hii: DAWSSA &8t




7.1.2.2

& 1.2 DAWSSA EREOH b2 XILRKERERR

A T4Tx T U Rr/KH § - § )
No. ;ﬁ@ ; m | e | KR | ke
1. 2003/6/23 | 3.894m’/s | 3.890m’/s | 0.004 m’/s 0.1%
2. 2003/6/25 | 5.324m’/s | 5.244m’/s | 0.080 m’/s 1.5%
3. 2003/6/26 | 7.596m’/s | 7.533m’/s | 0.063 m’/s 0.8%
Hi: DAWSSA &t

DAWSSA OiRKEBAEF X
DAWSSA 2 X DK EFETIEL, 5SS L OHYBE~OR S I f#HEIC L -
TR L7, EFIEZUTICESES TR,

7 4T IEKMA S DIEKEDRE

I bR E BT BRIV AD OISR E SN TV D BE R AR ' o —D

%706k, o —RBACEIE, 10 bR T TD223, B b R4 T TD8I ThH Y,
WL R R AVAL LD E100m A LB TH D,

o K Y AT B % AL — FE R A B T KT — 4 2 T — 4 AR,
C T RRERIIT — 2 5 b AR O A 135,

BRI RILBLTHNRILDSDHKE

CRRAHARI. bR A LT\ B AT 4K AT L, SRRSO R

WAREIZT 4 V=D U VIZEKSNDRIUTT D,

DYUEHKENDRAEDRAE (B> ZIL)

« U UIBRFAKIANE b A mbOERKE R TRITIRY . £72, [H 2 LS OBRA

MIRNEDITT D, S BIZ AR I, U U IREK S HH T 2K S T 5,

© U U BRI KAL 2 BLHI,
» BUHKNLRFRANT — & L RPKHIZIR K0 . FRAI T OMAKEZRF 5,

DVEKBANDRARDRE FH LX)

HHE K THE STV D 1,2 FBIFKMDHT R > RV D DOEKERTZITRY £
7oy B b RV PANDTWARIRNL 21T 5, I BT, FAAEHRHIE, 1,2 Firkih
PO T2 KEEM T 5,

- 1,2 AT HUKAL 2 B,

BUNARNESRANT — & L RKtBRIC K 0 . SREBI T ORAKEEZHED,

FROLICLTEHELND 7 ¥ BN D OEKEE T Y BRI ~DHAKEZ
tER L, IRAKEREZEE L TS, DAWSSA (LD IA « 3 b RVRAKEDFHAE TFIED
A EZX 1.1 IZRT,
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7.1.2.3

(a)

DAWSSA ICX 2B RKEFRENRBELEREZRE
DAWSSA 12 L 5K ERETFIEICOWTHAE - Bt LR, Bho 207 4o
RIS ORI EOPNEIZRIENTB D bz, LLFICZEOE S AR LT,

BNV 2 = KD B OJ B T 15 O R A
7 4 Y =K D DEKREDOREITIE, LT O 2 SORMERDEH %,

) AKALGEHE o —ORRENEIZ DOV T

DAWSSA %, IH k> r/Ld TD223 #ifiicikiE S i@ E e v h—ic kv Fox
NAKNZEE=2 Y 7 L, B SR MAZE S TREEZHE L T\ 5, SRR
12 X DIEBNE ORI LIE, B —FTofiicix, MEICS U TR
TICIHRNDNER L7200  BRBOK DA U TV AHEF IR TE %, ¥ R D k)
REMEREZ b oKROTEI BIKEGEN) OBE. 20O X5 RithoREOZE( kX,
THSOKIBIZH LY 52 5720, REETH D, BURO T E T, EOHIMZ N
DNEELVRIIC S D &R LT,

i) KA — i R I DUV T

I, DAWSSA BLHIKALDN B i B ~DZEHLD BRI T W B KA — T dh#R 2o
WTTH AN, ZOEMEHBRIT o RV KDFEN A2 %7 EIRE LT FTERR L T
W5, DAWSSA 28 T B k7 — i e # X2 DL R IR,

2
0 =(86.609—10.78h)x+/0.0015 AR

Z 2T, hI3KE(m), AR DB EFE(mM2), R IZEIEmM)TH 5, BriEommEiL,
KM 1.3 mOEEKmHE L TEHEIN WA, FRICHEH SN TWAERT A—Z T,
LLFD@) Th 5, KN —REIHROESIL. ZNHRTA—=HOREICELAEND,

ko R VE AR ¢ 1=0.0015 (=1/867)
~ =2 7 OHERE : n=1/(86.609-10.78h)

KA =T D kv RV AELL i=0.0015 (=1/867) & S TWDHA, X 1.2
L AUZE, TD195~TD225 & b > Vi H b R &2 AfdiE 1 =0.00583(=1/171) & 72
Do NUFNAVHDOTNDIRIEIL, N RNVBARORELZ T, 71— FEEHWT
HEGMICRHMECE 228, ZNERET D EX 1.3 OFENMEOND, FiEEHE
RLEFHAOREEZE 25D 5 L (FREBHIFROKMIZH 30cm) . KA > —1F
WD N FVEABLT 1=0.00583(=1/17T)NEH L\ 25, £, KLk o —fFEE
KRNV ABL ORI HT- 0 . ERR TR LI OREEZ B ET 5 & HiRs
FRAZL L CWDZRWATREMEN & 5,

~ =2 7 OHEREIZOWTIL, KRS L TEIT 2B ZHNTWDED, 08
CE I IBFE L. DAWSSA THE L TV ey, JRAEMIX, ~=2 7 O E%
B KEICERR —E L LTHEMEREZR2WL O LT 5, To LA, HERREK



Bottom Elevation of the Old Tunnel (EL.m)

OFBETHRET & 2 L3, HEEREUEBER O MM O FRE 4 KB L7285 A — & Th
| ERERD Z L THEART L REERH D T ETH D,

PHAEMIZ LD 2 2O/RT A= Z-E LTZ BT, F 2 RVEAEL FLE —E T
HIZEEE & & 2 HiLDd TD260 (2R W THitdat 2 Wi &8I 21T o 72, EORER
ZX 1.4 1R, Kk, Bl L2 RICE A 2 KN — iR R b b b TR
L7ze BTSRRI KA — i B i, i RO RE R 3K IR 1.35m D FEWTR & L T
SR L. PR VEARIIK 1. 2 O TD240~TD270 75 i =0.0008(=1/1,250), ~ ="
7 OMEEAREIT 0.015 LRRE L7, SHERDRESLIN L 72RFOKEIZH 0.3m TH D
7o, ZiE DAWSSA BNHW TV D HEMREORERICRAT S L. BHIhDH
BEAREE 0012 2725, 27 U — NEBTOMESKRE L COMEE SN AHFANTH
LM, AMOBIPCTa 7 U — MRS Y RO A E 08 80 A0 H 2 #%C
WAHZEEMET L L, BUROKN —iREMBRIZEA T2 S E LI RA 7
VhEWETHY | EEOKRKELY B REFHMAHLTLE S, 2 D7D, DAWSSA
WEE LIZIA R RV ORAKET, FEBELY BIRKICAR D AREER W E W Z 5,

821.0

821.0
820.9

Water Level Gauge
(Ultra Sonic Sensor, TD223)
820.8 —

820.9

3208 M easured (Dec 15, 2004)

(Current Meter , TD260)

820.7 |_|
vV

820.6

X 7
820.7 WV

820.6

820.5

150 170 190 210 230 250 270 290 310

Distance from Inlet of Old Tunnel (m)

Source: Old Tunnel Profile Survey, 1940-41, DAWSSA
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O

< 1
" Ordinary Flow <« — Jet Flow
r (Fr<1) (Fr>1)

08

06

04

Water Depth at Old Tunnel TD223 (m)

02

A range of the water-level by
visual observations

T
3

0.0
0.2 04 0.6 0.8 1.0 1.2
Fr: Froude Number
i: Tunnel Bed —{3—i=0.0015 ——i=0.00583

Manning Coefficient of Roughness n=0.015

B> RILKEEH—HEDTRN DM

K1.3
Observed do
Time h Q obs Q;m =(Quni = Qots)
(m) (mz/s) (m'/s) (mz/s)

11:20 0.320 0317 0.480 0.163
11:30 0.328 0.328 0.497 0.169
11:40 0.325 0.323 0.491 0.167
11:50 0.322 0.322 0.484 0.163
12:00 0.325 0.325 0.491 0.165
12:10 0.320 0.322 0.480 0.158
12:20 0.330 0331 0.501 0.170
12:30 0.320 0.320 0.480 0.160
12:40 0.330 0.322 0.501 0.179
12:50 0.325 0.310 0.491 0.181
13:00 0.325 0313 0.491 0.178
13:10 0.315 0.308 0.469 0.162
13:20 0.322 0321 0.484 0.163
13:30 0.320 0.305 0.480 0.175
13:40 0.325 0.305 0.491 0.185
13:50 0.325 0.310 0.491 0.180
14:00 0.320 0.309 0.480 0.171
14:10 0.322 0.305 0.484 0.180
14:20 0.320 0.300 0.480 0.180

Average O oy = 0.316

Average O ,,; = 0.487

Average dQ = 0.171

* Note

O it Measured discharge by current meter

O i : Estimated discharge by rating curve provided by DAWSSA

0.50

0.45

0.40

0.35

025

0.20

h: Water Depth (m)

0.15

0.10

0.05

0.00

030

Rating Curve /
| for Old Tunnel
by the Study Team /
—i=0.0008
n=0.015 /
T T
Measured by /
Current Meter [
(Dec 15, 2004) | / \
i \
—
Rating Curve
for Old Tunnel —
by DAWSSA
i=0.0015 |
/ n=1/(86.609-10.78h)
0.0 0.1 0.2 03 0.4 0.5 0.6 0.7
Discharge (mz/s)
—— DAWSSA(TD223) ¢ Measured(TD260)

—6—1n=0.015, i=0.0008(TD260)

2.

K 1.4 DAWSSA KL - RBHARERARE . HEL LKA - REMIRE O LB

(b)

H RV T 2 ={BKHD D ORI FEOBCER S

DAWSSA [ X 2BEEDORKBHAEFELZ L Ea—LIofR, Hhr X074V x
BAKHAHEICB N CEBI N TV D MESIICHEOS 5 Z AL, 74 V=
KM D DOEKEDOE =X Y TIHRAKEOHIREDO A2 57, A4 Off - BlKFE
ICBWTHHEEREHEA THY, dENEEND,
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7.1.2.4

(2)

ZOYEEH KR E LT, BERR OB E AR & o $—(TD223) D Tl A= A RUE 4
HRET D HENEZ NS, KB —THO b VAR, 1.2 O TD225
~TD270 7> 5 i=0.00111(=1/900) & FEAENZ 72 5 728D, FEALOIREEILH 1R & 72 Do T
OWAUTIEFICHEN D 5D & B OKEDE BT S (E EFEAK) . BROFh ok
ENET D, 20D, KAt b —(HTIC /S 2 BoKBIGUIBLR L 0 & Rl
BB L, KAt o —(HEDOWRITLET 2 b D EMESND, ZORETELM
T 2 KGEE BERR O KN P — & W CTHIET UL, EH EORENFMTE 5 b
DEEZT,

BIE AN —TFIZIE T A I = AR SENEB I TS (K 1.5 2R),
DAWSSA BB~ E v iz X, MEEIIIIFHA S TWhina, Eitod
FNCRIHCEDAREM L H Y . TORED RO NN ETH D,

it
L

1.5 BrRILKEEZH-TROBGHIE

o KA —IREMBROBE S, b RVBARLC~ = 7 OM R ORE LA
SND, DD, SBOMEFFEBEOTZDOIZIE, UTITRTHEDEREZIRET D,

T AV =InBKALE IO b RV 2 RS T D720, b RV
ZHEWTES 5,

T FH 2 O 72 b BB & BRI T » T~y = 7 OHEREZHEE L, BUko
BEE & DFEZ ST %,

BRRILRKEREFZCEIZALEI—FEROED

A b RVRABHAEFECOVWTLE 2— LR A2E 1.3 12T,

FE

BEAE OIK BRI The b K& ARRBESIE, 7 4 V=K 5 DOEKEORETH D,
KOEE o —(HEDKDOFEIIE, FEi & AE TERWATREMED & 0 | KL — It R Hh#R
KOFHRSIFICHEE LW S 5, F7o, KAt o —12 L D BLKNAL A B KT
T O RAEZE L TOT2HEA T, DAWSSA 28 W T A LR o FE AT,
AR S U 7ML RS (n=0.015) 1ZH~V/NSUMEE 5 2 5725, DAWSSA 73

A—-26



ET DT 4 Y o{BAKMNEDOEKEITERLY £ 705, ZORE., DAWSSA 23
BELZIA R 2L ORARE, EEL D B KICEEHE L TV D aJREMERNE VD & vz
Do

& 1.3 DAWSSAICK BN RIFKEBEFEZOFMER

HE T HETFIE THE DR E A kS

T4V e TD223 DKM P — | eTD223 fHurld, FEILDS | e 74T = o/KEE BRI

KR (A SY, xR RLETHREITIGU T, Al 2 ATREMEDN B |
o LEVRFHRICI AN | W W OBEB W | WAKRE IR KICFEME 9
I RBEK E72D X, DR EZ2>TUND,

o KK AL D A EIZ S
720 SO AT

EP

DURKHL~ | o [HIF/KHLDIT R (K FE % | o [HIHZRL e LK IV AR

DA A RV D A BT DT
O BPKHNAKAL 1.5m
— 4.0m OHFIFATHEL
THY, #HEZREE TH
2o

[HR 2R | o 3 ik 2 e o 2L

LDy

(b)

LIFIZ, DAWSSA IZ & B IRKEFE FIEICOWTRE - Bt LR R A2 e 5,
7 U BRI~ O FiEAK EORE FIEIZDVNT

7 U BEKMA~OFEAKBEOHEEIZIX, KO KN B 2B L, FHE B T oA
KEZRETHHLOTHD, BIEFREE LTHMTHY, HIEFERE LCRHBERNE
FEABILDH, DAWSSA Tid, HKMlo KNI E AR o —2FH LT
B KNEOREEIZRBENR 720,

KL DOBLRFE DB D72 < T H720121E, MAKEOBIRIRE 2 E < b,
Fiebh JERRMEAKN E T AR DEEZ 2D RS DL EBFEHTHD, —J7,
AR xAsE» BRSO E T 4.0m THY . ARAIHE R > RO
ERBZ DAL B R R VKBENICE KR EAE T D720, MAKEO R ENKEE L 72
HZEICHETRETH D, £z, BKPKAL 1.5m LU T, SKECEER EIF
KN DR 3 HE & 72> T 5, DAWSSA 233 L 72 17E T, Bk N /KAL 1.5m
2B 4.0m OFPHTEML TR, FRKMOBKREZE L ETOMRETH -7,

B 1. 6 IZ AR KN OB E X 1. 71218 b vt m & IR Bk os OBk 2 =4,



(©)

7.1.2.5

(a)

1.6 [BEFACGEAREB(IB M RILHHOA SRS

Old Tunnel

Valid range for volume
measurement

< 1.5m

Outlet channel to Wali Old Reservoir
Damascus City

K1.7 B >Z)IHEOEBEKBESOERZOERK
N ¥ RV D G B DU T
TAGHAEYIF AL, 1B b RO E ~OEK TR STz, SREORSRNIE
R RNVEBOIRKEDOHIE TH B 720, I E~OBEK OBERTIL, TR E O
WU HETH D,

BE, (H R D D4y K BEO S SRIIRRE STV 2 il E s o4y
KEITHIR S TV, SH%OMERFEILOZDICIE, bR/ UICEE T 5 K& E2 4
THEBHICHYR T 2 Z e E L, HIEHEBRORENEEND,

RN RILBKEREFECHEIZLELI—HROED
R RNVIRAERE FIEICHOWT L Ea— LEREREAF 1.4 10D,

A

B R RMTBNT S, 7 o ¥ =KD B O REKE & & BUHIAK AL & FiE TR Tk
HTWD, b RVEARRCHIEZRIE, b r /a7 M AR 23T - 7o 22
HRHE DFRER AR T DL B MV LT8R |+ RKET—HEEZZH
NDT, S &Il L TRIEZR VY, £ OMORIEFIEIZB WO THRICHEILZ2 <

Y
ik

5>



DAWSSA IZ L 2K EMREITZE TH D LW L7,

& 1.4 DAWSSA IC&L2H N RIRKEREF EZOFMER

T 7€ & HIEF 15 T E DR RE A eSS
T4V iEK | o« TD81 DKM BH—IT | o £ i A1 Y Th
th RRAY TR -=THi ] V. fEERL,
DK o SEHTRH I KD KN A
BT
DU~ | o« T UB R AK M O BT R | o RREZL
DA FEEBIA
B | oA B L, 2IRE | o ML
B4y B Z T
LUTIZ, DAWSSA 2 X D IRK ERE FIEIC DWW CHAE - MG LR R 2 e T 5,

(b)

7 4 Y =K ME AR EDOREFIEICONT

BRI BW TS, A b b & FARRICEE R AOKALE > P —78 TD81 1T E S
NTWA, F7-.TD86 2 b EF L Ny 75— e AR E STV 5, TDS6
(ZRE STV D KNLETS KOV EF Of R, BB TR S N D K 5 I2kE
ENTVDA, BRR TIISEO 7= DR TE R NRLTH 2,

B b R TOBIKALIE, B2 ARE L TR S AV KA. — i s # A iV Tt &
(CEB SN TN D, B bR D h R BARITIZE-ETHY ., 2. Frx
Wi b —hR & 22> TS BXEOWNICFREZRET 22 LIFRLUTH D LA
Wr U7z IKNEZEFEREHLGATED b o 2 AR R E 2 X 1. 8 1R,

AL BB ERIC WV DN TV ARG D/NT A — 2 70 % FRolimr L, KA
BHHRAEX 1 91RT, o, HEER- 2 (KA E R X ORI B Hisk
ZRLTWD,

ko RVECAED ¢ 1=0.00127 KA o — T OFT b o RV AL

~ =V T OHERE : n=0.0116
TNEEREETX A Z ERERHEICHW SN TWAIRT A — X DI EIT. Y
REDTHY ., 74 Y = i@EAKMD S DOREKEDOWRETFIEC L2 & LT,



(©)

(d)

0.300

0.950

0.921

\ 0.182

0.147

K1.8 #hRIBEMEK

25

20 /
15 /

1.0

0.5

Water Depth at New Tunnel TD81 (m)

0.0

0 2 4 6 8 10 12

Discharge (m3/s)

K 1.9 FHNDRILKUFTEMER
7 4 Y =B D DEKEIZHOWNT
I 5T, FAEMH bRV AN D ESOHE EFEOKAL 2R L HERGTE BT KX D IEK
BOME & KPR EBR O Z LM DORGEEIT - I2fE 8. TD81 [Z81) 2 Bl &1L %
ML L=, B R AVEBRREAR L ORERE M EEE- 3 IR,
7V B O FEAK B ORIE FEIZ DN T
b RV OTRKEFRE T, Tkt oK ZE L E S S ICHABEDORIEZIT-> T
%o Wp/KHLE RS 1T 3,840m2 12 & S5 7= O AKATIHIE DRGEEMESL & 22 503, BT b o R



AN

5 OFRAT K DKEH DOEELEZ T IO EICB TR AR o —2RE L, 5
RELEN 2SN TWVWD,

T U B KA~ O A K OB E FIEIL, HIERBLS P T, 3 E L TV D KALEFOFE
Eb+oThoiow, MBIV E WLz,

X 1. 10 ([Zgfpkuh~D# b o x it O OBFOEE, £7-, X 1. 11 (g ko
S B X ONEwT X & o,

el

K 1.10 #FHEKBADOHFH N ZILHL S ORARRK

160

from New Tunnel
B <«

12

Connection Tunnel Water Level Gauge

r

Plan of New Reservoir

20.44

12

3 Inlet Channel from New Tunnel
$
/"\,' o~ /
4
& -
< e
e ol - el
4
Cross Section of Connection Tunnel Profile of Inlet Channel and New Reservoir

R 111 #EFAOEFE, EE N RILERE L RAKBEHS

() FrRNGNIEE DI EIZ DN T
B R BliE, TD2,490 HiS D /Ny < 3 iitE 8 L OV TDY, 475 MG o7 7 3 v 4y
ER &Y | E I I 0 E 2 6 O3 245 1 S TWiz, B b xrickss
DIRKERE ORGE Z MR T 572 012iE, ARV FIETH D,

A-31



B, MMENLOSMEITHEIBHI SN TEBY, 7 4 V=K T Y KT
DFE=Z Y TRA[RRLE > TN D,

713 BHAEFE
DAWSSA DK SEFHEFIE L PEORERRICONWT L E 2 — LR EEE 2,
AL, N RV RIEORKEOHIE L | B ERRKDHER I NIZHE ORAKXM O
FEZHBMIZ, B MRV BILOHE R RN ERGUTRKEREEZ1T -7,

LIFIZ, ThEhOMERNEZHAT 5,

7.1.3.1

(2)

Br>FIL

A S B ESE A S0 U7 12 Ak, 1B b Rb DK &K 300 /s, AKEEIZLT
25~30 cm FRE, i 1L 08 ms FRETH Y | h I RANITIEH Ao TOPREBH A
FFCEMTE DR TH -T2, F72. B B FUTE bRV NIZNED A D AJEER
= N R RV OERIC 9 ETD D,

ZF 2T, HEMITIAKMI RN X OVE R 2 W THEMIIC R BB 2470, KT e o
WK EEZHE LT,

AT G

HRRNADT 72 ARFER— N ERE SNBSS ZR 1L SBLIOX 1. 1212
RY,

FAFTHE TIE IR D D ETHIE H A 7+ VERRED LW EIER L T\ 5, £7-.
7 4 ¥ = KA S Gate No.7 (TD 3,090) £ CTo EjiXH, 7=, TD8,800 75
TD10,800 DOHEXHETIL, BHIROBASLBRNPHER SN TN D, Pl EOHREZEIHEIC
BE. B MO 2R EOZEOIE A B & LT, BUIHLE AT 7 & A7)
HEZR 7 — b BIRIE L T2,

®1.5 RESAMKI—E

7B A 5

Al =
(TD)
260 | hrxLAD O
997.5 | Gate No.5 2>HIINIZAY | JINZBE) AT W KA
1,655 | Gate No.5
3,090 | Gate No.7
8,379 | Gate No.20
12,300 | Gate No.32 (%" 7 # > Ly s
12,620 | Gate No.33 (V"1 7 = > T i)
16,254 | Gate No.38




(TDO - TD3,090) (TD8,800 - TD10,300) (TD12,300 - TD 12,600)
BHROHEASLOOEIL D BHROEASLOEINDLD| | AT+, FAKIED D
D AKRDEENDDH D, D IRKDEENDHD, o TNBT=®, TRKEFTT
HLEFENDRE,

850
845 |+
— ? Accessible Gate
840 |2 =
= . Discharge M easurement Point =)
S =
— 835 & <+ n &
g 23 Le ~ = “wn
&) S 2 PN O
= 830 Q [©)ds) 5] ,,_.g © o
2 O 22
EREYN e
< 2
° ] )
g 820 (R &
3 ) Q
5 =
s 815 o
TD 977.5 T
810 0 sy 7 ot FAHEA) Wali
305 |- Reservoi
800 | | | |
0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000

TD (m)

K1.12 SAMBEAY ATEET—NERESEHR

(b) WAL
WEINT 7T HEOREBNIL. DAWSSA O /1O T T, LLTFOEIEERIT> TEH
METPTEARMEZEZTHL W, JRAIE LT EBE VIEICER 21T 7,

T4 VBRI b R~ KBTS — FEE —BICTH Ik
T, LZF—TEDOHRENIE N RVZHATA LI I LT,

[H b > R DI AE D D OBKITERT L7z,

BRI, 7 4 ¥ =K S R RV A B OSKIEIZRA L TL D, i
DD DIFEKBEDRIFEIC LY —ETRY, T, F— b EifMoKAeE (kEE)
IR & & HICEE L, IR EHERFT 2 7203 I 22 7 — HEIEE RIS B L 7
Lo LINLZRDG, BURORRM CTE D L 5 MR B EIIA R TH D, £ 2T, It
NORIEENZ OV TIX, 7 4 V= — Gate No.5 DX M CTRIFFREBHZITV, 7 o
TN DDOBEKBICHERBEN D D AR L7 ECRKEE MM L,

ERROFRBTEAE 1.6 12777,



#1.6 IBNRILMHTRESUTE

AR 2004412 A 13 °

k34 it eI i %
8:00 £ T B k> RAGIRAE D B DSy 1k
10:40 — 10:50 Figeh ARV ADOLED 20m FEA-S

ToNLE CBUA AR08, i« H hox
VO TRERR A OFRALO LI L < |
METE oo Tz, FBHEEN(TA 7+
DAY BB D BT S
7o, BICHESETHZ &L L,

11:45 - 12:15 Gate No.5 (TD1,655)

12:45 — 13:15 Gate No.7 (TD3,090)

13:35 - 13:55 Gate No.20 (TD8,379)

15:05 — 15:25 Gate No.32 (U/S of Siphon, TD12,300)

15:50 — 16:10 Gate No.33 (D/S of Siphon, TD12,620)

17:00 — 17:20 Figeh (TD260) BrRZAVADOEYAD, HOR
E LTV 2 AT A2 BEE, DG L
77

18:20 — 18:40 Gate No.38 (Wali, TD16,254)

(©)

Tt BN E Tk

BT L2 it BB IERESL H A Y | S FOKNLEE (BRI L - T, E#EA T —
VTORNMNE) & Bl SAER 2 W TR EBI 21T > 7o, IEBHFIEZ T
FLICRT, £20 0 MR VTEWNIC BT D EHIE ST OB AR 2 X 1. 13 1277,

1. 7= b EVHAIEEAD AL THRER R L OV THRADRA A 72 < LE L
TWHEFTZ #ET D,

2. JKERHEZHIE L, HRRERET D, HIRE, KEEO PR, AR X KEED
2E D 3L, (X 1. 13 ZH)

3. KALEFTHULHER B KA AR E,
4. FEHF OB Y —% 6 BIKIEONEIZHE, (X 1.13 )
5. 3R B 6 BIKGEREFT Ot & itk CHlE,

6. 3.—5. OFNEA 5 [Al# D K L CTRoék,



7.1.3.2

0.5W
0.2W ‘ ‘ 0.2W
| ~~ |
g
i/ | /
| | | | -D{
[ | | _
Lo |
Left Center Right

® Measured point of flow velocity
Partial area for each measured velocity

K1.13 BN RILRESREF

HIE S TR E 3 EATOTEZ HVWT, TRO L IZ L THRE Q& KD,

Q = Ve Atefi + Veenter A center T Vright Aright

72720, v G, A s E S BIRAHT DL O WNEIFE CTH U | IR FD left, center,
right (%, HIHRLEZ BT 5,

F72.TD977.5 IZ1%. N RIVWHEEE O NA 7LD KREOM T KORARD 5,
ZHICOWTIL, A7 Y ZIKICT B F TORE 2 L TR EZHIE LT,

XL

FRA DN BUESE A F20E L7212 A, 87 b R VO BEKRITH 5 m/s, FEsIE 2 m/s
Bz D720, 7 a7 ALEBHEGEERIEHG 2 W2 AT X 2 FisflE | XK EE T
b5, £l-. MEZEENETE 5 X527 7 AEHBRNZD, EC X 5
B IIARARETH S L HIlr L, DAWSSA & [FEIEOBIMTIETH b o RV OiFKE
HWEEZITHIZ L E LT,

F£1LTITH P RVAETIE £ 18 ICHHE LA RT,



7.1.4

7.1.4.1

®1.7 FEURIRKBEFE

TR 7

TeEHEFik

7 4 ¥ B K s K

=

B

B b kLN TD81 ICRRE S
nNTnaBEEEtr—Iic
K D ARALRENE % FT8%,
DAWSSA (2 & 2 /KN —it s ih
BRIZ LD Fodk L 72RO & ik
BT,

Syt
IRy 2~ (TD2,485)
7 7 =3 2 (TDY,498)

T TE B R AR S I A A S
VT2,

IR EIFSERICHER X5 TER
ST, RERICITERIHE 75 2 &
DHR RN T2,

M PREITIE, TEEHE SR R E &
NTEL, 740V Y TE=HY
CIUMARETH Y, IhEFIH LK,

=
=

ZRUN:SW 1R WA

Tkt 3 B LU 4 FhK
hE AW TERA2NE,

®1.8 FPURIRKBENDEETRE

FHEH 2004412 H 7 H
SR H
4 7Y PN
A ki — e :/zu% 552 v U kit
(TD81) i
12:00 o Sy E OMERTBR 1A
oy U EAICER(SHRE 0
m’/s)
o7 7 3 LM CE S
1220 | /KL E =X — | o7 7 I Loy Bt AL BHA
Bl o (10 43 fHIkR)
o (10 4y HIkR)
15:20 KALFEERGE | 77 3 ~ONTMEOTERIEGE | o 7 U HHT/KILD 3,4 FHT/KHLOK
iz 1.5m £ TR FEH5,
15:25 o SHTHTKHLD /3L T R E
SH R RN EDOWEKREET 3,
4 Frk i~ A
=34 FHKM D OFH LT
% S
o IRNLFLERBHAA(S S TIkR)
16:30 KALFEERFE T | T 73 ~ONMEOREE T | o BT /KM AKAL 23 7t A /K B B &
6.0m (ZHzE, BT
BARER
BMRIILAGMRERESGR

T st 2 W2 IR b o R r OFRERTR B AR R 2 £ 1. 9, 1. 1412587, £z,

i

XM 100m 272 Y OPFAKEIEZ X 1. 15 17T, £/, FHSOKAL - FidE
[ZOWTHEER- 4 1R LTV D,

WG R LR RE

INDDORRN SIS o To FHA EHREES T TR,



© PR 2N FE G 2 O TR EBLI L72f R, 7«4 V=226 U U £ TORKXFORASR
X, 27.5% & 72 o7,

« DAWSSA 2T L 7= 2R OIAKEIT 46.7% % 7213 60.3% TH 0 . Lo FHEM O
FITHARD LRRBARTHY ., BHTECHLEOVMERS D, LrLAans, 46
OWMAIZ LY, B P RIEE ZE T HBREDRKNH D Z LA LT,

- DAWSSA O EESCTFHADOHELE TIX, 1 74+ U DI biRKEFT & LThb LW
K& ENTWEN, FRICK L TRKITIFEAERBD N7,

s BIRAKEOSZNXKMIE, 74V = —Gate No.5s DX Th o7z, Pl LG EIC
O HPOBETIE IRAKIR E 722 X9 REBRORASBAN D720 E ST
e, THE ERLHERTHo72, ok, AT 4 ¥ = — Gate No.5 DXHIZH
WCHBIC X 25N E 217, KR & il 2B E A W7 TR A L, 3R/
%k 5,

« 74 Y= —GateNo.5 DXL, FHAEXME 100m 4720 OjmAKEkRE: (X 1. 15 /)
IZHRWTH 3.61//s/100m EAMXH KD BIAKEDZWEEHE & 72 o7,

- Gate No.20 — # A 7 4 o Bjfi £ TOXMH b I/KEFT & L TERD L E STV,
2%FREDIRKIZE EF o, WEREZBIZET UL, FERKIZENEEZ 1D,

®1.9 BRRIMMBERAERR (2004 F 12 A 13 BEHE)

Ratio of Rate of
100 Ratio of discharge loss in  Discharge loss
Measurement Measured measured . .
. D . . discharge loss to stretch between per unit length
location discharge (//s) discharge to . , .
. . Figeh discharge upstream site of (1/s/100m)
Figeh discharge
measurement

Figeh 260 3435 100.0% 0.0%
-15.3% 3.76

Gate No.5 1,655 291.1 84.7% -15.3%
-7.0% 1.68

Gate No.7 3,090 266.9 77.7% -22.3%
-2.8% 0.18

Gate No.20 8,379 257.2 74.9% -25.1%
-1.8% 0.16

U/S of Siphon 12,300 250.9 73.0% -27.0%
-0.1% 0.07

D/S of Siphon 12,620 250.7 73.0% -27.0%
-0.4% 0.04

Wali 16,254 249.2 72.5% -27.5%
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2 <
- 2 “e N
450 ren — @ @ =7 <
s — = = N~ S
“@ = =) N s o
400 |5 o g 5 g 3
—_ > - O e) N x
= =) ‘2 D S sd 2
= = =]
Fewmfi 1 g : £ g
5 = k= z 2 B 5
3 < ] L ° % N
© 3 300 g 2 S =
5 S &) 6 Nn =
o =)a) =
;fg 250 l-
e a a a a2
= o 1539,
S5 200 THS3% g0 2.8% 1.8% 0.1% 04%
g E Loss Loss Loss Loss Loss Loss
5] 150
8
100
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0
0 2 4 6 8 10 12 14 16 18
Distance from Figeh (TD km)

K1.14 BMRILAGEREFERR

g 4 3.76

g

=R

E

> g

5g

&= 2 F 1.68

g

_

[0

) 1

g

2 0.18 0.16 0.07 0.04

A 0  —
Figeh - Gate Gate No.5 - Gate No.7 - Gate No.20 - U/S of Siphon - D/S of Siphon -
No.5 (1.4km) Gate No.7 Gate No.20  U/S of Siphon  D/S of Siphon ~ Wali (3.6km)

(1.4km) (5.3km) (3.9km) (0.3km)

Measurement Stretches

K1.15 RAEXEO 100m Hi-) wKE

7142 B RIILRKEFAEICEITDEIHE
TOHFE 2 FIWTZ IR b 2 RV ORERTIR SR AR RO 2 42 R 5 720 LUF ol
A & FEf L 72,

®1.10 BRRILICETRHEIEBENR

No. B THEREF AL

1. | 74 Y= BAKMORERITZE LTS ) 7 4 ¥ = & Gate No.5 ClRIFFT E8LH % ¥ £l

74 ¥ =) b Gate No.5 KEIOWAKEINNL | B R RA~DEKEEEL, RGN R
EIn &

3. | A 7B OIRAKIZZRND ) YA 7+ NOKERE ., NEREE

(@) 74 Y= —GateNo.5 MOFFREEEEH (2004 4 12 A 15 A FEfi)
[FIRER BN Z L T OWNE 2R 2 BRI CE L7,

A-38



« 7 4 V=B X Gate No.5 i CRIFHEINZ 520 L, ISR A FRffEss L 7=,
(2004 45 12 A 13 BIZ T i BRI TIX, BEOHAICL Y 7 4 ¥ = & Gate No.5
AT OBRIFREZNTK 5 BRI ORFRIZENAE Uz 720,)

<10 YT L OF RN A 3 RS D Z & T, T 4 V= ORKBEDOLENEE MRS
L7,

(Gate No.5 T O EBLHIL, DAWSSA OFEBAIZ LY 2 I 20 3R & L7z,)

RN EBIRE R 2 1. 16 1T, F7o, Wl LOUKMORER R, HEREH
RIZHOWTIE, FBEE- 5 IR LTS, [FRFREBIORE, LIFORAHEE S

iz,
i) 74 Y= —GateNo.5 HDIRAKREIZONT
« S EIOBHIT S 14.9%OTK DB 7z, 12 A 13 B FEREOMEWT it &L
REEETD,
i) 74 Y =nbDOEKEDLZEMEIZONT
T 4D OPEKENT 3R OM TR 30s OEENH Y . EKEDOK 1 FENTHH
Y95, SEOFETIL, 3FRHOBTT 4 =) b OFEKEITFD T HEIMICH
277,
- R EBN CHEONTBHREDORF RN T — X 2B b L 7 ¢ V=T TR L
7ok & Gate No.5 DRIz, 930 pDORFHZEL & > THIRES TS (M 1.16 5
BR), PR FERITA 0.8ms, [XHIBRREIIA 1,400m T %, BAKDBIIIEA
305y L BT, MBI AR SN B,
Time QFigen (1/5) O GateNo.s (1/5)
1120 316.8
11:30 327.5
11:40 323.1 264.5
11:50 321.5 280.5 30 |
12:00 325.4 276.3
12:10 321.9 269.1
12:20 331.4 265.9 320 n/»\‘ '/»\'
12:30 319.8 270.5 e
12:40 322.3 2737 2300 | o
12:50 310.1 2817 %
13:00 3127 2643| 2
13:10 307.7 m0|  Z 280 »
13:20 321.4 2713.0] 2
13:30 305.1 270.5 g 260 ) T ¢
13:40 305.5 268.1 2
13:50 310.2 265.5 o b
14:00 309.0 260.6
14:10 304.7
14:20 300.1 220 r
Owiax (115) 3314 281.7
Qoss (1/9) 473 Time (15 Dec, 2004)
Average Loss Ratio (%) 14.9%
K1.16 742 I —GateNo.5 Fﬁ@ﬁﬁﬁ%ﬁﬁﬁﬂﬁ%(2004 F£12 A 15 EI%B’IE)



i)

(a)

AP AR DR R & B 2 TORESR

[FIREG BB ORE RAE B E 2D & FEHFHI L > T v RS KE ORKEZ IS
R 5 72Dk, BAHE R OBIIREZIC 2 IR ET A MNER D D, 1EoT 4
B OMEFFEFRIZ RV CIL, A RIOBII Tk & [FER72 3 RERAREE o R R &80 o FZ 6
ZHERT D,

(flE - AN 12 A 15 B Ui &80 i, RSN S . THO Gate
No.5 FHIT OB TREZIN 7 ¢ ¥ = OB L 0 & Fs, A, BLRIHLR R
DOEROBFRHZ BB LT, Bl X v BB TR 2 3% ET 50 ERH D,
F o, THANOBLIBHAEREZNZ DWW T b AT, BLIHLR ] O 2K ORI 2 & 18
LTRETDHI LIRS, A 74 U XETIE E TR E BICRFEZIGHISMLE L 72 5
73, Gate No.7 — Gate No.20 DX [H](5.3km)=<°, Gate No.20 — A 7+ > Bt E TO X
(3.9km)l%., BHHUEFOBERESBEN TV . 1.5 R ORI 2223 b - T b [
Wz kit s,)

7 43 x —Gate No.5 H O

7 4 ¥ = —GateNo.5 M DOI/KE T2 MERT 2729DI2,2004 4 12 H 18 HIZHINEEA
ZEME LT, BEICY > TE, PRV ERS ET572012, B xL
~DOBEKEEIE LT,

PSS DGR, TD80 — 1,200 DXENZFNT b v R ERICIRAKIR & A8E S5 B2k
BE 2 MeRB9 5 = LSSk, #FiC, TD300 — 330, TD1,000 — 1,025 1Z1%, 2mm — 3mm
Mg DN D -T2, £72, TD1,217 M T, PR ORI L D EE 4om FRE DR
DPHNTW e, 1,17 12 TD1,217 #5C R S N 7R DR R A 7~ T,

T, T4 V=KD RV QIZH D7 — DT H 0 MBI, 93720 OYFK
DWERO BT, FERIL, 5% OMRFEHICLE TR L LT, Ml E AVt
BN L 2~=v 7 OMEREOEMBAE KO > A XM ORAKEFHE ([FIRT
BEN) 2BEBLTEY, 74 V=AM S OREKTREE HICHET 72012
77— N OISR LB L LT,




(b) A 7 N
PA 7 K LIS IR T L 91T, 4 R TSN TV D23, FHENY), BI5E2%%)
RTNT ARZX b2y 7 U— MEPDOIKIZEZZ AN TV, LR b, it
Wi EHERRICL D & A 7+ K ORKIZED Th o7z, £ 2T, 2004 4
12 H 20 BIZY A 74+ NE2HKL, BUE, EREELTHEHALTVWLIERED
=1,400mm DT AXA ka7 U— MENIZYVEAD, BHRICTHRERREZIT -7,

FEOFER, 227 U — FNEORIUImD THRETH -T2, VaA v MRE0Th
TWAEITNED HILD D, W78 EOMENR /2N KEMEITHER STV D &of)
WrTx b, £lo, A 74+ OMBEDITIREE L 2> TVDLN, KPREAHLTND
X BRBENIEL otz W1 19T ARR hary 7 J—NEYVA 7 5 o HNED
GEAETRT,

LIEXY B A 74 B DOFAKDB RN &V S HEWri Sl E R R IT 2% T 5 &
sho,

to Dummer Camp

Gate No.32 =750 mm Steel Pipe (1961 Gate No.33

¢ = 1,000 mm Asbestos Pipe (1963)

¢ = 1,000 mm Concrete Pipe (1930, abandoned to Wali

= 1,400 mm Asbestos Pipe (1973

to East Dummer

K118 H4 7+ HEAR

K1.19 Y474 AHERIEE



7.1.4.3

(a)

2 RIVRKEERER

TR AL SR

BT, 2Ny =(TD2,490)8 XL U7 7 2 2 (TD9,475)D 2 » Fidy Byt S
TEY ., WAKHEFRIL2 AL LOMEELLSEL TETHoT-, Ny whbd
DPNTEILTETN, 773 NHMEIETHZ EBRHKR T, 2D, H xR
VDKW ZFHT 2572012, LTO 3 THEOKEZBIMI L7, BHFEREZE 1. 11
R,

7/(?‘/I75)|>O®%7k% (VF[geh)
T?HVﬁ)%@ﬁaj(% (VAlAyoun)
T UK A~DOFRA T (Vi)

®1.11 HRURIVRKEFESEVER

Figeh Al Ayoun Wali Reservoir
Observed
. Water
. Observed | .. Distributed| Water .
Time Discharge | .. Volume in
Water 3 Discharge | Depth of | o .
Depth (m) (m/s) 3 Reservoir eservorr
Y (m’/s) 3
(m) (m’)
13:30 1.13 5.169 0.362
13:40 1.14 5.243 0.378
13:50 1.13 5.169 0.38
14:00 1.12 5.095 0.385
14:10 1.12 5.095 0.389
14:20 1.13 5.169 0.391
14:30 1.12 5.095 0.401
14:40 1.14 5.243 0.403
14:50 1.13 5.169 0.402
15:00 1.13 5.169 0.412
15:10 1.14 5.243 0.422
15:20 1.13 5.169 0.428
15:30 1.12 5.095 0.445
15:40 1.12 5.095 0.463 2.64 10,353
15:50 1.13 5.169 0.464 3.36 13,168
16:00 1.13 5.169 0.466 4.09 15,998
16:10 1.12 5.095 0.464 4.81 18,762
16:20 1.13 5.169 0.464 5.52 21,489
16:30 1.13 5.169 0.463 6.23 24,215
16:40 1.14 5.243 0.462
16:50 1.13 5.169 0.462
17:00 1.13 5.169 0.463

(b) Hr b > R E

B b RN ORI & BRT 2 KEDOREFRZE 1. 20 IZBURT 5, F RO
BN BEDOHEE DI THOIT, 74 P TS NZHEN T U Bk B
HIEHE, £72, 77 I TORTIC L VD LTz b VK BEOZER U ) Bk
[ZHRET S E CORMZ FEMETUTO LI ITHE Lz, 7 U IFKthOBLHIKEIZ
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BRI R P O R RN P 2.2 m/s

742 AR B(TDB DT YRR H(TD14,353)F CO Bk
=(14,353-81)/2.2/ 60

=108 min~ 110 min

7732 (TD2,485) D52 B 3T U /K il & C I 5 D IREfH
=(14,353 —2,485) /2.2 / 60

=37 min = 40 min

Figeh Wali
Bassima Al Ayoun
VFige " New Tunnel v,
VAIA oun : .
4 Wali New Reservoir
*Water distribution from (No.3 and 4 Reservoir)

Bassima was shut out
during the observation.

Vi iVF"S’Eh |::> : Inflow Volume into New Tunnel
out VWali + VAlAyoun

Viess =Vin= Vs q : Outflow Volume from New Tunnel

Rate of Loss=V, |V,

K1.20 #HPRIAKRZOERR

E’**E%*%%%%l 12, 7=, HAKEREEREZE 1. 13BL0K 1. 21 IZRT,
728, 16:30 12815 U U RpKMOBLRIKAL 6.23m 1X, A b RV HE E 6.00m &
Wz TWAIZdD, HEMNSINE L,

*1.12 KEEERER

Wali Reservoir Figeh Al Ayoun
Cumulative Supplied Cumulgtive Distributed C1_1m1_11ative
Observed Observed Water Supplied Observed Water Distributed
. Inflow . . . .
Time Volume (m’) Time D1scl31arge Water X Time D1scl31arge Water \/301ume
(m’/s) Volume (m’) (m’/s) (m’)

15:40 0 13:50 5.169 0 15:00 0.412 0
15:50 2,815 14:00 5.095 3,079 15:10 0.422 250
16:00 5,645 14:10 5.095 6,136 15:20 0.428 505
16:10 8,410 14:20 5.169 9,215 15:30 0.445 767
16:20 11,136 14:30 5.095 12,294 15:40 0.463 1,040

®1.13 FHPURILRKREERR

Vout = Vwaii Rate of

Ela.psed Vin = YFigeh + VAl Avoun Vioss = V3in | Water Loss

Time (m ) (m )y Vout (m ) = Vloss / Vin

0:00 - - -

0:10 3,079 3,065 14 0.4%

0:20 6,136 6,150 -14 -0.2%

0:30 9,215 9,177 38 0.4%

0:40 12,294 12,176 119 1.0%




16 ‘ 1.2%
—o— Cumulative Inflow Volume into New

14 Tunnel (Vin) 1.0%
g
= —— Cumulative Outflow Volume from New
S, 12 H Tunnel v 0.8%
% S
g —B8— Loss Rate et
210§ 0.6% =
5 :
E 8| 104% =
2 e
§ I
e Q
S 671 102% &5
< ~
B v
g g
g 4 0.0%
3 /
g
3

2 F 1 -0.2%

0 : -0.4%

0:00 0:10 0:20 0:30 0:40

Elapsed Time

K121 FI M RILBKEREERER
UL EOBRFER K0 . B h o RV OIRAKRITBIE TRO 1.0%Th D & i L7,
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TEER-1 DAWSSA L&D RKERAEEHR

H R rVmKREEE 1T (2003 4F 9 HFRA)
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H k> 2 RKREEE 2 (2004 45 10 A FH4)
OLD TUNNEL.

Water Leakage Measurement Report.

The Old Tunnel leakage test was conducted on the 24 of October 2004 by
following the procedures listed below:

1- Keeping the water level stable, in the old small Wali reservoir, in 150
cm. water depth.

2- Closing the isolating valves which connect this reservoir with the big
one.

3- Closing the outlet of the distribution lines ©1000 - @ 500.

30 minutes after starting the water depth Measurement, the total measured
depth became 250 cm. and when doing the mathematical calculations, the
result shows that this is equivalent to a water flow 0of150 m3/h.

If we take into consideration the flow sent from Figeh site at the beginning
of the old tunnel with 1890 m3/h capacify, we easily found that the water
leaks for: 1890 — 750 = 1140 m3/h.

Careful check for the whole existing outlet was conducted.

Notice : This test was conducted on the 23rd of October 2004 with flow

around 900 m3/h and no water received in Wali reservoir after 4 hours.

Eng. Mounther AMEEN Eng. Faisal ADWAN

Director of exploitation and maintenance dept.

Eng. Marwan SOUMAN
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B AVIRKTRAEE R T (2003 4F 6 A FHA)
: s}%,{/’ 062]
NEW TUNNEL
Date of test | Sended flow | Received flow Deference
m3/sec m3/sec m3/sec m3/day
25/6/2003 5.324 5.244 0.08 6912
26/6/2003 7.5%6 7955 0.063 5443

L\\"Q‘.—Fc__gb&” C‘(-_uc\\.-\ tL% == i\u LC—‘SS: S

B \ i ¥ ;
o % Vi el Moo L_/( ealZ. 4> b3 |
2.
. : Lovd, -ézc‘.‘(? VWS/C*C:-:.'} :
30/51 / 2eaS
B ! ; : A ) 0
3 E )'\Tl....!__.\‘-_ev M‘& gﬂ rL:"‘\')m \ e
B b VIR R 2 (2003 4F 6 A FiH)
i s
bt SRR CHA TV T O JL - W nlb@Gmic
S:ELf . ® Tonle Cal)pohi  piff e T Dichagt ) Sovser .
= = ol RE Ry A sl [ el slaali ooy
o 2y ¥ %
Bt 63 IS e Wi I A 5 /3, "L

3 ([
2003/6/22 50.00 L 274 258 |+ 016 13824 3.8 EH A
2003/6/23 67.4 3.804 3.89 +  0.004 346 4.9
2003/6/25 87.2 5.324 5244 |+ 008 6912 57
2003/6/26 17.7 7.596 7533 |+ 0063 <fs 5443 7.04

S - 1 ' ) wa 1.




NEEM-2 #hRILKAREMIRN

B b FOVRERTIEN, 2 SORRDEOM 2 AT OEIIRE 2> TE Y KEE0.182m £T
(TEAE Ry =2.053m DM, F72, /KK 0.182m LLEIFE R Ry, = 1.250m O & 72> T2, AITH b
¥ ARV OREAEWT X 2 7R T

DAWSSA (%, TD81 £ L 1) TD86 1 sl KN B 25 &
BB L, A E L 72 KAL « it iR K o B
ENTAKNZFREICEHR L T D, SR ICED S
IRT A=K T TG E O EBIIC Lo TRy
V7 L—2a a3t T UTFOL)RfEL72>T
W2,

0.300

o JKEEAJEL : 0.00127
o =V ZOREMRE : 0.0116 (= 1/86.2)

0.950

0.921
0.182

(i) 0<h<0.182m» & &=
KE M ATKISET 2 R¥EE rn OO P LA 6

-h
0, =2cos™ (—rl J
rl

{E‘l‘j@ S1:S1=r1 6,
2
r .
Wik Ay Al=17(91—sm01)

0.147

LEA-T, BIER: Rl:izi(el—sinel)
s, 26,

(i) h>0.182m D& =

KN ASHIGET B/ OFOF LA, B b H
DIEDIEEF 0147 2> 7 L7 h = h + 0147 Z R
X, LT X915,

0, = Zcos‘{ﬂj -
r2

IR E REEROMIZ L DB DFE dS =S, - S, & ifE
DFEJIAZRDHELLTO L1270 s (FXEBR),

dS = 0.1142m
dA = 0.1748m?



L7e > T, i S, 38 LOWREE 4b, BRIERIL, LLTD XS5,
S =r6+0.1142

4, =%2(92 —sin6,)—0.1748

%2(92 —sind,)—0.1748

s, 7,0, +0.1142

FROXIICLTRELWRMA BLIOEER ZAWT, FROAXLY | EIFLLTFTOLIICTLT
KE D,

0 :£R2/3l-1/2
n

B B > R IBT B AKGL-Td B R 2 IR BT R

h(m) 6 (ad) f:(rad) Si(m) A;(m) S2(m) A,(m) S(m) Am) R(m)  Vun (/S)Qyy (m'/s5)

0.05 0.221  0.569 0.908  0.030 1.423 0.180  0.908 0.030 0.033 0.317 0.010
0.10 0313  0.639 1.287  0.085 1.599 0251 1.287 0.085 0.066 0.501 0.043
0.15 0.385 0.704 1.579  0.155 1.759 0329 1.579 0.155 0.098 0.654 0.102
0.182  0.424  0.742 1742 0.207 1.856 0382 1.742 0.207 0.119 0.742 0.154
020 0445 0.764 1.827  0.238 1.909 0413 1.795 0.238 0.132 0.798 0.190
025 0.499 0.820 2.047 0331 2.049 0501 1935 0.327 0.169 0.938 0.307
030 0.547 0.873 2248 0434 2183 0.595  2.069 0.420 0.203 1.062 0.446
035 0.593 0.924 2.433 0.545 2.311 0.693 2197 0.518 0.236 1.173 0.608
0.40 0.635 0974 2.607  0.663 2434  0.795 2320 0.620 0.267 1.274 0.790
0.45 0.675 1.021 2.771 0.788  2.553 0.900 2.439 0.725 0.297 1.368 0.991
0.50 0.713  1.067 2927 0920  2.669 1.008  2.554 0.833 0.326 1.455 1.212
055 0.749 1.113 3.077 1.057  2.781 1.118  2.667 0.944 0.354 1.537 1.450
0.60 0.784  1.157 3.221 1.199  2.892 1232 2777 1.057 0.381 1.613 1.705
0.65 0.818 1.200 3.360 1.347  3.000 1.347 2886 1.172 0.406 1.685 1.976
0.70  0.851 1.243 3.495 1.499  3.106 1.465 2992 1.290 0.431 1.753 2.261
0.75 0.883  1.285 3.626 1.655 3.211 1.584  3.097 1.409 0.455 1.817 2.560
080 0914 1326 3.754 1.816 3315 1.704 3201 1.530 0.478 1.878 2.872
085 0945 1367 3.879 1.980  3.417 1.826 3303 1.651 0.500 1.935 3.196
090 0974 1.408 4.001 2.149  3.519 1.949 3405 1.774 0.521 1.989 3.530
095 1.004 1.448 4.121 2320 3.620 2.073  3.506 1.898 0.541 2.041 3.873
1.00  1.032  1.488 4238 2495 3.721 2.197  3.607 2.022 0.561 2.089 4.225
1.05  1.060 1.528 4354  2.673 3.821 2322 3707 2.147 0.579 2.135 4.583
1.10  1.088  1.568 4468  2.853 3.921 2.447  3.807 2272 0.597 2.178 4.948
1.15  1.115  1.608 4.580  3.036  4.021 2572 3.907 2397 0.614 2218 5317
1.20  1.142  1.648 4.690 3222 4121 2.697  4.007 2.522 0.629 2.256 5.689
125  1.169  1.689 4.800  3.410 4222 2821 4.107 2.646 0.644 2.291 6.064
130 1.195  1.729 4908  3.600  4.323 2.945 4208 2.770 0.658 2.324 6.439
135 1.221 1770 5.015 3792 4424 3.068 4310 2.893 0.671 2.355 6.813
1.40 1247 1.811 5.121 3985 4527  3.190 4413 3.015 0.683 2.383 7.185
1.45 1273 1.852 5226  4.181 4.630 3311 4516 3.136 0.69%4 2.409 7.554
1.50  1.298  1.894 5330 4378 4735 3.430  4.621 3.255 0.704 2.432 7.917
1.55  1.323 1936 5433 4576  4.841 3.548 4727 3373 0.714 2.453 8.273
1.60 1.348 1.980 5536 4776 4949  3.663  4.835 3.489 0.722 2.471 8.621
1.65 1373 2.024 5638 4977 5059  3.777 4945 3.602 0.728 2.487 8.958
170 1.398  2.069 5740 5178  5.172  3.888  5.058 3.713 0.734 2.500 9.283
1.75 1423 2115 5.841 5.381 5287 3996 5173 3.822 0.739 2.510 9.594
1.80 1.447 2162 5942 5584 5406 4102 5291 3.927 0.742 2.518 9.889

1.85 1472 2211 6.043 5788 5528 4204 5414 4.029 0.744 2.523 10.164
1.90 1496 2262 6.143 5.993 5.655 4302 5541 4.127 0.745 2.524 10.418
1.95 1.521 2315 6.244  6.198 5788 4396  5.674 4.222 0.744 2.522 10.648
200 1.545 2371 6.344  6.403 5928 4486 5814 4311 0.742 2.517 10.850
2.05 1.569 2430 6.444  6.608  6.076 4570 5.962 4.395 0.737 2.507 11.019
2,10  1.594 2494 6.544  6.814  6.235 4.649 6.121 4.474 0.731 2.493 11.152
215  1.618 2.564 6.644  7.019 6409 4721 6.295 4.546 0.722 2.473 11.240
220 1.642 2642 6.744 7224  6.604 4785 6.490 4.610 0.710 2.446 11.275
225 1.667 2733 6844 7428 6.832 4.840 6.718 4.665 0.69%4 2.409 11.238
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y y'| =y-d)
1=0.22m
i i
mi m?2
7= 1]04m
U/s D/S
— —
B9 ORI
0.66 m ‘ | 0.96 m
| 1.84m |
EEW®E (&%)

Q=C*B*yp’” (m's)
mi=0~23,m:=1/10%HE C=1.28+1.42(/Z)

ZIIT. 0 s B R (m')s), B : HEDIE(m),y : R AKEm), Z : HEE (m), b+ B AKEm), C  REEEm ), m, : LREAR  m, 2 FRE AR,
Source: KEAXECGE 1T EUEIKTE HIFHEORGT & —7245)
HE 5 TDI0OH | TDI00 | EMFE | LwkiE | EowE | Bk K i LiE | mERRK | EekE
gz wrt— | TokE | "Qe" U "B" | y=t-2 wz Vol AL el "Q." 0./0.
(m) Flgk (m) (m'/s) (m) (m) (m) m, m m'”’/s) (m'/s)
1.04 0.7409 1.02 4.370 1.780 2.965 0.740 0.712 0.923 0.635 2.290 4323 1.011
1.04 0.7509 1.03 4.442 1.780 2.965 0.740 0.712 0.923 0.635 2.290 4323 1.028
1.04 0.7609 1.04 4514 1.795 2.965 0.755 0.726 0.923 0.635 2.311 4495 1.004
1.04 0.7709 1.05 4.586 1.790 2.965 0.750 0.721 0.923 0.635 2.304 4437 1.034
1.04 0.7809 1.06 4.659 1.820 2.965 0.780 0.750 0.923 0.635 2.345 4.790 0.973
1.04 0.7909 1.07 4732 1.820 2.965 0.780 0.750 0.923 0.635 2.345 4.790 0.988
1.04 0.8009 1.08 4.805 1.830 2.965 0.790 0.760 0.923 0.635 2.359 4911 0.979 -
1.04 0.8109 1.09 4.878 1.820 2.965 0.780 0.750 0.923 0.635 2.345 4.790 1.018 o>
1.04 0.8209 1.10 4952 1.830 2.965 0.790 0.760 0.923 0.635 2.359 4911 1.008
1.04 0.8309 1.11 5.025 1.835 2.965 0.795 0.764 0.923 0.635 2.365 4972 1.011
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AERUEE:
() TR d" il 0D, BRI AT "y " 2 BT 20 FE 3 72 BEBEA AR CRVKIE DL S A TRIET 5, & B CHL IR MR T O K I 2 (AR L K TR I8 i AR E 5, K
T 5 C 9T AU K TR T A DAL A TE B (et —) ARE L B TR "y " ASLE T AL 5.

B XNVIEE EHKE

HEOIE & AR | R KR R i RSl MERE | HAERE
an nZn nhn y=(h-Z) y/Z @EE /LUEE "C" chn
(m) (m) (m) (m) m; mi m'?/s) m’/s)

2.965 1.04 1.04 0.00 0.000 0.923 0.635 1.280 0.000

2.965 1.04 1.10 0.06 0.058 0.923 0.635 1.362 0.059

2.965 1.04 1.20 0.16 0.154 0.923 0.635 1.498 0.284

2.965 1.04 1.30 0.26 0.250 0.923 0.635 1.635 0.643

2.965 1.04 1.40 0.36 0.346 0.923 0.635 1.772 1.135

2.965 1.04 1.50 0.46 0.442 0.923 0.635 1.908 1.765

2.965 1.04 1.60 0.56 0.538 0.923 0.635 2.045 2.540

2.965 1.04 1.70 0.66 0.635 0.923 0.635 2.181 3.468

2.965 1.04 1.80 0.76 0.731 0.923 0.635 2.318 4.553

2.965 1.04 1.90 0.86 0.827 0.923 0.635 2.454 5.803

2.965 1.04 2.00 0.96 0.923 0.923 0.635 2.591 7.225

2.965 1.04 2.10 1.06 1.019 0.923 0.635 2.727 8.825

2.965 1.04 2.20 1.16 1.115 0.923 0.635 2.864 10.609

2.965 1.04 2.30 1.26 1.212 0.923 0.635 3.000 12.582

2.965 1.04 2.40 1.36 1.308 0.923 0.635 3.137 14.752

2.965 1.04 2.50 1.46 1.404 0.923 0.635 3273 17.122

2.965 1.04 2.60 1.56 1.500 0.923 0.635 3.410 19.700

2.965 1.04 2.70 1.66 1.596 0.923 0.635 3.547 22.490

2.965 1.04 2.80 1.76 1.692 0.923 0.635 3.683 25.498

2.965 1.04 2.90 1.86 1.788 0.923 0.635 3.820 28.729

2.965 1.04 3.00 1.96 1.885 0.923 0.635 3.956 32.187
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NEEH- 4

2004/12/13 Discharge Measurement (Old Tunnel)

Measurement Location:

1B b > )L it 7 2 87 R (2004/12/13 X i)

20m downstream section of DAWSSA water depth sensor at Figeh (TD260)

Channel Width: 135 cm
Dimension of bottom corner triangle: a= 0 cm
b= 0 cm
Remarks:
Observed Record
. Flow Velocity (m/s
Time h (m) Left Centery o Right
17:00 0.286 0.855 0.923 0.882
17:05 0.291 0.876 0.889 0.926
17:10 0.290 0.833 0.890 0.885
17:15 0.288 0.869 0.887 0.921
17:20 0.285 0.879 0.879 0.867
Partial area of each measured point (mz)
Time A Acenter Aright Asotal
17:00 0.135 0.116 0.135 0.386 W
17:05 0.137 0.118 0.137 0.393 03W
17:10 0.137 0.117 0.137 0.392 0.2W ‘.M_
17:15 0.136 0.117 0.136 0.389
17:20 0.135 0.115 0.135 0.385 : : :

il [
Partial discharge of each measurement point and calculated discharge (m3/ s) L | j | : Q‘

Time left Geenter Gright Qiotal )
17:00 0.116 0.107 0.119 0.342 Left Center Right
17:05 0.120 0.105 0.127 0.353 ® Mcasured point of flow velocity
17:10 0.114 0.105 0121 0.340 Partial area for each measured velocity
17:15 0.118 0.103 0.125 0.347
17:20 0.118 0.101 0.117 0.337
AVerage of Q[o[al: 0.344 m3/s
= 343.55 1/s



2004/12/13 Discharge Measurement (Old Tunnel) - Gate 5§

Measurement Location: Upstream section of Gate No. 5 (TD1655)
Channel Width: 134 cm
Dimension of bottom corner triangle: a= 0 cm
b= 0 cm
Observed flow velocity of the left side is faster than that of the right side, and it is conceivable affection of curved
Remarks: allingment of the upstream reach of the measurement site.
Observed Record
Time h (m) Flow Velocity (m/s) '
Left Center Right
11:45 0.265 0.891 0.787 0.761
11:55 0.260 0.905 0.829 0.811
12:00 0.260 0.898 0.840 0.782
12:05 0.260 0.891 0.812 0.776
12:10 0.265 0.847 0.805 0.793

Partial area of each measured point (mz)

Time Aoty Acenter Aright Agotal
11:45 0.124 0.107 0.124 0.355 T W
11:55 0.122 0.105 0.122 0.348
12:00 0.122 0.105 0.122 0.348 0.2W ‘ 0.2
12:05 0.122 0.105 0.122 0.348

12:10 0.124 0.107 0.124 0.355 3 !
/%%/

! | I
Partial discha L /ﬁ |

rge of each measurement point and calculated discharge (m3/s)

Time Qlet Ceenter Qright Qtotal 4

Teft Center Right
11:45 0.111 0.084 0.095 0.289

® Measured point of flow velocity

11:55 0.110 0.087 0.099 0296 Partial arca for cach measured velocity
12:00 0.110 0.088 0.095 0.293
12:05 0.109 0.085 0.095 0.288
12:10 0.105 0.086 0.099 0.290
Average of Q. 0.291 mYs
= 291.09 I/s



2004/12/13 Discharge Measurement (Old Tunnel) - Gate 7

Measurement Location: Upstream section of Gate No. 7 (TD3090)

Channel Width: 131 cm
Dimension of bottom corner triangle: a= 0 cm
b= 0 cm
Observed flow velocity of the right side is fastest among the other measured points, and it is conceivable affection
Remarks: of curved allingment of the upstream reach of the measurement site.
Observed Record
Time h (m) Flow Velocity (m/s) :
Left Center Right

12:45 0.265 0.726 0.754 0.773

12:50 0.270 0.751 0.758 0.783

12:55 0.265 0.758 0.772 0.793

13:00 0.265 0.759 0.777 0.791

13:05 0.265 0.747 0.764 0.784

Partial area of each measured point (mz)

Time A Acenter Aright Atotal
12:45 0.122 0.104 0.122 0.347 Y
12:50 0.124 0.106 0.124 0.354
12:55 0.122 0.104 0.122 0.347 0.2W ‘M
13:00 0.122 0.104 0.122 0.347

| | |

13:05 0.122 0.104 0.122 0.347 5 !
| : : | ..c:l
Partial discha: = 1

rge of each measurement point and calculated discharge (m3/s)

Time Jieft Geenter right Qtotal Left Center Righ‘l—aj
12:45 0.088 0.079 0.094 0.261
- ® Measured point of flow velocity
12:50 0.093 0.080 0.097 0.270 Partial arca for cach measured velocity
12:55 0.092 0.080 0.096 0.269
13:00 0.092 0.081 0.096 0.269
13:05 0.091 0.080 0.095 0.266
Average of Qi 0.267 m’/s
= 266.94 [/s



2004/12/13 Discharge Measurement (Old Tunnel) - Gate 20

Measurement Location: Upstream section of Gate 20 (TD8379)

Channel Width (W): 135 cm
Dimension of bottom corner triangle: a= 12 cm
b= 10 cm
Remarks:
Observed Record
Time h (m) Flow Velocity (m/s) :
Left Center Right
13:35 0.264 0.783 0.753 0.738
13:40 0.254 0.789 0.728 0.705
13:45 0.255 0.777 0.766 0.736
13:50 0.261 0.816 0.766 0.733
13:55 0.266 0.789 0.770 0.729
Partial area of each measured point (mz)
Time A Acenter Aright Atotal
13:35 0.119 0.107 0.119 0.344 05w W
13:40 0.114 0.103 0.114 0.343
13:45 0.114 0.103 0.114 0.344 0.2 ‘M
13:50 0.117 0.106 0.117 0.352 | | |

13:55 0.120 0.108 0.120 0.359 3 |
| : : | ..c:l
Partial discha: = 1

rge of each measurement point and calculated discharge (m3/s)

Time Jieft Geenter right Qtotal Left Center Righ‘l—aj
13:35 0.093 0.081 0.088 0.261
- ® Measured point of flow velocity
13:40 0.090 0.075 0.080 0.245 Partial arca for cach measured velocity
13:45 0.089 0.079 0.084 0.252
13:50 0.096 0.081 0.086 0.263
13:55 0.094 0.083 0.087 0.265
Average of Qi 0.257 m’s
= 257.20 /s



2004/12/13 Discharge Measurement (Old Tunnel) Upstream of Siphon

Measurement Location: Upstream section of Siphon (TD12300)

Channel Width (W): 137 cm
Dimension of bottom corner triangle: a= 12 cm
b= 10 cm
Remarks:
Observed Record
Time h (m) Flow Velocity (m/s) :
Left Center Right
15:05 0.242 0.771 0.758 0.762
15:10 0.244 0.768 0.765 0.769
15:15 0.252 0.790 0.789 0.775
15:20 0.247 0.777 0.777 0.729
15:25 0.255 0.750 0.757 0.748
Partial area of each measured point (mz)
Time A Acenter Aright Atotal
15:05 0.110 0.099 0.110 0.320 05w W
15:10 0.111 0.100 0.111 0.334
15:15 0.115 0.104 0.115 0.345 0.2 ‘M
15:20 0.112 0.102 0.112 0.338 | | |

15:25 0.116 0.105 0.116 0.349 3 |
| : : | ..c:l
Partial discha: = 1

rge of each measurement point and calculated discharge (m3/s)

Time Jieft Geenter right Q total Left Center Righ‘l—aj
15:05 0.085 0.075 0.084 0.244
- ® Measured point of flow velocity
15:10 0.085 0.077 0.085 0.247 Partial arca for cach measured velocity
15:15 0.091 0.082 0.089 0.261
15:20 0.087 0.079 0.082 0.248
15:25 0.087 0.079 0.087 0.254
Average of Qyyy; 0.251 m¥s
= 250.91 /s



2004/12/13 Discharge Measurement (Old Tunnel) Downstream of Siphon

Measurement Location: Downstream section of Siphon (TD12620)
Channel Width: 128 cm
Dimension of bottom corner triangle: a= 12 cm
b= 10 cm
Remarks:
Observed Record
Time h (m) Flow Velocity (m/s) :
Left Center Right
15:50 0.267 0.770 0.773 0.746
15:55 0.260 0.777 0.758 0.744
16:00 0.270 0.776 0.773 0.773
16:05 0.265 0.770 0.750 0.758
16:10 0.270 0.762 0.747 0.752

Partial area of each measured point (mz)

Time A Acenter Aright Atotal
15:50 0.114 0.103 0.114 0.330 T
15:55 0.110 0.100 0.110 0.333
16:00 0.115 0.104 0.115 0.346 0.2 ‘M
16:05 0.113 0.102 0.113 0.339

| | |

16:10 0.115 0.104 0.115 0.346 3 !
| : : | ..c:l
[ ]

Partial discharge of each measurement point and calculated discharge (m3/s) ‘ -
a

Time Qlet Ceenter Gright Qtotal

Left Center Right
15:50 0.087 0.079 0.085 0.251
- ® Measured point of flow velocity
15:55 0.086 0.076 0.082 0.244 Partial arca for cach measured velocity
16:00 0.089 0.080 0.089 0.258
16:05 0.087 0.076 0.085 0.249
16:10 0.088 0.077 0.086 0.251
Average of Q 0.251 mYs
= 250.70 I/s



2004/12/13 Discharge Measurement (Old Tunnel) Gate 38 (Wali)

0.2W ‘ 0.2W

| | |

G

1

L]
Left Center Right

® Measured point of flow velocity
Partial arca for cach measured velocity

Measurement Location: Wali, Upstream section of Gate No. 38 (TD16254)
Channel Width: 128 cm
Dimension of bottom corner triangle: a= 22.5 cm
b= 17 cm
Remarks: Measurfed sectio'n is just upstream of constrained section of Gate No.38. Critical flow is observed on the
constrained section of Gate No.38.
Observed Record
Time h (m) Flow Velocity (m/s) :
Left Center Right
18:20 0.298 0.700 0.723 0.712
18:25 0.307 0.723 0.723 0.732
18:30 0.299 0.708 0.701 0.725
18:35 0.300 0.703 0.721 0.740
18:40 0.304 0.707 0.693 0.736
Partial area of each measured point (mz)
Time A Acenter Aright Atotal
18:20 0.114 0.114 0.114 0.343
18:25 0.118 0.118 0.118 0.393
18:30 0.115 0.115 0.115 0.383
18:35 0.115 0.115 0.115 0.384
18:40 0.117 0.117 0.117 0.389
Partial discharge of each measurement point and calculated discharge (m3/s)
Time et Geenter right Qotal
18:20 0.080 0.083 0.081 0.244
18:25 0.086 0.085 0.087 0.258
18:30 0.081 0.080 0.083 0.245
18:35 0.081 0.083 0.085 0.249
18:40 0.083 0.081 0.086 0.250
Average of Qua; 0.249 m¥/s
= 249.20 /s



NEBER-5 742 IH LV Gate 5 BERFRES AL R(2004/12/15 Ef)
2004/12/15 Discharge Measurement (Old Tunnel)

Measurement Location 20m downstream section of DAWSSA water depth sensor at Figeh (TD260)
Channel Width: 135 cm

Dimension of bottom corner a= 0 cm
triangle: b= 0 cm
Remarks:
Observed Record

Flow Velocity (m/s)

Time h (m)
V left V center v right

11:20 0.320 0.746 0.735 0.720

11:30 0.328 0.741 0.761 0.721

11:40 0.325 0.731 0.757 0.724

11:50 0.322 0.713 0.745 0.761

12:00 0.325 0.729 0.777 0.724

12:10 0.320 0.773 0.720 0.739

12:20 0.330 0.741 0.784 0.713

12:30 0.320 0.773 0.740 0.708 0.5W

12:40 0.330 0.756 0.729 0.686 02w ‘ 02w
12:50 0.325 0.712 0.717 0.692

13:000 0325 0737]  0.718]  0.684 l l l

13:10 0.315 0.734 0.733 0.704 il I -
13:20 0.322 0.738 0.785 0.702 \ : /: \ .D‘
L ]

13:30 0.320 0.687 0.724 0.709 ‘ -
13:40 0.325 0.713 0.677 0.696 Left Center Right

13:50 0.325 0.729 0.718 0.676 ® Mens . .
easured point of flow velocity
14:00 0.320 0.727 0.731 0.690 Partial area for each measured velocity

14:10 0.322 0.710 0.691 0.700

14:20 0.320 0.712 0.670 0.699

Partial discharge of each measurement point and

Partial area of each measured point (mz) calculated discharge (m3 s)

Time Ajeft center Aright Atoal Time ieft Yeenter Gright Qtotal
11:20 0.151 0.130 0.151 0.432 11:20 0.113 0.095 0.109 0.317
11:30 0.155 0.133 0.155 0.443 11:30 0.115 0.101 0.112 0.328
11:40 0.154 0.132 0.154 0.439 11:40 0.112 0.100 0.111 0.323
11:50 0.152 0.130 0.152 0.435 11:50 0.109 0.097 0.116 0.322
12:00 0.154 0.132 0.154 0.439 12:00 0.112 0.102 0.111 0.325
12:10 0.151 0.130 0.151 0.432 12:10 0.117 0.093 0.112 0.322
12:20 0.156 0.134 0.156 0.446 12:20 0.116 0.105 0.111 0.331
12:30 0.151 0.130 0.151 0.432 12:30 0.117 0.096 0.107 0.320
12:40 0.156 0.134 0.156 0.446 12:40 0.118 0.097 0.107 0.322
12:50 0.154 0.132 0.154 0.439 12:50 0.109 0.094 0.106 0.310
13:00 0.154 0.132 0.154 0.439 13:00 0.113 0.095 0.105 0.313
13:10 0.149 0.128 0.149 0.425 13:10 0.109 0.094 0.105 0.308
13:20 0.152 0.130 0.152 0.435 13:20 0.112 0.102 0.107 0.321
13:30 0.151 0.130 0.151 0.432 13:30 0.104 0.094 0.107 0.305
13:40 0.154 0.132 0.154 0.439 13:40 0.110 0.089 0.107 0.305
13:50 0.154 0.132 0.154 0.439 13:50 0.112 0.095 0.104 0.310
14:00 0.151 0.130 0.151 0.432 14:00 0.110 0.095 0.104 0.309
14:10 0.152 0.130 0.152 0.435 14:10 0.108 0.090 0.106 0.305
14:20 0.151 0.130 0.151 0.432 14:20 0.108 0.087 0.106 0.300

Average of Qi 0.316
= 315.58

m’/s



2004/12/15 Discharge Measurement (Old Tunnel)

Measurement Location Upstream section of Gate No. 5 (TD1655)

Channel Width: 134 cm
Dimension of bottom corner a 0 cm
triangle: b 0 cm
Remarks:
Observed Record

. Flow Velocity (m/s

Time b (m) Left Centery | })light
11:40 0.260 0.727 0.763 0.789
11:50 0.270 0.749 0.731 0.840
12:00 0.270 0.719 0.777 0.797
12:10 0.260 0.732 0.763 0.822
12:20 0.260 0.737 0.745 0.805
1230]  0260] 0736] 0746 0843 i W
12:40 0.260 0.757 0.763 0.833
12:500 0270 0752 o772 osn 0.2W \M
13:00 0.260 0.741 0.736 0.796 | |
13:10 0.260 0.764 0.773 0.804 i / !

13:20 0.260 0.749 0.760 0.838 ‘ %g////q
13:30 0.260 0.778 0.731 0.813 - - -~
13:40 0.260 0.720 0.766 0.823 Left Center Right
13:50 0.260 0.733 0.754 0.798 ) .
® Meusured point of flow velocity
14:00 0.250 0.751 0.741 0.837 Partial area for each measured velocity
) . ) Partial discharge of each measurement point and
Partial area of each measured point (m”) calculated discharge (m3 /)

Time Aefi Acenter Aright Atotal Time Qiett Yeenter Yright Qyotal
11:40 0.122 0.105 0.122 0.348 11:40 0.089 0.080 0.096 0.265
11:50 0.127 0.109 0.127 0.362 11:50 0.095 0.079 0.106 0.281
12:00 0.127 0.109 0.127 0.362 12:00 0.091 0.084 0.101 0.276
12:10 0.122 0.105 0.122 0.348 12:10 0.089 0.080 0.100 0.269
12:20 0.122 0.105 0.122 0.348 12:20 0.090 0.078 0.098 0.266
12:30 0.122 0.105 0.122 0.348 12:30 0.090 0.078 0.103 0.271
12:40 0.122 0.105 0.122 0.348 12:40 0.092 0.080 0.102 0.274
12:50 0.127 0.109 0.127 0.362 12:50 0.095 0.084 0.103 0.282
13:00 0.122 0.105 0.122 0.348 13:00 0.090 0.077 0.097 0.264
13:10 0.122 0.105 0.122 0.348 13:10 0.093 0.081 0.098 0.272
13:20 0.122 0.105 0.122 0.348 13:20 0.091 0.079 0.102 0.273
13:30 0.122 0.105 0.122 0.348 13:30 0.095 0.076 0.099 0.271
13:40 0.122 0.105 0.122 0.348 13:40 0.088 0.080 0.100 0.268
13:50 0.122 0.105 0.122 0.348 13:50 0.089 0.079 0.097 0.266
14:00 0.117 0.101 0.117 0.335 14:00 0.088 0.074 0.098 0.261

Average of Qyai: 0.270
= 27042

m®/s
l/s
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