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3.4 Power Generation Plan

- 3.4.1 Present Generation Capacity of Existing Plants

The nominal and available generation capacitics of the existing power plants as of 1994 have
already been given in Table 3.2.1-1. Data for each generation unit at the 4 major existing
power plants is given in Table 3.4.1-1. -

Table 3.4.1-1 Generation Capacity of Major Power Plants

St uni | Sy | copuiy iy s 29018 | e, | opernon | (Moot | TSt
- Plant S (MW) Novémber, 1994 . 1994 Hours
Tishreea | #1 ] 200 w0 | o 115 HFO
1FF n | 20 200 04)19-94' 038 HEO, NG
(Total) | (400) (400) _ i
Katieneh | #3 30 0 1969 | 25 | 98298 | 1FO
P # 30 12 1969 25 60,000 HFO
5 10 0 1970 24 89,580 MFO
#6 64 5¢ 1981 . 13 88,824 HFQ -
(Tota) | - (154) (62) _
AMebaieh ) g | 150 120 04919 | 15 92025 | 558 | MFO,NG
7 150 120 12/1979 15 92,777 | - 510 -} HFO,NG
o = 165 - 160 121988 §{ 6 41,194 336 . | HFO,NG
1 165 160 05/1989 5.3 41,341 320 HFO
Toul)|  (630) (560)
BaiasPP| #1 | 170 147 nes2 |12 82,503 | 315 HFO
- w | 1m0 £ osn983 | w5 | 78323 | 433 HFO
wn]l 1m0 150 0471989 55 4250 | 107 HFO
u 170 150 wiesy | s 42,858 12 | wro
(Toaly| ~ (630) ) |

317

342  Power Plants Rehabilitation Plan and the Power Batance

“‘The purpdse of rehabilitation is to restore the avaitable capacity to the original design fevels
-~ of maximum contintous rating, which were confirmed by the initial performance test, and
- also to improve the net thermal efficiency.




The Government of Syﬁa’s Long-term Power Generation Plan and the: power:demand
~ forecast for up to 2020, including the new power plants, ar¢ as indicated in Tables:3.4.‘2'-'l'and
3.4.2-2 and Fig. 3.4.2-1 and 3.4.2-2. According to these, the total available capacity and the
‘guaranteed capacity are expected to be more than double over the next ten years and to
¢xceed the peak demand from the end of 1995,

‘Providing that the construction of the planned new power plasits goes according 10 this Plan, -
it is expected that the tight power supply situation, which lasted up uwntil 1994 and in which

periodic inspections and overhauls at the existing power plants could not be implemented,
will nolbe repeated until 2001.

In other words, ftom 1997, by which time Jandar Power Plam (600 MW by the end of 1995)

Nasreyah Power Plant (300 MW by 1996) and Zezoon Power Plant (300 MW by 1996) wilt
have commenced full operations, and by_WhJCh time guaranieed capacity will be in refatively
large excess of peak demand, it is thought that the utilization of this resérve power will enable

this period to be used for the 1mpIemenlaﬂ0n of detailed inspections and rehabllltauon of the _

fac:lmcs at the exnstmg power plants.

~ Asis'showmn in Table 3.4.2-1, the Syriaside has compiled its planis based upon the éssum’p{ion
“that the useful life of slcam turbine power generation facilities is 25 years and that the useful
life of gas turbine power generation facilities is 20 years, and operations of Katteneh Power
Plant and Mehardeh Power Plant Unit No.l and No.2 are’ planned to be stopped due to
~ deterioration in 2005, and Banias Power Plant Unit No.1 and No.2 are planned to be stopped
in 2007,

' However, in order to ke¢p pace with ihe rap:dly mcreasmg power demand itis nmperatwe )
prolong the useful lives of the power gencrauon facitities targeted for rehabilitation and
renovation through the implementation of the Rehablmatlon Plan that includes detaited
inspections and overhauls in the period between 1995 and 2001 when guaranteed capacity

will be in excess of peak denand, The actual rehablhtatlon and renovahon work can be .

commenced from 1997, when it is forecast that guaranteed capacuy_mll be in large excess of
peak demand. If the future plans for the construction of new power plants will not be backed
-up by the rehabilitation of existmg planls 1t is forecast that the power supply sntuauon w:ll
again be deteriorated, = SR & e
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Table 3.4.2-1  Available Installed Capacity of Power Plants

As kad of Jan. 1993

Y :E A R 8§

PLANT NAME . T SR R - RN . - - ,
- 1998 | 1996 | 1997 | 1998 | 1995 | 2000 | 2001 | 2002 ] 2003 | 200¢ | 2005 1 2006] 3007 | 2003 | 2009 § Joio | 2om [ 2032 T 2013 } 2014 1 2045 [ 2016 | 2007 | 2018 } 2042 | 2020
Thawra - 450 4s0] - 450  4so| 4sof - aso] -4so|  4so] - 4s0] 4s0f o 450]  450| 450§ 450]  450]  4s0|  450] - 450]  450]  450] 450 450 450 450 430 450
Bacth & small hydeo 48 4g] - 48] a3 48 48] 48] - 48 48] 48] 43 48 48 48 48 48 18] 48 48 48 48 48 48 48 48 48
"[Kattench 70] 50} so] 45] 4 59 48 oas| 45 45| s0f 0 0 o] ‘o 0 0 0 0 0 0 ‘0 .0 0 S0 0
Mchardeh (1,2} 270 260] ‘250!  240]  is0] 290 2mo] 2so] - 270| . 240] - 260] -0 of] o0 0 0 e 0 [} 0 0 0 0 0 6 0
- [Mehardeh(3,4) 30| ato] . 300] 300] soo|. 20| 30| T 290F c260|.  2v0]  2v0]  260]  260] - 260 260]  260]  260] 130 .o 0 0 0 0 0 0 ]
Banfas (1,2} aso| 310] 300] 35}  3os] 29s] 300] 31s] 30s| 295y 295) 295] 148 ol el o o o [ [} 0 0 [) 0 0 0
Banias (3,4} 320f  310]  310]  300]  320] 320 3t0f 310]  300] 300] 320f 310] -316] 310 30| 3107 300 310 155 o 0f 0 [\ a 0 0
Tishreen thermal 360] 3e0] 360 340] 320] so] 3] 30| 3se| 3ed] - 3s0f  3e0p  360| 3s0| . 3s0] 3s0] 360] 3e0] - 360] 360] 360 360 360 180 0 0
" [Tishrecn extention (GT) “300] 200y . 200] 200 200[ 200 200] 200] 200] 200 200] 200] 2c0| 200§ 200] 200| 200§ 200] 200} 200 0 Q 0 ¢ 0 ]
Swedie 145] 1s6] - o14s] 40| aso] 143|140 o 150] - t45] 140 150) - 140| 140 g4] - 0] 6 o] 0 .0 1] 0 ¢ 0 ¢ .0 .0
Tayem - 90 87 R $0 87 as] =8| s0] 87 g5 88 0] 90} - %0 &0 [ ol o 0 0 0 [ -a 0 0 0
Gas turbine 160 i) 0 0 0 0 9 0 0 o) 0 9 0 0 o] o of e ¢ 0 0 0 ) 0 K 0
Swedie (SPC) 25 20 20 20 2wl 0] 20 20 20 20 20 20| 20 20| 20 2] 20 20 20 20 20 20 20 20 20]
RIF(H) - 48 48 48 48 48 48 48 48 48] 48 48] 43 48] 48 42 48 48] ag] ag 48 48 48 48 48 48 48
RIF(B) 0 0 0 0 .0 ] ] 0 0 of .-o 6 0 ol o] of o ‘o of “of "o 0 0 0 0 [§
Tishreen hydro 0 ol T isel  aool aco]  4oo|  4oo| T 400] - 400]  400]  400]  4d00] ~ 4b0]  400| - 400] - do0]  400| 400] 400| - 400} 400] 400 400 400 400 400
Yandar sco| - soo] eoo] epa] eoe]  éool  eo0] doo] 600y 6o 600] cem0]  éo0]  €o0] 600 s0of - 600] 600}  600] 600 300 ¢ 0§ & 0 0
Basel (nasreyh) 360] 300 300 300] - 300]  Foo] " 300] - 300] 300] C 300]  300f 300} 300)  300] 300]  30¢] - 300) 300] 300| 300 [} 0 0 0 0 0
Zezoon ol 300l 300] 300 300| - 306] - 3oe]  300| zoe] 300 - 300f  300] ool 3c0]  300f  3c0f 300] o 300l 300]  300]. 300] . o] o o 0 o
- [AYeppo “ol o} 200] -1,000] 1000] s000] 1.000] 1000] vd00] s000] 1,608] 1000] 1000] 1,000 10008 1000 1,0001 1,000] 1,000 1,000 1,000} 3000| 1,000 1000F H000] 1,000
EL-Zara ol o] - of 300 eoo] eoo|  eoo| €00l - soo| - 00| eoo] - 00] 600} 600] - 60D] 6060] 600] - 600]  60Of 600 600 . 600 €00 600 600} - 600
TOTAL 3.556] 3.803] 4.116] 5.336] 35.973] s.311]| ssoo] ssae] 3.7ss] s.72] 5,776 s.421] s.274] 5.070] 4.9%6] 4.89s] 4896k 4,765] 44813 43:26] 3.526] 2906] 2916 2,746p 2,366] 2,568
Sou!‘ceinal:, . .
“Table 34.2.-2- Expected Power Balance _
) - : As End of Jan. 1995
- . - . . . Y E A R S - D : :
B — i 1995 11996 | 1577 | 1998 | 1999 § 1000 | Zo0j [ 2602 1 1003 | 2003 2006l 2007 | 2008 ¥ 3009 T 2010 T2ma {202 J 203 T 2014 § 205 [ 2016 ¥ 2007 1 2018 F 2019 102
otal Available . : ’ - - . - N = : : . - . . _
Insfalled Capacity 35s6| 3803] 4116] sa36] s773] smit]| ssoo] ssie| s7sstosdas| 8776] sai1]| seva] $070] 4956] 48967 4896 | 4766 | 3481 | 49261 3,526 | 2,926 ] 2926 | 2,746 | 2,566 | 2,566
2 Largest unit (MVY) ) : . ) ) ¥ : : : : . . )
- 1ol igol qro]l 300]  300] _ 300)  300) 3ol  3og) 300} 3eol  300] 300 0 Q 9 1] Q 0 0 1 0 0 ] 9
3 Second Largest unit : o . ) . : )
(MW) 1ss] 1ss|  zo0] - 200] . 200] 200] - doo]  a0f  200] - 200] - 200f -200] 200 0 0 ) 0 ¢ 0 0 0 o 0 -0 0 0
4 Largest GEG unit ] - ‘- ‘ ) ) . .
T 100] 1oo] to0f 100§  100] woo|l 100|- icef 100] ool too] - f0o] 100 0 0 0 6] ¢ 0 Q 0 0 8 o| - 0 [
§ Total (2+3+4) : _ _ ._ _ - : B _ _ : _ : -
‘ . 05 05| 480]  e00] s00] o0l dool éoo]  600]  so0] eo0] €00] 600] . 0 0 ¢ o] o ¢ 0 ]| 0 ] 0 0 0
& Available capacity-1 o ‘ : . : S . . : . . : C
(3:5) 3121 3368] 3.636] axis] sam| san] s200r sae] sass) sazi saTe]| a2 4674] so070] 4956] 4896] 439¢] 4766) 4,481 4326] "3,526] 2.926) 2926] 2746] 2,566] 2,566
7 Guarantee capacity-1 o ' . . e B 3 . . ) : A }
{63 0.5%) - 2965| 32008 3.434] 4,594] ‘ag14] a950] 4943] s96s| a900] ases| 4s17] 4580] 4440 4.847| 4708| 4651l 4es1| 4528) 4257| atro] 33sof 2,7%0] 2.780] 2609] 2.438] 2438
8 Available capacily-2 i’ o S . : i ] P . . 1
(1109) ' 3200) 3423] a704] aserl Sa9el saso| sais| o s243] sus2| 3049| 50988 4879] 4747] 4563 4.450] 4a06] 44067 4289] 4.033] 3.893] 3,173 2,633 2633 2471] 2.309] 2,309
9 Guiraniee capaciiy-2 o . o ’ S : - ) : § : i :
B109=1x09109) " 25808 3080 3334] 4403] as76] 4707] - 4703] a7m9| a664] s634] 4679 4393] 4272] 4107] 4014 3,966 3966} 3860 36301 3.504] 2856] 23701 2370] 2224] 2078] 2,078
10  Peak load demand : . i : I : I ] -1 : . - .
Q0O _ 3735] 2.970] 3.238] asi9] 3847] 4493 448s] 4r00| s336) sace]l s881| 6233] 6607] 7004| 7424 70| 8342] s342] 9373] 9.935) 1050] 11,163] 11,833] 12,543} 13,295 14,093
11 Energy demand _ . . N R ' . o . ) _ - 1 :
(GWI 5 16,183 17,750] 19,348] 21,089] 22,987] 25,056} 26 810] 28,636] 30,695) 32,843) 35,142| 37,251] 39,486] 41,853] 44.366] 47.028] 49,830] 52,341 s6,011] 59,372] 62.934] 66,710] 70,703] 74.956] 79433 84,220
12 Populatio Number S L _ ; . ' - - i - : —tt - _ . -
: 15.269) 13,7001 15209 15,234] 16:354] 16,792] 17.348] 17,923] 18.518] 19,128] 19,762| 20.416] 2109i] 21,790) 22,511] 23,256] 24.026] 24,821 25,643 26,491] 27,368] 28,274] 29,10] 30,377] 31,176] 32208
13 Ewh per oné persen . 1 _ ‘ R : i i . _ o ) _
: L1l 1204 1270] 1340] varsh 1492] 1545] reo1) vess| va17] wzzs| o tsas) o 1spz] de2] 19w 202M 2073| 2.429] 2184 2241] 2300| 235%] 2421 2484) 2549 2615
14 Deficit - 5 (7-10) ‘ N 3 - _ _ ) _ . i . :
L y 240} 29| 7] 106s] 1068]  7ss| as2]|  164] 236] e31]. 9¢3Y .1,633) -2.167| -2.187F 2716] -3,218] -3690| -4,324] -5, 416] -5,825] 7,181 -8,383] -5,053] 9.934] -10R38} 11,655
18" Defici -2 (9 - 10) : . : o s : i S o N E ‘ - BE ] ] . :
155] ol osl mral . gl sidl o oagel o um| ez - omed| .1202) 1Rez] c2aasl 2897 aa10] 23904 -aa7e] .admi] 5743 6431] 76758 8793 -9.463] -10009) -11217) -12015
16 Reserve capacily - - -1 : : - - B 1 ! . : 1 . i ’
. - : R, 20600l _so0l 600l &0l sool 600} €O 6001 600 &0 600 £00
17 Spining capacity ; B o - . . -
T ¢ ~0] - 400] 4o0] 400 - doo] - 400 - 400} 400] 400} 400 400 440 400 - 400
tod t MOE
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it is therefore of the utmost importance to immediately implement in a planned  fashion the
' Rehab;htauon and Renovation Plan being proposed in this Study. It is considercd that the
ma(enallzatson of this Plan will make a great contribution to maprovmg the power supply
sifuation and raising the reliability of the power supply within the Long-term Power Supply

- Plan for up 10 2020.

The followmg sections proceed to state the basis for mlplementmg the rehabllstallon and
renovation work in the period between 1995 and 2002, based upon the long-term demand
forecasts prepared by the MOE (see Tables 3.4.2-1 and 3.4.2-2).

(1) Peak Demand

Based upon the peak demand in 1994 of 2,500 MW, the following rates of increase are

forecast.

- 1995-2000 rate of increase
2001-2005 rate of increase
2006-2010 rate of increase
2011-2020 rate of increase

s Q%Iyear

T%lyear

¢ 6%fyear

6%/ year (assumed)

The following two methods are adopted in order to calculate available capacity and

guaranteed capacity.

(2) Available Capacity @

i

:(3)' Gua‘:éﬁt’eéd Capacity @

4) AVéila_bl_e Capacﬁy @
(5) Guaranteed capacity @

i

Tolal avaitable installed capacnty
- {largest umt + second lafgest unit + largest GTG unit)

Avallab{e capacuy D% 095
Total avallable mstalled capacnty x 0. 9
' Avallable capacity X 0.9

= Total available installed capaczly x 0. 81

" Comparing the guaranteed capacity calculated using the above two methods with the
- peak demand, it can be seen that the former is in excess of the latier in the seven years -
- between 1995 and 2001, as is shown below,



(6) Comparison (1) 'o'f Guasanteed Capacity @ with Peak Demand (1995-2002)

Year Guarantéed Capa. @ - Peak Demand - Balance .
1995 2,965 MW 225 MW + 240 MW
1996 3,200 2970 + 229
1997 3,454 - 3,238 + 217
1998 4,594 | 3,529 + 1,065
1999 4,914 3,847 T+ 1,068
2000 4,950 4,193 + 158
2001 4949 - 4,486 + 462
2002 4,965 - 4,800 o+

164

(7) Comparison (2) of Guaraniced Capacity @ with Peak Demand (1995-2002) .

Year Guaranteed Capa. @ Peak Demand Balance
1995 2,880 MW S 2T25MW + . 155MW
1996 3,080 - 2970 + 110
1997 3,334 3238 + 96

- 1998 4,403 - 3,529 + 874
1999 4,676 3,847 + 830
2000 4,701 4,193 + 514
2001 4,705 4,486 + 219
2002 4,719 4,800 -8l

There is not much of 4 difference between the results obtained with the two calculation
methods, This indicates thal, as is shown 'by' the caleulation basis for Guarantced
Capacity @, even if operation of the _tWO largest power generation units and the largest
GTG unit in Syria should for some reason (brcakdown, inspéctiOn or rehabilitation and
renovation work) be stopped, there will still be an excess capamty rangmg from
approx:mately 1,000 MW to 100 MW dunng this penod

The necessity for periodic inspections (1.5-2.0 months per year) at the other. power
generation facilities not targeted for rebabilitation and renovation under this Study is as
‘stated in Chapter 4. In pa:liéular, even if threé more 200 MW units should usdergo
periodic inspections in addition to the above nientioned units in the three years between
1998 and 2000, it will still be possible 10 carry out the Rehabilitation and Renovation’
Plan (with overhauls lasting around five months) of this Study. Moreover, if the periodic
mspecuons of all major thermal power plants ia Syna w0uld be carried out in accordance
with a predetermined organgd schedule, it will be possible to extend the.
implementation period of this Rehabilitation Plan up to 2001.

@



3.6 initial Environmental Examination (IEE)
3.5.1  Environméntal Protection Policy

The Government of Syria has been achieving steady economic development in fecent years
with the transition of the plannéd economy (0 a frec economy, and its national development
plani emphasises the fostering of various industrial sectors together with the development of
agriculture. '

The Ongomg industrial development is accompanied by increased pollutlon such as exhaust
gas, waste water and noise, etc. associated with various plants, particularly in and around
large cme& While emlsswn gas and noise from automiobilés canse environmental concem in
such major cities as ‘Damascus and Aleppo, exhaust gas and waste water from oil refineries,
fertilizer plants and power plants, etc. are becoming causes for concern regarding thelr
adverse impacts on the lives of the people of Homs, Syria's third kargest City.

' Despue increasing envnronmental concern, the Govemment of Syria did not adopt
environmental protection measures until 1992 when ‘it established the Ministry of
Environment (the organizational structure of which is given in Fig. 3.5.1-1)in response {0 a
UN recommendation. At the same time, a commitiee was established within the Mmlstry to
prepare environmental standards, mainly on air and water quahty, and these standards are
presently bemg dlscussed by the parhament with a view ‘o their legislation. These standards,
in fact, mc]ude standards on noise and vibration and su;mlale the enforcement responsnbx]mes
of the admlmsimtnon oomphanoe ‘obligations of state enterprises and penal provisions for
v1olauons, ete. The standards are a good example of the concrete commitment of the
(Jovernment of Syria to the implementation of_ environmental protection,

“Another move by the Mlmstry of Environment is the establishment of the National Research

Center for Sciénce and Environment in August, 1994 The Center is designed to improve the
_standard of environmental study, research and moniforing technologies from the viewpoint of
environmental scienoe and to train environmental experts while acting as an auxiliary
organization 1o assist the environmental administration of the central government. kit also acts
as Syria's reprcsenlalwe to cooperate with Arab countries and international organizations in
the establishment of a regional environmental momtcmng system. The Center is mainly run
by 15 engineers, including the director, in such fields as water quality, air quality, soil and
harmful chemxcals (The Center's equipment level is qunte poor and a requést has been made
for lhe Govemment of Japan s pmwsion of additional eqmpmem )
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In accordance with the commitment of the Government of Syria to enviconmental protection,
it is planned to expand the Center's maanpower to 150 in the near future and the site for anew
Center (approxnmalely 2,000 m2) has already been secured.

'3.5.2 Current Environmental Laws and Regulations

As already deoscribed in (1) above, the Government of Syria has compiled environmental
standards addressing the responsibilities of administrative bodies and state enterprises, elc.
and has asked parliament 1o legistaté these standards. There are, however, no environmental
standards regulaung the activiti¢s of private enterprises. The Government of Syna has started
- to examine _the report and recommendations of the Second Round Table Conference to Make
Recommendations on Environmental Impacts of Various Business (Industrial) Activities in
Arab Countries and has also commenced preparation of environmental standards based on the
report and reconunendauons. Thie Conference was held as part of the UN Environmental
Programme and the said report and recommendations were compited by the Arab University.

The report and recommendations, in' fact, suggest guidelines for exhaust gas and wasle waler
control -vis-a-vis some 50 different types of business (industrial) activities based on
environmental survey reports compiled by the WHO and organizations in the US, UK,
Germany and Holland, etc. In particular, cléar control subjects and extiaust gas guidelines are
proposed for thenal power plants which use coal, oil or natusal gas as fuel. HoueVer, if the
aforementioned environmental standards are approved by parllamem and enfﬁrced it needs to
be realized that concentration level standards will be places on top of qualitative standards.

'3.6.3 Current Conditions of Selected Plants Concerning Environmental
~ - Protection

(1) Current Environmental Protection Measures al Power Plants

- Environmeatal consideralions have been given, o some extent, to the waste water
treatment, neutralization, oil separation etc., however no receat environmental protection
facilities for aif pollution (SO, NO, dust collection) are not provided at not only the
Katteneh, Mehardeh and Bauias Power Plants selected for rehabilitation, but also at all
other thermal power plants in Syria. This may be a reflection of the fact that no
‘environmental protection laws or regulations are currently in force. The present reality is
‘that it is impossible to check whether or not the exhaust gas is harmful because of the

"breakdown of most of the instruments. used fo measure the exhaust gas density and

_;.consuluems at these power plams

326



- According to those PEEGT engincers who were interviewed, however, the new Aleppo
Power Plant, the construction agreément for which was concluded in November, 1994,
“has instatlation space for an electric precipitator to collect dust from the smoke and

similar arrangements © prevent pollution are planned for all new power p!ams to be

¢onstructed in the future.

In the case of the Kattench Power Plant near Homs, the thitd largest city in Syria, a
- neighbouring fertilizer plant éntits far worse ¢xhaust gas than the power plant. The
adoption of environmental protection measures by only the power plant will, therefore,

‘have a limited effect, necessitating the implementation of more compreherisive measures _

by the central govemment in accordance with an environmental protection programme,
6 Institutional Framework
3.6.1 Organization and Tasks of MOE

All power-related activities, from generation to distribution, in Syria ate nationalised and aze
managed by the MOE. While the MOE supervises widé ranging subjects, from the
preparation of the power demand forecast to the planning, design and work relating 1o power
resources development, generation, transmission and distribution and fusthet to the collection
of electricity charges, the actual work is commissioned to the PEEGT (Public Eslziblishn_'}em
of Eleclricify for Generation and Transmission) and PEDEEE (Pubtic- Establishment for
Distribution and Exploifation of Electric Energy) with ministerial approval.

~ As described in former sections, the reality of power supply.in Syria is that lhc‘s(:pply is

trailing behind the demand, which has been steadily mcreasmg m line: with the country's
economic development. At present, most cities experience power cuts Iaslmg for several
hours every day. The MOE plans to implement the following 3 measures 10 improve the
situation. '

1stStep Eslabhshmem of an appropnate mamtenance system to mcrease lhe output
~of the exlsnng power planis

" 2nd Step ~ : Reduction of the distribution loss
3rdStep : Consiniction of new power plarits

“The MOL has a technical institute (mechanical and electrical Etiairiil.‘ig institules) at 3
locations, i.¢. Adranear Damascus, Laltakia and Aleppo, for the’ training of new mainténance

staff and the re-education of existing engmeers with the purpose of increasing the output of
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the existing power plants, which is considered to be the first stage in the overall improvement
* of the power sector. These attempls to improve and consolidate the skills of maintenance staff
‘and engineers, however, have not quite achieved their objectives duc to the lack of
educauonalltrammg eqmpmem and facilities, in tum caused by insufficient budgetary
allocation under Syna S ughl fiscal situation.

Re'gafding the second stage distribution loss, preparation of a master plan for the natiopal
transmls*:mn and distribution network through aid (grant aid) from the EU was started at the
end of 1994. In addition fo this, it is planned that lhe EU will reorganize the aforementioned
' A!eppo ’I‘ecthal Insitute into a Transmission and Distribution Technology Training Center,
and  will . prov:de equipment and materials and also dispatch- spec:allsls with the aim of
training and rettalmng of ransmission and distribution staff or engineers. As for the works on
thé improvement, strengthening and expansion of the transmission and distribution network
which are scheduled for implementation through loan aid from the EU, no specific plans have
as yet been drawn up. ' '

The construcnon of new . powet plants, belleved to be the third slage of power sector
1mpr0vement has been making steady progress The Tishreen Power Plant (ST 200 MW x 2
umts + GT 100 MW X 2 units) constmcted with Russian assistance commenced operauon in
early 1994 while the GT No. 1 and No. 2 Units of the Jandar Power Planl (CjC 300 MW x 2
umts) are already in opcrauon with the remaining units (o be commissioned by the end of
1995. Furlhermore construction agreements for the Aleppo Thermal Power Plamt (ST 200
MW x 5 units) and Tishreen Hydropower Plant (HT 100 MW X 6 units) have bcen conc!uded
‘withal apanese “and Chinese contractor respectively, and these planis have now moved to the
' actua! construction stage. in the case of the Al-Zara Thermal Power Plant, lngcllall()nS to
secure a_Japanese loa_n are pmgrcssmg _ '

- Flga 3 6 l 1 shows the orgamzatmnal structore of the MOE the compelent mnms:ry for the
- power sector
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Fig. 3.6.1-1 'Cr'ganizalionél Structure of Synan Ministry of 'Eteéltricily (MOE)

3.6.2 Ofganizatidné and Tasks of PEEGT

As explamed earlier, the MOE delegates the actual power generat:on transmission and
dlstnbulmn work to the PEEGT and PEDEEE. In fact, the Pubhc Eslabhshmem of Elccmcny
{PEE) was totally responsible for the prachcal,operahon of the power sector up until the end
of July, 1994 when it was reorganized as the PEEGT and PEDEEE to'radi(':all'y reétify'lhe
situation in which power resources developmeni to meet the mcreasmg power demand was
rather slow under the managemént of the PEE. At present, the restruciunng of the loca]
“organizations has not yet been completed and some former PEE organizations are sald to be
still in operauon

The PEEGT is in charge of Lhe planning and execuuon of power fesources deve!opmenl
generation and transmission. (>66KV) It employs some 250 people at the Head Office in
Damascus and some 5,000 people at the various power plants. The Task Force Team
comprising PEEGT staff is the counterpart for the present Study. The PEEGT is headed by
the General Director who is assisted by 2 Depu_ty General Directors responsible for fechnical

affairs and financial, legal and adminisirative affairs respectively. Each power plant is

directly linked 10 the General Director. In the case of a technical problem, the Technical
Department of the Head Office provides the plant management with appropriate advice, The
Deputy General Director for Technical Issues supervises 9 departments while the Deputy
General Disector for Financial, Lega] and Adninistrative Affairs supervises 7 departmenls
Fig. 3.6.2-1 shows the PEEGT's organizational structure.
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363 Recommendations

(D Operauon and Maintenance Budget

While the power sector in Syna is run by the state, the collected elcctncuy charges go to
the Treasury. The MOE is operated on a budg_et, including a foreign currency portion,
appropriated by the Ministry of Finance. This arrangemeﬁt appears to strain the operation
and maintenance budgets of the power plants to the point that some plants find it difficult

o purchase the necessary spare parts. Allhough the immediale prnvaﬂsauon of the power

sector in Syria appears impossible under the present circumstances, more freedom and
mdependcnce should be granted 1o the power sector in that the necessary budgct for the
opcralmn and mamtenanoe of power facilities should be frecly appropriated from the

~ collected electricity charges with the approval of the central government.

2

Eteclncnty Charges :

f The electricity charges mSyna are revised every 1 -3 years and present tariff shown in

Table 3.6.3-1. The: charge level is fairly low and it appears impossible to recover
investment in the power sector through the etectricity charges alone, As electricity is an
essential commodity for national life, the charge level should not be too high in order to

- protect low income earners. Nevestheless, a sensible charge level is required to ensure

reasonable revenues to covér the operauon and maintenance cost as well as the cost of

investment in riew facilities, Without a sensible charge level, development of the power
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)

sector is not feasible. Although under the present charge system, Jarge users pay a higher
charge than low income earners, the charge level for large users, including state-run |
enterprises, should further be reviewed to raise in an appropriate manner.

Coltaboration of PEEGT Head Office and Power Plants

- Although efforts were made (o gather as much information as possible on the operation
“and trouble records of the power plants, the information obiained was not sufficient. In

addition to strengthening the reg’ularfmpnilo'ring'and inspections and providing adequate
operation and maintenance records, the management of each power plant must regularly
submit such records to the Head Office. Through these records, the Head Office can

- properly understand the generation perfonmance and conditions of troubles, etc. at each
* power plant and use such knowledge to prepare personnel assignment, repair, expansion
‘and budgetary appropriation plans. This can atso be linked to the construction plan for

néw power plants based on future demand forecast data.

Personnel Plan for Power Plants

‘The number of people assigned to each power plant appears to be fal rly !arge Comparcd
oa Japanese power plant of a similar scale, the manpower levelat a Synan power plant
is 3 - 4 times large {although simple comparison 1gn0r1ng the fact that Japanese power
plants loday ate fully automated).

The “technical level of staff _wbrking al Syrian power planis is not satisfactory as
“described later in Chapter 5. It is said that young workers with good skills tend to move

fo private companies or work abroad for higher pay. ’]histéndéncy is'shown by the fact
that the average age of the present operation and maintenance staff of the Kalteneh
Power Plant is 35 years. Consolidation of the training funcmfm of power sector is
extremely necessary in order to improve the general tectinical level of staff through the
fostering of young staff as well a$ re- trammg of éXlSlmg staff. In addmon the workmg
conditions, including wage level for techniciansfengineers who - have completed
education and training, shoutd be improved to make working at a power plant attractive
for young technicians/engineers. If the number of highly capable technicians/ engineers

- working at power plants increasés due to higher wages eic., the total number of staff

members can actually be reduced to pay for the improved wages.



Table 36.3-1 Elcctricity Charges in Syria (as of December, 1993)

_ Consumphon al 230 KV Level

1. Average

73 Syrian Piasters/KWh

1.2 During Peak Load _

93

1.3 During Day Time 75
1.4 - During Night Time 65
2. Consumption at 66 KV Level
21 -Average 80 Syrian Piasters/KWh
22 During Peak Load 100 '
2.3 During Day Time 80
2.4 During Night Time it
3.  Consumption at 20 KV Level .
3.1 Average - 90 Syrian Piasters/KWh
32 During Peak Load 105
3.3  During Day Time 90
.34 During Night Time 80
4. Consumption at 20/0.4 KV for Agriculture, Irrigation and Dnnkmg
Water Pumping Station of Public Sectot .
4,1  Average 20 Syrian Piasters/KWh
4.2  During Peak Load 100
4.3 -PBuring Day Time 30
44 - During Night Time 70
5. Consumption at 20/0.4 KV for Commercial Purposes
5.1  Average 125 Syrian PiastersfKWh
$2 During Peak Load 175
5.3 During Day Time 125
54 Doring Night Time 100
6. Consumption at 20/0.4 XV for Industrial and Rest Purposes Otherthan 4
and 5 above .
6.1 Average 120 Syrian Piasters/KWh
6.2 During Peak Load 160
6.3 -Durinig Day Time 120
' 64 During Night Time _ 100
7. Consumption at 0.4 KV Level for Commercial Use 150 Syrian Piasters/KWh
8. Consumption at 0.4 KV Level for Public Sector Entities 75 Syrian Piasters/KWh
9, Consumption at 0.4 KV Level for Artisans Use and Other Purposes 140 Syrian Piasters/K Wh
10. Consumption at 0.4 KV Level for Stréet Lighting 75 Syrian Piasters/K Wh
11. Consumnpiionat 0.4 KV Level for Domestic Use {according to tota) '

consumption in different strips)

0 - 50 KWh/month

25 Syrian Piasters/K Wh

51 - 100 KWh/mionth 35 Syrian PiastersfK Wh

" 101 - 200 KWh/month 50 Syrian Piaslers/KWh
~ 301 - 300 KWhimonth 75 Syrian Piastérs/K Wh
‘More than 300 KWh/nionth 150 Syrian Piasters/K Wh

Source: PEEGT







CHAPTER4 POWER PLANTS REHABILITATION PLAN

4.1 Power Plants Rehabilitation Plan Preconditions

41.1

Current Conditions of Existing Power Plants

{1} Thermal Power Ptanls

During the First Field Survey period, the Study Team investigated the foltowing thermal

power plants in accordance with the results of consultations with the Government of

Syria.

Tishreen Power Plant

Units No.1 and No.2

Kattench Power Plant

Units No.3, No.4, No.5 and No.6

Mehardeh Power Plant

Units No.1, No.2, No.3 and No.4

Banias Power Plant

Units No.1, No.2, No.3 and No.4

Hameh Power Plant {Operated and Controlled by PEDEEE)
Units No.1, No.2 and No.3

Of the above power plants, the Tishreen Power Plant is quite new with Unit No.1 and
Unit No.2 being commissioned in February, 1993 and April, 1994 respectively and both
unils are maintaining their rated output of 200 MW as of November 5th, 1994, The steam
conditions of the boilers are also as designed, indicating that they are in good operating
condition, In view of the satisfactory state. of operation, it has been decided that the
Tishreen Power Plant be excluded from the list of subject power plaats for rehabilitation.

The existing facilities of the Tishreen Power Plant are outlined below.



- Current Conditions of Tishreen Power Plant -

Equipment Capacily
Steam Generation Plant -~~~ : * 200 MW X 2 Sets
Gas Turbine P00 MW X 2sels
. ~ (design capacity: 128 MW % 2)
Type of Boiler :  Natural cicculation | 3
Boiler Qutput Conditions ' '
Super Heat Outlet e
“Steam Temperature ¢ $40°C +5,-10
Steam Pressure - ;125 Bar
Reheater Outlet __
Steam Temperature : 540°C +5,-10
Steam Temperature : 25Bar
Steam Flow Rate : 660 tons/hr at 200 MW

| : 590 tons/hr &t 180 MW
~ Feed Water Temperature $247°C a1t 200 MW

“Fuel : Unit No.1 : HFO
Unit No.2 : HFO,NG
Gas Tutbine ~ : NG/Distillate oit
~ Condenser Cooling Water L Air c00hng tower sys(em

Draft System : Balanced draft system (with FDF, IDF GRF)

Type of Air Heater ¢ Regenerative air heater -

Unit Control/Operation ¢ Remote manual operation system for boiter, turbine,

. generator and auxiliary

: : : - Automatic operallon system for cooling tower
Make Up Watet Treatment -« @ . . o
“Type Coh Amon. Cauon and Mlxed bed demmera]lzer

, _ Reverse Osmosm Eqmpment for pre- -water lreatment
Capacity - 60 m’/hr X2 sets ,
Water Quality i Operaun rformance 0 2 us/cm
$i02 - ppm expecied '

Auxiliary Boiler for Stait Up : - 5Qtons/hrx 1

Note: HFO = Heavy fuel oil
NG = Natuoral pas



l) Current Condmons of Kattench Power Plant

“Current conditions of the Kattench Power Plant is shown in Fig. 4.1.1-1. As of

- November 6th, 1994, the Kattench Power Plant has 4 generation units (No.3 ~ No. 6)

but all units were not running. (Unit No.l and Unit No.2 had been dismantled.) The

. cause of the standstill was overhauling and maintenance, in the case Unit No.3 and

Unit No.5 and reserve shut-down in the case of Unit No.4 and Unil No.6 which
could bé re-started if so requested by the National Contsol Centre (NCC).

Table 4.1.1-1 Curreént Conditions of Existing Power Plant
- Name of Power Plant: Katteneh Power Plant

Uit Copaciy W) | Vear | Siwe | Tour | Number | ThormalEfficiency % | | Manofacturee
No. i T Cornrris- | Start of wating | of | Fuel . : : ance i :
tsutied | Rating | (M5, | “sioned | Operation °mn Sun Up Guuatee | Perforianceid  poiter | Tubine
3| % I I 25 9829 HFO 295 13 | P | S
. . . o | Beeo
4 30 ) 156 “28 " €000 : HEO »s 724 .
5 0 _ e 1970 2 ‘89,580 HFO 295 228 :
s & 50 [apasm| 13| ssen wo | n 241 SKODA | SKODW

Note (l) Thernal Efficiency s Based ont Low Calorific Valee,

Note (2) Thermal Effici¢ncy is of Net Efficiency (%).

Note {3) Maximum Available Capacity is as of Nov. 94,

Note {(4) HFO: Heavy Fuel Oil.

Note (5) Thermal Efficiency Data Recmed from PEEGT. . _ .
Note (6) Maximium Avaitable ‘Capacities of Unit No.3 and Unit No.5 are 18 MW and 24 MW respectively as of Jun ‘95.

® The maxinmum avallable capa(nly as of November 6ih, l994 is zero for Unit
‘ No.3 and Unit No.5, and 12 MW for Unit No.4 and 50 MW for No.6.

‘The output decline of ail the units is very obvious.

@_ Umt No 3 Umt No. 4 and Utho 5 have passed 24 - 25 years smce lhelr initial
commissioning with total operating hours ranging from 60, 000 0 98 296 hours
(after reslorauon)

The fact that Unit No.6 is 13 years old with total operaimg hours of 88,824
_ . hours indicates the relatively lengthy shut-dowa periods of Unit No.3, Unit No.4
g _ and Unit No.5. '

@ The thermal efficiency of each unit has m ueh declined compared to the level of
"'guaranleed performanoe ' ' '

| @ -’[‘he total operatmg hours are 98, ?.96 hours for Umt No.3, 89 $80 hours for Unit
_ No 5 and 88,824 hours for Unit No.6, all of ‘which are approaching 100,000
hours, at which the detasled inspection is normally required. '



2) Current Conditions of Mehardeh Pawer Plant

Current operation data for the Mehardeh Power Plant are given in Table 4.1.1-2. As
of November 7th, 1994, the operation of Unit No.t was suspended due (o oil teakage
~from the transformer for power slation auxiliaries. Unit No.2 was in a state of
~reserve shut-down while Unit No.3 and Unit No.4 were operating with an output of
- 95 MW each accotding to the demand from N.C.C.

“Table 4.1.1-2  Cureent Conditions of Existing Power Plant

Name of Power Plant; Mehardeh Power Plant

Unit _Clpicity-._(bﬁ‘() _ Year gl::: Total | Momiver . | ThentalEfficieacy % Mmhhmuer

M'_ tnsulles | Raing | (M35, et gpl:::s%; el SIagSUp e pogniee "‘;“;‘;.‘,?"‘ Boilee | Turbine

1| 150 140 {10 | Apasm |35 92015 | 358 - | mEo.No| as. | oomel | fad S| Kwy
1 | 10 | w0 | 10 |Dwiss| 16 | w2an | swo |asrono| s | - B
3 163 160 teo - [oocaoss| 6. | 4z | 336 [wro.ng| 393 | 324 | (emigsce | BBC

| 1ss 160 10 | Mueagse| 55 ax | | o 394 24 e .

6T ) e '

Note (1) Thermal Efficienty is Based on Low Calorific Value. -

Note (2) Thermal Efficiency is of Net Effictency (%).

Note (3) Maximuem Available Capacity is as of Nov. '94.
Noie (4) HFO: Heavy Fuel Oil, GT: Gas Trubine, NG: Natural Gas.
Note (5) Thermal Effici¢ency Data Received from PEEGT.

® An output decline is particularly noticeable in the case ‘of Unit No.l and Unit
No.2 compared o Unit No.3 and Unit No.4. '

® Unit No.] shows a significant decline of the -mermé_l efficiency compared (o
Unit No.2, Unit No.3 and Unut No.4. B |

@ Unit No.1 and Unit No.2 are 15 yeérs otd with total opérating hours of 92,025
and 92,777 hours respectively, appmachmg 100,000 hours, at whlch the detaited
inspection is normatly required.

@ The actual power gcm:rauon compared to the planned amount m 1993 for cach
unit is shown in lhe following table

UnitNo.l . | UnitNo2 | UnitNo3 [ UnitNo.4

Electic Power | @ Actual 462430 | 713,740 | 018600 | - 846985

Generation (MWh) | @ Planned | 690336 | 855984 | 1,112,706 | 1,698,583
@@xi00 | & (T O S B ¥




“The gap between the planned output and actual output is particularly farge in the
~ case of Unit No.1 which is assumed to come from unexpectedly long stoppage
' hO’urs" for the repair of a series of minor failures.

@ Uml No. 3 and Unit No:4 showed relahvely frequent sloppages compared to Unit

: No 1 and Umt N02 It was explained by plant engineers that the Mehardeh

Power Plant was expenencmg a series of minor failufes/troubles compared (]
 other plats.

3) Current Conditions of Banias Power Plant

- Current operatlon data for the Banias Power Plant as of November 9th, 1994 are
gwen in Table 4.1.1-3 and the following points are particularly noted.

Table 4.1.1-3  Current Conditions of Existing Power Plant
| " Name of Power Plant: Banias Power Plant

v | Copscity 490 vew | Soe | et | Nuper Thermal Efficiency % Manufacturer
N0 | o] | a2t | S| Gpuson| o] suvp| *| Opwe | Petomrerinl g | tutie
v [ i [ o | e ocim| v | mse | us [wro] s 16 - | g | QP Anesido
2 170 170 85 |Mari983] ks | 78323 | 43 [HFO} &0 300 . . -

% vl | e ]| a0 [apeism]| ss |oaaso | e |mrol s 79 ) | o)
| w0 1% _‘150 A.ug.'l§8‘9 s 42,858 7 |HRo| a0 186 - -
ar| €| s 989 | ' Ispan Hiechi

Note {1} Thermal Efficiency is Based on Low Calorific Value.
" Note (2) Thermal Efficiency is of Net Efficiency (%).
Note (3) Maximum Available Capacity is as of Nov. '94.
Note (4) $FO: Heavy Fuel Oil, GT: Gas Trubine, NG: Natural Gas.
Nete (5) Thermal Efficiency Data Received from PEEGT. ‘
Note (6) Maximum Available Capacity of Unit No.2 is 150 MW as of Jun '95.

@ ‘Th'e operation of Unit No.2 was limited to a 50% load with a maximum
available capacity of 85 KW because only one bon]er feed waler pump was
avajlable

@ _ ® The emergency gas turbine had been idle for 18 months, awaiting the supply of
spare parts. - :

@ The 'main cause of the output decline of Unit No.l and Unit No.2 is boiler

wouble. Unit No.3 and Unit No.4 have been operating for 5 ~ 5.5 years and,

“apart from conden'se_r tube failure, no serious dam'ages leading to a major output
decline have so far been reported.




@

Fortunately, the ‘condenser tube failures of Unit No.3 and Unit No.4 have not
resulted in failure of the boiter furnace wall tubes ‘I‘he development of aserious
failure could be prevented with the previous experience of the condenser tube
failures of Unit No.1 and Unit No. 2 leadmg to the infusion of seawater to the

__bonler feed water and boiter water, causmg faluce of Ihe boiler furnace wall

tubes. The successful prevennon of a. serious fallure shows that those
respons:ble for boiler operation and the chemncal cngmeers at this plant have _
leamed a good lesson from the prewous incident and have apptied that

~ experience to similar incidents in subsequent years.

Some 2,350 condenser tubes of Unit Noi&_‘ have been replaced.
Some 2,000 condenser tubes Of Unit No.4 have been feplaced.

The condenser tubes of Unit No.1 and U_nit'Nb.Z aie, made of copper-nickel.
alloy while those of Unit No.3 and Unit No.d are made of aluminium brass.
According to the statement of the mam[eﬂance staff of this power station, the
aluminium brass tubes appear to be more corroswe than the copper-nickel tubes
used for Unit No.1 and Unit No.2.

The following table shows the number of stast-ups of each vait in thc last 5
years. '

1989 | 1990 | 991 | 1992 | 1993

Unit No.| v S8 I VI I TR X S F
Unit No:2 8 | 36 | 38 | 25 | 23

" UnitNo.3 20 | 9.1 & :s ;1'.
Unit No.4 - 5| 10 [ 18 2 | 1

Unit No 1 and Unit N02 expenenced more slart- ups than Unit No.3 and Uml

The dechne of the lhcmnal efﬁmency is more nouceab!e in the cace of Unit No.1

and Unit No. 2 than in the case of Unit No.3 and Unit No. 4

4) Current Conditions of Hameh Power Plant

Current operation data for the Hameh Power Plant is given in Table 4.1.1-4,
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“Table 4.1.1-4 - Current Conditions of Existing Power Plant
Name of Power Plant: Hameh P.S.

Vnit C‘F“‘W o) . Year ‘5{;‘3 Total Rmm Thermal Efficiency % Marufactuses

No. k 7 Comris | Starl of atng | - of Foed [ . T e -
Insi ai!od Ratin g A:"th!c sn.onoi qu wion cﬁfm Sun. Up P?;:rn‘::\?u Pﬁ%‘;“ Boiler Turbine
2T RN U T I wol | Siemens
2 15 - S 1973 . i HFO : BBC
3 b s SR S £ | L o B . HEO : SR BBC

Note (1) Thémmal Effi iciency is Based on Low Calorific Value,
Note (2) Thérmal Efficiency is of Net Efficiency (%).

- @ Unit No.1 and Unit No.2 were almost aot used. Unit No.3 could be operated
‘with an available capacity of 5.5 MW but it was undet repair as of November
©20th, 1994 due to tube failure.

@ Super heater tube failures repeatedly occur every 3 - 4 months.
B Most of the instruments in the control room and site panels were out of order,
necessitating manual operation.

Like the boiler, the condenser had Suffered from a series of problems.

®  No periodic inspection of the turbine under the supervision of the manufacturer
“had been taken place since the commencement of operation,

@

The ﬁlanl engineers stated the foﬂd’wing opinions:
- Unit No.1: the boiler and condenser required repair,
.* Unit No.2: the boiter required repair; the condenser was in good working
- order, '
- Unit No 3: bmler renewal was desired.

Thc ‘plant engineers expected that the mstallat:on of a new boiler and penodw;
inspection of the turbine by engmecrs from the original manufacturer would
 recover the availablé capacity of Unit No.3 to some 13 MW. '

@ Miscellaneous
- Spare pasis . No specific problem existed although it
% _ _ . . appeared that hardly any spare parts had been
S o |  used due to the lack of periodic inspections
“. Boiler water . Untreated river water was used and waste waler
R T . was discharged to the fiver.
- Emergency pbwer source : Diesel generator (600 - 700 KW)



Neither the MOE nor the PEEGT considers this plant to be a useful and
important power gencration facility. With the full-scale opération of the Jandar
- C/C and other new power plants in near future, the imporiance of existing small-
- scale power plants such as this will deﬁmtely decline. For other existing power :
~planis, the proper periodic mschlmn and rehabrlrtamn plans should be
implemented before each unit is damaged to the srtualron of Hameh p!ant

®

Given the deteriorated state of the facrlitics, the current conditions of the plant
and its relatively meagre rmportance. it is difficult to Jusufy its inclusion in the
~ list of power plants to be rehabrhlaled '

(2) Gas Turbine Plants-

There are 14 gas turbine generators installed at following locations;

- Damascus ¢ 5units

- Homs - ¢ 2 units

- Hama ¢ 2units

- Aleppo : 3unils

- La!akra E 2 units
The Study Team members inspected the Zama!ka Power Plant , one of the S plants

located in Damascus, on November 16th 1994 “The Plant details are shown in @
Table 4.1.1-5. '

Table 4.1.1-5 Current Condrhons of Exrslmg Power Plant
Name of Power Plant: Zamalka P.S.

Unit Capscity (MW) : Yeur gmeg Totsl Numbcr N Th&n'l.\lﬂﬁcimcy% © 7 Manufectored
No. | “7} Coownis- | Surt of eruirg | of Fuel : : -
.| Instalied | Raring Aﬂiﬁlﬂe sioned Opaum : Hours smrr_yp . Pgufu_vi?u Pi‘{:%}c Bailes Turblne
ar|CEGP | wf o wem 20| osoeo | aass D B il
' S8,000
——=26.1
-~ 3,755

Note {I) Thermal Efficiency is Based on Low Calorific Yalue,
Note (2) Thermal Efficiency is of Net Efficiency (%).

@ Al ihe pas turbme plants are operated and controlled by PEDEEE and are curre ndly
in astate of reserve shut—down

® The Zamatka Power Plant underwenl dismantli ng 4 momhs ago and all the bucket
nozzles were reptaced.



412 Selection of Subject Power Plants for Rehabilitation and/or Ronovation
Study

(1) Selection Criteria
‘The fotlowing critéria were adopted 1o select the target power plants for rehabilitation
and/or rendvalion under the this Sludy;

1) Selection Criteria Based on Equipment Conditions
- D{:teﬂoration of perfofmange-(()ulput'and efficiency)
. History of troubles and damages (records of troubles)
- Year of commissioning
- Total hours of operation
- Total number of stasts and stops
. Recent operation status of main unit (in terms of vibration, noisc and high
temperature, e1c.) | o '
- Operat';ng conditions of aﬁxiliary equipment

- Storage conditions of spare parts and procurement problems

- Bxistence of manufacturer(s) of existing main equipment.

t

- Maintenance of drawings (history of repairs)

2) Sel’ec_tibn Criteria Based on Social and Environmental Conditions

Importance of the plant {in terms of geographical area served and power grid
efficiency) | |

Generalion capacity (number of beneficiaries in area served)

Degeee of pollution generation (smoke, oil and water, etc.)

Fuel used

% | - Conditions of maintenance system and maintenance work in the plant {quality of
staff and availability of maintenance materials and tools)

(2) " Setected Power Plams for Rchainil'i_tation and/or Renovation
Following‘ 'éon:;'ullations with the Goverament of Syria, those units of the power plants
listed below were selected as the subjects for rehabilitation and/or renovation based on
“the First Field Survey using the selection criteria described in (1) above.
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1)
2)
3)

413 -

Kattench Power Plant: Unit No.3, Unit No.4, Unit No.5 and Unit No.6
Mehardeh Power Plant: Unit No.1 and Uit No.2

Banias Power Plant: Unit No.1 and Unit No.2

Current Conditions of Seiec_téd Power Plants and Their Problems -

) Survey'of Problems and Causes of Each Power Plant

1) Katteneh Power Plant

DRAFT LOSS

OF AIR BEATER < o o s o
\ >

@  Common problens of Unit No.3; Unit' No.4 and Unit No.5 of the Katteneh |

Power Plant are the decline of boiler output and the decline of boiler thermal
efficiency.

The main cause is failure o use the 'shot"clean'in'g"deviée (to remove soot from
the boiter) for the last 10 years and it is now impossible fo remove soot from the
boiler during operation, The shot cleaning devics has not been operated because
the use of one m3 shols led to recovery of only 0.5 m3 of shots with the
remaining shols blocking the gas passage in the air heater tube& In other words,

~ shot cleaning operation did ot clean the boiler and woﬂced agamst the boiler's -
~ continuous operation. Consequently, it was necessary for all units 10 st()p_ boiler

operation every one and a hatf monl'hs'iri order to conduct manual and water
washing of the intemal surface of the some 2 000 3,000 air heater tubes as well
as some parts of the économisers. This is illustrated below ' '
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~ Adoption of the above cleaning cycle means the stoppage of plant operation for
some 49 days/fyear for this purpose alone. When draft loss of the gas passage of

the ait heater tubes increases 1o exceed the nonu nal C’lpaClly of the induced draft
fan, it is' necessary to reduce the quantity of air for burning in order to maintain
a safe gas p;cssure ms;de the furnacé. The reduced air quantily demands a fuel
injection reduction to maintain the air-fuel balance, resulting in declined boiler

: outpul This rather unbalanced operation creates a potentially dangerous

situation by producmg black smoke due to mcoaxplete combustion. In addition,
blockage of soot prevents the effective operation of the air heater tubes for heat
exchange and the resaltmg msufﬁcncm heal rec-avery causes a decline of boiler

efficiency.

As no replaoemenl device has been mstalled {0 substitate the removed shot
cleaning dewce, the heating surface of the pnmary super heater tubes and
economlser tubes does not function properly due to accumulated soot, which
causes lhe declined performance of the economiser and air heéater causes

increased draft loss.

: Exlema] corroswn of the economiser tubes of Unit No 3, Unit No.4 and Unit

NOS

As of November, 1994, Unit No.5 was undefrepair and replacement of the

econoriser tubes. These twbes of Unit No.3 and Unit No.4 were replaced in
1993 and 1992 respectwely because of their extemal corrosmn

It can be inferred that this corrosion is low temperature corrosion caused by the

some 4% sulphur content of the’ fuei (HFO). The corrosion mechanism is that
the soot, which is stuck fo the tube surface during operation, absorbs moisture

from the air when boiler operation is stopped, causiag sulphate corrosion,

According fo Table 4.1.3-1, these units are more than 25 years old and the
stoppage Umes of Unit No.3 and Unit No.5 are eqmvalent to' 14 years each while
that of Unit No.4 is equwalent to 18 years, providing ample opporiunity for

‘sulphate’ to- cause low température. corfosion, In. short, corrosion occurred
because the boiler was stopped for a long time without removing the soot stuck
{6 the economiser tubes.

Unit No.6 of the Kalteneh Power Plant, declmed output and declined thermal

efficiency.
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“@ 1 Unit No.6 is currently operating al an output level of 50 MW against the
~ nominal capacity of 64 MW. The operatot supplys the maximum possible
‘quantity of cOmbusuon air to the boiler togethes wnh a fuel input just
below the level that results in black smioke. The decline of the inflow of
combustion air could have been caused by the following 2 reasons.

" (a) Increased draft 16$s of the air flow syStem and gas flow system 3

(b) Leakage of combustion ai_r to the outside of the systern

A relatively important factor in the case of draft toss is air and gas draft
toss of the rotating- lype regeneraiive air heater (rotating air hea!er) “The

~ increased amount of soot stlckmg to the heating elements increases the
draft loss and the soot becomes difficult to remove by steam blowing

- during system operatu)n Meanwhlle alr Ieakage can occur in many
places, mcludmg through ctacks on the connecting parts of ducts.

However, air leakage from the rolating air heater is -most harmful.

Relatively high pressure air leaks to the gas side of lower pressure through

gaps in the rolating section and also in Uje form of carry-over. The amount

of air leakage is generaliy 5 - 15% but tends to increase in accordance with @
. longer operating hours and a longer service period.

@ -2 The operation conditions of the _éondenser of Umt No.6 as of November
23rd and 24th, 1994 are as follows.

_ Nover_nbé_r 23rd No_veﬁxber 24th
Load 46 MW S ATMW
| Condenser - ~85KPa -~ 90KPa _
Vaéuum 1 (=6315minHgy | - (=675.1 mmHg)

@ _NOticeabl'e Problems of:_Um‘t No.3, Unil_ No.4 a:_id'Un_it NO;S

The total operation hours of Unit No.3, Unit No.4 ad Unit No.5 from Table B
-+ 4,1.3-1 are shown below. They have been in operation for 24 to 25 years,
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Table 4.1.3-1 Operation Records of Unit Nos.3,4 & 5

_ , _ ‘ o Qperation (%)
Unit | Total Operalmg Years from Startof | Total Shut-Down (A)
No. |- Hours (A) Operation (B) Hours (C) (8) hrs x 100
3 98,296 25 120704 45
(219,000 hss} {13.8 years)
| e | s | s
S (219,000 hus) - {18.2 years) 2
: B (210,240 hrs) (138 years) . _
< Nouceable Problems >

- (a)-The total shut- down hours of each unit are longer than the total operaung

hours. Aithough shut-down can be either reserve shut-down or shut-down
forced by unit failure, the findings of the First Field Survey indicate that
shut-down forced by unit failure is the main cause of unit shut-down.

(b} No special anti-mrfbsidn treatmeat is conducted during shut-down.

(¢) In'general, corrosion and cracks tend to occur more frequently in the case of

those units which repeat start-up, stop and re-start than those which are in
C(}nlmuous operation. ‘

One of the most common probtems of all the unils is the breakdown of

' mstruments

With all the umts, the gas 02 meler which is designed to control the state of
combusuon is out of order, (The situation is the same at Mehardeh and Banias
Power Plants.) When the 02 me!er is out of order, the operators are obliged to

_ 'adjust the "air and fuel supphes o mamtam a desirable state of combustion by

vnsually observmg the colour of the smoke in Ordcr to prevent incomplefe

‘combustion. The operators contro! lhe excess air ratio by observing the smoke
_colour from Ume to time (o achieve a desnrabie state of combustion. One of the

most common methods of improving boxler efficiency is boiter operation with a
mm:mum eXcess air ratio Wthh is pracncally m‘npossmle to conduct without an

: _02 meter Con(amment of lhe excess :ur ratio to the mmlmum level also leads to

the use. of less. air and les:» fuel whﬂe reducing the dry gas loss from the boiler
and system loss Wh!ch in tum leads to improved output. The operators of Unit

" No.3, Unit No.4 and Unit No.5 state that all the instruments are old and

unreliable and that their repair faces the problem of the nén-availability of many
paits. ' '
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2) Mehardeh Power Plant
® Declifted output and thermal ef ficiency of Unit t and Unit 2.

As of November 21st, 1994, Unit No.1 and Unit No.2 had an output of 70 MW
and 103 MW respectivelyr b was intended to use gas Oz meters at the
‘economiser outlets, i.¢. air heater'inlels but that of Unit No.2 was out of order.
Similarly, the gas temperature gauges al the air heat inlet and outlet were also

- out of order, making it u’np{)ssmle to control the state of combustion and thc
excess air ratio during operation. The only control of combustion was conducted
by observmg the colour of the simoke from the stack. The output. meter. {MW) of

* Unit No.1 was out of order logether with the O2 meter, Based on the aclua] fuel
consumiption, the said output of 70 MW was presumecl to be around 100 MW.

“The opétation conditions of Unit No.2 and Uml Nod af the time of lhe First
Field Survey are shown below,

Uit No. ltem November 21st | - Novembet 22nd " Remarks
2 Jouwpm | re3Mw CoMwW
Fuel Oil Consumplion - 36 m3mr 955 mam,
4 | Ouiput 80 MW ' — too high
Fuel Oil Consumpucn 1S mdme o — too low

The above data suggest that it is necessary to check the accuracy of Unit No.4's
oil flow metér. The gas Oz meter and gas temperature gauges at the air heater
intet and outlet were all out of arder in Unit No.3 and Unit No.4.

® Unit No.l is currently operating with a lower boiler pressure due to the
m]pombr lity to control the steam flow syslem located at the trbine m!et Ttis -
_ necessary to check over the performancc data under low pressure operation with

| lhe ongrnal suppher of the borler

@ _One hkely cause of the. output dectine of Unit No. l ancl Umt NoZ is the fairly
'hrgh level of excess alr The fact that the FDF suction vane rs 100% open under
a 69% load (103 MW) suggests a large amoun( of 2 air leakage. Tn short, the main
causes of the declined output (avallable capacrty of 120 MW fOr both Um( No.l
and Unit NO 2) are the' detenorated pcrfonna.nce of lhe condenser and
substantial air leakage from lhe rmatmg aJr healer '
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@ The deteriorated condenser performance is indicated by the degree of vacuum of
- 86% for 103 MW operalnon on November 21st and 89.9% for 70 MW aperation
on the following day. These are poor vacuum levels.

' ® Externat visual inspection of the boiler and auxitiacy equipment revealed serious
gas leakage from the gas ducts. Gas leakage from the ducts of Unit No.1 linked
* to the rotating air heater appears to give some surface damages to Unit No.2.

3) - Banias Power Plant
@ The operation condmons of Unit No.1 and Umt No.2 of the Bamas Power Plant
as of November 201h 1994 are descnbed below.

@ -1 The FDF siiction vane of Unit No.1 was 85% o open with an output of 100

MW. The colour of the smoke at the stack outlel was white and the gas 02

meter was out of ordér, necessitating operators to determine the state- of

operauon by observing lhe smoke colour as in the case of the Mehardeh

' Power Plant This unit appeared to be operatmg with hlgh level excess air,

_ as opemng of the sucnon valve by 85% with a 59% capacity output (100

) _ K MW + 170 MW 100) md;cates almost ful capacnty flow given the
\E o | _ o charactensucs of sucuon vane operation.

@ -2 The outpul of Umt No 2 was 85 MW with the FDF suction vane being

o . 100% open The smokc colour indicaled a state of over eéxcess air. The gas

02 neter was out of order as in the case of Unit No.1. A site check of

: mdu:ators of the FDF suction vane showed that opening of the A-side FDF

‘was approxlmately 75%, suggesting a malfunctton of the panel display in

" the Control Centre. The control drive of the B-side FDF was not

connected 10 the suction vane and, therefore, the degree of opening was

_' unknown. As the oomrol lever of the control vane was suspended by a

'_ ':cham block, it appeared possible to change the degree of opening,

_ ; however manual adjuslmenl of lhe degree of opening was lhought to be
g | - very dif ﬁcult '

; -‘;.@_3-0pe[anon data and prob]cm axeas for Unit' No.1 and Unit No.2 as of
- November 10th, 1994 ére descrlbed below,
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- {a) 'Operal:io'n Data "

_ - Unit No. | No2 : . Remarks
Output MW 100 145 ' '
FuelFlow y tonsthr 28 .| 40 :
House Power Ratio % A _E%E;Eate)

*| Net Thenmal Efficiency % S 2935 ) 3020 | Synian base
C28.15) | (2857) | Uapanése base)

~ Notes .
1} The Syrian base uses a low calorific value (Kc:al{kg) toshow the calorific value ofthe fuel
“while the Japanese base uses a high calorific valué (Kcal.’kg) fot the same purpose.
2} The thermat efﬁcxency is much lower than the guaramée performanCe testresults,

(b)- The super heater steam temper‘ature at an output of 145 MW was ih_ line
~with the design performance value, but the reheater temperature of 520°C
- was slighlly tower than the design temperature of-540°C.

{c) The comhuslton air flow mdlcator pomted to the same 210 agamst an
output of 100 MW and 145 MW suggestmg an opcranon system under
which the maximum quanmy of air was fed with the manual supply of the
necessary quantzty of l'uel to achieva lhe requmad output Because the gas
02 meter was out of order, the operators appeared to be wying (o ensure
safe operation with a state of h}gh level excess air to prevent incomplete
combustion. ‘This state of high level excess air, however, has a negative
'impac't on the efficiency of the boiler, and it increases the dry gas loss as
well as draft loss, reducing the opemuon efﬁc:ency of the boiter. Operators
controlled the state of combustion to mamtam an almost constant output by
sefting up the number of bumers in operahon anﬂow tevel and fuel supply
tevel based on past expenence as well as by observmg the colour of the
smoke al the stack outlet. There is a danger of blow-off of the burner flame
_ due to over excess air when the output level is low, Exra care is required
to prevent this. Stringent bperéti_on control may be required in the near
future in coniplianoe with new 'e_hvironnient"al regulations to be imposed on
the contents of the exhaust gas at the stack outlet.

@ The maximum avaifable capacity of 147 MW of Unit No 1 dropped to 86.5% of
"the installed capacity of 170 Mw as was the case in Mehardeh Power Plants |
Unit No.1 and Unit No.2 and Katteneh Power Plant's Unit No.6. ‘The gas O2
meter reading was ¢xamined during the field survey 1o check air leakage from |
the rofating air heater in order to determine the causes of the dectined
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performance from the ' vicwpoint ‘of the combustion air quantily. At the
guaranice test stage, the gas O2 volumes at the air heater inlet and outlet of Unit
No.2 were 0.5% and 2.8% respectively. The air heater leakage percentage at the
time of commissioning against the inlet gas volume is calculated using the
foltowing simplified equation.

(a) Simpiiﬁ_ed Equation

% O Outlet — % Oz Tnlet <00
 21-% 02 Outlet

1eakage (%) =

" (b) | The 'ge'_xc'nial'a'it heater leakage for Unit No.2 using the above equation is as
- fotlows. ' '
L 2.8-0.5

£879 90 = 11.37%
2128 X0 ’

“Leakage (%) =

Whiie the ab_ove calculation result indic_ales air heater leakage of 1_1.3‘?%, the
actual air leakage of Unit No.2 is estimated (o be 34.8% bascd on the actual gas

- O2 meter reading at the air heater outlet of 7.3% in April, 1994*% and the

assumed O2 ratio at the air heater inlet of 2%. In short, il appears certain that a

" significant amount of air leaks from the air heater. A similar level of air leakage

is also estimated for Unit No,1. Gas O, meter readings in April 1994 at the air

" heater outlet were 4.9% for Unit 3 and 4.5% for Unit 4 respectively, (*: levels

measured by EKONO ENERGY Ltd.)

The air leakage for Unit 3 is estimated below.

© . air heaterinlet 02 : 1.1 ~2;0% (assufned)
" - air heateroutletO2 :  * 4.9%
- leakage (%) = 49-(11~20) 90 = 16.2~21.2%

21-49

Atthe time of commissioning, the air leakage ratio of Unit No.3 was 5.8%, and
this has now increased to 16.2 ~21.2%.

D Operation data for the condenser as of November 20th, 1994 are as follows and
. imply that the condenser is in good working condition,

7 UnitNed  UmitNe2  (UnitNod)
OupuMw) .10 8 (D)
' Vacuum (mmHg) 720 130 )



@

Common Causes for output and thermal efficiency decline

' Common causes for declined output and lhermal efﬁcnency in lhe units in Synan power

planis are summarized in the following Fig. 4.2, 1 1, concemratmg on the boiter which
has the dlrect connection to this probiem.

At those Syrian power plants visited by the First Field Survey Team, the gas O2 meter,
the most important instrument for combustion and excess air control, was out of order at

every unit except Unit No.1 in Mehardeh Power Plant. Moreover, most of the exhaust |

gas temperature gauges which mstamly show the state of the boiler's thermal efﬁcnency
were out of order, making it 1mposnble to Judge whether of not the air heater responsible
for the ultimate. recovery of heat was - properly funcnonmg Given the siate of the

mstruments at these power plants, it is almost impossible to identify the exact problems _
~of each unit, A’ special atténtion should be given to restoring the reliability of the
* operalion control equipment and systems as described in the next chapter.

‘Many of the componeats of the power plant rehabilitation proposals described below are

* based on the past experience of the study team experts as necessary data was unavailable

3

“at the subject power plants. It is again almost impossible o quantitatively indicate the

effects of the rehabilitation proposals even if the proposals are implemented in full.

" The basic starting point to redréss the output decline of a power plant is to secure a

sufficient quantity of combustion air, If the performance level of the FD fan has not

deteriorated, the oulput decline is caused by cither air leakage tfo the stack via the air

heater or by a decline of the air flow capacity due to large systen loss. Itis oftea the case
that draft loss at the economiser and/or air heater has become large. The appropriate

‘remedial measure involves soot blowing during operation, or water washing of the air
heatér by unit shut down in order to restore the original function of the air heater, and to -

completely prevent air -leakage from the ducts. With'the implementation of such a
measure, it is possible to improve the outpul by means of conlro!hng the fuel air ratio by
the gas O2 meter. : ' '

Cooling Water Analysis

Environmental prOIecnon measures will be’ mcorporated whete posable in the pfannmg '

of the rehabilitation plan for the selected power plants. Prior to any othér area, the boiler
and condenser requlre urgent rchablh tation, 'ihe chemical ana!ysns of the boiler water i$
being conducted at all the pOwer plartts. The check items are ‘similar to the standard

check items employed in Japan (JIS B §223, etc) and therefore. :t appears that the check

results ¢an be trusted.
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Tn contrast, quality analysis of the condenser cooling water is inadequate at all the power

plants, resulting in damage to the condenser tubes. (More than 2,000 tubes of Unit No.3

had to be replaced recently at the Banias Power Plant.) During the second field survey
period, quality ana!ysns of the cooling water was conducied to obtain the data which are
essential to prepare a rehabilitation plan and to help determining the desirable material
for the condenser tubes. The selected power plants for sehabilitation currcntly use the

“following types of water for cooling purposes.

® Bania_s Power Plant -1 seawaler (from the Mediterrancan Sea)
@ 'Mehardeh Power Plant - : river water and lake water |
" ® Katteneh Power Plant . lake water

- The views of the Study Team on the corrosion in the condenser tubes at each power plant
" based upon the findings of the cooling water analys1s perfonned during the Second Field

Survey aré as follows,’

1) Banias Powei Plant
Baniias Power Plant uses sea water for its condenser cooling water, and the results of
the analysis performed on the sea water do not show any characteristic properties.
_ However, there is much conosnon of the condenser tubes in Unit No.3 and Unit
No. 4, and more than 2 000 such tubes have been replaced.

The condenser tubes in Unit No.3 and Unit No.4 are made of aluminum brass, and
_accordmg to the plani's maintenance staff, the rate of corrosion in these tubes is

: much faster compared to that in the ‘condenser tubes of Unit No.l and Unit No.2
which are made of copper-nickel alloy. The plant staff considered that the cause of
this faster rate of corrosion was due fo aluminum brass bemg less :esnstam 10 sea

' - watet lhan copper-mckcl altoy, however, data obtamed by the Study Team in the
oourse of the’ F:eld Survey shows that the real cause of corrosion in the condenser

- tubes m Unit No. 3 and Unit No.4 lies in the. fact that the sea water, concentrated
| B water and sohds, were al!owed to accumulate at the tube boltoms when the unit
'operanon was Suspended for a long penod (1-2 months) m the smnal operation test
'stage Tt is lhought lhat this caused the cortosion to occur consecuuvcly in a
lengthwise duecuon at the bottom of the tubes, from whcre it has conlmucusly

- developed. ’I‘hat is 1o say that, if the sea water inside the condenscr tubes had been
R blown out and the tubes kepl dry dunng the long “term system operation suspension,

[

419



2)

"~ the corrosion at the bottom of the fubes aid lengthways spread of the corrosion from

thete would not have occum.d

“Countermeasures for the' prevention of corrosion inside the condenser lubes well
rinvolve the laying of twbes at'a gradient to make them drainable or the

1mp!ementat10n of corrosion countermeasures (cleaning and blowmg) at ‘times ‘of
suspended operation, ' ' -

In addition, in cases of short tenm suspension of operation, the continued cieculation
of sea waler is also a possible measuré for the countering of corrosion,

Mehardeh Power Plant

. Mehardeh Power Plant uses river water oblained from a reservoir dam built on a

nearby river for its condenser ¢ooling water. The reservoir water is dark in color,
indicating the effects of pollution (industrial and domestic wasle waters) from the
river's upper reaches beyond the dam. Measurements showed the levels of

_conductivity (CND) and hardness (Ca++, MgH) 10 be higher than in normal river
water. The measurements also showed ahjgh level of ion phosphate (P013) which
©causes eulrophlcauun Readmgs for this in ¢lean river water are 0 1 mg/t or less.

Judgmg from the low DO value (dlssolved oxygen concentrahon) it is guessed that

there is a large consumption of oxygen by bnolog:cal planktcm (animal and plant)
'_between the intake and the cooling tank {roughly 1 km). '

~ The deterioration in the condenser perfonnanoe is thought o be caused by the

auachmem of CaC03 to the condenser inner surfaces and its subsequent poor
cooling effect, judging from the relahvely hlgh fevels of hard substances (Ca, Mg} -

and high conductivity of the cooling water The ﬂow of poliuted water from the
upper reaches of the river, which provides the plants coolmg water, is expec!cd to
continue deteriorating, and the foture mprovemnt of coo]mg waler quamy cannot
be hoped for. Itis therefore considered that the Only way {0 preserve 1he condenser
performance levels will be to maintain the condenser vacuum by pcrformmg

- periodi¢ and proper cleaning of the tube mlenors, w:lh one 31de of the condenser

3y

- shut down dunng Operauon. lf necessary

Kalteneh Power Plant

Katteneh Power Plant obtams its coolmg water from Buhhayrat Qatiina (Lake
Katteneh), Whlch lies next to the piant Waier from the lake is first screcned of
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floating solids and then ditectly fed to the condenser as cooling water. The distance
between the intake and the condenser is about 50 m.

“The lake water was found to be brown in color and minute suspended substances
"were observed. The water contams much blologlcal plankton and measurements
made by the plant staff indicated high levels of organic masier and SO4 at 2.6 mg/¢

and 27 mgl! respectively.

In recent years, the advance of water pollution has been slowed down due to the
imposition of laws and regulat:ons on the discharge of industrial waste water,
However, large mco:mng quanhhes of domestic ‘waste water have made litle
progress in actual lake water purification,

The measurements made for the lake water and tap waler are mdlcated in
Tablc4 1.3-2. The DO value in each is close 0 the saturated value against water
lemperature, and this means that lmprovcment of condenser cooling waler quality is
necessary and that consideration should be given to countermeasures such as the
construction of a sedimentation pond. |



_ Table4.1.3-2 Cooling Water Analysis Findings

Banias Sample

Mehardeh Sample

Kattedeh Sample

(Jary21) {Jan/23) _ © {Janf25)
: " .| River g AR e g Lake
ltem Sea_\Vétgr L water Coohng Watér | Cooling Water Water
Measure- | Measure- | Measure- | Measure- | Measure- | Meéasure- | ] | Measure-
ments “menis . ments ments ments - | ments . Measurements meais_
la.ie:? by l;ket} by §° l;ken by uS]:;Vn by uke;! by | - lgkel? by iaken by 5 tgkgn by
Toam | et | Tam | Tom | Sam | Tem | powerptn | Fo
' 823 8.32 743 | 853 8.8 8.80 :
L p}_{“.:) RN IR T AN IS TX L S TR RER XA ] e ] 9s ‘g4
3. CaCOs mg/f | 1220 | 1373 200 |-226 | 180 | 10 28 | 75
(Ca?") (488) {550) 80.1) | (90.5) | ¢ ) |44 mvA mvAl
1 4. tscwcoy 630 | o | o9 - o5y, {120) ®9..
MgCOs mg/é | 5163 | 4673 | 497 910 - 5461
(Mg (1489) | (134D (14.3) (26.2} (15.8)
5.0 omgl 128% | | 173 |
6. 8Os mgft 27
7. 8 0OrH:S
mg/¢ 3
8. NH«* mgst 08 | 19
9. NOr mg/t
10.NOs”  mgfé _
: 4 80° 155C - 88’ 93¢
12.COF  mg/ ' 26
13. Acid consumption 217 pAY 114 M3 | M29g
(p¥4.8) [MRG] @17 | 3D am | "7 ¢
14.510° mg/f | 0.196 ns | 132 28 |25 | 525
15.PO13"  mg/f -3.00 3.80 0.06




42 Power Plant Rehabilitation Proposals
421 Common Subjects for Rehabilitation

(1) Common Subjeéts for Selected Power Genezation Plants
 Priot 10 presentifg a tehabilitation proposal for each selected power plant, description of
‘the basic problems faced by Syrian power plants, usmg ‘the current condmcns of
"Japanese power plants as a base, shall be made. '

" “Thé common problerns of the units of Syrian power plants afe decline of the ‘generation
output and decline of the net thermal efficiency due {o ageing. In Japan, regardless of the
operatmg houss, the approved output (by MITI) of each unit confiried by the
perfonnance test at the time of commnissioning does not fall in subsequent years. This is

‘ because as part of the périodic inspéction and maintenance requiring 1.5 - 2 months each

o year, the ‘confirmation test of the maximum approved outpul is conducted to coafirm the
availability of the maximum output which was approved the prévious year. Only after
confirmation of the availability of the maxinmum ou!put does commercial operation of the
unit ia quesuon tesume, The net thermal efficiency does not sngmﬁcantly decline

:'although it does fluctuate in accordaice with changes of the fuel properties. Such

* stability is ensured by contindous efforts to anticipate possible problems on the basis of
measuted dala and fo solve/deal with potential problems to achieve highly efficient

-operation. Tt is, theréfore, quite rate_ for any instrument to be out of order.

The common subjects for power generation plants in Syriaare as follows.

1) Maintaining continuous output was treated as the highest priority issue at each of the
power plants and units, and this meant that the repair of minor defects such as gas
- leakage was feluctanily postponed in deference to the continuation of operations.

As a result of this, it is inferred that the minor defects were allowed to grdw and
eventually lead to major damage. For example, gas leaks would cause the corrosion
of site instrumentation, transmilters, wiring and insulation cover plates.

2 Each of the units selecled for rehabilitation andfor renovation has, unil now,
undergone overhaul mvolvmg :he prior ordering and arrangement of materials and
work. At Mehar_deh Power Plant, for example, renewal work on the reheater, which

had suffered damage from high temperature corcosion from the effects of vanadium,
required the shut down of Unit No.1 and Unit No.2 for roughly seven weeks.



3)

4)

This indicates that necessary repair work has. been conducied only when it has
become necessaly.

llowever merse partial repair work has not led 1o lhe overall lmpmvemeni or

recovery of performance because sufficient maintenancé work has not boen carried

“out on other arcas. Unless many defects which have occurred during operation are

repaired simultancously during the same shut down period, it will not be possible to
restore declined output and thermal efficiency to original levels.

The problem that is common (o most of the power plams is lhal the cleamng has not
been camed out for long period.

‘The fuel for the bdiler, HIO, is a so-called low quality oil containing 4% sulfur, and
if its sootis allowed (o stick o tubes, it will cause tube corrosion. In cases where a

long term shut down is forecast, it is first of all necessary to clean low temperature

. gas flow sections, i.e. economizers and air heaters,

Table 4.2.1-1 indicates the overhaul work involving long term sh’ut_do’wn that has
been conducted by each power palnt, howév_er, i_his overhaul wo;k di'f[ers from the
general overhaul being proposed in this Report. It appears o have been directed at
the repair of areas which have been damaged through troubles. It was informed that
these overhaul works have been conducted under the guidance of the original
suppliers with the prior purchase of parts and materials.



Table 4.2.1-1 PEEGT Examples of Implemented Overhaul Works which have
Entailed Long Term Suspension of Operation

No. | PowerPlant | UnitNo. “Type of Overhaul ' lmpl_em:;_n_tat’ion
; e _ : . . : Period

@ | Mchardeh P.S. {:Unit No.2 | Replacement of boitet reheater | Aprit3rd- -

: . o _ May 23rd, 1986
@ | Mehardeh P.S. | UnitNo.1 - | Replacement of boiler reheater September 2ng -
. ' : ' October 19th, 1939
@ Mehardeh P.S. UnitNo2 | General overhaul of turbing and genérator Noveir;bér 8th, 1992 -

TR ‘ s : : --| January 22nd, 1993

@ | Katteneh P.S. | UnitNo.6 | General overhaul of boiler and turbine Maich Ist:
N : S - . L . | May 3lst, 1993
® | BaniasP.S. Unit No.2 - | General overhaul of tirbine and generator . March 14ih -

Sl K : . : . : ¢ August30th, 1993
Kattench P.S.‘ UnitNo.6 * | General overhaul of generator and excilor April 26th -

: ' - | : July 23td, 1994

Note l) The replacement of the high lemperalure tehéater in Unit No.1 and Unit No.2 at Mehardeh Power Plantis
recorded as a typlcal ease of rehéater tube consecilive faiture resulung from high tempcramre corrosion
caused by Vanadium of HFO ash. '

Itis said that on this ()ccasnon the “eanng down of tube thickness ﬁom 6 mm to 2 mm resulted the failure.

2) In Banias Power Plant Unit No.1, an 800 m length of fumace tube and the first floor bumer were replaced
in 1993 In Unit No.2, the replacement of the first floor burner was made in 1994 and about 1,650 m
length of fum ace rear and side wall tubes were replaced in 1993,

5) Manégement and Control Conditions at the Power Plants

o 1994 at Bamas Power Plant, a system was 1nlr0duoed whezeby defects are picked
_up using work requesl cards and confirmed in meetmgs of related department
“members, follomng which the ordenng and arrangement of materials and work is
carsied out and the refevant data is oompnled into oomputer for use as refcrenoe in
future work budget making and control. Judging from this, it can be expected that a
basis for preventive maintenance is gradually being established. -

At Mehardeh Power Plant, the work order format is used, though data processing by
~computér is not introduced yet, and it is hoped that the plant control situation will
~ ‘move inthe same dire¢tion as that at Banias Power Plant.




(2) Comunon Items in the Rehabilitation andfor Renovation Proposals for Selected Power
Plants '
1) Countermeasures for Defect Potential
Fig. 4.2.1-1 indicates potential defécts and countenmeasures against them. It can be
seen that many of these involve cleaning and the renewal of deteriorated parts andfor
portions. '

" Good effects from these nieasiites can be expecied provided that within the general

. overhaul. period, cleaning is pesformed carefully and the required materials are !
prepared in advance, and also previde'{! that acoe’rding to type of device or necessity,
the work is surely performed while receiving confirmation from original supplier
supemsers and specialists. The Rehabilitation Proposals recommend that detaﬂed';
inspections be carried out especnally on be:ler pressure retaining parts, which are.
capable of causing critical damage to units. This is because the long penods requued
in procenng and processmg the necessary ‘materials make it necessary (o make
arrangements for renewal before aciual fa;lure occurs.

2) Common ltems for Electrical Equipment aﬂdlnstru‘menlé!ion
@ Basic Concept for Study |
In principle, the idea of rehabilitation is not appropriate for electrical iteins and
instruments for the following reasons.

Heavy elecmcal equlpment (generalors and {ransfenners ete} is highly
efﬁcncnt equipment whlch dees net mcur substanual deteneranon of
pesformance (except damages due to accldems ctc )

- The perrormzmoe deterioration of c:rcuu breakers or mstnlmenls means that
they immediately become useless, requiring replacement of the parts or
replacement of the equipment itself.

Consequently, it has been decided that reblaoelnee_t/_renlodeli:ieg proposals will -
be made for agéd electrical equipment and sysiems from the viewpoint of "eas'y, :

safe and reliabte handling/operation, while rehabilitation proposals wnil be made
for boilers and turbines to reverse the deratmg of the power planls '

4-96
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FIG. 4.2.1-1
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Comnmon Rencwal Proposals

“The_renewal proposals for each of the subject power plants are described in the
following sections, However, it is a comnion fact at all the power plants that
~many instrumients have been left unrepaired or have not been replaced,

regardless of the need for safe and easy operation. Because of the importance of
safe, easy and reliable operation, all the rehabititation proposals for each power

~plant mclude the rcplacemenl of instrumeénts (de!ectors, switches and indicators,

etc.)

3) - Basic Concepls of Rehabiltation Proposals

The Rehab_ililatiori Proposals shall be concluded w_itﬁ the folldwing basic items.

a)

b)

<)

Cleaning

Detailed inspection

The simultaneous unplemenlauon of all defect counlermeasures dunng the sanie

‘shut down perlods

4,2.2 -_Banias Power Plant -

(1) Examination of Rehabi_litziiidn Plan for Unit No.1 and Unit No.2 (Mechanical)

‘1) Implementation of the following measures is proposed to restore the declined output
and déclined thermal efficiency of Unit No.1 and Unit No.2 of the Banias Power
Plant. T "

@

®

Al operation control equipment which is currently out of order will be replaced '

or rehabilitated (refer (6 4.2.2 (2) for further details).

All instrumenis which are in semceable order will be cahbratcd (refer to 4. ‘2 2
(2) for further details).

- The gas Oz % al both the air heater inlet and outlet will bé'meaisured-lo._

determine the rate of air leakage from the rotating air heater and also to check
the thermatl efﬁcign'cy of the boiler.

In the case of Unit No. 2. priority'ivil! be given to the r‘epair or rehabilitation of

the temperature gauges to measure gas temperature at the air heater inlet and -
_outlet,

“Thorough maintenance and the replace ment of parts will be condu(:ted for the

rolor post seals (hot and cold), radial seal and arcumferenua! seal of the air

~ heater to minimise air Ieakage from the rotating ajr heater.
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@ Inorder to maximise the use of the heating surface of the rolating air heater, the
. units will be stopped for washing of the heating elements and recording of the
corrosion loss. However, the renewal of heater elements is recommended,

depending ugon the résulis of the detailed inspection.

2) Detailed Inspection of All Parts of Unit No.1 and Unit No.2

Given thé current total operating hours of Unit No.1 and Unit No.2, their total
opcrating hours will: exceed 100,000 hours in approximately 3 years™ time,
necessitating the detailed inspection of all parts. The establishment of regions

”requmng inspection and the subject rtems for inspection is important to détermine an
: appropnate inspection process. While the establishment of many regions and many

subject items for inspection has better safety implications, it also means a high
inspection cost and lengthy inspection process. A list of vulnerable regions (parts)

- should, in principle, be prepared using the past failure records of each unit and the
list of detailed inspection items supplied by the ongmal manufactorer of the unit in

question prepared on the basis of failure statistics on similar generaﬂng units. As no
power ‘plant m “Syria has detailed records of past unit failures, however, detailed
mspectron of the boiler tusbine condenser after long total operating hours (100,000
hours) i rs prop()sed upon obtaining a list of the subject mspeclron items from the unit

‘ manufaclurer.

In order to make this possible, the work contract with the original supplier

" supervisor should include his participation in defailed inspection implementation

from the inspection planning stage up to lhe confirmation of results and preparation

~ ofthe actual renewal plan

The detection of defects ‘in boiter 'pr’es.sure retaining parts is relatively difficult.
Therefore, the items and contents relating fo these paris which should be included in
the detailed inspection are proposed in Fig. 42.2-2 and 4. 2.2-3 based upon the past

_ expenence of Study Team.

(2) Exarmnauon of Rehabititation Plan for Unit No.l and Unit No.2 (Electrical and
Inslrumentanon)

1) - Renewal of exrslmg mslmmenlalron syslem

The exrstmg mslmmentauon system is based on the pneumauc mechanism and

: _'agemg of the system has resulted in such problems as anr leakage and blockage by
~ silica powder. - Replacement of rhe entire system is more realistic than conducting -
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picce-meal repairs to fundamentally sotve all the problems. The electric system is
the mainstay of power plant instrumentation systems today due o its E:aSy operation
and mainlainability in addition to preventing the problems associated with the
preumatic mechanism. Itis; therefore, proposed that the exlstmg pneumam: system
be replaced by the electric system for easy maintenance and repair as well as for the
¢asy procurement of spare parts. S

: Replacement of msu’umenls

Instruments: should be replaced in accordance with the adopuon of the electric

-instrumentation system described above mcludmg those instruments of which the

procurement of spare parts and readjuslment are difficalt or rmposmble dué (o the
models bemg outdated. '

3 Proposal of Rehabilitation Plan f0r Unit No.1 and Unit No.2 (Mechamcal)

1 Rehabrhtatron Mastet Trme Schedule

Fig. 42 2-1 indicates the rehabrhtatron master Bme schedule Ttis proposed that the

rehabilitation program consist of plant shul down to allow first’ stage general
_overhaul, second stage general overhaul and followmg that, penodlc overhauls on a

continuous basis. The contents of each type of overhaul are mdrcalcd below.

First Stage Gerieral Qverhaul

“The proposed first stage general overhaul is of medium scale and is desrgned to

identify all of the rehabilitation items to be srmultaneously carried out in the second
stage larger scate overhaul, which will be carried out 13 months later.

- The first stage overhaul includes the following work. -

® Detailed mspecuon planning (rmplememalron plan)
@ Detailed inspection implementation ' '

@ Invitation of the original suppher supervisor or specrallst fo ha\e gurdanoe for

‘the following rehabrhtauon itemns and to conﬁrm zesults

No. Item | sgggmsofae Speciatist

a. Detailed inspection of boiler parts- ~ -5 8/V from origiaal supplier .
b~ Inspection of pressure parls - - Specialist
‘¢.  Bumer/combustion adjustient < SV ftom original supplier

X



e

s

2)

3)

d.  Rotating air heater (seal adjustment and S/V from original supplier
confirmation of air leakage ratio)

e 'Inerumenla{ion and coatrol (meter SfV froi original suppliet

: ¢alibration, control adjustment)

f.  Turbines . S/V from original supplier

g.  Condenser (cleaning, air leakage check) SV from original supplier

h Pérl’ormahte_ test for boiler, turbine and SV from original supplier
- generatoy, total management, coordination '

work between B, T& G

The fundamental roles or responsibilities of the above mentioned supervisor or
specialist are the confirmation and implementation of the detailed inspection
items for each area, compilation of the inspection report and preparation of the
“damaged components renewal plan.

@ Confirmation of generat overhaul results through performance test

Second Stage General Overhaul

Based upon the results of the detailed inspection conducted as part of the first stage
general overhaul and following the cleaning overhaul which will be implemented six
months after that, the large scale second stage general overhaul will be implemented

" 13 months after the first stage general overhaul, This will involve the renewal of
* instruments and control equipment, repair of the reheater and superheater in high
. temperature zones, where damage is forecast to occur, and renewal work in other
- areas.

On the other hand, the rehabilifation of rotating auxitiary equipment such as boiler

feed water pump, combustion air fans, HFO pumps, valves, casing and ducts etc.
which are not stated in the zehabilitation master time schedule will have to be carried
out beforhand in the first stage general overhaul. It is absolutely necessary to carry
out completé repairs of all defects in the sccond siage general overhaul without any
remainders.

Subseque it Pedodic € verhauls

It is proposed that cleaning overhauls are implemented every six months following

| therg‘enzeral overhaul work. (As HFO is a low quality fuel, the cleaning frequency
~will need to be increased), Moreover, data on tube thicknesses shall be recorded in
every second periodic overhaul and upon comgparing these with the fube thickness



- Fig.4.2.2-1 Rehabzhtatwn Master Time Schedule for Unit Nos. 1&2 in Banias P.S.
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“data t_t_:corded during the detailed inspection, they will be used as refesence data in
- decidiﬂ‘g the scope of next rehabilitation work.

4) De!ailed lnspecuon Target ltems

@ Fig. 42 2 2 (Inspecnon Items on Pressure Parts for Banias No. l & 2) indicates
the items chosen for detailed mspecuon based on the past expenence of lhc
Study Team members =

Regardmg the detaxled mspectlon work to be unplemented in the first stage
“general ove:haul it is pn)posed that the views of the supegvisors or specialists
~ from the ongmal s_uppher be taken into consideration.

_'@-‘ The same thing - is proposed for the Other Proﬁmed Items detailed in
Fig. 4223, '

® Moreover, Appendix-4 (Periodic Inspection Procedure for- Boiler and Turbine)
describes in detail the inspection items, work procedures, related items, and
boiter and turbine and auxiliary equipmem et¢., and it is proposed 1o conduct the
detailed inspection in accordance with this Appendix-5.

@ According o the report (*) prescllted on furnace tube failure in the Banias
Power Plant No.2 boiler in the course of the Second Fietd Survey (January 12th
16 February 7th, 1995), the tube was cracked in a window shape due to the
" brittleness of the metal resulting from the effects of hydrogen, and the same
- report recommends thal a complete examination be made on alf tubes.

This type of failure is cl()sely'sinﬁlar 0 hydrogen damage where largé quantities
- of sca water enter the condenser, and are fed to the boiler and cause scale
accumulated inside of boﬂer furnace fubes and eventually result in tube
“destruction.

' _lri"order to counter this problem, it is necessary to perform tests on all tube

sections to detect micro fissures caused by hydrogen brittleness and renew the

. . sections where micto ﬁssures exnst (Inspection items ar¢ added to Fig. 42 2-2
: fo: detection of Hydrogen Damage) : '

- ’(*) Repc-rt presented by the Industnal Tesnng & Research Institute on March
9th, 1993 -

4-33



o

7593 owes eyN:LN (eoydas) 1At "dwing:LS

sein onbned 1o} adid e 30 (adoss-1aqid) IA
u_ 0 a.xuwﬂm an u._mm ._ow m_nNWMvz Aeads 0140 MNW
‘ : Jojesadwany H
Soeld o:mamm 40} wn__a [eusayu) 30 (9doos-1aqid) IN (D)
©eed %mﬁu 305 BiZZON Aesdg 30 Ld (1)
- Joyesedwisyy Im.
omu%m@p Yim L) 3N L VAR Ly £
wton_ adois om>3 Jung)siiep 2o 9 4a
=m>> Jeay uca o:4 ¢ uonebnsoau) buyduwes aqnl @
(LAY SieAn JBRY R WOl
mm_m>> apis 26N, MM Ar@As. ;0 sSeuwidi L (5}
o glapate) yYoddng Jaddon aoeUINg \
10} [fem3DIS UO SBN| Jo-Sued PIRM 30 Ld (1)
“AeiSoNg JO-UORIPUOD JOUI0D 30 1A (£)
ssmx%m é SJBQ-aLL JO LOGOAUU0D PAPISM 40 Ld @ |
~sBuwado g g pue sbusedo g v
‘RO JAUING SE YONS ‘Busedo yoes
10} SIRqroueIqUIIN 18 sped P La ® ALY
. . 9enL AN S0BUIN
ﬂam eqnL J0 898HNG dpisu} 30 (adoos-seqidIA (1)
Japed 191 umn_Eocowm
Eomotoov 358HNS HPISIND -HQNL A
(Lny'sseuxoriL lieAn (1)
("623T) agny  JaZNIoU0D]
uogebpseauy] Buyduieg aant (g)
- -8Bn7 jo:suRd PIBM SO LN MNW
mr )" SSOWDILL AN
- (Erirar(oe) eanl Jalesusy’
3ZZON 193N0
"Jored DOPISIV 4O 3981NS BPIENG 30 1S (£)
-AJZZON UIBI( JO SHEG PISA JO LN MNW
SQMS 3qNL JO SHed PIIM S0 LIN
JOPEIH 19RND JaleeLaY
mﬁoz welg JO SUEd PRI 30 LIN (2)
"sanis agn] Jo sued DI 40 LN (1)

1000 SSE0OYY JOMOIG 1008 s

"uonoadsSUl [eNSIAIIA 159} UORBNSUdd: Ld 158} aponed snauSei LN : 31oN

AM_oth Em%m._vob
. eoeung [ewa J0-(8doss-1aqidIN
: &3 ton_%wuo Shed: %BBEMw

2dig ¥eU2H 0K

. @oﬂum c_En ._ob
__womt:w [ewsans; 0 (90005-IaqiIN ANW
~s6n7 poddngJo sued PIBM J0 LIN {1
_ : ma“n_ Emmuw Ui,

sB1 10 @:mn., DIOM 30 LN (D
: C T n)ssauyorLiem (1)
(teay B Josd JBWRZE'S)

'sbn jo sped P 30.LA
€D ©(Lnyssewoil epn (3)
KDY e Am-xmv 290, J1e3 Jadng

r : —'(zHs) =qn i qummI Eaaw
3 N \ coummﬁgg ms_aEmw agqn ) MNW

_ oﬂuo? 19RO 30
| 898Ng SpISY| J0 {adoss-1aqidiA (3)
© - BRZONBRND O :
tma vao?iomumtswmv_mSOpo.rwﬁmw

JapesH Jopl(L-BS)

%Noz ue.Q 30 sueg PIBAA 30 LN {2)
Mg aan_ 10 SLed PR 30 LN (1)
: i8pRaH 9RO (EHS)

TRZZON

" weag reupnbuoT 10 syey pIVIRS
...fh%ﬁuo WIUQ) Sped PioaA 10 LA (§)

'sBn7 pueajzzoN ‘Weas PO
 (eprsu) winug) SHed DIRIM S0 Ld (&)
A

Fo 1 ON seileg JOl Sueg mBmmmi_n_ 0o sway co;omawcm Y

Ty Ol

1434



(seyddng

JayeaH 2y AU JO LUORINASU| JBPUN—)

488 eduBLLOMSd Buung

a4 258NRaT Iy JO UOJRLAILUOD
*a0URIBAY (295 JO UOKRLLYUOD B

soueeg 10J0H 3

“(j)Buueag @
" uogeunioed (2)

uoisoueg (L)

(ABusnOH P

. i . meg
uﬂﬁdlgs Hpeq STepmg Dot USBALMIRN (PR UARAD

_ queouan (€)
‘ueys bupesg'iesd @)
“~xog Jeas (1)

‘Ws)shs SALQ P

XOE B 0

“Buuds 1298 ONEA )
-ajpuidg aneA ‘Apog-aneA (1)
g aNEA PBRH G

- mc_;o_mﬁmsfoﬁ_oaﬁ%@
. ‘UOISONOD ‘UoseIg L - pueo )
-YORELLICPQLOISON0D - - adid poad "agny eoueT #
“(Ldporta uoisound wosoia (I - S1ZZON ©

Buwmo)g y00 0} anp abeweq 8qnt Jalieg @

T azzoN Sumorg 30 9pexo0ig (1)

o (IAeqnl souRT 'B[ZZON B

"WaSAg 1omo|g. 1008

uoladsUl EBNSIAIA "158] UOgERBURdILd | 30N

(N ¢ woey uid ‘syog dn ¥ (&)
(LGN ¢ Jo104 Jo sied PapIRM (1)
“I0}0H "9
“usyShipY " (IN)SIBUSIRH 1eas 0 aouesestD (2)
. - (Nuoiser3 f uosonoD (1)
leas oo ees [BRUSIBIUNDAD 1eag R1pRX)
o : usuoduios 1Bas q

(LA)SSBUNOALL S18ld (|AUOISOT / uotsouoD ¢ Jouayas (2) .
= WBBAA (WUOIS0IT / UOISONOD! WaLwa(T (1)
. o “uSwWa|g Bugesy e

PEICETE .

(GNO PaWeD aq 0} 29 A AlAd Jarddng
JOUING JO UORANLSUL JBPUN LSNPy
uousNALIOY pue aoueuaiE Joung)

co_uﬂocﬁwo. LT aMg 00N

uogEIoUSleq | - JOPUNAD -
uomesOUBIBQ | UONMS W
(Runpsuag)uonesouaieg 10108)9Q el
_ > ¢ sapyoed

5 pawony

.couﬂ%&mg ‘UoIS0IT _Eo_.__ok uonb|
"UOIS0ST UoNeuLaQ feuuayl | JasiBay v

“uoISoNOD LoRepXO ‘dwa L yb L Jejodw
_ o ..co_motomu.commSmA“ JBZIION
SRR Jauing

101084 .

| SWaY UonoeaSt] BUO

- Tooedey/ co.pum.aﬁ__hmm_fou_dqmﬁsm

s'd wrﬂnﬁm

AR

4-35



(4) Proposal of Rehabilitation Plan for Unit No. I and Unit No. 2 (Electrical and
Instrumentation) . . .

)

2).

Renewal of Existing Instrumeniation Systerns

Based upon the factors deséribed in 4.2.2(2), the existing instrumentation
- systems (pneumatic) shalt be remodeled to electrical systems. In fine with this

remodeling, the following instruments shall be rep!aced with electrical items:

Controlter (press. controller, level controlter),

“Valve positioner/diaphragm with transmitter, -
Differential pressure transmitter, '

- Others.

Instrument Renewal
@ Renewal of the following deteriorated instruments shall be canvied out:

- Central ¢control room indicators,

- Level swifches,

- Detectors, transduceis,

- Thermo-couples, thermo-resistors,
- Gas Q2 meters.

@ Old fashioned instruments 'related to 1) above shall thus be renewed:
- Flow counter,
© - Flow teansmilter,
- Pulse counter (fuel and gés), _

- Smoke density meter,
- Others. '

@ Based upon the results of the first stage inspéctioﬁ"oikérhaul, the fdﬁowing
instruments and equipment may undergo renewal or 'ifeh’abili_taliom )
a) Instruments for which plant-wide standardization is desirable:

- Thermo-switch,
- Pressure switch,
. Differential pressure switch,
- Others. '
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' b) Laboratory equipnient renewal
~ _COranalyzer '
- Oz analyzer,
<) ) Cable protecuon lubes (PVC flexible tubes)
" d) Sampling room equipment renewal

¢) Demineraliser plant renewal

3) Calibration of Instruments

Whether mstruments are’ renewed, rehabll:ia!cd or left as lhcy are, cahbtauon
" shall bé carried out on all instraments and meters.

'Mehardéh P'OWer Plaht

(1) Exammatmn of Rehablhta!wn Plan for Unit No.1 and Unit No.2 (Mechamcai)

1)

Rehabﬂ:talmn Proposats for Unit No.1 and Unit No 2

Restoration of lhe reliability of the operation control eqmpmenl and systems is
firstly necessary 10 rectify the decline of the output and decline of the thermal
efficiency of these units. To be more precise, it is essential to vepair or reaew all

~ instrunients and control systenis which are currently out of order, Those instruments

which are serviceable must be calibrated.

Restoration priority shOuld be given to the O2 meters and output meter (Unit No.1),
steam flow control system at the trbine inlet (Unit No.1) and gas temperature gauge
at the economiser outlet (air heater inlef) as well as the air heater outlel gas
- temperature gauge inorder (o detefmine the real causes of the output and thermal

efficiency decline. Refer to 4.2.3 (2) for details of electrical and instrumentation

" rehabititation. In addition, measurement of the gas O2 % at the air heater gas inlet

2y

and-éu'uel positions is proposed to establish the rate of air leakage from the air
heater. While measurement points are established on the gas inlet side in the case of

-'Uhit No.1 and Unit No.2, no méasurement transmitter is installed on the gas outlet

side, neéessﬁtating manual measurement, {Unit No.3 and Unit No.4 have asystem 1o

‘measure the gas O2 at.both the gas inlet and gas outlet sides of the gas air heater
although the systeém is currently out of order.)

Given the gas air heater aif leakage example of the Banias Power Plant, it appears

_necessaty (o conduct maintenance work and replacement of the parts of the rotor



3)

4)

post scals (hot and cold), radial seal and circumferential seal of the ait heater to

minimise air leakage from the rotating air heater.

Air and gas leakages from the ducts must be completely climinated and the
completion of repair must be confirmed by the ait pressure and soap bubble test. The
insulation matedals and cover plates should atso be repaired and rehabilitated.

Recommendations and Proposal on Detaited Iﬁspe'ction of All Regitms of Unit No.1
and Unit No.2 -

"Given the current total operatmg hours of Unit Nol and Unit N02 their total

operating hours will exceed 100, 000 homs in approxnmately one year, recessitating

‘the detailed inspection of all parts. “The' estabhshmem of regions requiring inspection

and the subject iterns for mspcchcm is unportant o detemune an appropnale
inspection process. While the establishment of many reglons and many subject items
for inspection has better safety implications, it atso means a high inspection cost and
fengthy inspection process. A list of vulnerable regions (parts) should, in principle,

be prepared using the past failure tecords of ¢ach unit and the Hst of detailed
inspection items supplied by the original manufacturer of the unil in question

prepared on the basis of failure statistics on similar generating units. As no power
plant in Syria has detailed records of past unit failures, however, detailed inspection

“of the boiler tusbine condenser after fong total operating hours (100,000 hours) is

proposed, upon oblaining a list of the  subject inspection items from the unit
manufacturer.,

- In order to make lhis.poésible, the work contract with the original supplier -
~ supervisor should include his participation in detailed inspection implementation
“from the inspection planning stage up (o the confirmation of results and preparation

of the actuat renewal plan.

“The detection of defects in boiler pressure retaining parts is relatively difficul.

Therefore, the items and contents relating to these parts which should be included in
the detailed mspcctlon based upon the past experience of Study Team are proposed

mFig 4.2.3-2and 4.2.3-3, .

e i

&



@ Examination of the Rehabilitation Plan for Unit No.1 and No.2 (Electrical and

Instrumentation)

)

2)

Renewal ofexm!mg mslrumemats.on sysicm

- The existing ms!rumentahon system- is based on the pneumatic mechanism and

ageing of the system has resulted in such problems as air leakage and blockage by

silica powder, Replacement of the entire system is more realistic than conducting
-~ plece-meal repairs 10 fundamentally solve all the problems. The electric system is

the mainstay of power plant instrumentation systems today due 10 its easy operation
and maihlainability in addition to: preventing the problems associated with the

. pneumanc méchanlsm. Itis, therefore, proposed that the existing pneumatic system

be replaced by the electric system for easy maintenance and repais as well as for the
easy procurement of spare parts.

Replacement of instruments

Instruments should be replaced in accordance with the adoption of the electric

instrumentation system described above, including those instruments of which the

procurement of spare parts and readjustment are difficult or impossible due to the
models being outdated. '

(3) Proposal of Rehabilitation Ptan for Unit No.1 and Unit No.2 (Mechanical)

Rehabilitation Master Time Schedule

Fig. 4.2.3-1 indicates the rehabilitation master time schedute, Tt is prbposed that the
rehabilitation program consist of plant shut down (o allow first stage general
ovérha’i_nl, second stage general overhaul and following that, periodic oveshanls on a

- continuous basis. The contents of each type of overhaul are indicated below.

. Eus_t Stage General Qverhaul

_ 'l‘hé propos‘e'd. first stage general overhaul is of medium scale and is designed 10

iden'tify all of the rehabilitation items to be simultancously casried out in the second
stage larger scale overhaul, which will be carried out 13 months fater. '



Fig.4.2.3-1 Rehabilitation Master Time Schedule for Unit Nos. 1&2 in Meliardeh P.S.
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The first stage o?erhaui will include the following work.

@  Detailed inspection planning (imptementation plan)

. @ Detalled mspechonimplcmenlat;on

3 lnvntauon of the originat suppher supemsor or spcceahst to provide gmdance

" for the following rehabilitation items and to confirm results

No, : Item . &gg;'visor or Spegialist
a. - Detailed inspéection of boiler parts SfV. from original supplicr.
b. Inspection of pressure parts | Speciatist .

c. Bumér[corhb’u'slion adjust.ment SV ftdm uﬁgihal sﬁpplier_

d. Rotating air heater (seal adjustment and S/V from original supplier
confirmation of air leakage raho)

e.  Instrumentation and control {meter 'S/V from originallsupplier
calibration, contfol adjustment) _
e Turbines | SfV from Origihal supplier
N g Conde)nser (cleaning, air leakage S/V from origin:al supplier
“check) - '

~ h. Performance fest for boiler, turbme and S/V from original supplier
= generamr, tofal management, _
coordination work belween B, T, and G

The fundamental rolesor respons:bﬂmes of the above mentioned supemsor or
specialtist are the confirmation and implemeéntation of the detailed inspection
items for ¢ach area, compilation of the inspection report and preparation of the
“damaged components renewal plan.

@ Confirmation of general ove_thaui results through pe'rfonnance' test

Second Sla G neral verhau'

-Based upon the results of the detalled [inspection conducted as part of the first stagb

general overhaul and following the cleaning overhaul which will be implemented six
months after that, the large scale second stage general overhaul will be implemented

: 13 months after the first stage general overhaul. This will involve the tenewal of
_ instraments and contol equnpmem, repau‘ ‘of the rcheater and superheater m Ingh
' lemperature zone«, where damage 1§ forecast to occur, and renewal work in other

areas,



3)

4)

On the other hand, the rehabilitation of rotating auxiliary equipment such as boiler
fecd water pump, combustion air fans, HFO pumps, valves, casing and ducts etc.
which are not stated in the rehabilitation master tinie schedule will have t6 be carried
out beforehand in the first stage general O{f'erhah! i absolutely hecessary to carry
out complcte repairs of all defects in the second slage general overhaul without any
rermainders, o

Subsequent Periedic Overhauls

Itis proposed that cleaning overhauls are implemented ev'e'ry six ronths following

the general overhaul work. (As HRO is a low quahty fuel, 1he cleaning frequency

will need t6 be increased). Mofeover, data on tube ih:cknesses shall be recorded in

every second penodlc overhaul and upon companng these With the tube thickness

data recorded dusing the detaited inspection, they will be uscd as reference data in
dec:chng the scope of next rehabilitation work.

Delailccl Inspe(:lion Target Items

@® Fig. 4.2.3- 2 (Inspection Items on Pressuce Paits for ‘Mehardeh No.l & 2)
_indicates the items chosen for dctalled mspechon based on the past expenence
- of the Study Team members

Regardmg the detalled inspection work to be m‘lplemented in the first stage
general overhaul, it is prcposed that the views of the spectahsts or supervisors
from the original maker are taken mto consxderalion

@ The same thing is pr0posed for . the Other Proposed liems detailed in
Fig. 42,33, R

- @ Moreover, Appcndix-s(Periodic'mspéction Procedure for Boiler 'and Turbine)
describes in detail the inspéction items, work procedures, related ilems, and
boiter and tugbine and auxiliaty equipnent etc., and it is proposed 10 conduct the

detailed inspection in accordance with this.

(4) Preparation of the Rehablhlauon Plan for Unit No. 1 and Unit No. 2 (Electncal and

“Instrumentation)

DR

Remodelmg of Existing lnslrumentanon Syslems

Based upon the factors descnbcd in 4.2 3(2), the exlslmg instrumcmauon systems
(pneumalic) shall be remodeled o c'ecmcal syslcms '

@
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' '2) Renewal of Instruments
~ Based upon the _re‘suhs of the first stage inspection overhaul, rencwal and repair of
instruments shall be carried out.
3 Calibralioh of Instruments

Whether instruments are renewed, rehabilitated or left as they are, calibration shall
be carried out on atl 1tems

4.2.4 Katteneh Power Plant

(1) Exammauon of Rehabilitation Plan for Unit No. 3 Unit No.4 and Unit No.5 (Mechanical)

One way 1o avoid the boiler output decline due to the effects of soot contained in the
combustion gas, is to change the cutrently uséd fuel (HFO) to natural gas (NG) to in
order to minimize sool generation.  Another way is to examine the foltowing
rehabilitation plans that assume the continued use of HFO.

1) Change of Fuel to NG for Unit No.3, Unit No.4 and Unit No.5 and Related Issues
a) Change of firing bumers to NG firing burners.

b) Tn this ¢ase, the present boiler furnace, super heater, econonuser air healer, FD
fan and 1D fan, etc. will remain the same but the burming unils and accessories
will be changed. In determining the maximum available output under these
condmons, important issues (o be exarmned are (i) reductlon of the heating
surface to prevent an excessive mcrease of the super heater steam temperature,

- (ii) spray capacaty of the attemperator ‘and (iii) heat absorption control of the
economiser and air heater, etc.

¢) ‘Installation of gas piping and valves.
d) " Installation of additional instruments and control equipment.

Note: This proposal requires the agreement of the original supplier.

- 2) Rehabilitation Proposal f’resuppésing Use of HFO and Related Issues
= _a) Change of Tube Arrangement for Economlser

:ln addmon to lhe mstallanon of asool blowcr, 1he econo:mser tube arrangement
- will be changed from the currem staggcred type to the in-line type in order (o
1mprove the soot blowmg perfonnance :



O O O
0O O O O 0 O
O O O o O O
-3
Staggered In Line

As a result, the heating surface will be increased to improve 1he soot blowing
performance, ' L '

b)- The horizortal tubular air heater with the in-line type tube arrangeménl witl be
used to improve the sool blowing performance. 'Ihe tube exteriors contacl Lhe
‘gas while air ﬂOWS inside the tubes.

O« - (fnside Ain
O
O

00 O

¢) In relation 1o the above modnﬁcauons the’ necesmry changes will be made to the
capdcny of such clecmcal ltems as lhe ID fan, FD fan and molor, elc

_d) A soot blower will be installed to the super heatcr economnser and air heater.
e) The necessary changes will be made to the duct routes.

f) The use of a rotating regenerative air heater is possible instead of the horizontal
tubular air heater referred to in b) above.

Note: This proposal has already been made by BABCOCK (Germany).

3) Rehabilitation Plan for Unit No.3, Unit No.4 and Unit No.5

The following was found as aresult of a detaited study conducted dunng the Second

Field Survey. Unit No.3, Unit No.4 and Unit No.5 were origi nally ftommissxoned 25 '

years ago and the boiler has a total stoppage nme of equ:va]cnt 14 years inthe case
of Unit No.3 and Unit No.5 and equwalem 18 years in the case of Umt No.4 with no
anti-fust treatment of the interal surfaces of pressure areas.

imi
s
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(2)

it is difficult to estimate how much the overall reliability of these units can be
-lmprcved even if some of the components are renewed as part of the rchabilitation
work. Diagnosis of the remaining life of those components which will not be
renewcd is common-sense as is the preparation of a renovation plan prior to the
actual m‘:p!ementauon of any renovation work. The key point of such diagnosis of
the remaining tife and system reliability is to decide how detailed the diagnosis or

~ inspection should be. This decision is almost impossible to make for Unit No.3, Unit
No.4 and Unit No.5 because the decision must take into consideration the original
reliability of the manufacturing plants, materials used and quatily control systems 25
years ago. o '

: '_Therefore the. rehabllltallon of Unit No.3, Unit No.4 and Unit No.5 shail not be
' consxdered in our proposal, and instead, the instaliation of a new NG and HFO fired
.umt (200 MW) is proposed as' Unit No.7 to cover not only the output of Unit No.3,
_Umt No.4 and Unit No.5 but also the ovtput of Unit No.6. This Unit Ne.7 will also
act as a back- -up for the Tlshreen 200 MW unit. The proposed specifications for Unit

No.7 are deanbed in Section 4.2.4 (5) 3).

Examination of Rehabilitation Plan for Unit No.3, Unit No.4 and Unit No.5 (Blectrical

-~ and Instromentation)

i lhe above menuoned l) is lmplememed the addmonal mstallatmn of electsical,

mstrumemauon and control equipment will become necessary, whereas if 2) is

- smplemented the remodeling and additional mstailauon of electrical equnpment for the
' .oonlrol of FD fans, 1D fans, super heaters, economizers, air heaters and other auxiliary
‘equipment wﬂl become necessary Howevcr, as is mentioned above, the rehabilitation of -

| ‘Unit No. 3, Uml No. 4 and Unit No. 5 will not be considered  in deference to the

3)

mslallanon of a new 200 MW unit. The rehabilitation of these units wﬂl thus not be
exammed.

Examination of Rehabilitation Plan for Unit No.6 (Mechanical)

1) The gas 03 ‘meter: will be renewed (0 change the current state of over excess air to

low excess air opcratlon in order to improve both the output and thermal efficiency.

- Please refer to 4.2.4 (4) for renovation of the _mstrumematlon

Yy The rotating type ;egenétative air heater will be regulasly washed using water,

“3) - The highly corroded hééting elements of the rOSatirig a'ir' heater will be renewed.



4)

)

6)

The rotor post seals (hot and cold), radial seals and circumferential seals will be

‘undergone maintenance and parts will be replaced where necessary o minimisé air

leakage from the rotating air heater,

Air leakage and gas leakage from the ducts will be totally blocked. Following the
completion of repair work, the sealing performance will be confirmed by the air
pressure and soap bubble test.'The heat insulation materials and cover ‘plates ‘will
also be repaiced or lehablhtated

Recommendation of Detailed Inspection of All Parts of Unit No.6
Gwen the current lotal operating hours of Unit N06 detaited mspecuon of all its
parts will be necessary ‘within approxamalely 2 years, 'l‘he eslabhshment of regions

re(mmng inspection and the subject 1tcms for inspection is mlponant to defermine an

appropriale inspection proce& While the es!abhshment of many rcglons and many
subject items for inspection has bettér safely lmphcanons it also means a high
inspection cost and léngthy mspecuon process. A'list of vulnerable tegions (parts)

should, in principle, be prepared using the past failure records of cach it and the

list of detailed inspection items supplied by the original manufacturer of the unit in
question prepared on the basis of failure statistics on similar generating units. As no
power plant in Syria has detailed records of past unit failures, however, detaited
inspection of boiler, turbi ne, condenser and generalor after long total operatmg hours
(100,000 hours) is proposed, upon obtammg a list of the subject mspecﬁon items
from the umt manufacturer,

In order (o make this possnble the ‘work contract with the ongma] supplier

supervisor should include his panic;pauon in detaxled mspecuon unplementamn '
~ from the inspection plannmg slage up lo the conf" rmahon of results and prepatahon

of the actual renewal plan. -

The detection of defects in boiler pressure rétaining parts is relatwcly ch[ﬁcult
Therefore, the items and contents relaung 0 mese parts which shOuld be mcluded in
the detailed inspection based upon the past expenence of Smdy Team are proposed

" inFig. 424-2and4'24 3.

{(4) Examination of the Rehabititation Plan fdr Unit No. 6 (Eléclrical and lnslmmentaﬁoh)

‘The areas of Unit No. 6 and common areas throughout the plant for which fehabmtauon

and renewai is desnrable are as follows

a “‘.og
e



Lo

1) Renewal of Deteriorated Electrical Equipment

2)

@

DC Systems

The plant DC systems ar¢ common o all the units, however, the 220V system
and 24 V system aie both old fashioned having been installed more than 20
years ago and 15 years ago respectively, Morcover, the 110 V system and 60 V-
system are supplied as branches of the 220 V system, and thus there ar¢ doubts
about reliabitity. ' '

It is therefote proposed to make each of the systems mdependent and prov1ded
with normal and stand- -by systems,

380 V Switchgears

These are all more than twenly years old and ate extremely deteriorated. It is

therefore proposed to replace all items.

Rénewal of thé Existing Instrumentation System

The renewal shall involve conversion from pneumatic systems to electrical systems,

as in the case of Banias Power Plant.

Renewal of Instruments

In addition to the remodeling of electrical. systems, renewal of deteriorated -
instrurnents shall also be performed simultaneously.

@ .

Deteriorated Instruments o be Renewed

- - Central control room indicators,

- Recorders,

(including new panel mstaﬂauon due to the adoption of chart recorders for
“electrical mstmmenls)

- Transmitters, transducers,

- Level swntches, ,

- DeleclOrs (lncludmg lhermo couples, thermo-resistors),
- Others ' ' ' '

i'Instruments to be Renewed in Lme with - Remodehng from Pneumauo o
'Elecmcal Syslems ' B '

e Comrollers (pressure controller, level controller),



- Valve positioner/diaphragm with transmitter,
- Differential pressure transmitter,
- Others. '

@ - Calibration of all instruments

4) Renewal and New Installation of Electrical Léborator’y Eqﬁipmcnt |
- Voltmeter, | '
- - Ammeter,
- Waitmeter,
- Relay tester,
- Megaer, o
- Withstand voltage tester (75 KW DC)
5) Instruments for which Renewal is Desirable for Standardization Thr‘ougﬁom the
Plant

- Thermo-switch,

- Pressure switch,

&

- Differential pressure switch,
= Others.

6) Voltage Regulator Remodeling

The existing voltage regulator (with excitor) is manually operated. This shall thus be
remodeled to an automatic vollage regulator.

7) New Data Logger Installation

The plant does not currently possess a data logging system, so this shall be newly
instalted. The new system shall include a fault recorder.

(5) Proposal of Rehabilitation Plan for Unit No.3, Unit No.4 and UnitNo.S B
1) Unit No.3, Unit Nod4 and Unit No.5 were manufaciured in the former
Czechoslovakia and originally commissioned in the sixties. Deterioration of the units
has progressed so far that it is thought that there is litde hope of sestoring declining
output and thermal efficiency levels and, moreover, when one considérs”u{e short
remaining service life of the plant itself, the rehabilitation of the units now cannot be
described as a wise policy. It is therefore proposed that, instaad of carrying out
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2)
- unit is designed to provide some leeway in the total generating capacity of all Syria's

3)

rehabilitation of the existing units, a new installation of NG andfor HFO fired 200
MW unit (steam or gas (urbine) is proposed.

As for the existing Unit No.3, Unit No.4 and Unit No.5, new economizer ubes were
installed in Unit No.4 in 1992. Unit No.3 in 1993 and Unit No.5 in 1994, Tt is
desirable io continue the implementation of such partial repair work and also to carry
out cleaning overhauls on each units (every one to one and a half swonths) in an
effort 1o extend the remaining service lives of the units and utilize their remaining
capacity {0 th_e fultest degree. Thcég' three units shall be used as short term operation
reserve units and indeéd this form of ulilization has already begun. |

Inslallatlon of lhe above mentioned new 200MW steam of gas turbme generaung

power plants in order to allow time to carry out the rehabititation work and the
ensuring overhaul work, which will involve shut down of the target units, being
proposed under the Master Plan. It is therefore desirable to complete the installation
work for the fiew unit by the end of 1999, (see FG 4.3.1-1' REHABILITATION
MASTER SCHEDULE) at which time there wilt be an excess of guaranteed
capacity over peak demand, and commence its operation from 2000,

Composition of the New Generating Unit

@ ‘The building that houses the existing Unit No.1 and Unit No.2 will be removed

and in its place and _alsd using the space on the north-¢ast side of the site; a new
turbine-generator house will be built to house the boiler; turbine and generator
for the new steam turbine generating unit,

@ As a water cooling system fnay raise the temperature of Kattench Lake, an air

_ coolmg syslem shall be used.

@ The main txansférmer and unit transfom'ner will be placed alongside the turbine-
'generator house and a ew transformer station will be built on the opposite side
of the pianl rOad The exnsimg clecmcal equnpmenl in this area will have to be
removcd or transferred -

@ ‘The exlsimg demmerahzmg plant will be removed to make way for a new
deminesalizing plant o

- ® The I‘uel oil lank will be removed and its site will be used for the installation of

a new tank. The locatton of the gas regulaung station will depend on the gas
pipe line routmg. however |t will be placed alongside the tank yard.
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@ Based upon the above proposals the basic specifications will beas follows; the
layout of the new steam turbine generaling units will be as indicated in
Fig. 4.2.4-4, 5and 6.

Capacity {200 MW class
" Fuel 't NGorHFO |
Burner - :  low NOx burner
i Furthermore, the introduction of a flue gas desulphurisation system should be

taken into consideralion as a future environmental preservation measuse.

(6) Proposal of Rehabilitation Plan for Unit No.6 (Mechanical)
l) Rehablhtauon Master Time Schedule

Flg 4.2.4-1 indicates lhe rehabnlnauon master time schedule. It is proposed that the
rehabilitation program consist of plant shut down to allow first stage general
overhaul, second stage general overhaul and following that, periodic overhauls on a
continuous basis. The contents of each type of overhaul are indicated hereunder.

First Stage General Overha

‘E; " The proposed first stage general overhaul is of medium scale and is designed to
identify all of the rehabilitation items to be simultancously carried out in the second
stage larger scale overhaul, which will be carried out 13 months later.

The first stage overhaul will include the following work:
@ Detailed ingpection planning (implementation ptan)
@ Detailed inspection implementation

@ The invitation of the original supplier supervisor or specialist to provide
_ guidance for the following rehabilitation items and to confirm results

- No, Rem _ ' Supervisor or Specialist
5 : a De_tajled inspecl.ion df boiler parts S/V from original suppliér
b. Inspection of pressure parts Specialist
c. Burner/combnstion adjustment S/V from original supplier
d. Rotaling air heater (seal adjustment and S/V from original supplier

confirmation of air leakage ratio)



Fig.4.2.4-1 Rehabilitation Master Time Schedule for Unit No.6 in Kattench P.S.
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2)

e. Instrumentation and control (meter S/V from original supplier
'calibtation' control adjustment)

f. Turblnes | - _ S/V from original supplier

g Condenscr (cleaning, air leakage check) S/V from original supplier

h. - Performance lest for boiler, turbine and 3/V from original supplier
 generator, total managément coordmatzon '
- work between B, Tand G : -

The fundamental roles or responsnbﬂmes of the above mentioned SUpRTVisor or
speaahst are the ‘confirmation and implementation of the detaited inspection
items for each area, compilation of the’ mspecuon report and préparation of the
damaged components renewal plan.

® Conﬁr_mauon of genc__ral overhaul zesults through performance test

Second S tag: e Gene[ﬂ Qverhayl
Based upon the resul!s of the detailed inspection conducted as part of the first stage
general overhaul and following the cleaning overhaul which will be unplemented six
months after that, lhe large scale second stage general overhaul will be implemented

13 months after the first stage general overhavl. This will involve the :enewal of
instruments and control equipment and renewal work in other areas.

Cn thc other hand, the rehabilitation’ of rolating auxiliary equipment such as boiler
feed wates pump, combustion air fans, induced draft fan, HFO pumps, valves; casing
and ducts etc. which are not stated in the rehabnhtahon master time schedule will

- haVe fo be carried out beforehand in the first stage genera] overhaut. Itis absolutely

3

necessary to carry out complete repairs of all defects in the second stage generak
overhaul without any remainders. | ' '

Subsequent Periodic Overhauls

Itis proposed that cleaning overhauls are implemented every six months followmg
the general overhaul work. (As HFO is a low quality fuel, the cleaning frequency

will need to be mcreased) Moreover, data on lube thicknesses shall be recorded in
~every second penodxc overhaul and upon comparing these with the wbe thickness

data fecorded during the detailed inspection, they will be used as reference data in

~ deciding the scope of next rehabilitation work.
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