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Present Condition and Rehabilitation Plan for Zai Pumping Station
As of 15th July 2019

Past History Present Condition Rehabilitation Plan
1. Leave the original equipment a. Good condition Blank. No repair or replacement are required.
2. Repaired b. Good but minor troubles are occurred. 1. Repair is necessar
3. Replaced with spare parts ¢. Repairorr of parts are required. 11. Repl of major parts is required
4. Replaced with new 1 d. Out of order or performance degradation 111. Repl with new ) is required
Facility Main Equipment Q’'ty | Manufacture lnst:;led Hli’sizt P‘:jz;n R?}:ﬁlh Comment on 2017 Comment on 2018 Comment on 2019
Intake | Trash rake screen 1 Geiger 2003 2 b Some parts such as bearings were
Structure nracured locally and renaired
No.1 Motor operated sluice gate 1 Kurimoto 2003 1 a
Intake | Trash rake screen 1 Geiger 1985 2 b Some parts such as bearings were
Structure nracured locally and renaired
No.2 Motor operated sluice gate 1 1985 1 a
Facility Main Equipment Q’ty | Manufacture e l‘>ast Pres‘e ?(:n Regll:::lh Comment on 2017 Comment on 2018 Comment on 2019
Intake pum 1 Ebara 2003 1 d m Many repairs carried out and Replacement with new complete
pump chanld he renlaced poninment ic reanired
Electric motor 1 ABB 2003 3 d m Bearings replacement 03/2016 Many repairs carried out and Replacement with new complete
chanld he renlaced poninment ic reanired
Motor operated butterfly valve 1 |showa 2003 1 d Replacement with new complete
poninment ic reanired
Check valve 1 Showa 2003 1 d Replacement with new complete
Intake PS eoninment ic reanired
No.1 Discharge pipe 1 - 2003 1 a
Totally repaired with local spare parts
Travelling screen 1 Us Filter 2003 2 d i Replacement with new complete
is required
Compressor for travelling screen 1 Atlas copco 2003 1 b
Ultrasonic Flow Meter 1 Endress & 2003 1 c Calibration is required
Housers
Intake pump 1 Ebara 2003 1 d m Many repairs carried out and Replacement with new complete
chonld he renlaced eaninment ic reanired
Electric motor 1 ABB 2003 3 d m Bearings replacement 08/2017 Many repairs carried out and Replacement with new complete
chanld he renlaced eaninment i< reanired
Motor operated butterfly valve 1 Showa 2003 1 d Rep.lacemer.n Wlth.new complete
Intake PS eaninment is reanired
No.2 Check valve 1 Showa 2003 1 d Replacement with new complete
- eaninment ic reanired
Discharge pipe 1 - 2003 1 a
Unit is out of service
Travelling screen 1 Ube 1985 2 d 1 Replacement with new complete
cequipment is required
Intake pum 1 Ebara 2003 2 d m Bearings replacement 11/2015 Not repaired and should be Replacement with new complete
pump renlaced eaninment is reanired
Electric motor 1 ABB 2015 4 a new motor 11/2015 (Miyahuna Replaced in (2015) with new
warehaneae) comnlate saninment fram ctack
Motor operated butterfly valve 1 |showa 2003 1 d Replacement with new complete
poninment ic reanired
Intake PS Check valve 1 Showa 2003 1 d Replacement with new complete
No.3 paninment ic reanired
Discharge pipe 1 - 2003 1 a
Repaired with local spare parts
Travelling screen 1 |Ube 1985 2 d 1 Replacement with new complete
equipment is required
Intake pump 1 Ebara 2018 4 o Replaced in (02/2018) with new
comnlete eaninment from stack
Electric motor 1 ABB 2003 3 d m Bearings replacement 03/2017 Many repairs carried out and Replacement with new complete
chanld he renlaced eaninment ic reanired
Motor operated butterfly valve 1 Showa 2003 1 d Rep.lacemer.n Wlth.new complete
Intake PS eaninment is reanired
Nod Check valve 1 Showa 2003 1 d Replacement with new complete
: eaninment ic reanired
Discharge pipe 1 - 2003 1 a
Repaired with local spare parts
Travelling screen 1 US Filter 2003 2 d 1 Replacement with new complete
equipment is required
Facility Main Equipment Q’ty | Manufacture e l‘>ast Pres‘e ?(:n Regll:::lh Comment on 2017 Comment on 2018 Comment on 2019
Booster pumi 1 Ebara 1998 2 d m rotor assembly 09/2016 Many repairs carried out and Replacement with new complete
pump chanld he renlaced poninment ic reanired
Electric motor 1 Fuii 1998 3 d m Bearings replacement 11/2014 Many repairs carried out and Replacement with new complete
) chanld he renlaced paninment ic reanired
Hand operated Suction gate valve 1 1998 1 d Replacement with new complete
paninment ic reanired
Hand operated gate valve 1 Showa 2015 4 a New valve 05/2015 (Gulf grant)
ps] | Motor operated ball valve 1 |Kitamura 2015 4 a New valve 06/2015 (Gulf grant)
No.1 Check valve 1 APCO 2015 4 A New valve 06/2015 (Gulf grant)
Suction and discharge pipe 1 - 1998 1 a
Ultrasonic Flow Meter 1 Yocogawa 1998 1 c Calibration is required
Compressor for surge vessel 1 Kaji 1998 1 c
Main header discharge pipe - 1885 1 c I * Repaired locally 12/2013 End cup should be replaced with new one.
(collector) 31000 mm * Thig item added hy Mivahuna & the header nine chauld he tested
Booster pum 1 Ebara 2013 4 ® new pump 03/2013 (Miyahuna Replaced in (02/2013) with new
pump warehaneae) comnlate saninment fram ctack
Electric motor 1 Fuii 2000 5 d m Motor rewinding 03/2015 Many repairs carried out and Replacement with new complete
) chanld he renlaced poninment ic reanired
Hand operated Suction gate valve 1 2000 1 d Replacement with new complete
poninment ic reanired
PS1 Hand operated gate valve 1 Showa 2015 4 a New valve 05/2015 (Gulf grant)
No2 Iy fotor operated ball valve 1 |Kitamura 2015 4 a New valve 06/2015 (Gulf grant)
Check valve 1 APCO 2015 4 a New valve 06/2015 (Gulf grant)
Suction and discharge pipe 1 - 2002 1 a
Compressor for surge vessel 1 Kaji 1998 1 c
Booster pum 1 Ebara 2000 2 d m rotor assembly 03/2016 Many repairs carried out and Replacement with new complete
pump chanld he renlaced paninment ic reanired
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Electric motor 1 Fuji 2000 2 d m Motor rewinding 12/2016 Many repairs carried out and Replacement with new complete
shonld he renlaced eaninment is reanired
Hand operated Suction gate valve 1 2000 1 d Rep.lacemer.n w1th.new complete
eaninment ic reanired
PS1
No3 Hand operated gate valve 1 Showa 2015 4 a New valve 05/2015 (Gulf grant)
Motor operated ball valve 1 Kitamura 2015 4 a New valve 06/2015 (Gulf grant)
Check valve 1 APCO 2015 4 o New valve 06/2015 (Gulf grant)
Suction and discharge pipe 1 - 2002 1 a
Booster pump 1 Ebara 2000 2 d m rotor assembly 02/2015 Many repairs carried out and Replacement with new complete
shonld he renlaced eaninment is reanired
Electric motor 1 Fuji 2000 2 d m Motor rewinding 06/2016 Many repairs carried out and Replacement with new complete
shonld he renlaced eaninment is reanired
Hand operated Suction gate valve 1 2000 1 d Rep.lacemer.n w1th.new complete
eaninment ic reanired
PS1
No4 Hand operated gate valve 1 Showa 2015 4 a New valve 05/2015 (Gulf grant)
Motor operated ball valve 1 Kitamura 2015 4 a New valve 06/2015 (Gulf grant)
Check valve 1 APCO 2015 4 o New valve 06/2015 (Gulf grant)
Suction and discharge pipe 1 - 2002 1 a
Facility Main Equipment Q’'ty | Manufacture il IR Comment on 2017 Comment on 2018 Comment on 2019
Booster pump 1 Ebara 1998 2 d m rotor assembly 10/2016 Many repairs carried out and Replacement with new complete
shonld he renlaced eaninment is reanired
Electric motor 1 Fuji 1999 2 d m Motor rewinding 09/2017 Many repairs carried out and Replacement with new complete
shonld he renlaced eaninment is reanired
Hand operated Suction gate valve 1 1998 1 d Rep.lacemer.n w1th.new complete
eaninment ic reanired
Hand operated gate valve 1 Showa 2015 4 a New valve 05/2015 (Gulf grant)
PS2
No.l Motor operated ball valve 1 Kitamura 2015 4 a New valve 06/2015 (Gulf grant)
Check valve 1 APCO 2015 4 o New valve 06/2015 (Gulf grant)
Suction and discharge pipe 1 - 1998 1 a
Compressor for surge vessel 1 Kaji 1998 1 c
Main header discharge pipe - 1985 5 ¢ I * Repaired locally 12/2013 End cup should be replaced with new one.
(collector) 31000 mm * Thig item added hy Mivahnna & the header nine chonld he tested
Booster pump 1 Ebara 2015 4 o new pump 10/2015 (Gulf grant) Replaced in (08/2015) with new
comnlete eaninment nrocured
Electric motor 1 Fuji 2000 2 d m Motor rewinding 12/2011 Many repairs carried out and Replacement with new complete
shonld he renlaced eaninment is reanired
Hand operated Suction gate valve 1 2000 1 d Rep.lacemer.n w1th.new complete
eaninment ic reanired
PS2 Hand operated gate valve 1 Showa 2015 4 a New valve 05/2015 (Gulf grant)
No2 Motor operated ball valve 1 Kitamura 2015 4 a New valve 06/2015 (Gulf grant)
Check valve 1 APCO 2015 4 o New valve 06/2015 (Gulf grant)
Suction and discharge pipe 1 - 2002 1 a
Compressor for surge vessel 1 Kaji 1998 1 c
Booster pump 1 Ebara 2013 4 @ new pump 03/2013 (Miyahuna Replaced in (03/2013) with new
warehancec) comnlete eaninment fram stack
Electric motor 1 Fuji 2016 4 o new motor 02/2016 Replaced in (2016) with new
comnlete eaninment nrocured hy
Hand operated Suction gate valve 1 2000 1 d Rep.lacemer.n w1th.new complete
eaninment ic reanired
PS2
No3 Hand operated gate valve 1 Showa 2015 4 a New valve 05/2015 (Gulf grant)
Motor operated ball valve 1 Kitamura 2015 4 a New valve 06/2015 (Gulf grant)
Check valve 1 APCO 2015 4 o New valve 06/2015 (Gulf grant)
Suction and discharge pipe 1 - 2002 1 a
Booster pump 1 Ebara 2000 2 d m rotor assembly 05/2011 Many repairs carried out and Replacement with new complete
shonld he renlaced eaninment is reanired
Electric motor 1 Fuji 2000 1 d m Many repairs carried out and Replacement with new complete
shonld he renlaced eaninment is reanired
Hand operated Suction gate valve 1 2000 1 d Rep.lacemer.n w1th.new complete
eaninment ic reanired
PS2
No4 Hand operated gate valve 1 Showa 2015 4 a New valve 05/2015 (Gulf grant)
Motor operated ball valve 1 Kitamura 2015 4 a New valve 06/2015 (Gulf grant)
Check valve 1 APCO 2015 4 o New valve 06/2015 (Gulf grant)
Suction and discharge pipe 1 - 2002 1 a
Facility Main Equipment Q’ty | Manufacture () ?ast Presg{l § § L Comment on 2017 Comment on 2018 Comment on 2019
Booster pump 1 Ebara 1998 2 d m rotor assembly 11/2016 Many repairs carried out and Replacement with new complete
shonld he renlaced eaninment is reanired
Electric motor 1 Fuji 1998 2 d m Motor rewinding 06/2017 Many repairs carried out and Replacement with new complete
shonld he renlaced eaninment is reanired
Hand operated Suction gate valve 1 1998 1 d Rep.lacemer.n w1th.new complete
eaninment ic reanired
Hand operated gate valve 1 Showa 2015 4 a New valve 05/2015 (Gulf grant)
PS3
No.l Motor operated ball valve 1 Kitamura 2015 4 a New valve 06/2015 (Gulf grant)
Check valve 1 APCO 2015 4 o New valve 06/2015 (Gulf grant)
Suction and discharge pipe 1 - 1998 1 a
Compressor for surge vessel 1 Kaji 1998 1 c
Main header discharge pipe - 1885 1 ¢ I * Repaired locally 12/2013 End cup should be replaced with new one.
(collector) 31000 mm * This item added hy Mivahnna & the header nine chonld he tested
Booster pump 1 Ebara 2002 2 d m rotor assembly 09/2017 Many repairs carried out and Replacement with new complete
shonld he renlaced eaninment is reanired
Electric motor 1 Fuji 2002 1 d m Many repairs carried out and Replacement with new complete
shonld he renlaced eaninment is reanired
Hand operated Suction gate valve 1 2000 1 d Rep.lacemer.n w1th.new complete
eaninment ic reanired
PS3 Hand operated gate valve 1 Showa 2015 4 a New valve 05/2015 (Gulf grant)
No2 Motor operated ball valve 1 Kitamura 2015 4 a New valve 06/2015 (Gulf grant)

6-2




New valve 06/2015 (Gulf grant)

Check valve APCO 2015
Suction and discharge pipe - 2002
Compressor for surge vessel Kaji 1998
Booster pump Ebara 2002 m rotor assembly 05/2010 Many repairs carried out and Replacement with new complete
shonld he renlaced eaninment is reanired
Electric motor Fuji 2016 Motor rewinding 03/2010 Replaced in (2016) with new
comnlete eaninment nrocured hy
Hand operated Suction gate valve 2000 Rep.lacemer.n Wlth.new complete
eaninment ic reanired
PS3
No3 Hand operated gate valve Showa 2015 New valve 05/2015 (Gulf grant)
Motor operated ball valve Kitamura 2015 New valve 06/2015 (Gulf grant)
Check valve APCO 2015 New valve 06/2015 (Gulf grant)
Suction and discharge pipe - 2002
Booster pump Ebara 2002 m rotor assembly 10/2016 Many repairs carried out and Replacement with new complete
shonld he renlaced eaninment is reanired
Electric motor Fuji 2015 new motor 06/2015 (Gulf grant) Replaced in (2014) with new
comnlete eaninment nrocured hy
Hand operated Suction gate valve 2000 Rep.lacemer.n Wlth.new complete
eaninment is reanired
PS3
No4 Hand operated gate valve Showa 2015 New valve 05/2015 (Gulf grant)
Motor operated ball valve Kitamura 2015 New valve 06/2015 (Gulf grant)
Check valve APCO 2015 New valve 06/2015 (Gulf grant)
Suction and discharge pipe - 2002
Facility Main Equipment Manufacture il IR Comment on 2017 Comment on 2018 Comment on 2019
Booster pump Ebara 1998 m rotor assembly 07/2017 (Miyahuna { Many repairs carried out and Replacement with new complete
warehaneec) shonld he renlaced eaninment is reanired
Electric motor Fuji 2011 new motor 04/2011 (Miyahuna Replaced in (2009) with new
warehaneec) comnlete eaninment nrocured hy
Hand operated Suction gate valve 1998 Rep.lacemer.n Wlth.new complete
eaninment ic reanired
Hand operated gate valve SHOWA 2015 New valve 05/2015 (Gulf grant)
PS4 Motor operated ball valve Kitamura 2015 New valve 06/2015 (Gulf grant)
No.1 Check valve APCO 2015 New valve 06/2015 (Gulf grant)
Suction and discharge pipe - 1998
Ultrasonic Flow Meter Yocogawa 1998 Calibration is required
Compressor for surge vessel Kaji 1998
Main header discharge pipe R 1885 I * Repaired locally 02/2013 End cup should be replaced with new one.
(collector) 31000 mm * Thig item added hy Mivahnna & the header nine chonld he tested
Booster pump Ebara 2015 new pump 11/2015 (Gulf grant) Replaced in (10/2015) with new
comnlete eaninment nrocured
Electric motor Fuji 2016 new motor 06/2016 (Miyahuna Replaced in (2008) with new
warehaneec) comnlete eaninment nrocured hy
Hand operated Suction gate valve 1998 Rep.lacemer.n Wlth.new complete
eaninment ic reanired
PS4 Hand operated gate valve Showa 2015 New valve 05/2015 (Gulf grant)
No2 Motor operated ball valve Kitamura 2015 New valve 06/2015 (Gulf grant)
Check valve APCO 2015 New valve 06/2015 (Gulf grant)
Suction and discharge pipe - 2002
Compressor for surge vessel Kaji 1998
Booster pump Ebara 2002 m rotor assembly 02/2014 Many repairs carried out and Replacement with new complete
shonld he renlaced eaninment is reanired
Electric motor Fuji 2017 new motor 10/2017 (Miyahuna Replaced in (2017) with new
warehaneec) comnlete eaninment nrocured hy
Hand operated Suction gate valve 1998 Rep.lacemer.n Wlth.new complete
eaninment ic reanired
PS4
No3 Hand operated gate valve Showa 2015 New valve 05/2015 (Gulf grant)
Motor operated ball valve Kitamura 2015 New valve 06/2015 (Gulf grant)
Check valve APCO 2015 New valve 06/2015 (Gulf grant)
Suction and discharge pipe - 2002
Booster pump Ebara 2002 m rotor assembly 01/2016 Many repairs carried out and Replacement with new complete
shonld he renlaced eaninment is reanired
Electric motor Fuji 2017 new motor 10/2016 (Miyahuna Replaced in (2017) with new
warehaneec) comnlete eaninment nrocured hy
Hand operated Suction gate valve 1998 Rep.lacemer.n Wlth.new complete
eaninment ic reanired
PS4
No4 Hand operated gate valve Showa 2015 New valve 05/2015 (Gulf grant)
Motor operated ball valve Kitamura 2015 New valve 06/2015 (Gulf grant)
Check valve APCO 2015 New valve 06/2015 (Gulf grant)
Suction and discharge pipe - 2002
Facility Main Equipment Manufacture il IR Comment on 2017 Comment on 2018 Comment on 2019
Transfer pump Ebara 2003 m rotor assembly 05/2015 Many repairs carried out and Replacement with new complete
shonld he renlaced eaninment is reanired
Electric motor ABB 2003 m Many repairs carried out and Replacement with new complete
shonld he renlaced eaninment is reanired
Hand operated Suction gate valve 2003 Rep.lacemer.n Wlth.new complete
eaninment ic reanired
Hand operated gate valve Tomn Replacement with new complete
eaninment is reanired
PS5 Motor operated ball valve DPV 2018
No.1 Check valve APCO 2003 Replacement with new complete
eaninment is reanired
Suction and discharge pipe - 2003
Compressor for surge vessel Mikuni 2003 Rep.lacemer.n With.new complete
eaninment ic reanired
Ultrasonic Flow Meter ABB 2003 Culibrationliziteduired
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Main header discharge pipe - 1985 5 ¢ I * Repaired locally 12/2013 End cup should be replaced with new one.
(collector) 31000 mm * This item added hy Mivahnna & the header nine chonld he tested
Transfer pump 1 Ebara 2003 1 d m Many repairs carried out and Replacement with new complete
shonld he renlaced eaninment is reanired
Electric motor 1 ABB 2003 1 d m Many repairs carried out and Replacement with new complete
shonld he renlaced eaninment is reanired
Hand operated Suction gate valve 1 2003 1 d Rep.lacemer.n w1th.new complete
eaninment ic reanired
PS5 Hand operated gate valve 1 1885 1 d Rep.lacemer.n w1th.new complete
eaninment ic reanired
No2 Motor operated ball valve 1 Kitamura 2003 1 d Rep.lacemer.n Wlth.new complete
eaninment ic reanired
Check valve 1 APCO 2003 1 d Replacement with new complete
eaninment is reanired
Suction and discharge pipe 1 - 2003 1 a
Compressor for surge vessel 1 Mikuni 2003 1 d Rep.lacemer.n Wlth.new complete
eaninment is reanired
Transfer pump 1 Ebara 2003 1 d m Many repairs carried out and Replacement with new complete
shonld he renlaced eaninment is reanired
Electric motor 1 ABB 2003 1 d m Many repairs carried out and Replacement with new complete
shonld he renlaced eaninment is reanired
Hand operated Suction gate valve 1 2003 1 d Rep.lacemer.n w1th.new complete
eaninment ic reanired
PS5 i
Hand operated gate valve 1 2003 1 d Replacement with new complete
No.3 eaninment is reanired
Motor operated ball valve 1 Kitamura 2003 1 d Rep.lacemer.n Wlth.new complete
eaninment ic reanired
Check valve 1 APCO 2003 1 d Replacement with new complete
eaninment is reanired
Suction and discharge pipe 1 - 2003 1 a
Transfer pump 1 Ebara 2018 2 o rotor assembly 12/2008 Replaced in (02/2018) with new
comnlete eaninment fram stack
Electric motor 1 ABB 2003 1 d m Many repairs carried out and Replacement with new complete
shonld he renlaced eaninment is reanired
Hand operated Suction gate valve 1 2003 1 d Rep.lacemer.n w1th.new complete
eaninment is reanired
PS5 i
Hand operated gate valve 1 1885 1 d Replacement with new complete
No.4 eaninment is reanired
Motor operated ball valve 1 Kitamura 2003 1 d Rep.lacemer.n Wlth.new complete
eaninment ic reanired
Check valve 1 APCO 2003 1 d Replacement with new complete
eaninment is reanired
Suction and discharge pipe 1 - 2003 1 a
Spare Parts in Stock
Facility Main Equipment Q'ty Spare Parts (2017) Spare Parts (2018) Spare Parts (2019)
Intake pump 4 Impeller x 1 No new spare pump
Electric motor 4 Complete motor x 1 No new spare motor
Intake PS | Motor operated butterfly valve 4
Check valve 4
Travelling screen 4
Booster pump 4 Complete pump x 1 No new spare pump
Electric motor 4 No new spare motor
PS1 Hand operated gate valve 4
Motor operated ball valve 4
Check valve 4
Booster pump 4 Complete pump x 1 No new spare pump
Electric motor 4 No new spare motor
PS2  |Hand operated gate valve 4
Motor operated ball valve 4
Check valve 4
Booster pump 4 No new spare pump
Spare motor procured by
Electric motor 4 Miyahuna budget in the 2014
PS3
Hand operated gate valve 4
Motor operated ball valve 4
Check valve 4
Booster pump 4 No new spare pump
Spare motor procured by
Electric motor 4 Miyahuna budget in the 2018
PS4
Hand operated gate valve 4
Motor operated ball valve 4
Check valve 4
Transfer pump 4 Complete Pump x 2 No new spare pump
Imneller
Complete motor x 1 Spare complete motor in stock
Electric motor 4 procured in 2002 through KFW
expansion project
PSS
Hand operated gate valve 4
Motor operated ball valve 4
Check valve 4
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Y DOFTEEN6mm IS BILKR LIZE DREND DA, FORERILITIRA
SNTERDBIXFER CTE Do Tz,

r— 7 OEFEIRTLS, HK (F5KE THREEIC LT2K) ZiED KA
FTIEHRE L ORENRH DO T, HFHSCHFROBEITIT, AT U =050
OEELEHEZ TOWDHAEMERE W (me—Yaryhoa—Ya s aag—y
3 UDWITETE RV

RS COSHTFERNHRE SN TWD S, 5 HO—FF 2T 1E, Bk 7
DOEEIZ100mgL U T THY, Tu—2a COBENLIE, THESVVESE
ITEWEINZR WA, FENEWERETIE, £, Mzl - TiE, =ue—v
3N KBBEEZTAGEN DD B 2D, FRUPRECEE L, FA
NEZEEE Lo o — g A2 X A REM S &,

Tr—Ya COEEICIE, MEIOES | BRI TOR, ERAE, EZeH
FE. MBEEREEL ODRFNEEL RITT, BILUHIZ, RXEREL, ERIC
£oT, m=-32, n=3.5, 0=0.8, p=13%ZRDOTN5 9, F/=, BEKT
DM OBIROEE) b oo — g VHEIC L RIET,

Tu—VareE ((KERVEE) =HV"x vox cox dP
HV: RO S

v R
c : [ AR - B
D BRI
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HFOFCIL, IO S B I WTEORENKE Y, Tn—Va v
FAEOTREMEIL, BE S MEVIZ O 226, FHf, 858, 13Cr A7 L AHDIE
225, F1-. BIOEWI3Cr AT LAITY, MEOKREWT A F U
7= )T OTEETIE, me— g VRAEOFRRENE £ D,
R FOHFIITE R OFRIE L H Y . ZOMEDNNELRBHIFE, =r—
VarEIHETT 5, SEOFr—2TlE, BB TORIESHOE—271F 10
um B . BUWEAITIE 20~30 um DALEIZH D, Z DRI W ERKRIF %
EAT ) —Dxza— a3 VIZOWTHRTEREFNRH D D, Z0r—R1%,
SESPRL DN 30 um ThH A D, BERLFORENEWEGEE, Lo —Y
aVEBIEFEILTEBY, AEO “UIv R B, RFENSHEA/ NSV &I
EoTH, BENES RIVUILZLIETTERN,

27 V= Lo —Va VBN RELEDNLD OO, FERRICH
VATEL N D KICEBERL N EOREE EN TV D0, Z OB OM
W (Bisr, B l) X0kl HLWRENRLEEND, £ LT, FAIEET
HIUEX, ZTOFEMET, HOLWVITEEERZITV, Moo —y a3 V85 %
EBMICITRT D ENNELEZ D,

42 2T UL AMOREEE (LEBLOT X EHE)

AT A =T 13Cr AT v L AERSL OFEE T, FEATICIEVIL
BREAELTNWD, £72. r—L 7 U v ZORTEICITT X EERARA L
TWLEDHREL D D,

13Cr A7 > L AGIL, BER L OBEIELEVD, AT 2 L AGOF T
ST AT | B 4 & SRR T CHILAST X EBAR Y
REERZEZ LTV, LinL, AAROKEKLSAO, YA AR
FEAMEVHOK R CIL, R AR 2 TS,

ATV ABDOILER IO & FEREIX, WA A RERESWVITE,
BEAEVIEE, T, BBEORILME (27> L AHHO B RBRARE L 72
%) BEVEERELLTV, LEBLUT & FEAREDOERSMEL LT,
LR Ve (JIS0577) BLOERT & EHTBRELEN Ercerev (JIS 0592)
DRSS TEBY ., BRENMN Es N0 DOBERASME LT L EENRET
%o ZOBRER 2 ITEAICRT, HThnod X9, Ved LUV Ercrev
T LA AL BEERE T LIRS 725, ZORIT. — 7 OEEESE
EINTZ Ve BEIONERrey ZRT HDTH DA, BEN ENRIE, Zhboo
BEIED > LEL o T EENRKE LS 2D, HAMI, Vel Ercrev &
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D HFICEMAEMUNICHD (DEV, FIiC, TEEFAEDIT) MEELT
BETD) .

AEREBREN
(BB V)

FEEEARE
BAE
(Bp)

& YEERBRRELEBRREM
(gﬁT%iﬁZ:{E]%{t%{ﬁ . ER,CREV)

BV RE

2 TEEFEBLOCILEORESRM 2R ITHEAN

13Cr A7 > L AR D RHEE R EFREMIZHOWTEE L 7= BRI EH Tl
B35, M3 1X30CTHIE LI=T —H#Th D,

" Flat hum,mupm(s clty, Fukui), 30°C

600 f ;(mmﬂmw
E 400 ch
g 5 a ..
e é
E 200 of heald X and C
; mmyL&cD

. :
-200
1 10 100 1,000 10,000 100,000

Cl

/mgL”
3 13Cr A7 v VAT @R - FLEREREEORGD

BIFEEF 2 2 lRER CITEAREN (Esp) M5 280mV vs. SHE (AT, &
TENILIT vs. SHE TRT) Thol-D T, ZOHEE. HbWA 4 EEN 75

=7



mgL LT ETEFEAELILELRE LR, L L, EEEEHEIT-> X
BEFREN 04mg/L 12705 & BIRENLD 0.5V 7213 0.6 VT IZE TH
LEFonGEony Mo TERD D) G A 4 BEN 10 mg/L
AR COBELAEZT LIRS, £z, BABLIK 0.6 VIZRIUT, ik
WA A RED 100mg/LFRE T, FLELRAETH LIRS,

WHEKAR VTR, Tox . AL A B, 200 mg/L Bifé & EVMELS
oTWD, £, ZBUEFRBI B~ T BA ) UL EZFALTND
EWVWOMERDH D, “ELEFR LB BRI Y U A EKIZEANLIZREO
G EBLIRTTENM 2 LA TFIORT, £io, IBFREDRETIZ OV T HRIFEIC
N

F 1 BHERISIZRT % BE T EN

RO fefta& e i (vs. SHE)
ClO2+ e =ClOy +0.954
ClOy + H0 + 2¢ = ClO + 20H" +0.66
ClO + H2O + 2¢ = CI"+ 20H" +0.81
MnOys +4H" +3¢'= MnO; + 2H20 +1.68
MnO4 + 8H" + 5¢" = Mn*" + 4H,0O +1.51
MnOg4 + 2H20 + 3¢ = MnO, + 40H" +0.60
02+ 2H,0 + 4 =40H" +0.401

INERD L, ZBUERBI OB~ VB ) U AOWTREEAL
HAETH, £ 2 TR I AGCOB(LETEMITIEFHREZEOETNLY bE<,
COLEBRERICEINTZAT VL ASOBREMIRELBX EFoh 5
Z EIEEEW R, BEKAR T T, iax . BHAROKEK E R THEY
AFRENE L (200 mg/L 7itR) . ZEMLERB LW~ T BI Y v
LOFENZ L > TEMP EFA T, TEXFEERITLDLAA, ILEORAER
RENMZLBZIT, ILELRET S L5, o, ZERESRR LB
S UHUEER Y T ADENT, AT UL AOENE BT AT TR, =
o DBITRIG (7Y — FRIG) DEFBRRAOBETLKIGICEEL T, BED
CREE A IET 5, FIZ, ZEBEERNE IV, Bk A U RE
DML, BESEDEICENT D, 10T, RV—=T =7 )
TR E 13Cr AT 2V ASHERE R LW REE R A o - 01k, E{LEFR
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BLOB~ AU LAOBRMNRKEREELEZTHWHHDEE X
Do

AT L ARG R A S DKM EEMICIERT 57290121,
XHRT TIT-o T2 L7 e —FR3nBETH S, 95, “BILEREB
T~ BT Y U LAORMEE (INE, IINOALE - HikkE) %
HDZEMBBEED, ZORMEHT, AT U VABMOEMN ENZEE EH-
THDMN, Fio, DY — RRIGSHENIEENMREIND D7 Y, EBRNLE
LD,

43 =V U TICRLNDER

BB — o TNE DB RDEA TS EOWMEND DA, EEMITIX
ERETE TWRNOT, —RIICEET 5, K4Y 12, ##kB LOEHOE R
CRIETHEAD A A AARE R EHDOBRE T, Bk A A RENE WS
I, BEEEEIE & IR EHT 5, MK TR Z 0 X 5 AeiiE
REMENRA OGNS, ZHUIHRED EJ L3R, &BEFR~DORTFIEZEOMLE
EFRIZRDT2DThH D, —F, AT RENMES b &, itED E
AL - BEREEEITENT 20, BICMENRELS 8D L, HoTEEHE
ENMETT 5, Ziud, A 4V REMEWVERE Tik, o BRI X
5 WF OBFE N W IREN R EIEO R ZIRT b B bRD, EkWA
A REDMERNRAKZR D R 7T, #ild 2 WITEEEREL S — o U A
HERFODIXZOEENL THD, L, RRECTIE, HEk1r 4 RE
DB E W &, TEREEB LB~ AU BES Y 7 AOTRINC L A8
EHEDEEIN, AT U —IZ X 285D ERE - FIPER EEAMICERAL (K1 b
SH) | BENET L ARENE L LND,

mm/y

[EEEE mm/y
BRRE

TR m/s
(a) #Hex

X 4 $Ekds J UMK O &I MAF AW A A RS L OWH O
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5. £ O LERICET HMEHER

AADKEKZR ED X 9 ITHA 4 BENMEVKERE THIUE, 550
R =7 & 13Cr AT L ARG D WVITFHELPAR B T4 O BT S
Hiv, EELZVR, AE, 20X RBEEZB V- ERER EFERE LTI
TRNAEBZDLNS,

O 27V —D¥E (BEENEBYEFSEL o —Va ), HOE
FICL-oTEREZEIE 2o 0—Vgy s an—Vg U, ET
EXAYAVRY)

— $BRL S — v VT EE R L OEREIREAR— ViR OB 5

@ ZBUEFB LB~ T U 7 AOTM O
— 13Cr A7 ' L A O FEE &, SFRRE S OB,

TR — o v VR EOEE (IEER)

O 1ZOWTIE, BB LOFHIZ. A7V —DORBEEZ T TV 5 ATREMEN
bb, AR RE L TR T ICEA SN D KOBERRLFRE A T 5
DPRAEEPHRTH L, TNTH, ATV —DORBELHIETERVWDOT
L, MEOEERVETH D, ATV —0OFBICEL TS 2E. W
To—YgrHHrNEHTe—a s aa—2 g UEOEWV 13Cr AT
YU ABASOERL, R BHSTmERDIRETHAHY (FHERICS
WTIERIT, @QTIRR%) , 13Cr AT v VAL — v 7)) v 7B K
DT AFT VT TIHBENRREWVEORENDH SN, Z ik, B0
ROZEFEIZE > TREDFFICELS 5B Cor—Y a VEEZZ TR
T, Flo, WA T A-OEERFEHRTLH LD T, EHRIER
REDHRNLETH D,

@ oW TiE, ZRUERB L OB~ T8I ) U LD EE 5
ZTCWDLARMER D LD, BmWEMIA AV RELEO T, ZOEFRE
WEDLRONOTHIUE, 13Cr A7 2 L A0 FHEECHHE L OF
FHOBREBIOTo—Yay s ag—ya UREEINRY, 5%, F
72 B & AU LA XE D EETH LD, MEO 7L —RT v
THERM LD, BLA A A E LR EKEREE T, ILEB IO
TEBE~OBEIEL LN DFEE L LT, PREN : Pitting Resistance
Equivalent Number (PREN) &\ 5 5153 % 5

PREN=Cr + 3.3(Mo+0.5W) + 16N
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1y
2)
3)
4)

5)
6)

7)
8)

PREN /%, G D& ILHRFLH DEIZ, TNENDOTLFERDOEE Y% DEEZRA
LTRDHND, PREN Z&ELS (MHEHMEEERES)  mELE,
BT 2 N B HIZ HD AT U L AR— O DERMEEZ NS,
BITE, WK > 7 Tld, PREN 2335 L~ULD % D & PREN 7340 DL ED
DOPPHS N TWDD, BEHETIE, PREN 325 L~ bD DO THAEH
AHEND LIV, FELLIE, R T A—DBLOME A~ L L
TWETEE T2,

ik

EIKNE, Zairyo-to-Kankyo, 47, 164 (1998).

ATRIFR, mNFEEL, AAREER, JLIBE Y, — 3T KR, No.89, (1974).
m)IFEsL, KEPFISR, ARIERS, LIBE Y, = 37 KFER, No.86, (1973).
BRI, =37 FER, No. 221, [X] 5(2008), JF4L : A. H. Tuthil, C. M.
Schilmoller: Guidelines for Selection of Marine Materials, INCO International.
HE—, IR B, BIEE, NIEZ, EETT, BERER, =7
IR, No.211 (2006).

BliE—, TEEN, REEKR, ¥ —R i, 34, 6, (2003) , 349
FEEEN, mEBIEZ, )IRE, MBFE BRI, 55, 495 (2006).
ARTFRIR, ™)L, ACWEESE, P&, 32, 31(1983).
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GRS BERs v F—E R AR

Mo~ 57— O A A
20098 H7TH
P Rk

YA KK AT LOE R 7T (PS1-5) (281 5 BERECE 1L 1985 FEDOMA L © FFr &
TELHT, HEDOHDCRAKED LN E SN D, AHE TIEHHA~ Y & —F DRSS
LR Z S AEIC L VR L, NELRHEARET 5,

1. AEANR
THENE GAEHEE ., AL OHIES 2L FIord,

(1) LAk
M & —F OARR 2 AR O EFHHE IS LV AT 5,

(2) S8l
iy Z—=EOHERUZREE IR LA L V1T

o

(3) FHAFA (IS E A
W OEREE TROBERESFHZHAWTHET 5, EROEEMSEX 1~2 TR
o Fo. WEMEZEK 3 ITRT,

F1 HEREIG
A= — CEA AR g 0Ty )ad—
A DM4
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B. D. .. H

{LB50
'I LTS

5

2 PS2-5 &JEHIE Hi A

A~Iittss BIEME| JHs BIEMNE
@ ® ® @
XTFHRICAr>TO~DEFEELTWAS,
X 3 & H S OB EN B
2. HEMR
3.1 fhERAA

Miyahuna 72> OBEXHELY (2 XY A~y X —E OMAXKE 72 EOEFHED K- T2
EVHIBA LTz, SO AMLHAREEAFAET D LU TOMAREHEETE -,

Hik% : API spec 5LX grade X52
JE /1 KEYE : Pressure Class 3
H£E : 1,200 mm

IE @ 14,45 mm

LU, M~y =813 088 1, 000mm OFEE DR STV 5D, AFLTREZEORLE T
HBOKAR > 7Bl KH £ TORE T ERRtRE S 7o T, ED X 9 74T HAE 1, 000mm
LIRS T NTIBERIRE S TN OHR TX o 77,

3.2

S B A

Miyahuna "GO E IRV FARICL D & BEEICI DR AEIRCERNT DL U 4 —F—
= —IZ XV PS2, PS4, PS5 D RFE ¥ v FEMNEIRFICARIR T 528N H o 72 2 L A3
L7 (EBRORS. =2 R¥ v v 7 EIE PSI-5 1B W CHRE ICAITR L TV A 2 L 2R LT,
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F7-. FRUAORKERITE Z > TN ERHRE & 72, BUkR 7 Fr (IPS) D
sy F—FIZONTIZNE TRAKEOBHRII—EbEZ o TWARNZ L bR TE -,
L7z T, IPS Ot~ F—F I THERE ©H W HANREETH 5720, EENEHRED
®EAE LT,

HEMAAEIZLYD K4 DL —HBENDILL TWLEFTNS Y | AMHOEENA LI
To 3, AR OMFSRERICRIBE & 72 5 X 5 RIBGIXA DN h o T, =2 F¥x v 7T
BEEWMY O LB, K5 DL I RERNBENT W, 2720, ZHIISAHEEO O HHE
HOMENDDEEZLND,

4 BRI, IR

sﬁ'P31 \ PS2 | PS3 | PS4 PS5

X5 T2 RFx v 7HHN

3.3 FHHIFH AR R

(1) EENERFR

BIERERM R ZE 2 1R T, TXTOREMAUITB O T, BREIZ L DWHIEA L2 D
ST, T2l2L, —HORENMBEICIBNT, FHOLETHM I Y REREZRLTWD, At
o~y X —EOHARITE 3.1 HTHBRAT2 L0 RITER, K T OEKELE & )5
WLIFRSETHDLIRE L EZDND, APTHIKICEIT 5 O£ 1,000 mm TOJRSEOEHEAEIC
I HEIRT9.52mm TH DD, —HHERICBWTHRIEDORENRABLND,
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2 EIEHER R

B TE #Hb 2 @ @ ® ® max min, ave.
A 19.91 17.19 15.62 16.95 19.91 15.62 17.42

B 25.87 - 24.18 25.59 25.87 24.18 25.21

C 11.29 11.33 24.23 17.72 24.23 11.29 16.14

D 13.62 15.37 26.82 14.69 26.82 13.62 17.63
PSI E 8.75 9.35 10.92 10.87 10.92 8.75 9.97
F 12.30 15.08 14.36 14.43 15.08 12.30 14.04

G 11.49 11.26 11.29 11.37 11.49 11.26 11.35

H 14.30 15.54 13.91 14.53 15.54 13.91 14.57

1 11.61 11.16 11.10 11.30 11.61 11.10 11.29

J 25.06 - - 24.74 25.06 24.74 24.90

A 18.65 17.20 19.72 18.87 19.72 17.20 18.61

B 13.40 14.29 12.46 13.89 14.29 12.46 13.51

C 11.16 11.20 11.17 11.10 11.20 11.10 11.16

D 12.83 13.25 12.33 14.26 14.26 12.33 13.17
PS2 E 8.76 8.38 9.92 8.84 9.92 8.38 8.98
F 13.17 13.79 12.27 11.38 13.79 11.38 12.65

G 9.72 9.67 9.67 9.67 9.72 9.67 9.68

H 11.24 10.93 15.36 12.61 15.36 10.93 12.54

1 9.96 9.97 9.86 9.85 9.97 9.85 9.91

J 25.23 2491 24.46 25.10 25.23 24.46 24.93

A 19.86 18.20 19.72 17.92 19.86 17.92 18.93

B 15.96 15.31 15.69 16.86 16.86 15.31 15.96

C 11.49 11.35 11.23 11.31 11.49 11.23 11.35

D 14.67 12.36 13.17 16.89 16.89 12.36 14.27
PS3 E 8.78 10.25 9.41 9.22 10.25 8.78 9.42
F 14.33 15.70 15.11 14.55 15.70 14.33 14.92

G 13.00 11.58 11.11 11.26 13.00 11.11 11.74

H 14.77 11.68 12.31 12.50 14.77 11.68 12.82

1 10.89 11.18 11.36 11.19 11.36 10.89 11.16

J 25.90 25.90 25.85 26.10 26.10 25.85 25.94

A 19.60 17.40 17.70 19.30 19.60 17.40 18.50

B 13.90 14.20 13.80 14.20 14.20 13.80 14.03

C 11.50 11.40 11.50 11.50 11.50 11.40 11.48

D 13.40 13.60 13.50 12.40 13.60 12.40 13.23
PS4 E 23.10 22.90 22.00 22.80 23.10 22.00 22.70
F 25.60 25.60 24.80 22.90 25.60 22.90 24.73

G 23.70 23.90 24.60 24.20 24.60 23.70 24.10

H 27.00 26.50 26.40 25.40 27.00 25.40 26.33

1 24.60 24.00 24.20 24.10 24.60 24.00 24.23

J 25.80 26.10 25.70 25.80 26.10 25.70 25.85

A 19.17 17.71 18.30 19.10 19.17 17.71 18.57

B 13.06 14.59 13.92 13.42 14.59 13.06 13.75

C 10.88 10.99 10.85 11.03 11.03 10.85 10.94

D 11.30 12..35 12.51 14.80 14.80 11.30 12.87
PS5 E 10.71 11.26 10.47 10.24 11.26 10.24 10.67
F 14.61 14.28 11.83 14.66 14.66 11.83 13.85

G 11.07 11.27 11.06 11.14 11.27 11.06 11.14

H 13.72 12.85 13.71 15.65 15.65 12.85 13.98

1 11.09 10.95 10.99 10.99 11.09 10.95 11.01

J 24.85 24.58 24.78 24.92 24.92 24.58 24.78




(2) MEEEDHT
Ny BB IKIEIL 3MPa & EETH D Z e JEREOREER (JIS B 8226)
W LN EREE 2R TS, NEEZ2T2HGHORNEIZLL FORICLVRDEND,

PD;
b= o —2.1P)
t : ARE [mm]
P NHE [MPa]
Di © PFE [mm]
0. FFABIRISS) [MPal
n o EEEETFE
(JIS B 8265 PBffEEE 2017)

FRICEVEELEET AL, NESEIZT7.62m THDH, 2 L0, H/NVEEILS. 38mm
ThHbH, ZHEIVEEEIVELS  FAEK AT LOVLEMEICHZ bNAE THHZ
EMWGND,

3. RAFHE

M~y & — & ORI TR TE R h o To, BIEHEFA L 0 BKEE & R% D
JENFEEIZB T ORE LT 5 & —HARE L TWD I Engholz, L, MEMEIC
Mx6NbREEZHELTED, L~y X —ERROEFIIRELEZ bND, 2L,
PSI-5 DY R¥ v v TEITHHEESEIHOISEHE TH H7-0, HED +— X —nr~—
P LT BRITE . REIBOBIKIC SRR S0 H 5,

L7eo T, RRERKRELY, = Fx v HOFHEREZHERT 2,
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SHI| == A T
1. JEEPT
ROYAL SCIENTIFIC SOCIETY Technical Report No. (1223/17/5t.09)
i l > = ;
1
1 T
| )
|
WP il abl g
X Gt o sl
PC : Pachometer | Covereastin
KD Inspection
RH : Risbound | Schmidt
Hamenes , NDT
o5 e :
'faxkqﬁm;;-g{'lvqh =0 : o 8 al it
Value (Mpa) 4 L e | 475
| imuxy " . | ng YT | e
Ciore Uppar Lacation / Abave » L™ a _— :ﬂi e =
SW Lavel s - g — N Ly
(LX)} B Tﬁl 4 ! cun
Core Lowsr Location / Below »
5. Or Rioacd Level e 4 & = !
|| (] Bt e - B
= ———n o . .
ROYAL SCEMTIFIC SOCIETY | = e Nt
Conmtruclions & Sustainsble o T r Tl
wu»'-euur [T l_-m— s = ey REEERLE] \
i JE AR o o aE T e il L oummn i'. | i
v
6 B AR I\
-— E WLy
0 =
SHI == ¥ N > G —
2. WIEREF I K OVERETREE OHEE
B kg/em2
B 2 B A 1 2 3 4 5 6 7 8| of 1o mn] a2f 3] 14| 15[ 16| 17] 18
1 45| 52| s 47 47] sol 35| 48] 44| 34 33| 42 43] 29 41| 35| 45 45
2 46| 45| 47| 43| 44| 46| 29| 42| 42| 36| 30| 44] 44| 28] 43 40| 45 49
3 46| 49 49| 45| 44| 49| 35| 45| 41 39| 35| 470 37| 42 38| 43| 41| 43
4 54l a0 so| 44| 44l 48] 3] 43| 37 46| 28] 44| 43| 33| 3] 36| 4] 49
5 47| 52| 52| 46| 44 46| 45| 46| 43| 43] 32| 41| 45| 40[ 38 42| 43| 45
6 50 52| 48] 52| 44] 46| 34| 44| 44| 31 36| 47| 44| 37| 30 38| 42| 46
7 49| 48] 47| 44| 48] sol 31| 42| 46| 30| 37| 43] 45| 41 39| 34| 39 48
8 54 sof 49l 57| 45| 35| 36| 45| 45| 26| 30| 47| 42| 39| 36| 43| 43| 50
9 49  sol 51| 42 43| 51| 35| 41| 45| 41| 34| 43 44| 41 35| 36| 43| 46
11%)?5; 10 53] s3] s4l  s1| 370 54| 39| 42 46| 4] 28] 44| 44] 36| 36| 37| 43| 49
= (Rﬂg)" 11 52| 55| 48] 43| 45| 51| 41| 48] 47| 30 34| 45| 43 41| 37 41| 4 52
12 56| 5ol 47] 47| 45 49 35| 45| 48]  44] 30| 46| 45| 42| 37[ 43 45| 49
13 571 51| 46| 46|  44] 46| 39| 42 45| 38 30| 43| 46| 38 38 38 41| 45
14 - s6| 54| 44 a1 49| 40 40| 44| 46| 34| 43 47| 38| 39| 35| 43 53
15 - 471 s3] 4] sol 48] 35| 42| 46| 44| 29| 47| 44| 42| 34| 39 42| 48
16 - 571 46| 53| 44| 49| 41| 45| 45 40| 27| 49 44| 32| 35| 38 43 52
17 - s1| 54 29[ 43] 43| 30 46| 44[ 30| 28] 45 45| 35 36| 26| 45 49|
18 - 49| 48] 45| 48| 44| 37] 38| 45| 31| 29 52| 43| 42| 34| 36| 48] 49
19 - sl 52| 471 43| 51| 33 41| 43]  44] 33| 42| 42| 40 38| 35| 470 48
20 - 50l 46l 45| 4] 45| 38 42| 45| 31 31 39| 47| 35 370 37| 47 48
SEHE sif s sof 46|  44] 48] 36| 43 44| 37 31| 45| 44] 38 37 38 43[ 48
9B +20% 61 61 60 55| s3] s8] 43| 52| s3] 44] 37 54| s3] 46| 44] 46| 52| S8
EHE 5 —
SEH#){iE —20% 41l 411 40| 370 35| 38 29| 34| 35 30| 25 36| 35| 30 30 30 34 38
TiiE (REERO SIS sof 46 44] 48] 36 43 44| 37 31 45] 44| 39 37| 38 43 4§
[E#E34E |Fo=13R-184 479 479] 466| 414| 388] 440 284[ 375 388 207] 219 4o1| 388] 323] 297[ 310] 375 440
HEX | EMRAREN/mm2) 471 471 46| 41f 38 43| 28] 37 38 29| 21| 39 38 32 29 30 37 43
XEBECERIREE



3. BRI Rl & DM ik

% ERITE BEE&EH

| == | ==

é#; N/mm2 g#; N/mm2
| 47 [rRus4| 46
2| 47 |russ| w4
3] 46 [RHTI| 36
4 a1 [rume| 35
s| 38 [RH7T7| 34
6f 43 [rRHS0| 34
71 28 [RHS9| 30
s| 37 [rRH63| 36
of 38 [rRHeI]| 35
10 29 [rRues| 25
1| 21 [ruas| 28
12] 39 [ruas| 36
13] 38 [RH49| 34
14 32 |rusi| 35
15| 290 |ru3s| 24
16] 30 [rRH32| 37
17l 37 |rH4 3
18] 43 |rHs6 27

4. HE

AFEHGER RIT, BEEBCHEML 722 = 2 v by~ —BRE R & IZIERROE % 7=
L7z, 7220, EMRENRKE < BARDEINZHOWTL, WEEFToa 7 U — oy
WENEELTLLEZDOND,

5. HERNEHE
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R K H IR OEH]

PAHARY RKEFBRROER - 5

2019/8/1 VA /KT

—_
=i

i

k=103
D

PA HFKRGIIBIE 2 KL, 250,000m3 OfisxAE N &2 A L T\ 5, KHREBRKD 12 #
(6,720m2/12 1, 8m x 70m =560m2/1 #, H=0.8m)&H ¥ . 9 H 10 FEi% 1985 4EIC USAID |2 C
HEEE 2 PRIE 2001 4F H R EEE S W I a L X VA T THERENT- DO TH S,
K H ¥l K (Drying Bed) &\ 9 AR TIEA TV A D, EEICIZATEIC HEVR I 72 122l 23
FERET, KEERRFHEH THESN TV T/~ Th D, ZIUTEKiEE»HHEK L
ToIRBEA Ty VR EEE T AL, R - IRIEHERE A B DR oo b O Th D, M. KB
RREREHEEHZ TR A RRIRIZ O W TUTHIA WIS H 23, 77— A2 DWW TR HLE
DAFIEL7R0,

2. BUEOHEMIZET %M & MY i

Eng. Mohamed Hamdan (Zai WTP 35 K) [CRIZHD 217->7, EHIZOWTIELLTFDO X D
[CFEML TV D,

(1) RKHEEBEIZ12FEEZ 3 7L —71200, 4RETOEHA LTV,

Q) LBRENLDAT v IZONT, 1 HIZDE 2EK~REVIAATND,

(B) AT v VOZIF AN -T2 2 KIT 24 FEHIFE T 5,

4) BHRD 2 EITEVIAALTWDS, BIHICAT v PZIF AN 2 KIZHOWTIE, BBk
(supernatant water) Z 354+ U VICHEHT 5,

(5) 2RDED AL EZHIZEEY KT, 2IROAT v URBIROEFED T10% 22T H DI
10 B2 0 | 2 KEFH20 HEET 5, 20%, RO NLV—TI1BD,

(6) T0%IZELIAT vy VEIRT L0012, 1 IHEZET D,

2019/6/28 IZHZIEA T » P OEOE LA ETITKIEL, 6 KOAT v T % 4 HTEWZL
77

AT A RAGEK 1 JRICAT v UEIRD AR, GRS EHZ L0 EHHNY
AR LTS,

3. RHEBKOEM~==271

FAEKGE L0 AF, RAVBIEOA XL —Z =R o XD X HIEET 20O T
E)NT-HD, AT T ETEEIAT, BENPOOBEXERY NEOEHINENNL TN D,

- A



4. WEOEMICHET 2 E Y HE

Eng. Haitham Al-Kilan FCIZR] Z D #1772,

USAID 23 8Es% U 7= k08588 (1 5/, 125,000m3) L7-#HEEE, K HEER & EH L7
EZABEMIFAT v VR LTS, AFITEL AT v UBNET, LORAFRIIK B R
REFERL T enEnZ b, (AFEFHET6TALPDLEDZ L)

5. K H HLIRPR O i dx

2018 5 11 A 1 B 5 201947 A 25 H £ CoOEMFREERZ AT Lz, £ LRTORLER LT
TEL72\W, FLERIC &L D & AEARICEA ZBG L72DX 7/11 T, ZhETIFGEOE
TV T80, HHRHEEBR 1 IR~NAT v UEIRD AR, MBS EHZ LR
TyVOEEENTOAPH LTS, (HIZLY 1 H~10 BHREEE, BIKR~OE D AR HAT
STWN%,) 711 MHEOERTEICE D &, 1 HIZDE 2~5 [RIZIEV IAZ, RO H R Uiz
RICIEV AT r— AN B D70 8, RO TV U TIZHh -T2 3 T A—F12530F 4 KT Off
M. Enor—7—2a UBUT LHIEEIITOIL TS DT TIERWD, FIRORAT v ¥
TREEZ 70%I 51 5~ BIRDIE Y IAHBA Z WO 7273 HIEMA MM Thh T\ 5,

6. K HEIRK O R DA

7/11 £V E 13:00, BEEIC TR ALBRIR O ARG 2 A L7z, (&R 2FR<) AR
IRV IAHREE Z FABD 2N HEHAMTHONTWD, 12 KD H 1 RIZAT v VRV IAHN
A 7O TH I STV 7220, USAID OJarETld, L /K Z Wash Water Recovering Tank
ICRFZ Ll > TV DA, BUEIMERET, SA U O~EHE EEKZHEH L T 5, 3R
(ZOW T EERAKILE OB T EEAN PR TE T,

7. K H SRR ORI

AREMEORAEEIRILT 77— ThHY | IREA T v DHEZEHT AL, i - R
EEDEFRFOMEELFR O, X7 v VORMEEZ SO B TRICADL 2O, BIIEO AT ¥
T OIE Y IAS - Y - HrE TR OEH GBI A oK b OB & B | SR, AR
DA G BT, EHFIEBEY T RWEITd 5 b ODRMZ R L) b EIC Thil
THEYFHCMBEIT eV, _E#EIKIX Wash Water Recovering Tank (ZFR$~& T, #EH% RLET
VBN D D, HYIAFSA TR0 KPSV T ORI TRICEET 52 8000,
BEHZTONENR DD,

RCRR OB SN TIE, B 711 ICERZBMG L Trb EZETORBRDORT v
MRBOFEFED T0%IZE L TW WA, BIEORRNGHERTH L 8 HnoidnTtaTo
ﬁiiﬁ'@rﬁ§ T0%IZET LD LEBbhDd, £OHMN1 ¥ HRAT v VOB TRRIZALTZD, 9

(ZHEIRIERE D PR SN DL A T v DITR HRBIRIZIR VAT Z L3 CTE 9, EHS



SN2 b0 L B s, T7b bR THIHRIBROBRI AR L TWD, A7
DOWTIIHE Y THEEET4~6 0H EOBRIZERH VO, EEICHEDBAZE L TND,

Uk






EEH2 YA ERG SIS TV D IEIRICE T 2 A R

PA FKRG S R STV HI5TRICE T 2 Al

2019/7/26 WA KK AT LA

A TIL, 2019 47 H 15 HIC &R, WAT, Miyahuna ® =12 X » TE4 Sz M/D
D 9-1 Fi [ A FRGIZBIT DHERAEE TROBR | 1220, BIEE TITE LN EH 2%
BT %5, ERLM/DITIE, S BIRFR LIS G EHHRAEE O BUR 2 A L7 LT, B
BE~AOREE 5 2 72\ M (environmentally safesite) ~Z NEBEHETHLEaI v ML
TCEPHRINTEY ., £, G VBN X - TH4E 10 HK % TIZ feasible plan %
TR (EHE I V& U FBITSC) . RE 3 ARE CICFEFHEZ 345 Z & 239 TI
INTWVD, WIT, AEIZRTARFIL. EFE M/D 2BV Ty LR LY wbéimt

(5 IEMT D DI E RV, £o, KREIZ I OHEMIC X > TERK S
D BEAF BB ERR O fiak - BEA S RETENC A 2 SR SBLEHERICE T 5 6 D TH D,

2. VA WHKGIZEBT DIGTROER &R, B ORI
2.1. {GIEAER OB

T 1T A KRG 5K HEERIR OB 4 3, AR A TR 723K~ DA &,
BREEFOFEARL LOEEDOT —ZICESWTHERMPRE L& 2 A, 2016 F025
2018 FTIIT DGR O AR EIL, AT TR 540 R ovh 640 h oy HYEH TR 18 R e
521 hERED bz, BIRAEREICOWTITHEMP LR 2 ERENEFTHY . 4
BENEZITCIHEET D, HFICHTHBUE, RAGEICET S HEEZMER Th 53, HK
LOBENLDOERICED EAFIZIT 4 DAL 6 PARKLELOZ L THDH, B, i
5 S W T VHIRIXRIRIR D% 7 ICEHZ WA Lo a2k th 5,

1.XBEZERFRORR (£ : BROFRA. G : Eé LFSNEZIRSEIRE. 20194 7 A 15 H)

12-1



2.2. {HIROPEIR

3 /L 4 [E National Agriculture Research Center (NARC) 233&H) U723 HTREIEN S | Y%
HIEDALFRIMIR 2 K 1 ICHRHT 5, 7272 L, SARNC & o TR O B 2 ST HAZIZZ
#al7z, 7ok, B0ME NARC OXAFEICHEL TEY | ZOFEMABLEE TIIRETH D
Tesh, i R A ME TR SN TV D HIEESLHT A R A AL BICRET 5 2 &
TEXRW, 72, INF UEICBIT D BEE & U C, HEREEYEFICE T 2 #A (Regulation
concerning Solid Waste Management No.27 of 2005) 3 L N L8R KA (Soil Protection
Regulation No.25 0f2005) 232 6525, WA E HIHIEC HEICE T 2 REEITED 6
ALTWRUY,

xR 1. BiROIEFRMHIR*

PER E=1E IHIEE E2ME

pH 7.5 — > (P) 120 gkg?
BLEEE (EQ) 6.7 Sm' | 794 (K 086 gkg'l
K%Y 272 % (wt) | X9%S9L (Mg) 291 gkg!l
KpE=S 9.4 % (wt.) | Y>H> (Mn) 0.24 g kg™
BHMEE 63.4 % (wt.) | E$n (Zn) 0.71 g kgt
AL (Ca) 38 gkg?! | @ (Cu) 0.12 g kgt
#% (Fe) 26 gkg?! | RZE-ZEZHE (CNLb) 73 —

2% (N) 4.62 gkg?t | hRIVL <0.0012 mgkg™

* NARC #f5iEBAZE (COA) No.F18/08/14 (2018 ££ 8 B 9 Hft) M5 SI BEALCZHAL TEREk,

1GIRDIEAKAR T 42 6 FISAHEY . 3 BIN MY, 720 1 FIDSKD THRSh TV 5,
TR 2RO 1/4 38 < ZAIREBRRDO VT W EBHERIRSROEN (58, fi) D = K&
FTHHER -V - DV ULAOEENEEICE N, —F, BEFCAEMRF I, £,
MNMEIZ U TR THRWEMEZ R T I FI U AZOWTE, FEAEERRRLEERDIZ
EFOBRWEERICEEDLD LD TH D, Ik, B35 £ TICHARD TIEEH YL RIENED D R
U LB LOEDLEYOE A BFUEIL 150 mg k!, FEOREHBEFEMERIE 0.01 mg L,
F I BEEWIEE N E D 215 O FE (Repl & BEPE SEPEFEW) O E HAE) 13 0.09mg L (#
FH2OIXMEESH - D) THHZ LEZH LKA D, 7k, A EKGILZOREDSNTS
THIRIZOUNT 2009 4E I [AAE DAL 25T %, 2010 4RSI E R BR % . & 112 Royal Scientific
Society @ Environmental Research Center |Z{KFH L CHEE L TH Y, I RI T LR E VST
FEELBITTEBRLT, KBEHSCHLVEXTEOGARIL0.03MPN! ¢! LIFThHhoT,

2.3. 1HIRHLR DB,

WA=V DI 2 1T A FKRG SN DN ERETHRNDIGTRAKRD N7 v F o TR %,
3 C[EREARSGE D BT OE R E THALD U O & B tifra iR E e
MRT, HREOHEK 02 b S TRAKIE, FEK 600 m 2T ETon
JIAICE D, Z 2 HRBIERER 10km e OHUS TKIZRFGE L, B TE 2 po7z, H
FEDOHKGN S OPEKITEZER AEEK 28 L TSN TV D D BAER TH 508,

! Most Probable Number O, #EHAIC [HbMEND LWEE] 28 L. RMEEIEIC L 2MEDRE L E
i L7 BROHALEH S b,

12-2



P NNORE RS 1.2 km #HR TR Eo 72BN RN TER Y, it FigH s FTAER
PIDPKBIBEBALTND b D EHEESND, i, A EKEND DR AKIZOWT, pH
EEXREHE (EC) ZMKICIh-~ TR I7vX 7Ll A, #HAR TOT DR 2=RIEER
DHND SOOI T VT UM EZR L, BWEWEOREZ RET 5 EC I, ¥ A HkGD
JFOKTHDHF 777 FZ (King. Abdullah) & & [FIFEE O 27~ L7z,

BUHIFAA TIE. 7 v ¥ 7O R TH DRIBAELFICIBN T H MR IR ADIGIREN
MR CE 7203, Wi EIZIZKE RO TEARN K S TV D720 8 S IR D TFED R
T&ERV, T2, RFEAUBEIZ B -IFBITTHRDHERE L T D Z &6 BRI AMFE
T 5 & Ebhb,

= Search Google Maps a ¢ ) % =)
YUDNERDPSRTRRET— | ressure stance
ik on the map to add to your path o]
~ See travel imes, traffic and nearby places 4
Total distance: 10.37 km (.44 mi)

Al-Ashraf
gl

B
IS ORMGES |

Measure distance

Cliese on the map Lo add B your path

8.53

Total distance: 600.4% m (1,5970.11 ft)

»|l1 +|=

P gt
EC 127.0 mSm-!

Map dats ©3019 ORION-ME  Jardan  Terms  Send feeciack 500 m

2. ¥@KIENSHHTZERADMNYF I IBR (AEH : 201947 A 23 H)

FTOIS DFEEL T MOPREIRG
(LHEAERICLIEIRICINE)

3. ¥1RKIEHSHINIER



—J7 . A HEKGOPAKRO DS D)EFICED ETOT T HREZH L, ki
DEIFBAERL TS (KM3), HHIFHER (Department of Land and Survey) K0 AFL
TebHBRICE D &0 TR 3 KO L BA AR L THE A DI~ EHA L T
%o VEBITITIEMERIC K> TREZ 2T 2151828 30~40ecm (T EHERT L TR Y | VA HKE
® Eng. Haitham Al-Kilan [IZ X 2% & 652 2 &0 HHIZRES LESIFTICH LT
ZEILTEAEROWD2=FH T, RERIZEOHRAZEENH L TOWDSER WD LD Z
LThole, 7k, THIFAERIZK D &, Al W77 )1 2 & Zaf ) IEE £ 72 1305 B IR
DEBHTH LD, FIZL > THENE DD U DITEARMICE 72135 BIREOERET

TIERWEDOEEEET-, 3512, WAl O +Hi)F (Land Department) (2357 U 7

TiE, HHIEIR & EEOTHIFTEE B AR L TORWEERH Y | FTaHEEZ ® <o TEHIC
RHZEL B BHDHEDZ EThHoTm, 2B, WAl BL UV A E/KED Eng. Haitham Al-
Kilan K £ 0 | HHIOFTARIEIIMD TR VT 4 TREFEZTH H720, O FNITIE
FHEREL, WERYDRNZETHEEREIAToCWEEEETLWEDOEHE N H D . EHE~D
WEDTZODHDOFMETH L FEEIBATTEEHGTND, FRGN O VLT )INTE 2 ik
WZIXESL B R MRE T K D B R REHIBCIE L - SUBRYEEMIBIIAFAE L2V 2 &3
ﬁEE I C&E TN, 7V —2 v~ > BT “ZaiNational Park” & OERRDBND Z LD, FLF

BT D ENLARE OFE BN &R IR ENE & BRI AET Th 5,

3. A5%O%S

HARCIXPEEFEEDIC I D EAKBIRTH 505, I VF 2 TIEATHAERE R TRIR O
FEIEE PRICB 3 2 BRI R A AN @ B IZR D HEIT 2 <. TAEOEMKIEL T
TEL7Z2W, L L IHIRAKD NI U CERHE R B ENER 272 Z L 2 E 2 D &
EIBICL D TBRETF =y 7 U A b 14, BKE] OWBFRHETH D [Q)BFEFREY (a) Miakks
B > THRAET HIETRE ORI ML 5L E O HLE TN > THEUNI AL - A5 D0 1T

®LUTIE, AHEFIEO M/D 1SN T I v Z U IOFEIC K - TEKGTRAET DG
JelEUNC Bl S5 | & L2 BT, 10 H £ TIZHEH S5 feasible plan 22 L CRi# 7
AR (A

72k, YA KD Eng. Haitham Al-Kilan [KIZ L% & BUE, {BIROFAIFIZOWTIE, B
R, B, TEHEOWMYFELHETLOZ L ThHDH, BESHTITHELBEAE LTO
EHRZET N TEY , UANOEBEZICERE LTRAIL TWeEENPLE X THEE
BIRRELE XD, L HRIITEEADNZTENTND 2D, REHOGARIIE VLD
D, ERhDOFEEIZH 1 TIEAevy, T LA, A HKGEDIZIA < AT 5 A KA R DR
Rrpglm tiost U, BEAE OB el 2 HEORAKMEEZ RIS D 5 Z L ITHIfFTE S

(B4 4), WICEEST T, IRV T L EEL G2 LICHKTHE AV MG
MELTORME, BEICHEEREZGAT DI LITESIBREEM S LIS & LT
DIEMANFLEDZ L TH -7, 2017 4 11 HITER SN AAREIC L DFAK~DEe T Y

2 EFO Haitham (2 k2 &, ZOR LS TEFHFT L v EI TSzt &,
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I. Google Map®LicRRreh3V¥IEHIIAE (FEH : 201947 A 30H)

2. AKX UEICEBITAENARORE

IV BREE4 (Ministry of Environment) @ web 1 hNZ CERERARAEILICHS < B AR
HEXB I OESNARBAPEZSB U, RLIORT@EY . G OFERIRIE 4 FEIC KR
IND, FERREXIZOWTIIFEHAION 8 RITHEN &V | Z DIREIXMEFIEHES OWRE
AEIT BERKEOHEFHEL ko TWD, b, BARREX L EVARIILT LOEA
T <[5 6 ST THHMOFTA#F L, HMHER (Specialized Entity) (CX>TEDH
AT PRGE H B9 L OVEBREE & )5 L2 WHEFHICR W TH b o T2 2R 2 65
L1 EHEINTWS, £o, [FH 7 51T TBARREX ETIXEN AR LA —E R
WA IR D FHITKRE O RIS D LT 51 LOBUEN, [ 9 FKIZIE THREIROFIH
oA, HINMREX E I IZENSL AR OB RN TOIEEI 21T 5 Sa I IR FIREBI D 7GR %2 22
T2 EOBENRSHDZ LInD, G AZET D HARREXSCENARIIA MR OTELR

I http://moenv.gov.jo/En/LegislationAndPolicies/Legislation/Systems/Pages/ProtectionofNatureReservesandNational
Parks.aspx (2019 4% 7 H 30 ARE)

2 Regulations No. (29) of 2005 Natural Reserves and National Parks Regulations Issued by Virtue of Sub-paragraph
6 of Paragraph A of Article 23 of the Environmental Protection Law No. (1) of 2003
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PREEHIL T3 <o EIRRIH e A3 TR R I AR T b O LHEE SN D,

RI. IWYVICHIFBREHDI T

BARREX : BEETSERICL O TEEINZEEREY (unique creatures) H4EET3
Natural Reserve ERRZRYL., FRIICREINEBRRBNISEN MM, B, K.
EINE : BESTRS(CL O TBEINZ LM, KR BFE. AV, HFM 6LUFE S
National Park FMRIGPT (archaeological locations) .
REX : . .

BEERES(CLOTREIETESINZ LM,
Protected Land
ISRMREX . BHRRAERRPIEREREMOERETHD. FHEIEERT IHHFRIR

Area of Special Protection | {RE=NELT S0,
(482 : Regulations No. (29) of 2005 Natural Reserves and National Parks Regulations)

3. [ AESAR] ONE

T HIFHA R (Department of Land and Survey) (ZHGE L CHIRAZ R T D ICITRMZE T 5
72, YA OMHARIAEO IV F L REEE (Ministry of Agriculture) %42, WA [E5L
NROMEE RS L, KINISHE OF =2 —ICRKR STV A BN AR O E % ke
L. ZHIZMELLELDOTH D, ZOMNL, Yo ELAROIEEEFTIIAMEL TR Y, [
EHIR ) LD Kb HEEXERE] OHEZZ2LTWD ZEREATL, £, (MMhOEE
D] ® A ARG LACIZ TR L, [EVE KD B B S 40TV D75 TR KD & 72> T g
U BLOCFABNBTAL TORNZ LR LNITR ST, RIS, B R THIRK DMK
M A FESLARO BRBRRICADRELY 5.2 25 2 LT TR EN D &R S v,

— b ﬁﬂi
|\l | DT

— -!:mii

HI. YYEIZAROMNE (BEAELDAF: 201947 A30H)
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723, 7 H 23 HIZ Eng. Haitham Al-Kilan [ & 3% L7BR, AR KLY Tzl cH 5 =
N AZBWTHEKIIIEFICEETHY . BOOFAMTH > THBUFOFFAI 72 LIZIEK
B TERWIETE] L OGS E T 1o, BIRERITAR DIERIHIOFERIT A 5 b A & Ak
DH, BLEPS TGRS T2 &L /DA ThH > TH —EDRMDGED b1 5 #Hilsl (X

E) 12 LTI, ERZNEEET 57201 TENARE] & UTHEE LTV D aJREME SRR
ST,
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The Project for Improvement of the Zai Water Supply System

EE4 FT=H) T T — AR

I. Construction phase
i. Air Quality

Monitoring form

(a SO,
Location Date 24 hours average National standard WHO Guideline
/ / ppm 0.14 ppm 20 pg m>
/ / ppm | (24 hours average) (Interim-Target -3,
/ / ppm 24 hours average)
/ / ppm
/ / ppm
/ / ppm
(b) NO;
Location Date 1 hour average National standard WHO Guideline
/ / ppm 0.21 ppm 200 pg m
/ / ppm (1 hour average) (1 hour average)
/ / ppm
/ / ppm
/ / ppm
/ / ppm
(c) PM10
Location Date 24 hours average National standard WHO Guideline
/ / ppm 150 ppm 120 pg m
/ / ppm | (24 hours average) (Interim-Target -1,
/ / ppm 24 hours average)
/ / ppm
/ / ppm
/ / ppm
(d) PM2.5
Location Date 24 hours average National standard WHO Guideline
/ / ppm 65 ppm 75 pg m>
/ / ppm | (24 hours average) (Interim-Target -1,
/ / ppm 24 hours average)
/ / ppm
/ / ppm
/ / ppm

14-1
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The Project for Improvement of the Zai Water Supply System

ii.

Ambient Noise Level

Time

From To

Location

Reference Value: National Standards of Ambient Noise*

Category of Area

Limits in dB (A) Leq

Day time (6 AM - 8 PM)

Night time (8 PM - 6 AM)

Residential Area (urban area) 60 50
Residential Area (suburb area) 55 45
Residential Area (rural area) 50 40

* Article (4) of the Standards for the Prevention and Elimination of Noise (2003)

Discharge amount

Rate of recycle/Reuse

Location

Industrial (ton)

Domestic (kg)

Industrial (%)

Domestic (%)

Odor

O Acceptable

O Not-acceptable

iv.

Record of machinery maintenance

Date Machinery name

ID No.

Content of maintenance

Disturbance to Existing Social Infrastructure and Services

Traffic volume (vehicles and others used for the transportation and construction work)

Date Location Start time End time Weather
/]
Traffic Tally Traffic Tally
Bicycle Articulated lorry
Motorcycle Bus/Coach

Monitoring form (Draft)




The Project for Improvement of the Zai Water Supply System

Car Construction vehicle
Van/Pick-up Farm vehicle
Small lorry Other

vi. Work Environment (daily and monthly)
Monitor record of trainings on health and safety, observation and inspection on site, workers’

health condition and medical check-ups’ record, number of accidents and their working hours

vii. Accidents Record

(a) Number of traffic accidents

(b) No. of accidents (human and fire cases)

(¢) Record of accidents
* Date & Time:

* Location:

* Accident details:

II. Operation stage

i. Work Environment and Accidents

(a) Check of cautionary signs placed on required points on site

(b) Record of accidents
* Date & Time:

* Location:

* Accident details:

Monitoring form (Draft)
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1.

7 /)3 f1 (National Electric Power Company : NEPCO) ¢ Annual Report 2017' & U,

FEH6 R DT OIREZRT AJEHE JEUEE - BEE

FRIHTZY OIRELR T A (GHG)  HEH EM-CO2/year) FEHE(E - HAEE

B/ CO EHRE D H

AR EE EG (GWh)
Steam Units:  1,963.40 GWh
Combined Cycle:  15,289.50 GWh (a)
Gas Turbines (Diesel): 18.8 GWh (b)
Gas Turbines (NG):  1022.7 GWh (¢)
Diesel Engines:  12.7 GWh (d)
Hydro: 38.0 GWh (e)
Wind: 449.2 GWh (f)

UEEXy,

il

Hh (HFO) (2 X 2% : 1,963.4 GWh

RIRA A (NG) 12X 5% : 16,312.2 GWh [(a)+(c)]
Diesel Oil |Z X 537 : 31.5 GWh [(b)+(d)]
HAZRLX—IZLDHHE © 487.2 GWh [(e)+(D)]
&% 18,7943 GWh

PREHE 2 B FCrror (TTOE /year) *Thousand Tons of Oil Equivalent

HFO:454.1 TTOE/year
NG:3340.9 TTOE/year
Diesel Oil: 9.4 TTOE/year
47t 3804.4 TTOE/year

PREHEE B FC (Gglyear) IFIRRUC K -~ TROBND,

FC (Gglyear) = REHEE & (TTOE/year)<HFO D EL3EEAE NCViyro (TI/Gg)x10°

+ELREENE NCV (TJ/Gg)

IPCC 2006 Guideline: Volume 2 Energy ™7 7 #+ /L MEIZIREDHE Y ,

I http://www.nepco.com.jo/store/docs/web/2017_en.pdf
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Crude Oil Natural Gas Diesel Oil
Default carbon content (kg/GJ)

20.00 15.30 20.20
Effective CO» emission factor: EF (kg/TJ) (TJ/Gg) 73,333 56,100 74,067
Net calorific value: NCV (TJ/Gg) 42.30 43.00 48.00
Pz,
HFO: FCHFo=454.1x42.30x103+42.30=454.1x10% (Gg/year)
NG: FCnc =3,340.9x42.30x10°+43.0=3,287x103 (Gg/year)
Diesel Oil:

FCuieser=9.4x42 30x10°+48.0=8.28x10° (Gg/year)

CO2 HEHH & PErc (t-CO2/year)(FCxNCVXEF) 1ZIRAUC L » TsRd BN 5,
PErc (+-CO2/year)(FCxNCVXEF) = JAEHHE & FC(Ggly)xCOs BEHREL EF (kg/TT)
x EIEEE: NCV (T)/Gg)x108

PRI,
HFO: PErro= 454.1x10°x73,333x42.30x10%=14,086.1 (t-CO2/year)
NG: PENG=3,340.9x10°x56,100x42.30x10*=80,592.5 (t-CO2/year)
Diesel Oil:  PEdiesei=9.4x42.30x42.30x108=334.2 (t-CO2/year)
il

95,012.8 (t-CO2/year)

76 7) CO, HEHIFR I CEF(t-CO2/MWh)

= JBREHAI CO, HEMHE PEX10°+ (%8 & EGx8,760 EfE]) L 1,

T 7] COy HEHRE CEF(t-CO2/MWh) = 95,012.8x10%+ (18,794.3%8,760)

= 0.5771 t-CO2/MWh

2. BUROFME S EICES< GHG SR EDH

BUIR O T & 332,646,365 (kWh/year) x 771 CO2 HEHIFR%EL 0.5771 (t-CO2/MWh) =
191.97 (Mt-CO»/year)

3. RUTLE—HOEFIZHSL GHG Bl EDOHE H

KR T AT — 3 28T 5 GHG BB EIZI TEROBE Y,

R TFAT— g IPS PS1 PS2 PS3 PS4 PS5 Total
Tk OEIEIEE (MWh/year) 1.15 1.18 -0.09 2.33 3.91 3.76 12.24
GHG HJsi&E (Mt-COo/year) 0.66 0.68 -0.05 1.34 2.26 2.17 7.06
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FHT % OFEIHIEE 12.24 (MWh/year) x 7577 CO2 HEHIf%%% 0.5771 (t-CO2/MWh) = 7.06 (Mt-
COy/year)

4. WHH% O GHG HEH &

BLR O GHG HEH  191.97 (Mt-COy/year) - HH7# O GHG HIJE & 7.06 (Mt-CO»/year) =
184.91 (Mt-CO»/year)

5. FEMHT-0 OIREHREST A (GHG) HEHEMt-CO2/year) FEYEMM - HEEME

2~5 OFERICESE | FH 720 OIR=EZE ST A (GHG)  HEHEME-CO2/year) FEYEE %
191.97 (Mt-COs/year). HIEfE % 185 (Mt-COx/year) LA T & 45,

Uk
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EEHS P AR AT AL VB SN KEINSH -V OEHHEE

b P I N I Y xf T | A4 | 7 | E | & [ B S Hi, I
M 2 IS 7 - S ) A ) A 1 <7 I 7 N </ O B 1 Eelh
7|7 7| | IVIW| % | %] o % | x| 7 == 4
e & |2 & F |l FlE |l o || Do | AN | ] ==
W B |5 I 2 R U - | | T | 1| @ E ]
2 wlw | s | |els |1 |0 %] & z
CE e S S i B O BN | iEix 7]
el E|e|n | A | @ i
R R f‘j] 7% f‘jJ jj
| o= | o=
m’/m| m - % | % | % | % | % | kW | kw |[kw| - kKWH kWH
1] 438 30 2271 8500 ¢y ol 543 8001 774 304 278] 117/ 2988]  2376379|  1.673.819
E=—4| 96.4 96.4
2438 | 30 7L 8500 g1 0] 63118000 7711 330 278] 62| 2088]  2046.044] 1673819
s E=—4| 96.4 96.4
3438 30 27, 850061 0] 73613900 7711 201] 278| 131 2038]  17s5339s| 1673819
E=—4| 96.4 96.4
ala3s| 30 [ 718500 g9l 650l | 650| 325| 325] 0 %0%8]  19s8.800]  1.958.800
T—4| 96.4 96.4
1] 435|300 271 8301 26 91 74 7| 8001 770 2.849] 2.761| 88/ %088  17.171280] 16,640,807
=—4| 963 96.3
2| 435|300 7L 8300 29 0| 77618001 776| 2.741] 2741 0| 2088]  16516930] 16516930
. F—4| 963 96.3
30 43.5 300 | 227, 8301 79 9| 7471 8901 77 0] 2.849] 2.761| 8] 2038|  17.171.280]  16.640.807
=—4| 963 96.3
4| 435|300 227 8301 59 1 76518001 7701 2.781] 2.761] 20/ 2088]  16760.463|  16.640.807
=—4| 963 96.3
1] 435|300 271 8350 g0 4] 77.8] 8091 770 2.735 2.761| 26/ %088]  16.484.606| 16,640,807
=—4| 963 96.3
2| 435|300 7L 835 904l 7801 | 78.9] 2.696] 2.696] 0 2O88]  16248514| 16248514
- =—4| 963 96.3
30435300 257, 835 g0.4| 7681 | 768] 2.771] 2771] 0] 2%38|  16701.508] 16701508
=—4| 963 963
4] 435 [300 27 L 8350 g0 4] 7671809 770] 2.772] 2.761| 1119938 16.708.038] 16,640,807
E=—4| 963 96.3
1] 435 [ 308 PR Z] 8400 ¢ 1] 7501 8001 7731 5 876] 2.826] 5012038 17332.034| 17,031,504
=—4| 9.6 96.6
2| 435 [308 |27 L 8400 ¢ 1] 72818001 77 51 2 999 2.826] 17312038 18.072.150] 17,031,504
b3 =—4| 9.6 96.6
3| 435|308 | 27, 8401 ¢y 11 74618900 773 2,926 2.826] 10012038 17.633.005|  17.031.504
=—4| 9.6 96.6
4l 435 308 27 L 8400 ¢ 1] 75618001 7751 0 801] 2.826] 6512038 17.421.504]  17.031.504
=—4| 9.6 96.6
1] 435 [314 B 7] 8400 ¢y 117341 8001 7751 3 032] 2.884] 1481 2038] 18273650 17381280
=—4| 95 96.5
2| 435|314 2718400 ey 11708l 70.8] 3.143] 3143 o[ 2038 1g044442| 18944442
- =—4| 95 96.5
3| 435|314 27, 8401 o) 11 67018001 770 3281 2.884] 3071 2088 19773.575]  17.381.280
=—4| 95 96.5
4l 435 31427 8408 ¢y 117451 8001 27510 087] 2.884] 10312938 18.003.956]  17.381.280
=—4| 95 96.5
1] 42.9 [ 195 PR ZL 8570 ¢ 7] 78818101 78| 1.730( 1.744] 121 2938] 10426430 10,513,800
=—4| 9.5 96.5
2] 420 [ 195|271 857 g5 71 6071810 78 2| 2,248 1,744] 504} 2038] 13550061 10,513,800
pss =—4| 9.5 96.5
3| 429 | 195 BEZL 85T o5 21 77 118100 2601 1770 1.744] 25120881 10.665.047]  10.513.800
=—4| 9.5 96.5
4] 420 [ 195|271 857 g5 71 77218531 60 3| 1.766] 1.657] 11012038 10.645203]  9.983.796
=—%4| 9.5 96.5
= 332.640.122| 320.390.741

KEIm3H 7Y DENHEEE (kWh/m3)

EHEE 1 332,640,122 (kWh)/ 65,200,000(m>) = 5.10 (kWh/m3)

BIZ(& : 320,390,741 (kWh)/ 65,200,000(m3) = 4.91 (kWh/m3)
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‘The Project for Improvement of the Zai Water Supply System‘

Replacement of Pump Equipment

Basic Information of Zai Water Supply System and the Project for Improvement of the Zai Water

Supply System
Project Outline Zai Water Supply System provides water to Amman and Balqa
governorates. This project aims to ensure a stable water supply to
Amman by replacing deteriorated water supply equipment of the Zai
Water Supply System.
Construction Period June 2021 - May 2023 (Scheduled period)

Quantity of supplied water | 72,000,000 m*/year (year 2018)
Daily average quantity of 200,000 m3/day (year 2018)
treated water

Number of Pumps Intake pump: 4 sets, Raw water pump: 16 sets (4 pumping stations x 4
pumps each), Transmission pump: 4 sets
Population in Amman About 4.3 million people (year 2018)

1. Zai Water Supply System

. Amman, the capital city of Jordan, is a large city with a population of about 4.3 million, located on a hilly
terrain with an average elevation of 850 meters above mean sea level. There are no rivers around Amman
which could serve as a source of water to Amman, rainfall is very limited (less than 400 mm/year), and the
quantity of water which could be withdrawn from the wells is limited.

For this reason, the raw water is taken from the King Abdullah Canal and treated at the Zai water treatment
plant. The raw water intake point is located at about 40 km from Amman at an elevation of 227 m below
mean sea level. The treated water from the Zai WTP is transmitted to Dabouk distribution reservoir for

supply to Amman using high performance pumps.

B Lo
4 Raw water pumping sta

Intake pumping station :
& forintaking raw water from raw water intake point
i Raw water pumping station:
for transmitting raw water from intake pumping station to water treatment plant

&5 2 . Transmission pumping station:
Raw watcr intake point for conveying water from water treatment plant to distribution reservoir

Pt e —

i Intake pumping station ==

Bird's-eye view of Zai Water Supply System  (Image source: Google earth)
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The Zai Water Supply System was constructed in 1985, and currently covers about 56 % of Amman’s water
supply.

The distance from the intake point to Dabouk distribution reservoir is about 25 km, and water is relayed
through six pumping stations, including one intake pumping station, four raw water pumping stations and
one transmission pumping station before conveyed to Dabouk distribution reservoir with about 1,260 m of

elevation difference..

In spite of its important function as a major source of water to national capital and need of highly efficient
equipment to minimize power consumption, the same old system has been in operation for over 35 years.
It has become a problem due to the deterioration of the system's performance and the decline in water
supply quantity and quality. The increase in power consumption due to the decline in pump efficiency is an
urgent issue.

For this reason, the pump equipment will be upgraded with Japan's grant aid.

NO 7/ 1035m
%7 Elevation Dabouk
| 8582.2m IR
| Distribution
r - Reservoir
VG20 am Zai Water Transmission
== Treatment Pumping
7342 6m Frnat watiar Plant Station
= Pumping
X Station4 1262m
Eaﬂ Raw water
Pumping
= | Station 3
King Abdulla §£207.6m Raw water
Canal | Pumping
N227.21m g Raw water Station 2
D Intake Pumping .Statior! 1

Station

Elevation Profile of Zai Water Supply System

2. Pump Equipment to be Upgraded
a) Adoption of single-stage centrifugal pump

The total head required for each pump used in this system is about 300 meters, which is an extremely high
head. The multistage centrifugal pumps can generate high pressure with multiple stage impellers, which
reduces the load on the individual impellers. But multi-stage centrifugal pumps are longer in length. Due
to the limited size of building of the existing pumping stations, it is not possible to install the multi-stage
centrifugal pumps. Therefore, a single stage centrifugal pump should be adopted in these pumping stations.
However, to generate such a high pressure with a single stage impeller, the excessive load is generated on
the impeller. For this countermeasure, custom-designed single-stage centrifugal pumps made in Japan will
be adopted.

In addition to their compact design, the Japanese-made single-stage centrifugal pumps feature high water

absorption performance, high efficiency, low noise and high reliability.
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Raw water pumping station Single-stage centrifugal pump

b) Application of wear and corrosion protection technology
The main parts of the existing raw water pumps are made of stainless-steel casting, and they are abnormally
worn and corroded. It is considered that the cause of wear is particles (sand / silt) and the cause of corrosion
is high chloride ion, in the raw water.
In order to improve these conditions, the main parts of the pump will be changed to duplex stainless-steel
casting, which features high strength and high corrosion resistance. This will improve the durability of the
pump against sand and silt, and high chloride ion concentration in the raw water, thus enabling stable

performance of pumps, which results in stable water supply.

¢) Reduction of power costs by improving efficiency
The current pumping equipment is overaged, and the efficiency of the pumps is declining. Replacement of
the pumping equipment is estimated to reduce electricity costs by approximately 1.54 million JOD (=240
million yen) per year. (The calculation is based on a pump operating ratio of 68.8%, electricity unit cost of
0.126 JOD / kWh, and the exchange rate of 153.36 yen / JOD.)

d) Effect on greenhouse gas reduction and significance on climate change mitigation measures
The implementation of this project will significantly reduce the energy consumption of the pumps, which
reduces greenhouse gas emission. The greenhouse gas emission is estimated to reduce from 191.97 Mt-
COy/year (year 2019) to less than 185 Mt-CO/year by implementation of this project. This project also has

high significance on a climate change mitigation measure by reducing greenhouse gas emissions.

/ Comment: Eng. Haitham Al-kilani (Miyahuna Water Company: Production Directorate) \
Jordan is one of the poorest water resources countries in the world, and taking into
consideration that about 50% of Jordan’s population live in Amman, the treated water
from Zai Water Treatment Plant is considered as one of the main and important drinking

water sources in Jordan. Therefore, it should be kept running efficiently and producing

/

the required water quality and quantity properly.
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