e B N et

g GV

UNITED STATES AGENCY FOR
INTERNATIONAL DEVELOPMENT

PRIVATE SECTOR POWER PROJECT

JAMSHORO POWER STATION

TECHNICAL DUE DILIGENCE

PERFORMED FOR

INTERNATIONAL RESOURCES GROUP, LTD.

NOVEMBER 1993

BEST AVAILABLE DOCUMENT



EXECUTIVE SUMMARY

The Jamshoro Thermal Power Station (JPS) consists of four steam turbine generating
units with a total installed capacity of 880 MW. These units were commissioned
between 1989 and 1991.

The JPS nas heen the subject of evaluation as a preiude to either commercialization
and/or privatization. This report includes the Technical Due Diligence analyses that
have been conducted at this facility.

The initial report, entitied Equipment Condition Assessment Report was completed in
November 1991. The purpose of this study was to provide an overall assessment of
the major systems, components and structures necessary for the safe and reliable
generation of electricity. The findings of this report are as follow:

1) The systems and components reviewed at the Jamshoro Power Station should
be suitable for continued operation for the next 20 years.

2) In general, Unit No. 1 appears to be of superior quality and exhibits better
overall workmanship with fewer current problerns than Unit Nos 2, 3 and 4.

3) ftis assumed that all equipment currently in place was designed, manufactured
and installed in accordance with applicable code and standards and are of
power house quality.

The second report, entitled Final Technical Due Diligence was completed in September
1992 and was conducted to update the previous study and investigate any new
issues that might have arisen. The principal findings of this study are as follow:

1) Fundamentally, the major components and systems at the plant are sound and
incorporate proven design concepts and technology.

2) The plant support equipment and facilities are adequate in deS|gn and number,
although a few prublems remain to be resolved.

3) Based on appearance, operational records and staff testimonials, it appears that
Unit MNo. 1 is the best designed and constructed unit. -

4) The units were built to currently applicable codes established in the country
from which the unit was purchased.

5) The single largest area for improvement is in the area of site facilities and

personnel management, a situation most likely related to the newness of the
plant and the relative inexperience of the technica!l staff.
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In February 1993 a follow-up site visit was made by the author of the September
1992 report. The observations are included in this report. Responses from plant
management to these observations are also included.

In October 1993 a third Technical Due Diligence analysis for Jamshoro was
completed. Its purpose was to review the findings of the previous reports and to
provide an update to their findings. This information was required to expedite the
privatization of the Jamshoro Power Station. The conclusions of this report are as

follow:

1) The plant was found to be in generally good condition and was operating in a
normal fashion for a plant of its relative youth.

2) One area that needed attention is the recurrent plugging of steam generator
components caused, in part, by the high leveis of sulphur and vanadium in the
furnace oil.

3) A second identified problem was the overflow of plant waste water into

neighboring fields caused by the undersizing of plant settling ponds.

4) The plant staff has programs underway which are designed to alleviate each of
these problem areas.
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PROJECT TASK AND DESCRIPTION

The purpose of this work effort is to review the findings of the two
previous Technical Due Diligence reports and to provide an update to
their findings. This update is required to expedite the privatization of the
Jamshoro Power Station on a fast-track as directed by the Privatization
Commission of the Government of Pakistan.

A team composed of Dennis W. Evans of John T. Boyd Co. and Dr. J.
D. Guy of IRG Ltd. visited the power station beginning on September 25,
1993 and lasting through September 28, 1993 to conduct the
evaluation. This time was spent touring the plant facilities, holding
discussions with key plant staff and reviewing and analyzing plant
operating data supplied by the staff.

The team also undertook a review of previous Due Diligence reports
provided by Ebasco Services, Inc. in 1991 and by John T. Boyd Co. in
1992. These two reports provided a background and a framework for
the update contained in this report. For that reason some of the detailed
plant descriptions are niot included in this report and can be found in one
or both of the other reports.

The team was able to observe the responses by plant management to
the recommendations suggested by the previous reports. The team also
evaluated any additional problems that may have arisen since the last
previous report had been completed.
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FINDINGS

The team found the plant to be in generally good condition and operating
in normal fashion for a plant of its relatively young age. There are two
areas which need attention: (1) due to the high sulphur and vanadium
content of the oil burned in Unit 1, and in Units 2, 3, and 4 when gas is
unavailable, there is considerable plugging of many of the steam
generator components in the furnace, and (2) due to the undersizing of
the settling ponds, there is a discharge of waste water from the plant
into surrounding fields.

Normal maintenance activities are undertaken at the plant for ail four
units and there does not appear to be other problems cf anv significance.
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PLANT OPERATING PARAMETERS AND ACTIVITIES

The table below summarizes the Jamshoro Power Station with regard to installed units
and includes various relevant operating data for the past two years. The operating
statistics were taken from Form E reports provided by the plant staff; however, the
capacity factor information was recalculated to reflect the methods which are in more
common usage in the West.

PLANT DESIGN DATA

Unit 1 Unit 2 Unit 3 Unit 4
Design Capacity (MW) 250 210 210 210
Maximum Operating Capacity (MW) 250 200 200 200
Date Commissioned 1/90 12/89 6:90 1/91
Country of Origin Japan China China China
Fuel Type(s) Oil Gas/Oil Gas/Oil Gas/Oil
Design Heat Rate
(Btu/Kwh) 9,063 10,254 10,254 10,254

PLANT OPERATING DATA (ANNUAL)

Units 1 2 3 4
Year Y2 'RITPRS 91/92 G92/93 9192 093 y1/92 92/93
Actoal Heat 9,182 11,030 9,602 9,941 9,500 10,063 9 .S88 9937

Rate (Buu/Kwh)

Avalability (%) CYN| BIFNG] 652 77.4 $9.0 74 6 57.0 §§8.3

Capacity 61.7 701 488 S8 .9 17.6 §5.5 404 N0

Factor(4)

The chart shows that all of the units at the plant are relatively new, the oldest is not
yet four years old. On< *ould expect the performance parameters shown in the
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operating data table to improve considerably as the plant staff moves up the learning
curve and the normal to-be-expected new construction problems are resolved.

HEAT RATES -- The actual heat rate for Unit# 11s on average about 7% higher than
what has been described as the design heat rate while the actual heat rates for the
other units are on average almost 5% less than the design values. The team was not
able to review the Unit # 1 acceptance report to determine if the unit had achieved
the design heat rate at the tme of the west. It should be noted that the actual heat
rate data are calculated using average operating data over an entire year, which will
include the entire range of unit operations. However, the design heat rate would likely
reflect a specific set of controlled operating conditions and may also be at a specific
point of the unit’s operating curve. It would be desirable that each unit be subjected
to a heat rate test to deternune the actual heat rates at various points on the
operating curve. These data would provide a better basis for comparison to the design
critena.

AVAILABILITY - The low availabilities of Units 2, 3 and 4 are accounted for by
extended outages related to required scheduled inspections. In particular, Unit# 4 was
out of service for about five months in 1992 for its first inspection. Ordinarily these
inspections are of 90 day duration but in this case it was longer due to the
unavailability of required replacement parts. This extended outage adversely affected
the unit’s availability in both the years for which data are reported.

CAPACITY FACTOR -- The capacity factor results are determined by: {1) the
availability of the units to be operated and (2) the actual dispatch decisions of the
system dispatcher at N.C.C. in Islamabad. The last factor is beyond the control of the
Jamshoro plant management and should not be considered necessarily reflective of
the plant's potential performance. The actual dispatching decisions are driven by
relative unit fuel costs, overall system load requirements, and individual unit response
rates.
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UNIT 1

This unit has a nominal rating of 250 MW and was designed and constructed by
Tokyo Electric Power Service, Ltd. It was commissioned on January 27, 1990. The
unit appears to well designed and constructed and the operating records bear this out.

The major problem associated with this unit is caused by the poor quality of the
furnace oil that is burned in the boiler. This fuel contains high fevels of sulphur and
vanadium and the exhaust from the combustion of the fuel causes excessive plugging
of the boiler components. There was no provision in the unit's design foi automatic
washing of these components which means that the unit must be taken out for
service for an extended time for washing by hand. The plant engincers are evaluating
the use of a fuel additive which should reduce the rate of pluggage of the unit. That
evaluation fias not been concluded at this time. It may also be possible to modify the
unit by installing an automatic washing system which has been included on similar
Japanese units of the same design.

Itis also possible 1o convert the unit to burh gas if that fuel is available in sufficient
quantity. This conversion would completely mitigate the plugging preblem. However,
an estimate provided by the constructor of the cost of conversion was approaimately
equal to the cost of an entire new boiler. It may be desirable to have the constructor
re-evaluate this estimate.
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UNITS 2, 3 & 4

These units, all 210 MW each, were designed and constructed by North East Electric
Power Design Institute, Minisiry of Water Resources and Electric Power, Changchu-
Peoples Republic of China and were commissioned on December 9, 1989, January
27,1990 and January 21, 1991, respectively. These units to not appearto be as well
designed and constructed as Unit # 1 and the operating data bear this out, at least in
the first years of operation. These units also require frequent shutdowns to manually
wash the boilers when burning furnace oil.

These units are highly labor intensive since they are currently mcapable of operating
in a completely automated mode because of the unreliable instrumentation. The
operation and maintenance manuals supplied by the constructor are not as complete
as those provided for Unit 1 and staff training has suffered due to communication
difficulties. Similarly, maintenance activities have been made more difficult due to the

lack of as-built drawings.

Many of the deficiencies noted in the previous due diligence reports are still prevalent
and will contribute to higher maintenance costs in the future unless corrected. Some
of these, such as open cable trays and exposed wiring on instrumentation, could be
ameliorated with expanded efforts during planned overhauls.
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PLANT COMMON FACILITIES

WAREHOUSES AND STORES -- The warehouse for Unit 1 contains an adequate
supply of most required spare parts which were supplied by the constructor. Some of
the large items, such as intake water pumps, have yet to be delivered. The spares for
the other units are located in a second warehouse and appear to marginal at best. No
one seemed to kniow if additional spare parts are scheduled for delivery. All inventory
accounting is currently done manually; however, when the Maintenance Management
Systemis installed at Jamshoro, the inventory will be maintained on a computer based
system. That process is alrecady underway and is scheduled for completion within the
next two years.

WATER HANDLING -- As discussed in previous reports each unit at Jamshoro has
adequate capacity to supply its demineralized water requirements. Additionally, the
water chemistry and control systems appear to be in line with generally accepted
practices.

However, as mentioned carlier, there is a 'major protlem in the handling of waste
water from the plant. This effluent, arising principally from boiler and cooling tower
blowdowns, is ordinarily pumped to settling ponds for evaporation. However, the
ponds are undersized and are insufficient to handle the effluent flow. Consequently,
the overflow from the ponds drain onto local fields adjacent to the plant. The solution
proposed by the plant engineers is to construct an open channel from the ponds
directly to the Indus River.

WORKSHOP --in the last Due Diligence Report (10/92) it was noted that there existed
a large workshop building but that it was not equipped with any tools. Since that
time, the workshop has been equipped with a large complement of Chinese-made
heavy duty workshop machines. There is, however, still the problem of an insufficient
number of trained equipment operators but this situation should be eased as the
workshop staff gains more experience with the equipment.

7 BEST AVAILABLE DOCUMENT



MAINTENANCE PRACTICES

All of the units at Jamshoro have undergone at least one 90-day inspection outage
sincecommissioning. The recommended scheduled interval between majorinspections
and overhauls is between 30,000 and 35,000 hours of operation. The next major
overhaul for any unit at the plant should not occur for at least three vears unless some
unusual circumstance arises. The table below shows for each unit the number of
operating hours since the last major overhaul.

Routine maintenance is conducted by plant staff on a regular time frame if the
maintenance items can be accomplished without bringing the unit off line. A list of
maintenance items which do require a unit shut-down are accumulated until the shut-
down can be scheduled withowt adversely affecting WAPDA system reliability. When
the unit is available for maintenance, the list of items is prioritized so that the most
importantitems are accomplished during the relatively short outage time, typically 10-
12 days. The station submits a proposed schedule for these short-term maintenance
items in June of each year and expects to have them completed by November of that
year. Exeept for planned major overhauls and unexpected forced outages, the plant
Is expected to be available throughout the remainder of the year.

Unit Total running hours since last overhaul. *
1 4076
2 3884
3 5370
4 4721

* Through June 30, 1993
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STAFFING

From discussions with the senior management at the plant it became clear that one
of the most serious problems faced at Jamshoro is the lack of a sufficient number of
trained staff. Those who are assigned to the plant are required to work excessively
long hours to keep the units available for operation. There is a major risk of employee
burnout unless this nroblem is alleviated.

Addidenally, in the areas of craft labor, there is a serious shortage of qualified welders
at the plant; there are only two assigned there at this time. The WAPDA pay scales
for these positions are insufficient to attract welders away from privately owned
establishments.
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FOLLOW UP VISIT TO JAMSHORO POWER PLANT

On February 3, 1992 with the help of USAID Karachi, a follow up to the August
Technical Due Diligence assessment was done.

Met with Mr. M.M. Chandio, Resident Engineer Mechanical and Mr. Abdu Adil, Senior
Resident Engineer Cperations.

Prior to the visit a list of questions was sent to the station concerning outages and is
attached as part of this report.

Things have not changed, plantis still in a crisis management type of operation. Was
told that WAPDA will not authorize additional expenditures as this will be privatized.

There has recently been two criminal law suits filed by property owners and the
highway department. Was r.0t able to obtain copies but have informed Hunton &
Williams so they can pursue from their end.

To date they are still running without adequate spare parts, colony is not staffed,
shortage of vehicles, no maintenance shop and staff is not adequate to run in this
mode of aoperation.

The Senior Engineers and Junior Engineers are required to live in the Colony and
during any emergencies have to report to the plant, most of them are averaging
twelve to fourteen hour days as they can’t get in touch with the personnel who live
in Hyderabad.

In addition new areas of concern have been identified and will add to the
indemnification that WAPDA will have to make to the new Co.

A list of these items will be part of this report.

Dennis W. Evans
Advisor, WPPQ
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ITEMS NEEDING CORRECTIONS AT JAMSHORO POWER PLANT

Maintenance shop, no equipment, tools todate.
Air basket #1 unit 1 month nutage to replace or clean.
Units 2, 3 and 4 hot spots need to replace insulation.

Unit # 2 main steam stop valve will not close very dangerous, drifts close after
macth.ine has cooled down.

Units 1, 2, 3 and 4 experiencing, short circuiting during rainey seasons.

Waste water evaporation pond, original size too small, line to Indus river plugged
overflow’s into farm fields.

Unit # 1 coagulator design not right as identified in original report, can’t get parts
needed to make tie to units 2, 3 and 4.

Instrument air dryers on units 2, 3 and 4 need to be replaced.

Air pre heater imotors modification needed to remove for maintenance without having
to shut unit down.

Units 2, 3 and 4 thrust bearings and pilot valves need replacing.

Units 2, 3 and 4 all pumps need to have grease fittings added.

Units 2, 3 and 4 main turbine lube oil system needs a complete filter redesign.

H, compressor sealed units have to be replaced.

Units 2, 3 and 4 24" supply line from Indus river made out of cast iron they are
experiencing lots of damage this could be a big cost item if whole line has to be
replaced.

Direct road from colony to station for easier access.

Need to replace underground 6.6 KV line to river pumping station with overhead, lots
of failures.
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To,
Mr. Dennis W. Evans
International Resources Group Ltd.
Private Sector Power Project,
2nd floor, PIA Tower,
fgerton Road,lLahore
Phone: 6368790-93

From:- M.M. Chandio R.E. (M)
TPS,Jamshoro

Abu Adil R.E. (0)
TPS,Jamshoro

Reference: Your fax of dated 10.09.1995%.

Our comments on the items needing correction at

Jamshoro power plant are attached herewith.

Thank you.

c#/#u(

( ABU ADIL Lo
RESIDENT ENGINEER/ (0)
TPS, JAMSHORO
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o1.

Comments:

02.

Comments :

Comments:

o4.

Comments:

05.

MATNTEMNANCE SHOP, NO EQUIPHEMT, TooLs
TODATE

Maintenance <hop 1s now fully equipped with
equipments and tools, but 1t 15 not equipped with

required staff.

AIR  BASKET
REPLACE OR CLE

8 1 UNWIT 1 HMONTH OQOUTAGE_  TO
AN

Water washing facilities are availlabie which can be
done 1n 5 days shutdown. Cold end Alr Preheater
elements can be replaced in 19 Jdays shutdown.
However Intermedi ate and hot 2Nna elements

replacement require more time may be one month.

N

UNITS-2,3 & 4 HOT SPOTS HEED 1O REPLACE
INSULATION

Some of the hot spots are still without insulation
but would be done in the shutdowns w.2.f.20.11.1993

to 20.01.1993.

UMNIT & 2 HAIM STEAM STOP VALVE WILL
NOT CLOSE VERY DANGERQOUS . DRIFTS CLOSE AFTER

MACHIMNE HAS COOLED DOWM.

No such problem now

UMITS-1.2.3 & 1 EXPERIEMCING, SHORT

CIRCUITING DURING RAINY SEASONS.

Comments:

Unit-1 has no such problem. However Units-2,3 & 4
have the problem specially on boiler for which
necessary works of providing shades and sealing are

in progress.
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06.

Comments:

07.

Comments:

0o8.

Comments:

09.

Comments:

P
[\S]
~—

WASTE HAT ER _EVAPORATION _PON HRIGINAL S17)

fO _sMAaLL  LINE 1O INOUS RIVER _PLUGGED
OVERFLOW™S INTO FARM FIELDS

The waste water 1jine 1s not plugged fully. However
to overcome this problem a case study of providing
open channel from waste water pond to river is
being done by the consultant. If it isg found

workable, the worlk will be started.

UNIT & 1 COAGULATOR D ESIGM __NOT RIGHT AS
IDENTIFIED IM Q RIGIMNL REPORT, _CANNOT GET
PARTS MEEDED 10O MNAKE TIF T1Q UNITS-2,3 & 4.

Interconnection of Rivei intake water has been made
among Units-1,2,7 & 1. A3 regards co-agulators,

silt is accumulated and 1s Lo be removed manually.

INSTRUMEMNT AIR_DRYERS OM_UNITS-2.3 & 4 MEED
TO BE REPLACED.

Case for procurement oF Refrigerant type drier is

1n process.

AIR _PRE HEATER _f‘L(LTQB__S“ﬂ,_ﬂCLDLEI_QB_II_(M_JLEEQEQ

TO REHOVE FOR_nA INTEMANCE W1 THOUT HavING TO
SHUT UMIT DOMW.

Already modified.

BEST AVAILABLE DOCUMENT



10.

[
o
'

Comments:

12.

Comments:

13.

Comments:

oY

3 )

UMI¥S-2.3 & 4 THRUST BLARINGS. AMD_ _PILOT
VALVES MEED REPLACING

Main oil pumps thrust bearings get damage after
operation of about one vear which results
malfunction of governing system due to increase in
the gap between pilot valve and governor buffle
plate. Some lubrication problem is there for which
Chinese are carrying out modification on Lheir own
units. Nfter successful result, the same will be

done at Jamshoro.

UNITYS-2.3 & 4 _ALL PUMPS MEED TO HAVE
FITTINGS NDDED

Which pumps not clear. However grease nipples not

provided properly on some of the pumps.

UNITS-2,3 & 4 MAIN TURBINE LUBE OIlL SYSTEM
MEEDS A COMPLETE FILTER _REDESIGH,

Additional centrifuges have been installed on
Units-2 & 3. For Unit-4 it is under procurement.
Chinese purification plant on each unit is also in
service. With these measures the problem has been

reduced to satisfactory leve].

H2 COMPRESSOR  SEALED UNITS WHOLE UMIT HAS
10 BE REPLACED

Yes
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14 ._

Comments:

15.

Comments:

16.

Comments:

17.

Comments:

(4)

Units-2.3 & 4 247 SUPPLY LIME FROW INDUS

RIVER HMADE O0OUT OF CAST _IROM__ THEY ARE

EXPERIENCING LOTS OF DAMAGE THIS COULD BE A

BIG COST ITEM IF WHOLE LIME HAS T0 8E

REPLACED .

The frequency of damage has reduced and
interconnections of &all the four units have been
made which may not affect the operation of
the unit.The damage pipe length is being replaced

with M.S . pipes.

DIRECT ROAD FROM_ _COLOMY _TO STATIOM _ FOR
EASTER ACESS.

Already undei construction

MEED TO REPLACE UMNDERGROUND 6.6 KV LIMNE T0
RIVER PUNMPIMG_ STATION WITH OVERHEAD, LOTS

OF FAILURES.

The scheme is under consideration, but has not been

finalized.

-8AY TO0___ BE PROVIDED BETHEEN  POWEI
STATION & PRETREATHMENT PLANT TO COMTR

Not initiated

ABU ADIL M.M. CHANDIO
£.(0) R.E. (M)
TPS, JAMSHORO TPS, JAMSHORO
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SECTION 111

OVERALL CONCLUSIONS

The purpose of this CWP s 1o perform the final techmcal due dihigence required for the
corporatization and privatization process of the Jamshoro Power Station A short term team
comprised of Mr Dennis W. Evans, John T Boyd Co. and Mr. Fred A. Stone, ESI Energy was
assigned the tlask.

[n summary, the Plantis a good selection tor privatization. Umt 1is a 250 MW oil fired umit
provided by the Japanese, and Units 2, 3 and 4 are 210 MW ail and gas hred units provided by
the Chinese. Fundamentally, all units major components and sysiems are very sound, and thecy
ncorporate proven design concepts and technology.  They were commissioned between
December, 1989 and January, 1991 and wre therefore essentially new untis

Unit | appears to be the best unit, based on construction appearance, plant operational records
and testimonials of plant employees. Units 2,"3 and 4 are sull going through some start-up
problems, all of which can be solved with the proper focus in a relatively short time frame. The
plant support equipment and facilities are very adequate in design and number, although a few
problems remain 1o be resolved. Again, there appears to be no isurmountable siuations.

The single largest arca for improvement at the Plantis in the arena ol site facilities, equipment
and personnel management. This situation is most likely caused by the newness of the plant,
focus on commissioning deadlines, and the fact the plant is owned and operated by WAPDA.
Many plant employees are [resh, and are not yet properly trained or seasoncd. Valid operational
documents are scarce in some areas.  Privatization and time will go 1 long way towards
resolution of these issues.
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SECTION 1V

APPROACIH TO TASK

The approach 1o task taken by team was 1o meet with Mr. Grimshaw, RACWAPDA | M A
A Zadi, G M, WPPO and Mr. Mahk M. Ashraf, M.D., WPPO tor an overview and
addhonal direction concerning the assignment  The team then travelied 10 the Plant site with
Mr. Grimshaw for a meeting with the Plant Management tcam and an cextensive Lwo-day plant
equipment tour with questions and answers from plant operating personnzl  The team then
reviewed the report from Ebasco Services Inc., prepared in response to CWE L2301 ordes
to venfty plant equipment and systems

As the Ebasco report was 11 months ago, the team used it as a guide tor descripuion of plant
cquipment and systems  Tiie chscrepancies noted at that tme were cxpiored i great detail to
determine which had been corrected since that study.  Also, a thorough review of plant records,
obscrvation of operation and maintenance practices, personnel interviews and plant walkdowns
were made 1o determme f any new conditions or problems had evolved  The combined
experience ol the team represent more than 55 years in virtually all phases of operating, power
plants — Thas background proved helpful m efforts to understand the tool cause ol many
conchions observed.

Durning the 12 day plant visit, Units 1, 2 and 3 were operating, and Uni £ was out of service
for the first annual mspection of components by CMEC personnel. While the tcam was on sile,
they observed a forced outage when Unit 2 tripped from 180 MW due 1o low vacuum caused
by a failed wrbine drain line. The team was able to observe the operator response. maintenance
activities and return 10 seivice process.  These observations helped to veriiy findings from plani
record reviews

The team also went bevond the scope of equipment technical due diligence and made findings
m other plant areas. A thorough review of the employee colony was made.  Observanons on
plant facihiues, tooling, rothng stock, personnel issues and practices were also gathared. The
remainder of tis report will serve o document the team's findings and recornmendations on the
technical due dihigence in response to CWP 1.38.0.  Included as auachments arc general
comments relating 1o the ancitiry issucs.
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6.a)

SECTION V

FINDINGS, CWP 6(a)

Examine the existing study and compare its obscrvations and conclusions with present
plant conditions, codes and construction documents

Areas identified in the Ebasco report as problem arcas were again revised and brought
up to date.  We were able 10 confirm all units were built to code estabilished cither in
China or Japan  All lngh pressure welds were x-rayed, but proof apparently was taken
by contractor when they leftihe site. When asked about welder qualification again could
not establish proof but were told anytime (he Pakistam welders were hrought in they do
have qualificaton.  Appendix A is documentation typical for Umis 2. 3 and 4

WAPDA is using this plant 1o control frequency which accounts tor the low capacity
factor, and there 1s no incentive 10 run al maxtmuim output. Plant s being maintamed
by emergency maintenance only, no prévcmivc or predictive maintenance being done.
The stall is relatively mexperienced and most of the training 15 on the job training only.

Presently there is no mamienance shop equipped and very hitle tesung equipment
available 1o 1&C or electrical personnel. We also found no proof of acceplance lesling
on any of the units. Observed Units 1. 2 and 3 in operation, with all controls in
automatic.

The 1ables following present the findings of all arcas of discrepancies noted in the Ebasco
report.
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ORIGINAL EBASCO ASSEMENT

Boler Feed Pump Mechanical Seal
!

oblems

Condenser Scahing

UNIT NO. 1

CASSEMENT

PRESENT

All seals were replaced and have

Addition of Hydrochlonce acid has
corrected the problem recent
inspection indicate no scaling

performed satistactonly

Coagulation Units

fFlal bottoms and Nushing system not

designed properly

Stll experiencing same probleny due 1o
desren. Presently are tying all unity
together and indicate anits 2-3and 4
are sufficient 10 make up water for
entire plant

Tube Leak m Economizer Section

No new ones snice orzinal assement

L
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ORIGINAL ASSEMENT

Acceptance Testing Reports dre not
Avalable

Ol spills around No - 2 Burnes Decks
and on Windbox Casing

Oil Burner Guns do not retract without
some Manual AsSISt

Pneumanc Tilt drive tor corners B, ¢
and D out of service .

Three way vaives On/OH7Purge matacs
burn up on Fuci Oif Gun Hydrauhe
Actualors.

NO. 2

PRESENT ASSEMENT

Was (old 1t was not done, unable to
venly

Indications are there but they have not
been burning oil, so couldn’t verify.
Management indicated they have
worked on the problem

[nterviews with operatons indicate they
work and only hang up now and tien.
Appears there 1S no preventive
mamntenance on thrs wsiem

S LS
They are operable but nzed help on
occasions.  Preventive maintenance
should correct this prablem.

This has been carrecivdg, was old
new/different motor application
mstalled.

Auto operation of Unit No. 2
Combustion Controls.

Venfied unit will operate in auto mode.

Exciter Carbon brushes have
overheating problem.

Increased cleaning and precision
gimding of slide ring ias alleviated this
prablem.
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UNIT NO.

2, 3AND 4

ORIGINAL ASS

EMENT

Aux Boder wall not operate i Aulo

PRESENT ASSEMENT

Interviews with Operaton department
verified they stifl can't operate this unit
in auto. No plans to correct problem.

jorler TFeed Water Pumps Tnp

As near as we can tell this problem has
been corrected. They are sull
experiencing some grounds on 4 KV
Electrical system that haven't been
identified to date.

(nstrument Air Compressors do not have
[nra- Unit tes, and Biive caused Ut
Taps

The management have identihed this
system as one needing a uperade  Also
1t has a single farlure critenia i the
cooling water system that needs

immediale attention.

Boiler Water Chemical Feed System
WOt operale m auto

This problem has been corrected, and
all sysiems are capable of aulo
operation.

Coagulation Sedimezntaton Control
(Manual Operation).

Still running in manual.

Water Treatment Systems (Manual
Control) on Demmerahzer Regeneration
Cycle.

Was told they will operate in auto, but
no preventive maintenance or control
tune-ups have been performed.

Diesel Generators 2. 3 and 4

Will not perform in auto and they
indicated they have a hard time getting
them on the line in manual.

6.6 KV Switcheear Taggmy and
Trammg

Tagging is there but done in marker pen
only and 1s wearing ofl. They arc
tageing with permanent tags when they
can. No training has heen provided to
date.

Cooling Tower Fans and Intake Pump
motors do not have adequate overload
protlection.

Still a problem area Original
recommendation to perform an
engineering study remains.

Uninterruptable Pawer Supply
Documention and Training.

Systems works, still ro training,
however some prints in English.
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UNIT NO

2,3 AND 4

ASSEMENT

ORIGINAL

Ol seepape 220 KV Cables to 2,
4 Main Transformers

3 and

PRESENT ASSEMENT

Still a problem area no effort made to
correct lo date.

Sinale Phase Grounding No. 2 Unit 6.6
KV feeder 10 Intake Water 400 Volt
Power Supply

Haven't been able 1o 1solate problem
Also they arc experiencing same
problem with .4 KV bEmerg Section
4 KV unit section on all the Chinese
units.

D C Batenes Umts 2, 3 and 4.

Positive side scaling on all batteries

Auto Operation does not work on
Combustion Control Feed-water
Controls and Steam Temperature
Controls.

Observed auto operaticn of Units 2 and
3, Unit No. 4 down tor Ist year
inspection Plant Management assurcd
that unit will run i Auto.

R

e

Aux Borler will not Operate i Auwto.

Sull having same problem no cffort 1o
correct to date.

No. 2 Vibration Recorder out of
Service.

No. 2 Generator Temp Scanner out of
Service.

In Service now

In Service now,

No. 3 Unit Eccentricity Indication, 1P
Cyl Metal Temp. Turbine Digual speed
and Condenser vac protection. 0.0.S.

All in Service.

EHC and CUS System do not iunction
properly.

Maltunction corrected and systems work
as designed.

Hydrogen Valves no aulo operation.

Not designed to operate m automanc.

Lt 3 Coohing Tower Cell damaged by
fan fatlure.

Repairs have been made 10 damaged
cell structure.

All Fire Base Cabinets do not have Fire
Hoses.

Still the case.  Hoses are available at

the fire station.

Power Cables, strument cables and
lighting cables all in same cable trays
and ducts.

Still the same.  No apparent problems
vel, but should be addressed long term.
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UNIT NO. 2, 3 AND 4

ORIGINAL ASSEMENT PRESENT ASSEMENT

400 V breakers and cables at RO Condition still exists, may cven be
unfoachng facthty are full of orl, dust, warse. Better houscheeping, required in
dirt and corrosion. this arca
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6.bH)

SECTION VI

FINDINGS, CWP 6(b)

The ongomg, scheduled, and preventive mamtenance records and procedures were

O
reviewed, with the following findings:

Ongoing (routine) Maintenance

As a faualt or equipment defect 1s observed by operatons personnct, they prepare a
Trouble Report  This report 1s reviewed and verified by the shift supervisor, who then
decides if the work can be accomplished with the unit running, and whether or not &
Permut 1o Work clearance form is required. I the work is nen-outage type, the shilt
supervisor then assues a permil 1o work clearance and the trouble report to ihe
appropriate mantenance discipline department head. The maintenance department then
assigns a crew to work the job, and upon completion cancels the PTW clearance

This system seems 1o be a logical one by design, but the execution was observed (o be
seiiously 1Tased  Farst, there was no system ol priorities m place, only verba
recommendations ol what should be done next. Second, there was no planning mvolved
to determine what parts and materials would be required. Third, there were no writien
maintenance procecdures available for the workers to use, fourth, the tvpe and number of
tools required were discovered while the job was in progress. And finally, there was no
attempt to determine 1f the repair work was effective in correcting the original fault.
These conditions can only result in ineffective and inefficient maintenance over the long
U

Preventive Maintenance

There 1s httle or no preventive maintenance on the equipment at tius time.  Although
many people appear to understand the requirement for a formalized program, the mamn
focus is sull on working trouble maintenance jobs.

Lone Term Repair Progrin

AL present each of the units have undergone an inspection by the manutacturer after one
year in service. This was part of the contract to construct the units. A request 10 make
a scheduled outage on Unit 1 for 30 days and Units 2 and 3 for |5 days cach has been
made 1o WAPDA . The time tor these outages, if approved, is October and November,
1992, A detaied plan of work to be done and verification of spare parts availability has
not been made. No plans were evident beyond 1992,
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6.¢)

SECTION VII

FINDINGS, CWP 6(c)

Evaluate Plant Systems o verify performance 1s i comphance vath design specilications.
Evaluale the polential adverse 1impact on both financial requirements and plant operation
of any non-standard conditions obscrved.

With the exception of Unit No 4 which was down for first year mspection, observed
umts 1, 2 and 3 1 operation at varying loads. Unit No- s lunited 10 230 MW due to
air heater plugage. Units 2 and 3 were al loads from 70 MW 1o 200 MW Feed water
pumps were running as designcd two on the line one n standby  This also applied to
condensate pumps, air compressor, heater drain pumps and 1D and FD fans on the units
i serviCe.

The calculated average heat rates for each unit was used as a basis for evaluation, as

performance tests are not run on the units. From annual Form [ daa, the heat rates
KCAL/KWh for the period July 1991 10 June 1992.

DESICN HEAT  AVERAGE HEAT  DIFFERENCL

UNIT NO. RATE RATE (DES - AVG)
I 2284 2363 79
2 2584 2418 +166
; 2584 2392 192
4 2584 2414 =170

Fins data would indicate Unit i is operating stightly warse than design, and Units 2, 3
and 4 are operating better than design. However, the conditions for design are unknown
(such as load. fuel type, ambient conditions, etc.), theretore it is difficult 1o draw any
meaningful conclusions. The team would recommend each unit undergo a periodic
performance test at desien conditions. When this is completed, an estimate of financial
impact can be better calculated.

Unit No. | has a six cell double flow cooling tower and Units 2, 3 and 4 have 12 cell
double Now cooling lowers, temperature was greater than 100°IF when observation was
made and circulating water temperature were running 73°F inlet and 76°[F outlet.

The control systems on the units ranning were observed to be operatng in the automatic
mode, interviews with operaiion stall confirmed (EHC) electrical hydraulic control and
the (CCS) coordinated control system are working properly. Units 2 and 3 were on gas
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o couldn t observe oil lire operation  Stafbindicated they have burned ol successhully,
Only cnough gas available for two units full load

Emerg diesel generators on Units 20 3 and 4 will nol start and load 1n auto and staff
indicates this problem s bemg addressed by the manufacturer

Aux botlers Tor Units 2, ) and 4wkl not aperaie e duiomatic Lnterviews indicate 1t's

not a prionity dem at tus point.

BEST AVAILABLE DOCUMENT

(O \



G d)

SECTION VIII

FINDINGS, CWP 6(d)

Plant operations, avalabnlity, performance, water chennstry and control and Instrument
activines were reviewed with the following findings:

Plant operations does not appear to have any goals beyond making clectricity.  Unil
cfficiency 1§ not a major concern, and no performance lesting is performed on the units
or on the equipment  Heat rate (gross) numbers are calculated from summaries of daily
log sheets on a monthly basis. and reported on annual “E" form  Any discrepancies
from design are not explored tor root caused and subsequent correchion.

Unit avalability does noi appear 1o be of high concern to plant. During oub visit, uni
2 pped on low turbime vacuum due (0 a ruptured drain line from the wrbime to the
condenser. The rupture was m a 6" carbon sieel elbow. The elbow was replaced, and
the umt returned 1o service six days later. The actual time 1o cut out the damaged pipe
section and weld in a new piece was about eight hours. The remainder of the time was
spent on performing other mamtenance as identified by previous Trouble Reports. Had
avaiiability been a concern, the total outage time should have been less than 24 hours,
resulting in improved availability. Availability numbers are calculated and reported only,
With BO allempls 10 improve.

FFuel consumption is also an area that has concern only (o the extent the storage tanks
don’trun dry. There appears to be no effort to focus on reduction of fuel usage. This
area is one with a very high potential for improvements, as wise usage of fucl translates
directly 1o improve heat ratcs. resulting in a beter financial picture overall

Water chemistry and control appears to be adequale. The pretreatment sysiems all
function per design, with some labor-intensive processes in place. The result 1s an
adequate supply of sill-free iltered water to meet the needs of the demineralizers, cooling
towers, ptant service water, and colony consumption.

Cach tni has its own iwo-driin demineralizer, with more than adequate capacity 1o mect
operational needs.  \Water sampling is continuous for make-up water, condensale,
feedwater, boiler water and steam.  In addition, manual samples are taken every four
hours and analyzed in the laboratory. The boiler water chemustry is controlled 10 a
coordinated Ph-Phosphate scheme, with automatic chemical injection systems with
variable feed rates adjusted as required based on laboratory water analysis. In general,
the water chemistry and control appears (o be in ine with prudent practices, designed o
prevent boiler pressure parts from ecarly failure, as well as protecting the turbine from
carly stagc solid particle erosion or later stage cfficiency-robbing, deposits.
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The instrumentation problems all appear to be on Unus 2, 3 and 4 All of the problems
appear to be solvable and well within today's technology. It will take some time, money
and focus (o bring the instrumentation and controls systems to a desirable level that
would be considered acceptable for conunued reliable operation The problems can be
broken down into five main arcas (1) Design, (2) Documentation. (3) Construction,
(4) Personnel and () Traiming.

. Design
The overall control philosophy tor combustion control. stcam lemperature
controls, drum level and feed water controls and turbine controls 1s sound, and
keeping with current technology. The components appear to be a cheap imitation
of Baily contross equipment, and are very difficult 1o cahbrate, adjust and
operate. Calibravion dnift is a very common problem, and 1s not checked with
any [requency

. Documentation

Documentation on components, as well on systems and control loops is very
poor. Drawings are hard to read, noi properly translated and not made available.
Only some systems have correct drawings, and these are hard 1o find.

. Conslructlion

Instrument air lines are carbon steel and have rust and plugging problems. Some
systems have been changed to stainless steel tubing.  Boiler instrumentation is
mstalled in the field in enclosures that are not water prool. Very few instrument
wiring terminals are labeled properly and permanently. Instrumentation cables
are not shielded. and are run in the same cable trays as power cables.

. Personnel

Adequate trained staffing appears to be a problem. Only a very few engineers
understand controls and how to troubleshoot and they are spread very thin. It is
not uncommon for on engineer to work 24 hours at a time. The bulk of the
personnel in the instrument shop are fiters, and can only calibrate gages and do
other menial tasks. Due to the excessive hours worked. no one is available for
call-outs.
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SECTI )N X

FINDINGS, CWP “(¢)

6.¢)  The team has denufied a numh ondit: s that should be addressed during the
corporatization stages of prival These items are listed 1n the following pages
There are recommended actions 1ut «... condition identified with cost estimates totalling
$677,000. Many of these 1ssues are already being addressed by WAPDA, as shown in
Appendix 13

The team was not able 10 dentily any significant problem areas that should result i a
reduction in the purchase price of the facility. There were a number of areas that should
receive an initial level ol maintenance attention for one-time resolution  Examples ol
these are:

. Improve lighung on all boilers and equipment rooms on mezzamne and bascment
levels.

. et ali eloveions w0 service, and keep on a maimntenance pidgiai:

‘ Continue program of marking wiring terminations behind BTG board and n
cabinets.

. Repair sheel metal lageing on No. 2 boiler flue gas duct work. Reiforce pop-

rivels clsewhere

. Replace bioken vlass in windows in turbine deck and i aunihary buildings.

¢ Repair borler caune cracks causing gas leaks and hot spats on No. 2. 3 and 4
boilers.

¢ Investigate boiler slag build-up on Unit one superheater clements and formulate

plans to desensitize the effect.

¢ Perform survey i ensure adequaie sparc parts are available to support
maintenance program.

c Continue efforts 1o provide as-built drawings and documents on all equipment.

The team also feels, in their opinion, there is no significant expected candition that would
require JPC to maintain a level of financial reserves greater than normally expected.
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CONDITIONS NEEDING CORRECTION PRIOR TO CORPORATIZATION

CONDITION

RECOMMENDATION FOR
CORRLECTION

Umits 2, 3 and 4 have major control
problems on combustuon control,
steam temp controls and
feedwater/drum evel controls

. Replace tron instrument ai
Iines with stainless stecl
. Purchase and install

weatiier-proof enclosures for
all outside instrumentation

. Replace/upgrade dehcient
components with new design
. Establish preventive

maintenance and cahbration
program with procedures
and training

. Provide shiclded cable m
separate conduit for all
instrument signals

Umits 2, 3 and 4 have cooling

tower make-up puinps to supply
coohng water tor instrument air
compressors  These puinps are
outside, and occasionally under

water.

Provide separate pumps for
instrument air compressor cooling
waler. Pumps with a back-up
scheme and separale piping
arrangement interconnected with
sister units would be recommended

(APPROX)

$

120,000

65,060

13.000

0

56.000

48.000

Al units have stand-alone vital
systems of water. air. hydrogen

Provide interconnection between all
units Tor the following plam

cte This reduces oncrational suppart systems:

Nexibihty, and adversely effects

umt reliainhity . [nstrument air 35,000
. Pre-treated water 35,000
. Demineralized water 15,000
. Hydrogen gas 35,000
. Emergency diesel bus 35,000
. Service air 35,000

Units 2, 3 and 4 do not have Provide automatic generator 15,000

automatic generator hydrogen
pressure controi - Manual pressure
controls dependent on operator
alert.

hydrogen gas pressure controls,
with regulator valve. sensing
element and manual bypass valves
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CONDITION

RECOMMENDATION FOR
CORRECTION

No formal mamtenance program
beyond trouble response

[nstatt Computerized Maintenance
Management System (CMMS)
cquipment to nclude:

. PM schedules and work
orders

. Planming/Scheduling
functions

. [Long term mamtenance
plans

. Spare parts inventory
control

. Cost accounting (per Unit)

. Maintenance record keeping

. Reporting capability (mult

format)

Tramn plant populatuon on CMMS

$
(APPROX)

80,000
for
installation
and training
only

Assumption
that hardware
and software
have been
procured and
arc available.

No focus on unit or plant

Establish posttions of reliability

No additional

avadability, efficiency, or long- engineer and performance test cost, as

term rehabihty. engineer. Positions should be positions will
separate from line maintenance replace
responstbilitics, and be authonzed existing
to recommend courses of action. posts.

Units 2, Y and 4 turbine high Provide 100% NDE wmspection ol 50,200

pressure control ot piping welds all High Pressure hydrauhc oil

have Taded. and QC documents are | welds.  Repair/replace defective

not available arcas with ceritied welds.
Total Approx 677,000
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ANTTACHMIENT |

PLAIT COLONY

The plant colony 1s adjacent 1o the power station, located north of the RO unloading facilities.
The purpose of the colony 15 to provide adequate housing and living requirements for the plant
employcees. ‘The concept includes all necessinies; however many facilities are under construction
or not yet staffed '

The plant colony s about 23-30% occupied as of uns date, largely due 1o the poor facilities
avatlable  The majority of current residents are plant management and supervision, as these
cmployees are given strong urging 1o hve there The rest of the employees live in Hyderabad
City, or ncarby villages.

Sanitation 1s very poor, with sewage discharged mto open trenches, and no rubbish or garbage
chsposal area. There s no public transportation for families to travel for school, shopping o
other needs. There s a hospiial, college, boys school, girls school, post office, bank and market
arca for the employees. None of these facihities are staffed, however, and are not available for
use by residents. There are plans tor recreanon facilities, but they have not been completed
There is a bus available to transport workers 1o and from the plant at shift change times.

The potennal tor the colony 1s very great  [ushould be completed and cleaned up soon. Prionity
needs (o be put on hiring the proper statl to open exisung facilities.
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ATTACITMENT 2

PLANT STORLES

Not part ol this CWP but requested by Resident Advasor evaltuated the stores department.

The plant has four large warchouses on site, estimated to be about 3600 square feet per umt
They are in the process of setjing up some control. Observe twenty large containers not opencd
that contamned spare parts for Unit No. 1. Was told by manager they have only received

approximaltely 20% of the spares for Units 2, 3 and 4

Appears they are handicapped by tack of trained stores personnel, no mventory controb and lack
of equipment needed o handel large and heavy spares

Consumables 10r everyday operation of a large power plant were not available, they purchase
on a as need basis in Hyderabad.

Observed a large quanuty ol chenncals that were stored outside and probably no longer uselul
due 10 weather ele.

There 1s no fire protection installed in any of the warehouses.

Management feels they are well supplied for Unit No. | but expressed strong concerns in
regards to Unns 2, 3 and 4. They also indicated they are losing parts from theft,

We also tned 1o obtain a hst of avarlable equipment on site

‘ Two 25T Mobie Cranes, manufactured i Japan
« One  Bedford Truck No. bov

‘ Five  Fire pumper units, one not running

. Two  Pajeros for Management use

. Two  Small Fork Lilts

¢ One  Waler Tanker

Stares 1s responsible for fuel accountability including unloading, indication this is tatking a lot
of manpower.

Conclusion they have more than enough storage area, addition of an inventory control, some fire
protection, equipment for traiisporting and training is needed to ensure plant is supplied as
required.
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ATTACHMIENT 3

JPC STAFEFING PROPOSAL

Attached 1s a proposed orgamzanonal stiucture ot Jamshoro power Company (JPC) wath
preluninary estumates of numbers of employees required in cach functional arca  As you can
see, the entirc complement of JPC would be about 520 cmployees. This esumate 15 based on
conditions expecled o exist after imuial corporatization cfforts have been completed. Additional
zontract labor may be rcqmréd to perform large plamt overhauls on a live vear per unit Lasis.
Also, the standig complement should be reviewed and adjusted penadicaty as needs change.

Some features of ths proposal include

‘ Plant Colony activitics are separate from and e cvnected o comatement plant
operations activiies.

e Procurement, mventory control and fuel supply [unctions are separate from
normal plant operations and maintenance,

* [Fimancial and cost control Tunctions are also separaic froin plant operation,
providing a check and balance system,

e A greater emphasis 1s placed on improving the plant periorimance i the areas of
availability, reliability and cfficiency; and

. There is a significant mcrease in the level of traming. for all emplovees.
Since the proposed complement is about one-third of existing complemeni, some tine will be
required 1o achieve these levels. The key 10 this transition is attrition through training. 1 .am

aware of the sensitivity that will necessarily accompany a proposal o reduce the labor torce, bul
it will eventually be offset by improved employee net worth
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JAMSHORO POWER CORPORATION
PROPOSED CORPCRATE STRUCTURE
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APPENDIX A

CONSTRUCTION CONTROL DOCUMENTS

BEST AVAILABLE DOCUMENT

¢y



iy

~

MY

CON

;
—

‘

2

41C

=i

Y
e 1A
oy v AN
PR ) M»:u
S B
;L oE
C ‘a
S (PR ) /*M:.N.
N (U e
™ b oD
N ) N
. ﬂ/,/ e e e e e e e — 9
0o
AN
- vy
s ~
)
0
Pl
0]
0
° -
L 5
v )
v , W
] ~ u
v S
f ) [ ==
g N )
\s ) /\,_dw ,
- [ SN R
.- - < ,..
i . _
o] B !
-4
a?
v
o B :.3.
@ Al Y
La oy . :lu
! Toe oy
T 1,
[ BT ()1
- 3.
.w < D49y
K .u._/ A
» c e
< %4 » : i~
E 2
1 X5 A
v-e I~
? 1& I~ -
- oy :
B4 "~ _;¥
3 u.&w D S
Rt AN <
SR P
) D far -
v T e — B)
) .oz
n dﬂ.vm g U NM.,
S E A v
R ax
ey
.. E Wiliagie
WJ )L w)
i 5
= KRS
5o H
RARO RIS
[ ..-D
— )
Y. b=
L X
R ]
\ z
) O
w n =
o} (o] o
L oped
U -~ . Bl
M dB K <
o 1 2a S
58 U
Blny | o de
- = © n
sl S WEH
S / TR B
Vo U
b ol v
- o "
e

L o <,
o Y
R
e e imm ey “'m\-INQ..ﬂ\I‘.—
Mivarl o A
B =
| 7
I -
H
¥ PR _
: e

BEST AVAILABLE DOCUMENT

T
<\
<Ly

S

T HA_M
)
N

e . _ o ' ﬂ
. . . J
-~ ! /_ Ui
[P PR e ,ﬂ
N —
R
|9
— Ly
Qo —~
;u U X~
ti ~ <00
ca D
R e
2 ../.,%u UuUu
Ju o O~ 0
z.w — = \a Ne
o v
. 3 O S @C
:.Jl;w “N ) vs B
N A
\ S g 7
Y N -~ € ,m v ,_,
| 00D O
Jﬂln)ﬁ .:V ~J o e o
= / A a un o
) g o oauQ
= UV G 4
LR o U 6 T ol

AW\

[

W |
-1 - i
= .u.. apd’
.wu. .,.w we |
S -|w ~
Nt
] .f.u “w ~
) AL !
(. ) *f;_
O
T !
n,




)

A T o 4y

Il BEmHAL ol e 2

AT

ELECTR1IC POWEK CONSTHKUCT1ION & ACCEPTANIL CARY

PESCHKIPTION & URAWING NO.
r«/’_;_)-«.—-c"_g_
ERE= IV ES =

t COMPLE
UATE OF CONSTRULCIION

L TART IIG

55 T A2,k G488

Ton Mar. 1, 1989--
Sep. 1, 1989
/./7,5',1/ 3 IPFF
ST PERR AR

CinSTHUC iUl anl IR5PL

acceptence stie-—
“he requireceat
drawing

vhile.pLlping was

-
-

a4 — - 2 AL AN
Lt = A
He L s A UT
] e -
” AR Lo e
A ) P

"y

> i .

7 T

SV g AN =N
J

“4hem pressure was increased. Alter
34,6 kg/ém}g. keeping 1t for 5 min.
ZZ‘/'kg/bm’g

AR

N

§ was cxianmied
test premgure,

20 warring pregmure

Sen oversall examdnatico was made. O leakage was lound.

E DOCUMENT



APPENDIX B

PLANT IMPROVEMENT PROJECTS

Thermal Power Station, Jamshoro
1&C Problems on Unit 2, 3 and 4

S.No.

I'roblem/Deficiency

[roposal/Recommendation

I'resent Status

Action by

Frequent problems
prcuinatic actuator ol
Boer & Turbine
controllers, causng
reduction i load or

tnpping of the umis

CMEC ‘was to furmish @ detnled repon
ol muanufacturcos mvestigalions and has
recommendations for solution ol the
WAPDA

Engincers amd techmesns would be

problem by 15 6 92

wvolved i Carryimg out necessary

rescedllrepnr work

The problem was mvestated in dewail
by Speciabists from CMEC & the
manufacturer They arc of the opimion
that the sluggish operation of actuator
was due 1o the bad qualiny of the au
used for mstrumentation and control at

CMEC mforned that by

changing of the materal of ppany [zonn

Jawmshoro

imild steet 10 stambess st and
carrying out somne modihoations in
filtratton system the perfonnance ol
actuators has improved appreciably
Since carrying uutl these sodifications
e Combustion Control Systemn (CCS)
has so far run 687 howrs v Um0 &
for 95% of the period w worked

The
problem s stll under wnesiigation &
CMEC confinned that they wall rectify
the defect completely v Sept 1992 on

satisfactorily on Aule muode

all 3 unats.

In Uns regard the conmmi ive also
suggested that CMEC duraid make the
control panels of actintess dust and
water proof.

CE (O&M)
Jamshoro
associabinon
vath CMEC
Inust ensue
complectinn ol
job by cod of

Sept 1990

BEST AVAILABLE DOCUMENT
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S No

ProblemiDeficiency

ProposallKecommendation

Quality of mtrinent i
cong o actudtors s not

voud

Necessary instrument air bines for the
actuators have been replaced with
aamnless steel pupe hines an Unit-3
Symalar replacament of Uni-4 wall be
inade duning sty first inspecton &

those on Unit-2 will be made dunng
any convement shut down on it
fmprovement has also been made i aur
deier by putting addonal filtering
arrangement  The quality ol air on
Uimt-3 has considerably nnproved
There are twu driees with sihicagel, one
drier 150 seevice wiile the other s on
The dricr works
The

camintee recomimended o ensure

regencration cyele

on turn at 8 hirs duty cycle

praper warking ol the diers

I'resent Status

For Unit-3&4, the
changes/modifications of instrument au
prpng has alrcady been completed
However far Unit 2t could not be
completed duc 1o non avaiabiity of
shutdown on the umt  CMEC are of
the view that since Unmit-2 has alrcady
been taken over by WAPDA, the
matenal required for Yus modification
<hould be supphicd by WAPDA  The
Connttee however cinphasszed
CMEC that considennyg good relations
vetween WAPDA & CMEC they
Jhould reconsider to complete the
modification work on Unit:2 by
hemselves mcluding supply of inatenal
(stmless steed pipe) CE(O8M)
Jamsharo may please be advised 1o

ensure complenon of the b

Action by

CE (O&M)
Jamshoro
association
with CMIEC
muost ensure
completion ol
the job by end

of Sepp 1992

Defective cocentininy

wnelers

The Commnttee is of the opimon that
the exist meters can not be made
WAPDA should replice these
meters with those af better make as
CMEC du not agree for i

replacement at thenr own

rehable

CE (0O&M) may kindly be advised 1o
study the inodifications proposcd by
the Compttee m assaciaten with
CMEC Specialint & hrand the
specification and other weeameal detads
of the wstruments and recorders to e
replaced 1o the office of GM Thermz!
for arrangement of thei procurement

CE (O&M)
Jamshoro must |

furmish |
speciiication ol
the required
icters by end
of Oct 92

Unrehable wirbu
aenerator bearay

Vibiraiinn recarders

The committee recommends that the
existing arrangement of recurding
pearing vibration on 24 pomt recarder
iv umsatisfactory and of nouse
Therefore it should be replaced with a
better made considering the salety and
reliability of the umits. The new
cecarders shoukd Tuve foess recording
pouits per recnrder ad must e of
cuntinuuus pent revorder Ly
WAPDA will purchise and mstail.

CE (O&M) may kindly be advised o
study the madifications propused by
the Committee i associations wath
CMEC Speenbnty & furmishy the
specification & other techmeal detahs
of the imstrumcnls & reconders o be
replaced o the vifice of C\M Theri
for arrangement of thar srocareiment

The Commtiee aieor progrosad thai 38
such time the Vibraton recorders aie
replaced with better qualty the Power
Siation Mamtenanee/opeszuon stafl
should Keep sinict swatch v e
vibration readutgs of ali thie 3 umts
Partable vibration mctcrs may Lie used
for frequent checkang of ine vibrahon
specially dunng startng o the unit 2nd
proper record ot all these readigs be

kept

BEST AVAILABLE DOCUMENT
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Action by

This problem sull cxnts o fact the
coil of Electro hydraulic governor of
Unit-2 was also damaged dunng shot
So far CMEC have
waken no action on recoamnendation/
proposals af the Commutee excepl
reassembling & normal checking of
CMEC

wformed that the condimne of Uait

EHG for solving this problem
3&4 1y quite satslactory  However the
overheating/ burmay of vl of Unut-2
s sull under thew myestisanion and
They have pronmed that they

would subtmit a detzded sgont by 3st

CMEC mut
solve this
problem by
end of
September

1992

CMEC e replacadthe stecting
thenmacouples instalbed 1 tuvh
tanperature and high prossure on Umt
J&d (4 Nos on Uit and 2 cach on
Some maditicativn have
also been made on Un 3 regarding
reduction of lensth wf the naocouple
CMEC have now ensured that

the problem of thenmoconyles will not

Job attendad!
by CMEC
CE (0&M)
Jamshoro to
ISSuC
instructions
his staff o
keep stricl

watch

CMEC mformed that cerrection factor

S No. I'eollem/Deficiency l'rupu\ul/l((x'()mlucn-izlti(m I'resent Status
4 Overheaung/burmng of MIS CMEC will study the problem of
conl af the the aver heating of coil of clectro
clectrobydrauli liydrauhe governar change over value
sOsCnos 1o Mechamical governing system and down on 71792
vice versa and wall subont thew
praposals/rccommendations regardmy
remedies by 15th of June, 1992
study
July 1992
. Y homacoagdes direcily AS CMEC auread the propusad of the
mstzlicd without Conunatee that the thermocouples of
protectuny tubes and boiler and wrbime side should Le
some places Nexibke mstalled wath thermocouple wells
thermocouples have been | MiS CMEC wall chieck cach pomt on Unu 3 &)
used mstead of fiaed wnit-4 with WAPDA Engmeers and
Gacnmeamples whoere discrepancses exntat will be
yemoved  Smular steps wall be tiken wells
on Unie-2 &3
reoccur again
/ Relalalty and The gas and RO fluw have no fault

carrectness of gas and

furnace uil Nlow meters

The gas Now meters require carrechion
factor due W variation in the gas
densdy from the design density Ol
Mo mneters reganire frequent
manteninee and CMEC will
demonstrate the carreet procedure ol
s servicing and repair 1o WAPDA

Engineers.

for the ol and gas flow weters have
already been provided o WAPDA
Procedurces of scrvicing of ol and gas
flow meters have also been
demonstrated by CMEC specalists to
WAPDA mamtenance sizif and now
WAPDA maintenznee L0 s ailending

the job satisfactoniy

Job attended
by CMEC

5 Proavidere rehable level

wibicamiors 1o RO

Service Lanks

The Comnnitee recoaunended that the
fevel mdicators e repliced with diose
Huowever M/IS CMEC
have infurmed that they will give

al better nuke

comments/recommendations by 15th
B 1992

CMEC informed that theie s no
pivtncot uy the les o eacse They varls
require continuoous and proper

CMEC will provide
cuidance and trainng o WAPDA

tmamntenance

mannteaanee safl e Auy 1992, when
thenr specialist witl agnve at site CE
(O&AM) Jamshoro may Lindly be
advised W conrdinzte thiss work wath

CMEC

CE (O&M)
Jamshoro io
coordinate tus
job with
CMEC &
mfonn
progress.

BEST AVAILABLE DOCUMENT
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Trobtem!Dehciency

Propasal/itecammendation

PPresceat Status

Action by

Providing thermo wabls

for temperature

indhicators/eauges and

thenmacouples s alsa nn

;‘_lnul

MIS CMEC agreed o provide better
quatity theanocouples wath wells
where ever necessary \WAPDA
insliument [E”:‘.IIHACI\ a0 ll't'llll\'(' 1o
iow alt actual locations where such

thernmuowells are requised

CMEC have changed the si2nd and
now they do not agree (o provide
thermocouples/temperalure g2uges with
wells on low pressure steamdwate /ol
pipe lines However the Commitiee
still feels that such wells must be
provided as al 1s international practice
and similar arrangements exsst i other
power plants under upcrabion in
WAPDA System The commtiee
cimphasized that e s not entizely for
hiability but the above modilicanon
also necessary lor the safens of the
operating stall on duty  Oa pursuant
of the committee CMEC desired that
WAPDA should inforn the Iacahions
where thennocoupledgauge welly are
|\CCC3§3ry on I(I\\' |\.'“|"L’l.l!'..'f(.' steame
water/ol pipe lines CL (OX M) mas
therefore please be advised to provide
such informaton to CMEC witlin aac
week so that necessary achon regarding
provision of thermacouple s3uge wel's
may be taken by CMEC on Unitd
belore the end of Tst mspection

CLE (O&M)
Jamshoro
should provide
the requisile
information 1
CMEC so that
they amy
attend the job
CMEC must
ensure
complchian af
this job
specially on
Umit-4 dunmy
s first

nspechion

=

Froblem m digini
lemperature seanneis fur
seneratur, F D fan and

feed pumps

88 CAMEC ugreed o ask thar

specialints to check and rechfy the

fault. However the cominitice
reconnnends that these scanners are not
rehiable and should be replaced wath
betier qualdy  Smular type of scanner
mstalled on Gudda Unit-d Gre also not
rehible and most of the pomts are out

wl order

CMEC have informed that they have
already carried out necesszy

adjustinent and repar of digial
scanners during 1st mspection of unit:
4. However the commitize sull
recommends that WAPDA should
arrange replacement ol these scanneds
with the better quality lica s owa
resources. CE (O&M) Jzushoro mis
therefore please be advised 1o study
this modificaton m sssoc i with
CMEC and funmsh speceivauons and
ather techmeal detnls s srsangement
of procurcment  The problem s in
clectronic components sech as [ Cos
and transistors  CMEC were howeve:
requested o provude necasary
auidance o WAPDA Eagineers and
also furnish a fist ol wnperant spares
Gl the replacement of better quality

scanners is made by WAFDA.

CE (O&M)
Jaanshoro st
provide tech

specifications

ol the required |
seanners by :
end of Out ;

1992

CaConaes

<ofve the

1! Problem 1 thie level CMEC will give their comments/ CMEC are sull studving tins prable:

They will require me e for

mdicators for Do | reconmmendations by 1St June, 1992

water tank, service walet |\r0\'idj|);: reliabie soluten ot this ||rn'.\|cm SR}

end of Scpt
{ 1992

prublem
required

tanks. Modifications are \
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CMEC informed that they have
replaced damaged thennocouples with
the sundar lype af new thermocouples

However the commitice

thenmocouples witl not Tast long and
will start gving trouble agam withn
onc year of the operation of the plant
The Cominitiee therefore dd notagree
with the replacement of simula
thennocouples and recammend that

CMEC Beymg may kandly be

thennocouples as change o better
quakity thennacoupbes s hevond the
CE
(O&M) may therelore be advised 1o
take necessary action nnmediately

Action hy

CE (O&M)
assocnahion
with CMLEC
should collear
tech
specifications
of all
thermocouples
by end of Ou
1992 so that
arrangemeant of
Letier qualiy
thermocouplos
cauld be

made

CE (O&M) may kindly be advised o
coordinate work with CMEC and

expedite mstatlation of the g

Conunttee first an Uit and then on

CL: (O&M)
Jamsharo o
please ensi
that the
proposcd
temp reconded
Lie instalied b
CMEC
specially oa
Unit 4 belor
end of 1
mnspechion

The modification work i progress
and will be completed betore the end
However
the wark of smilar modiiivations va
and 3 will be carned out by
CMEC m assocition wat WAPD A
stafl as and when shut down o these
CE (OXM) may

please be advised 1o covrdinate ths

Job s abmosd
completed b
CMEC

readmgs of boder drum
level imdweatnd/ specially

an umt-?

there s o sich prblem However o
Unit-2, ANS CMEC expens are
actively floukmg mto the problem and
they sl submt o report o WAPDA
vegarding the problem and their

remedil measures,

Problem/Deficiency IProposallRecammendation Present Status
(I Mot of lempeeature MIS CMEC agreed thal these paints
montanne poads of HPY arc very snportant bot at peesental
& P el tomgperature could ot be attended on Umt 7 & 3 s
A ot ol ardar A requires Tiftng of canng Howeser on Unit-4
un Ut 4 M/S CMEC are considenng thanks that these replaced
this problan senowsly and will (ind out
the reasons for s occurrence  The
commttee recommends that quabty of
the thennucouples be unproved  In the
cxa\lm;: termocouples the wires inside
protective steel tubing breaks  The
replaccment of thermucouples with
inproved type must be conaigered requested Lo arrange for the
AMIS CMEC sied that the problem s replacement of better quahity
already under study by them and reply
ooty e svenaf reasons for ther
Vol o dotermnecd by therr speciadist prnvers of CAMEC Site ot
doring i anpocten ol Uni-4
13 Additiceal temperature CMEC agreed but there are no spafe
recorders fur recordmyg pointy o the exashing recordery
tenyrerature before and Thereinre conntiee recommmended o
afier noa-retum check bl additiond recnrders by recorders as proposcd by e
valves on HEP exhaust WAPDA
pape hite and for curt Uit whenever i possible
oo feinperature
ta Mot ot the sipulse mes | MIS CMEC were shown such hnes on
are vt properly loped Lan-d They have agreed 10 study the
for compensation of problear mdetad and rectily necessary of st inspection ol Unu-<
[SNTXAETTIING detedin
[RREFH BRSIN Uai-2
units 1s available
W
tS Diflerence mothe MIS CNEC wid that on Umit-3 & 4

CMEC have mfonmad du the
condition have mproved considerably
and they hope that t will anprove

further with the passage oi e

Job s

attended

R

BEST AVAILABLE DOCUMENT
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16

roblem/Deficiency

No properadentfizabion
on control wire tenmmnals
and difference an
deawaing tennimal
nuinbers and achunal
exiting tecnmsl

nunbers

Proposal/Reconmendation

Present Status

MIS CMEC requested that WAPDA
should pont out the drawmg wluch
wich diserepancy exnds  However they
are already carrymy ol sdentification
CMEC were

requested to contact the design institute

markings on Unit-4

i Clhena o provide the st of as balt
inodified drawings supplied to
WAPDA

a) The work onomit 4 an Progiess

b) Regarding as nlt deawangs CMLC

iformed that they could not contact
the agency responsihic far supply of =,
budt dravanzs i Begpog: Cluna They
arc acain advised 1o lake inmediate
action sn this regard  PES has also
been advised to expedite CMEC in tns

regard

Yo verryer o sl
Pagmg systomn
communicating svstem s

1o he made aperative

M/S CMEC agreed Lo carry out repar
of mam cquipments of pagiag!

communcation system

The wark i proyross

Action by

CMEC must
complete e
job by e of
Ot 1992

CMEC inust
complete ths
job by end of
Oct 1992

Level indicator of €W
| prenps atahe pa v e

wWricr oo cis s ponds

MIS CMEC wall study and guve the

wolutson by 13 of June, 1992

s bl under
CNMEC will subant tharr

The prablem
mvestigalim

repont by the cnd ot huiv 1997

CMEC inust

sobve tne

probtem b
end of O

Temperaure'vibiration
indicators/protecian far

coohing tower Tos

M/S CMEC will study and give proper
reply by 15th of June, 1992

.

' 1992 '

- S S : J'

C W puinps mator MIS CMEC will study and given Same as alwwe ~do {

bheanneiemding praper reply by 151 of June 1992 !

tenperaiure i diog I I
prablein

Same oy above du
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Thermal Power Station, Jamsharo
Meclunica! Proldems on Unit-2, Y and 4

S No

Prabilem/deheiency

[roposal/feconumendations

Rapad change i upper
and lower caning,
wmperatore on LP
turbune 1s observed on

cvery shut down

M/S CMEC agrcad tint the Lot oxits
but reason of the ragpd incrcasen
temperature differential of LP casing s
not confinned  They however agreed
to study the problem at thew design
Meanwlule M/S CMEC will

carry out thorough checking of the

mnshitute
wsulation of Unit-a i required
unprovement will be made and

hehavior wibl he ahverved

I'resent Status

Action hy

In tlus regard a letter Na Cson219!
GM dated 6 92 from CMEC head

office has heen recewed i which it

of temperature between MM and P

totune 1 duoe o operatinmi fauh

The cosmimitiee do nat agree gy this
|'l\|l||\5||| l‘l".l\l\(\ folIl AW A l‘l.'gln“lﬂ;f
and canld not be continlled cven by
Chinese speciabists themsedves
Marcover somibar problan s beng
cypenenced o Limt-4 eSS Gudde

wlneh s also g Chinese x

CMEC site office therelore wivnined
that they require more e tor further

study of the problem

They however conlinmad to they
have cheeked the msulanoz of the
turbine casing location vl
thennacouples and found thiem OK
The difference of lemperaiure between
upper and lower flange oi HP and p
wirbine is not duc to cither wnproper
insulation or defective ther aacouples

To mvestigate further CMEC mlormed
that the Turbine Speciatists form the
manufacturer will be visr oy Janshioro

site to study this problom

The commnttee theiclone suygosted du
Ol finad solution of the peoblem s
achicved, CE (O&M) Jimshoro may
be advised to take special
|\rcc:\uiiun;|r)’ measures Ganmg saneg
and stapping of the vt e svoud any

problem

mfonned that the problem of diffesence

CMEC must
solve this
problem and
they muslt
submit a

detnled repan

un Uis
problem and

iy solution an

the light of the
finding of thewr ¢
factory

‘~ilcuu|:\|\

BEST AVAILABLE DOCUMENT
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Problem/deficiency

I'roposal/Recommendations

I'resent Status

Action by

Dian pipes of inan
steam pupings leading o
HP turbine have

{requently hosted

M!S CMEC apreed that such bursting
ol deam pipes shoold not occur - They
agreed with the vicw of committee and

cosured follow i actnins

! Swtalnhity of pupe matenal
will be mvestigated

" Proper clampings will be
provided

" Sufficicn capansion

ACEAHECINCHL O COmpensaie
tor expansion duc
clongation will be provided

I Sulficient provision walf be

imade i the nsulbation o e

yoonn Jor the expumsion of

dron hine trecly

The Metallurgical test repants of
various pipes arranged by WAPDA
forn outside agenctes was provided to
CMEC for checkmg/companson
CMEC infonned that pipe matenal s
OK  Proper clamps of the pipes have
also been checked and necessary
action/repair work was carned out
where ever required on Umit-4. .
However for Unit 2 and 3 sunilar work
can be carried out by WAPDA under
the supervision of CMEC during
annual inspectionfoverhauhng of this
umt  CE (O&M) mmay hindly be
advised to take action accordingly

CE (O&M)
Jamshoro n
assocration

with CMEC

nust solbve the

problem by
end of Sept
1992

Proper arrangement of
Mamn steamn drans o

atmosphere

MIS CMEC will chodh the exsting
systemn and wall contadt the design
depariment for satable adviee They
will subimt ther schome by FSth Fune,

1992

The commnittee proposed that the dran
of Unit-2 should also be diverted 1o
outside turbine hall towards
transformer as 1s done on Unit No 3
CMEC will require more tune
They will

and 2
o stdy this problem
subut their report before end of July
1992

CMEC
subimt tos

repon by cid
of Aug 1997

Beanng coolumiy witer
alternate arrangenent {or
River [ntake water

pumps

An ahliernate arrmngeient s neoessary
1o continuce vperation uf the puipps eve
n case cooling/seihng water line s
damaged  M/S CMEC showed thew
alilty 1w help WAPDA i provadmg:
sehieme for an altcrmate aremgaiment
However the commitiee proguses that
o soraze ko safhicient capacty of
water alongwath a tube well be
provided toosopply conlimgisealing
ALl sonEee 1 l‘llll.'rt_’L‘II( volor th
design teatures, FES shoaba surann
proper scheme kitest by 15t Juae,

1992

C E Projects may kindly be advised to
request PES for providing proper
schene for allernate arrangement for
Bearing Coolng water for nver intake

swaler prunps

CE Project
may expedite
PES to furnnh
therr proposal
and Tech
detatls by cnd
of Aug 1997

Lube oif contantinition

probleny and inuisture

entrance problem.

The Commilied 1o omenus e
provare rew ol conteztuge e Gris 2,

Al &

C E. (O&M) may kindly be advised 1o
procure ail centrifuge one cach for

Unit 2, 3 and 4 on priony basis.

36
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CE (O&NM)
Jamshoro
ensure
stallauon ot
centrifuge on
Unit 2 and 3
by cnd of
Aug
aon Umit 4 by
end of Nov
1992
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CMEC inforned that scal ot ronler
was dismantled and checks were
carnied oul by them, but they could not
[ind any problem whiclyinay causc
(requent leakage of the conlers They
are now carrying out further tests and

will submit their cepart by end of July

Action by

CMEC muwt
submit thyy
report by end

of Augusl
1992

CMEC specialists are at e and are

CMEC mux
confinm that
the job s
attended by
them
satisfactonly

The wnodification/reparr werk has been
dune on emergency beanms conler
They

will be taken m service b dic tune of

water puimnps installed on Lt

CMEC inust
cosure Lakim
i senace L
anergency
Learng
cooling walcs
pump by end
of Qct 1992

For the solution of probles: ol
accumulation of huge quantiy of sand
iy the waler pretreatment ared, the
committee recommends tha CMEC
praposal given by them vide therr letter
No CSO/1303/GM dated 15.6.92 may

CE (O&M)
Jamshora to
take necessarn

action

The case of issue v varuion order o
M/S CMEC for mterconncchion vl
mtake water pipe lines mzy Kindly be
expedited case is m the olice of G
CE Projects Jamshoro inav

Kindly be advised o follow up

Approval of
the vanaton
order hay been
granted by
GM (D&D)
Thermal
Please ensue
campletion oi
work by cnd
of Octobel
1992

CE (0&M) may Lindly be advised o
attend this job departmesally

CE (0&M)
Jamshora mus:
cnsure
completion al
the job by end
of Dec. 1992

S.No. Problem/deficiency I'roposaliRecommendations Present Status
6 Leakage problem in scal The two seal ol cavfers removed form
ol cooler Unit-2 are under teshing by M/S
CMEC Fual report swadl be subimaitied
by them by 1St June, 1992
1 Speed conteol problem uf | MIS CMEC wre winhing for ther
emergency diesel apecadidtto attend the faok The attendmg the job
senerator set of Umi-2 specnihist bs eapected tareach the site
hy 20 June, 1992
8§ Bearing coohing water M!S CMEC stned that beanng cooling
pmps have ot been water puinigs will ity be
taken in service s comisseied v Unit- 2 nnd e e
COMIRISSIONI todloseed cat other anis Lster on
restarting of Una-a
9 Prablem of scewnulation | Removal vn sand and st dispsal from
of huge quantty of sand the coagulatars require detailed in
an the coagulator depth sudy. AL presentt is beng
Arrangement for their removed thiaugl manual abour which
disposal is costly and tine consimming - M/S
CMEC have been requested to furnish
their contmments and reconunendations Lie accepted
10 Frequent leakazes i thie The vommintiee weasstinends that these
ke W wiker prpes lmes be mtereannected before
recciving ponds - M/S CMEC have
already subminted thair proposal whieh
should be followed up - Moreover (D&D)Y
suflicent spare M S pape preces with
sodds B hoy et b opaange ot
the les
i Flexibility w the supply The commutiee revommends tiat Unit-
of clanfied waicr 1.2, 3 amd 4 he conneeted o ensure
additwial rehatvlnty . The wark can be
carned ont departmentally
12 Inerconnectnn f Deun The comuontice reconnmends that all the | Sane as above

water tanks

Denn water Lanks be miterconneeted.
The work can be carned vut

departmentally

- do -
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S.No I*roblem/denciency

1 Intercon cohion of
caustic soda and
Hydiochohe starage
tanks

14 [nterconnechion ol
wint 2 oand 4

1S fnterconnection o

imstrument air supply of

Proposal/Recomnendations

['resent Status

Acton by

They may be mtercannected

depanumentally

Same as above

do

MIS CMEC agreed that for baster

rehiabihity the instrinnent an supply of
umit 2.3 and 4 may be mterconnected
AMIS CMEC have agreed ta sulnmt the

ceheme with cost estinte

M!S CMEC iformed thon they have
requested ticir design ansistute 1 China
for Techmcal detaibs which are stifl
awaited A remandor s bang sent
acanst  The comonnter fecomimuends
istead of ntcrcont o oi the
exasting, mstownent e \u;-,\l)' statinn Lo
Unit 2. 3 and 4 an adependent source
of S\lpp|y ol mstruinent 2 b |\luvuh‘d
for cach umt so that it can be

connected 1 cmersency CE(O&MM)

may kindly be advsed e SNRINRIITH
problem i assecnten CMEC
PES and take apprpiore ik

unediately

CMEC must
subimat thear
repont by end
()f.‘m;‘_ 1992
CE(O&M)
dould waork
aul the detads
of the 2nd
allcmative
Msodhion
with PES und
N Coand
Lo il
I‘,'\l (;l‘\‘
THEWQOY Sor

appieval by

INTEISN

cnd o1 Sept
16

Hyd:ogen gas tanks o!
Ut 2,3 aand 4

AM/S CMEC did not agree lor
aterconnection of Hydrogen tinks of
Umit-2, 3 and 4 because it may alfect
e safety of the other units if problem
of purity or leakage occurred i1 any of
the units.  However they agreed that in
case of emergency requirement, they

can be temporarily intercannected

Samce as above
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Thermal Power Station, Jamshoro

Electrical Problems on Unit-2, 3 and 4

Croblem/Deficiency

Propasal/Recommendations

Altcrnate Power supply

for Raver Intake Pumpe

In the apimmon ol the commmitiee mstead
of making sepurate 6 6 KV overhiead
lines as an alternate power supply
souree W nver mtake pumps, the
exnstiiy 11 KV wupply beng preseatly
wsed for street fthitng can be utilized
by wstalhing 11 KV/O 4 KV
teansformers ot nver antihe puamp
house  Howes o ensae salety ol
tie hine apamst oods and wates
logming i the area alternate structures
of the hine bhe remtorced wath pygmng
Ihere are tou miske pumps for cach

Each panmpr e ol abouat 100 KW

Narmally ane or bea puosiips

unit
vapacity

are am senvive

N

I'resent Status

Aclion by

Chacl Engmneer (O&M) Jamshoro may
tindly be advised to study the proposal

and take action accordingly

CLE (O&M)

must submat
the details to
the o/o GM

THE(O) for
approval by

end of Sept

1992

400 V Lreakers have
(reguens guobloms vath
the result that adl spure
Lreakers have heen
utthzed duning the

suanioee peread

MIS CMEC sugeested that they would
study ihe problam e detnl alongwath

WAPDA Clectneal Engmeces and wall
bt their report by 15th June 1992

I the oprnon ol the commitee some
madificationes can be made woavad
overheatingfueshng ol plastic covers
Moreover il cient spare breakers be
MIS CMEC have also

agreed o supply the spare breakers

kept in stox

which they have vtlized during
guaraniee periad as replacament

plice of danvged ones

M/S CMEC mfonned tha the
replicement of wsed bresterns vall e
arcanged by then shonly - However
the problem of bunmnglos crhieating ol
plasuc covers of the breaker coils
required further inveshgation by
CMEC  CMEC will subuut thewr

repon by the end of July 1992,

CMEC inust
bt therr
repart by cod
of August,
1992

N proper tnescinig ol
contiol wire tenmntals
There s adso dilicience
n drawing tenminal
numbers and actoally
exishing termmal

number

AMS CNMEC e wiready Gnnyang o
proper manbermg on & 4 Sunidar
nonhcrmy will bo dane by them on
Unn-2 and 3 as and when these units
M/S CMEC requested
that WaPDA Elecineal Engniecr may

are shutdoswn

pomtout the deawings whitdds such

discrepancies cxist

1w . .
NN LI FN Lot |'|~"_v~.“

The joh musd
e completed
e end of O
1992

Nane plate of cquipment
relays ete 15 Clinese

Lancuage only

MIS CMEC informed that the work
has atready been started and s w
progress The connmitiee
recommnended s WAPDA Electncal
stafl shoo!d rentn svsoveded with

MIS CMEC pernons

MIS CRIEC inTormed that they lave
assiened special sl for providing
name plates of equpnents, relays, et
w English The work s m progress

and with be completed shonly.

The job must
Le completed
by end of

October 1992

BEST AVAILABLE DOCUMENT

/

el



http:alrac.ky

I'robtemiDehcency

IProposal/ Recommendations

Sparking in shipang:

carbon brakes

MIS CMEC infonned that it was
mamly duc to unproper adpustiment of
catbon brushes spang tenvon - They
have also adjusted broshos progs iy
and e that the sparkang has
decreased conwderably  They
istructed that the frequeney of
changing carbon hrushes be creased
Maorcover MIS CMEC agreed o carry
ol lll(“(]lrlk'(lllﬂi\\ tor the ;u:n\:n:llm
shprings cooling aw Bltration systemn
WAPDA will provade the matenal and
MIS CMEC will prepare madification
seheme and help WAPDA i

mstallhon

{*resent Status

)

Action by

After detnl study of the problem,
CMEC informed that the modification
proposed carlicr by the cominitee for
providing, addivonal Liltration
arrangements for conhog i cannot be
provided as there s no space available
for the same  Salutmn of the problein
i beyond their competency, as sg_léh it
imay be referied o CMEC desigo
wshitute Bopog Clun for some

(1 {O&M) inay
please be advised to Lk up the mmatter
with CMEC Deven Instoue

accordingly

subalile arrangzamnent

EE
was personally
advised by
GM TH(O) an
2779210
shightly modily

Jamshoro

the existing
fitting
arraagement.
CE (O&M)
Jamshoro must
ensure that the
jJob iy
completed
accordingly by
cnd of Oct
1992 an Unas
2.3 and 2

Problem ol scaling an
the pesttive plate of the
station D.C. battery cells

w Usee 20 3 amdd 4

M/S CMEC intormed that thew c.\,:cn\
o the battery manulacturer warks
visited the site He dehvered twa
lestures on the prablem ud
maitenanee ol battenes and Lo
already subitted o ketier o WAPDA

on s assuce

Needtui done

0 6 KV breakers hive
Mechanical problem
such as rackin znd
rackout prablam and

Lot swieh probicis

There is no such problem but ooty Tk
uf Techmieal know how an the part of
WAPDA staff  However MIS CMEC
agreed to impant more practical
traming and demonstration to WAPDA
Operation and Mamtenance statl

Nevessary tranng was peovided and

now these 18 0o probilem

5

Frequent damages o

cooling tower mntars af

[STIERE INER A

Praper adjustiment of blade angles bas
been varried out by CMEC ind i

then thore e such probleom

The condition has anpsesed
cansiderably and the opezaian of
Coaling tower seter s s wsfactory
The repair of coulmg tower fan blade
s i proyress in CREC

assochon with WA & all,

a9

Na proper tags on
conttred and poewes

cables

The work s i progress i Unit-4
The same on Units-2 and 3 wall be
carried out accordingty to availabihiy

ol shut down

Needlut done

40
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ProbleadDeficiency

Sealmge of Flooncal

Pamch

I'roposal/Recauuendations

The Committee recammended to seal
all the Electrical pancls praperly o
protect entry ol anpmalslinsecets ele
MIS CMEC avreed o carryoul
checkmg and sealmg of all clectncal
pancts 1opethor with WAPDA stall

P'roesent Status

Action by

Scaling of Elccincal Pancls v

progress

CLE (O&M)
Jamshoro must
pay special
attention to
this job in
association
with CMEC

It must be
completed by
¢end of Oct 92
on all the

unats

Proteciwvm of 03 KV
pancls at 10 wmeter floor
froum watee stenn

[N EN

Conmmttee recnnmnended that adequate
permanent anangements e inade on
the panchs 10 proteet them Tfrom
SO e stean e ater i case ol
Teakage . s as nvond any sl
circuting  WAPDA will carryout the
work. For techmcal gudance CMEC
will help WaPDA

No progress has s far

s regard

boen nada an

CMEC were agam

requested 10 arrange scahing of all

st ety i dlecia ) s o Al

the Voents Trooy dust

wotet ad seain

CE (O& M) may please b advised e

follow upy the provioss

41
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Thermal Power Station, Jamshoro
General Problems an Unit-2, 3 aand 4

4 No Peobtem/Deliciency I'ruposal/Reconnmendations Present Status Action hy
! Shortage o spae paris AMIS CMEC azrced 1o prepare hst ol CMEC mformed that the work s an CMEC must
apar pants wlich are required by progress and complete bt af spare furmish the
WAPDA and subina quotations 1t the paits for Umts 2.3 and & will be complete list
carliest, however the conunittec subimitted to WAPDA very shonly by end of
anphasized MIS CMEC 1o give . Sept 1992
|\nnr|ly. un the wrgemly requiced
NEIEN
' Doy and gates opemny | The commtiee proposes it opeming CE (O&M) may kindly be advised Lo CE{O&M)
of machine hatl ol machme hall and other areas should take up the matter depanmentally Jamshora muost
COMPrEnor (o cle o e provided with the additonal wire This 15 very unponant as presently the cnsure
he sealed for protecang canze daoes W peevent the entrance of condition s quite hazardeas coinpletion ot
T TR T IR T IS RITTCNIFFTR IR N s goly vy o
ul Nov 199!
f o by The conmmittee proposes that Chefs CE (O&M) may kidly b rdvived o CEF (Project)
arcangement o b Eugieer (0O&M) should make fire ke action accordingly Musl ensure
provided o newly fightmg arrangement for newly campletion ol
contstrociod ware i conntravied ware hioose the job by cad
ot Ot 199!
3 Allcrzic arranyament The conninitee recommends that m Wark s i hand wah C £ Progects CE Project
for retnsndwaske water 2t | order tavand this frequent Jamshoro. He may kmdhy be advined nust eapedite
pro et arc werruption s propased that & to eapedite completon vi the job progress of
sepaciie retunn water pit alongwith wark
punp arrangement be constructed al
pretreatment are so that the return of
water o river Indus may be
Conhinusus
5 Frequeat cleammg of ol The conumittee recommends that the Action from C E (O&M s requested CE (O&M)
decaniny hred srea should be kept elean from ail and Jamshoro musi
alier 1re fazard material such as ol ensure regulas
sovked eotton rags, rubber hoses cte cleaming the
condiin
curemels
hazardous
€ Arrangemon ol Comsadering the expenience and The case of procurcmen: sl Case s wuth
sunulator and specizd techimcat capabadity al the existng mstallation of sunulator .t Jmnshors CE (MRMS).
cnphasis o aperatvn sl posted at Jamsharo, the may kindly be eapedited needlul s
nnproveamncnt of trammg connnitee reconmumends thal beny donw
[acthires arrangement tor installation of a
simubior at Lunshoro should be inade
e top poonty bass This could nat
only Leip o g ol the apentiog
stedl o TPS . NMuzatlargarh where
sl ]‘I'\\'L'I' :_’\.'llL'l.lllIl;_' wumits are
Loy mstalicd
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Replacancnt of flange
caskets and glands of
pumps and valves
Gonding and cheakang of
all regulating and control

vitlves

e e e - . - - - - JORIIY

Umt Moo 4 s onder Inspechionan ordes C B (O&M) Jamshoromay Lindly Le
1o snprove s rchodeb oy s proposcd advised to ensure attendanse of these
Uit CMEC i assocanion with job

WAPDA staf inest ensurc replacing
flange gk vabve and poamp phinds
matalled on all dewn wates and ol

[STENFIIAN

CE (O&M)

Janshoro

cnsurc that

these jobs
must be

attended on
Unit-4 duney;

s 1st
inspection

must

BEST AVAILABLE BOCUMENT
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JAMSHORO POWIEER STATION

UNITS 1, 2, 3 & 4

SECTION 1.0 - SUMMARY

This report decuments our ¢quipment condition assessment revicw of the Jamshoro Power
Station  The purpose of this review is to provide an overall condition assessment of the
major systems, components and structurcs necessary for the safe and rehiable gencration
! electricity. Also idenufied are repairs or replacements of major components normally
designed to last 20 plus years but due to the current condition or opcraton arc anucipated
to fail within the next 20 years

Seenon 2 0 "Introducuon” outhnes the purpose: and scope of work presentedin the report
together with background information on the generating station. The sources of data used
in our analysis are also identificd. Section 3.0 "Overall Assessment and General Concerns”
prowdes performance data and lists concerns in the areas of opcranon, maintenance,
quahty of installation and housekeeping that should be addressed 10 provde sale and
reliable operation of the umits. Following this section, details of our assessment for the
power plant major system and components are provided. Separalc scctions are provided
for the Unit 1 Boiler, Turbine-Generator and Balance of Plant Systems and Components.
A similar breakdown is provided for Units 2, 3 & 4, (treated as onc) since the units arc
duplicates. An additional scction for the Common Facilities, is also provided.

1.1 Overall Assessment

The systems and components reviewed at the four units of the Jamshoro Power Station
should be suitable for continued operation for the next 20 years. Projected repairs and
replacement of major components and sub-components of equipment that can reasonably
be expected to provide relatively trouble free service, by American standards, for 20 plus
years service are provided in Section 1.2, The assessments are based upon the newness
of the units, the effects of the operation to date (September, 1991), projected operaling,
regimen, adherence to manufacturer’s recommended operating and maintenance procedures
and resolution of current deficiencies. The assessment assume all equipment currently in
place was designed, manufactured and installed in accordance with applicable code and
standards and are of power house quality. Verification that the above criteria have been
met was not part of the scope of this equipment condition assessment report.

In general, Unit 1 facility appears to be of superior quality and exhibits better overall
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JAMSHORO POWIER STATION
UNITS 1, 2,3 & 4

EQUIPMENT CONDITION ASSESSMENT REPORI

workmanship with {ewer current problems than Unit 2, 3 & 4 Ut 1 s expected 1o
operate with fewer difficulties and less maintenance than anucipated for Units 2, 3 &
4 T'he current deficiencies, especially in the instrumentation and control systems, will cause
more frequent umt inps and require higher maintenance levels that Umit |

1.2 Projected Repairs and Replacements

The (ollowinu repairs and replacements of major components are annapated

Note:

Replacement of the cold end baskets due to corrosion o the two Unit 1 an
heaters at 10 years intervals. Estimated cost is $275,000 per replacement.

Replacement of the cold end baskets duc 10 corrosion of the two Units 2,
3, & 4 air heaters at S year intervals. Estumated cost 1S $275,000 per
replacement per unit.

Major repairs, due to corrosion, of the Uit 1 outlet flue between the yea.s
2001-2011. Estimated cost of the repair is $250,000.

Major repairs, due to corrosion, ol the Units 2, 53 & 4 outlet flues benwveen
the years 1996-2011. Estimated cost of the repair is $250,000 per unit.

Replacement of the DC batteries for Units 2, 3 & ¢ wildfin 5 years.
Estimated cost for new batteries is $100,000 per unit not including
mstallation.

All costs are given in current (1991) US dollars and are based on costs for
similar repairs or replacements at plants operating in the United States of
America.

In addition to the above aaticipated repair and replacements, there are a number of
outstanding deficiencies and arcas requiring further study identified in the report. Most
of these problems are currently being addressed by plant personnel or are items covered
under the warrantics for Units 3 and 4. It is anticipated these items wall be corrected prior
to privatization. :

BEST AVAILABLE DOCUMENT

b



JAMSHORO POWER STATION
UNITS 1, 2, 3 & 4

EQUIPMENT CONDITION ASSESSMENT REPOIT
SECTION 2.4 - INTRODUCTION

2.1 Purpose

The purpose of this cquipment condition assessment report for Jamshoro Unus 1, 2.3 &
415 10 provide the following:

A gencral overview of the power plant systems and cquipment

[dentification of anticipated future repairs and replacements of major
components based on the current condition of the equipment; review of the
current plant operating and maintenance records and pracaces and projected
operating duty. |

Estimated costs for repairs or replacements identified above.

Identification of general concerns noted during the review process.

2.2 Scope

The cquipment condition assessment applies 1o the bulk of the power plant sysicms and
components necessary for safe and reliable operation of the units. The current condition
of the equipment is based on the information provided by our review of pRant records.
interviews with plant operating and maintenance personnel and obscrvations made during
the site visit.

[t is assumed all cquipment currently in place was designed, manulactured and installed
in accordance with applicable codes and standards and arc of power house quality.
Verification that the above criteria have been met were not part of the scope of this
repott.

The projections for fir.ure repairs or replacerments is limited to major components and sub-
components of equisinent that can reasonably be expected to provide relatively trouble
frec service, by Ameiican standards, for 20 plus years service. Components and
component parts subject to normal wearing mechanisms are usually handled as part of

BEST AVAILABLE DOCUMENT
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JAMSHORO POWER STATION
UNIIS L, 2,3 & 4

EQUIPMENT CONDITION ASSESSMENT REFMORT
SECTION 2.0 - INTRODUCTION

2.1 lurpose

The purpose ol this equipment condition assessment report for Jamshoro Units 1, 2.3 &
415 1o provide the following:

A general overview of the power plant systiems and cquipment.

[dentification of anticipated future repairs and replacements of major
components based on the current condition of the equipment, review of the
current plant operating and maintenance records and praciices and projecied
operating duty.

Estimated costs {or repairs or replacements idennlied above.
[dentification of general concerns noted during the review process.
2.2 Scope

The cquipment condition assessment applies to the bulk of the power plant systems and
components necessary for safe and reliable operation of the units. The current condition
of the equipment is based on the information provided by our review of phant records.
mterviews with plant operating and maintenance personncl and obscrvations made during
the site visit.

[t is assumed all cquipment currently in place was designed, manufactured and instalied
in accordance with applicable codes and standards and arc of power housc quality.
Verification that the above criteria have been met were not part of the scope of this
report.

The projections for future repairs or replacements is limited 10 major components and sub-
components of cquipment that can rcasonably be expected o provide relatively trouble
{rec scrvice, by American standards, for 20 plus years scrvice. Components and
component parts subject 1o normal wearing mechanisins are usuaily handled as part of

REST AVAILABLE DOCUMENT
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JAMSHORO POWIER STATION
UNITS 1, 2, 3 & d

EQUIPMENT CONDITION ASSESSMENT REPORT

maintenance and are excluded. [Future operation of the units, according 10 the Water and
Power Development Authority (WAPDA) personnel, will be base loading for the next 20
years with a minimum capacity factor of 60% and approximately 10 siarts per year. The
projected repairs and replacements are based on this operating regunen and assumes the
manufacturer’s operating and maintenance proceduics are followed and the systems and
cquipment are kept in good operational condition [1 1s anticipated the current probiems
identilicd will be resolved in the near future.

2.3 Plant Background

The site is located at the Jamshoro area on the bank of the Indus River The nearest city
15 Hyderabad City which is approximately 18 km from the sitc Currently there are four
units installed and in operation at the Jamshoro Power Station. Unit 1 was designed and
built by Tokyo Electric Power Service Co., Lid.. Units 2, 3, 4 werc designed and built by
North East Electric Power Design Institute  Ministry of Water Resources and [lectric
Power Changchun - Peoples Republic of China (CMEC). Al the units arc built on the
solid hmestone formation at the plant site.

The units were commissioned as follows:

Unit No. 1 January 27, 1990
Unit No. 2 December 3, 1989
Unit No. 3 June 27, 1990
Unit No. 4 January 21, 1991

Units 1 and 2 have been turned over to WAPDA and are currently being operated and
maintaine¢ by WAPDA personnel; Units 3 and 4 are under warranty and are currently
being operated and maintained by CMEC and WAPDA personncl.

BEST AVAILABLE DOCUMENT
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JAMSHORO POWER STATION
UNITS 1, 2,3 & 4

EQUIPMENT CONDITION ASSESSMENT REPORT

2.4 Data Sources

The data required to perform the current condition assessment was obtained by a tcam
of five Ebasco engineers during a ten (10) day visit 10 the Jamshoro Stauon in September
1991  The following sources of information were utilized

0 Plant records including contract conformance documenis, manufacturer’s
operating instructions and maintcnance manuals, desien drawings, first
inspection  reports for Units 1 & 2, unit trip reports, daily operating log
sheets, and maintenance records. [t is noted the maintenance records were
minimal as the units are new and maintenance for Units > & 4, and unul
recently, Units | & 2 were responsibility of the supplier

0 Visual inspection of the power facility. As the units were in operauon,
iiernal inspection of components was not feasible. 1ts noted that visual
external inspection of mechanical, electrical and instrumentation and control
cquipment provide limited data to perform condition assessment. In the case
of the civil structures, a visual inspection is essential in assessing the current

condition.

sesT AVAILABLE DOCUMENT
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JAMSITORO POWER STATION

UNITS 1, 2,3 & 4

SECTION 30 - OVERALL ASSESSMENT AND GENERAL CONCERNS

3.1 Unit Performaance - Capacity

Based upon review of selected Umit Daily Log Sheets and review of Summary Data from
Commussioming to August 31, 1991, the units are capable of the following output:

Conunuous Demonstrated
Operation Maximum
Unit # 1 250 MW 202 MW
Unit # 2 200 MW 210 MW
Unit # 3 200 MW 210 MWV
Unit # 4 200 MW 210 MW
3.2 Unit Performance - [Heat Rates
Unit # Heat Rate (K. Cal/KWI)
Design Average
] 2284 2441
2 2584 2547
3 2584 2594
4 2584 2725

The average heat rates above are plant operating personncl estimates based on fucl
consumed and power generated from Date of Commissioning to August 31, 1991. Thesce
encompass all operating loads and start-ups and thus are expected to be above the Design
(guarantced) Heat Rate at the best operating point - Economic Continuous Rating.

Performance acceptance tests for Units 1 & 2 have been completed and the units accepted
by WAPDA. As recorded in the Unit 1 Report on Performance Test, the actual
performance met the goarantee. The Unit 2 performance Test Report was unavailable

at the ume of our site visit.
BEST AVAILAGLE DOCUMENT
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JAMSHORQO POWER STATION
UNITS 1, 2,3 & 4

. CONDITION ASSESSMENT

3.3 Unit Performance - ooty
I'he information provie’ ==+ nperating personnel on Summary Data Sheets "As al
51.08 1991 Since Comnussioriing™ indicates the following Unit Availabilines.

Unit | - 85.02% Available

Unie 2 61.06% Available

Unit 5 : w76 Available

Unit 4 38% Available

Unic 1 & 2 availability percentages include the 45 day and 57 day shuidowns respectively
for First Inspections.  In addition, the Unit 2 availability suffered duc 10 a bowed high
pressure turbine rotor keeping the plant off line for 55 days. It 1s noied however, these
avarlability factors should not be considered indicative of future plant availability. The
start-ups of the unitsare recent and low availabilities during the first ycar of operation are
normal unul all equipment has been completely checked out.

3.4 Unit Operation

Per the plant personnel provided Summary Data, the hours of operation, capacity factor,
and total KWH for each unit from commissioning through August 31, 1991 are as {ollows:

Unit Number Hours of Operation Capacity Factor  Total MWH Generatec
! .LR? 63 1,837,126
2 9,329 13 1,555,655
3 1,376 16 1,115,441
4 4,505 78 707,604

Operation of Unit 1 is satisfactory. The unit is capable of and normally operates in the
automatic mode on unit masicr load control. The operating instructions prepared by
Mitsui, the constructor, are comprehensive. In addition, plant personnel indicated an
extensive operator training program was conducted by Mitsui.

REST AVAILABLE DOCUMENT
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JAMSHORO FOWER STATION
UNITS 1,2, 3 & 4

EQI™ “t¢NT CONDITION ASSESSMENT REFOR

All of the above have contributed 1o the relatively pood operaton of Unit 1 and a unu
avanlability of 83% c “hs of | rauon :

Operaton of Units 2, 3 & 4 have been more troublesome than Unie t The units are
incapable of operating in a cc...,-.ctely automated mode at this ume duc o the unrehability
of instrumentaton. The units require a high degree of operator attcnnon 10 adjust the
process variables manually. i addition, cahbration of the mstrumentation has not been
completed resulting in inconsistent measurements relayed back 1o the contol room. [t was
noted that the thermocouples on Unus 2, 3 & 4, unhke Unit 1, are not mstalled in
thermowells.  This necessitates a shutdown of the unit 10 repair or replace a laulty
thermocouple and thus will tend to lower overall umt availability. The Operanng Manuals
provided by CMEC arc not as comprehensive as those furmished for Unit by Mitsu
Addinonally, operator training suffered more from the difficulues n communicating
between plane operating personnel and Chinese engineers. resulting anless stalled
operators

3.5 Maintenance

A long term maintenance program for all four units has not yet been estabhshed. Duc to
the current shortage of power throughout Pakistan, plant mantenance personnel stated
these units will not be shut down for overhaul outages for at least 5 years. Maintenance
activitics for all four units were directed by the suppliers {or the first year ol operation.
Maintenance for Units 1 and 2 was only recenty turned over to WAPDA, while Units 5
and 4 maintenance is currently ocing coordinated by CMEC. Routine mamtenance checks
arc performed daily by WAPDA personnel and repairs made as required.  This
maintenance mode is acceptable based on the newness of the units; however, a long term
maintcnance program should be established.

The Maintenance Manuals provided with Unit 1 are comprehiensive and supply the
necessary information for proper care. The manuals for Units 2, 3 & 4 however, arc
sketchy at best. More complete manuals should be prepared for these units to aid the
maintenance staff in performance of their duties. [n addition, maintenance and trouble
shooting activities will be hindered on Units 2, 3 & 4 due to lack of “as built" drawings.
These "as-built" drawings have been provided for Unit 1.

REST AVAILABLE DOCUMENT
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JAMSHORO POWER STATION
UNITS 1, 2,3 & 4

EQUIIMMENT CONDITION ASSIASMENT REPOIR

3.6 Quality of Installation

The walk-through mspections of major components and systems that comprise the power
generaung equipment for Jamshoro Unit 1 through 4 revealed that there is a major
contrast in the workmanship on Unit 1 (Mitsu) as compared with Umit 2,3 & 4 (CMEC)
Although, certam of these differences may be strictly appearance ielated, such as the
quahity of boiler lagging installaton, there are arcas where the wotkmanship of installaton
will result i ancreased maintenance during the operanng fe of ihe units Several
examples of condinons observed on Unns (2, 3, & 4 that will probably alfect future
operanon and maintenance are cited below:

I Cable trays that have no covers and arc exposed to the emvironment Several arcas
have accumulated considerable debns on and around the cables

2 [ncomplete lagging at cach backstay elevation at the corners of the baoiler. The
blanket insylation 1s exposed 1o the weather, and in several areas the boiler tbes
are visible where the insulation is missing.

3 Much of the Jagging around the burner deck on unit #2 was assembled using pop
rivets.  [n many areas the pop nivets have i d, prabably because of inadequate
expansion provision. In these arcas the lagg.... 1s hanging loose

a The welding on many supports is very poot. The fillet welds have excess crown, arce
nreguiar, and appear 1o have poor penctiation.

5 The local control boxes located throughout the sic.  aave no gaskets on the access
door assembly to prevent moisture and dust from accumulating inside the contiol
boxes.

6. The wiring of various instruments is poorly terminated and exposed to the elements.

7. Control board wiring is not marked with permanent identificanon tags.

Aside from the external appearance, a major concern is these conditions may or may not
reflect the quality of workmanship that was used in the fabrication of equipment and
components not visually accessible dunng the walk-lhrough inspection.

PRt AVAILATLE DOCLNENT
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JAMSHORO POWER STATION
UNITS 1, 2,3 & 4

EQUIFMENT CONDITION ASSESSMENT REPORT

3.7 General Iouscheeping

The General Housckeeping of the stanon was relatvely poor Construction debris was
observed throughout the facility even though all units arc operatonal - The residual ol
unloading area was especially lacking i good housckeeping practice O1l spillage was
commonplace with oil and water muxtures noted in trenches and on erade level  Ths
creates a senous [ire hazard and should be attended o immedately Good housekeeping,
practices promote case of operanon and mamtenance and will be reflected m the unmits
availability and rehabibty

3.8 Detailed Condition Assessments

The general concerns discussed above were based upon the observations made during the
site visit and discussions with plant operating and maintenance personnel These concerns,
as well as the items dentified in the condition assessments for the individual system and
components, may not reflect all curreni deficienaies o problems, but only the more
apparent and scrious ones uncovered during our review. Many ol these deficiencies have
an adverse impact on operation and mamtenance, but may not necessanly result in repans
ot replacements of the major components  However, if false instiumentation readings lead
10 maloperation of the equipment or result in exceeding the design margins of the
equipment, prematuie [ailures may occur 1S recogivzed that the units have pnly recently
started and a nuacer of the outstanding problems are commonly ¢ncovntered during the
start-up phase o: all units. Plant personnel are currently addressing most of the problems
on Units 1 & 2. Since Units 3 and 4 are sull under warranty, it is expected that problems
for these units will be addressed by the supplier.

BEST AVAILABLE DOCUMENT
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JAMSHORO POWER STATION

UNITS 1, 2, 3 & 4

EQUIPMENT CONDITION ASSESSMENT REPORT

I'he Condinon Assessients, hsted below, {ollow this section:
Unit 1 Steam Generator Components & Systems
Uit 1 Turbine-Generator Components & Systems
Uimit 1 Balance of Plant Components & Systems
Units 2, 3 & 4 Steam enerator Components & Systems
Units 2, 3 & 4 Turbine-Generator Components & Systems
Units 2, 3 & 4 Balance of Plant Components & Systems

Units 1, 2, 3 & 4 Common Facilities



JAMSHORO UNLY

STEAM GENERATOR COMPONENTS & SYSTEMS

The umt 1 steam generator 1s a Mitsu-Raley type ISR boiler The unitas equipped for
hiong residual oif only. The steam gencrator components and systems evaluated consist
of the following:

Steam Generatot
Superheater/Reheater - Tubing
Superheater/Reheater - Headers
Superheater/Reheater - Piping
FEranamizer Inlet Header
Economizer Inlet Tubing
Steam Drum
Boiler Enclosure

Boiler Air and Flue Gas Systems
Forced Draft Fans
Steam Coil Air Heaters
Alr Preheaters
Gas Recirculation Fans
Ducts, Dampers & Expansion Joints

Boiler Combustion System
Automatic Burner System

Automatic Boiler Control System, High Pressure/Low Pressure Turbine Bypass
System .

Auxliary Stecam Systems - Boiler Side

House Boiler
Soot Blower System

Boiler Structure

BEST AVAILKLLE LOCUNMLHT
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JAMSHORO UNIT

STEAM GENERATOR

Description

The Unit #1 steam generator s o Mian-Riley type ISR boiler equipped with a three-
stage superheater and sphtreheater The boiler 1s pressure fired wath gas rccirculalion for
reheater steam temperature’ control Maximum rated stcam output 1s 795.633 tons per
hour (1,750,000 1b per hour) at 169 ke/cm' (2400 psi) and 538> C (1000°[) at the
superheater outlet. Steam conditions lcaving the reheater are 538°C (1000°1) and 40.91
kpfem?® (581 psi)

ANl superheater, reheater and cconomizer elements are designed 10 be compleicly
drainable. The boiler s fired by eighteen (18) circular burners located on the front and
rear furnace walls at three (3) clevauons.  The unit is cquipped for firing residual ol
exclusively. There are no natural gas hinng provisions currently installed on this boilet

The pnimary (urnace 1s 1338 meters (44 fi.) wide by 9.005 meters (29'-6") deep.  The
front, upflow convection pass, which is approximatcly 14.75 fect deep, contains the [inal
superheater, final rcheater, and secondary superheater clements. The recar, downflow
convection pass is approximately 14.75 feet deep and encloses the primary superheater,
primary reheater, and the cconomizer clements.

Comments and Current Condition

The first vear inspection of the boiler was conducted between April 15 and June 1, 1991
No major abnormalities were found on either the gas side or water side of the boiler.
Minor repairs were made to the refractory throats on several burners during the outage

Based on the walkdown of the umt, the review of the first year inspection repory, and
interviews with plant personnel, it was determined that the boiler is in good condition
after accumulating approximatcly 12,000 operating hours since commissioning on January
27, 1990.

Assessment

Prior to the first year inspection, a complete performance test of Unit #1 was conducted
by Mitsui, Fuji Electric and the Riley-Mitsui Consortium during April, 1990. The results
of the testing determined that boiler performance and efficiency meet or exceed contract

requircments. BLST AVALLADLE DOCUR



JAMSITTIORO UNIT |

STEAM GENERATOR

Lehable service over an extended period of time by

This bholer can be expected o provide
manufacturer and by

operating the amt within the parameters cstablished by the
performing toutine maintenance and penodic inspections.

The pressure hinng feature of tis boiler requires special consideration 10 avord hot spots
and ges leaks  Very conservauve rates of temperature change dunng start-ups and

shutdowns are recommended to prevent long range problems associated with a pressusc

fired boiler

BEST AVAILABLE DOCUMERNT
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JAMSHORO UNTT I

BOILER ATR AND FLUE GAS SYSTEMS

HEST AVAILABLE DOCUNE:

Description

The air and gas systems supply heated combustion air to the boiler windbox.and provide
1 conduit for conveyy flue pgas from the boiler outet 1o the stack. = The major
components of the ain and-gas systems consist of the forced draft fans, an heatets, an
ducts, windbox, boiler outlet flue, and the fluc from the air heater gas outlet to the stack
In addition, the boler 1s equipped with a gas recirculation system that cxtracts a portion
of the flue gas from the cconomizer outlet and reintroduces it into the boiler furnace as
a means of extending the temperature control range of both the superheater and reheater

The major components of the air and gas systems include.
(2) Forced draft fans by Nakashima Mlg Co An {oil rotor design, double nlet
(2) Stcam coil air heaters by Seo Koaun Kogyo Co., Lid
. (2) Ljungstrom 26-VIX-2550 Air Preheaters by Gadelius K.X

. (2) Turbo Vane, double mlet gas rccirculation fans by Nakashima Manufactuning
Co., Limited.

Comments and Current Condition

All components of the air and flue gas systems were inspected dunng the fiest year
inspection. Per the Inspection Report, fan bearings were disasscmbled and inspected, and
the fan rotors were examined.  The air heater was water washed, and all ¢omponents,
including the cold end baskets, were found to be highly satisfactory. Operation has been
normal since returning the unit to service June 1, 1991 following completion of the first
year inspection.

Assessment

With the exception of the air heater baskets and the flue connecting the boiler to the
stack, the air and pas systems were judged to be suitable for extended cperation.  The
heating surface of the air heater and the {lue connecting the air heater to the stack arc
subject to corrosion resulting from  the exclusive firing of residual oil containing
approximately 3 percent sulfur. It s anticipated that air heater cold end baskets will
requirc replacement at 10 year mtervals at an estimated cost of $275,000 per replacement.
The outlet flue is projected to require major repairs at a point between 10 and 20 years



JAMSHORO UNIT t

BOILER COMBUSTION SYSTEM

Description

The boiler 1s equipped with cighteen (18) circular Venturi-type steam atomized oil burners
manufacurcd by Volcano Co., Limited. The bumners arc located at thiee elevations on
he front and rear walls of the furnace in an opposed-finng confipuraon  Eighteen
elecine spark. hight oil ignitors by the Volcano Co. have been provided for igmuon of the

main burners

The burners are designed for residual oil firing only. This  boiler 1s not cquipped for

burning natural gas.

Comments and Current Condition

Burner operation was observed 1o be fully automatic with burners placed 1n seniace or
removed from Gperation, depending on load, without operator intervenuon. No significant
operating problems have been experienced with the combustion systems cquipment on this

it

The burners and lighters were inspected during the first year inspection in carly 1991 and

were found 10 be completely satisfactory.

Assessment

The ol burners and ignitors are projected 1o operate sausiactortly {or an extended period
of time. Normal maintenance is expected involving routine cleaning and adjustment.
Periodic sprayer plate replacement can be cxpected duc to erosion of the exit onfice.
Replacement of the sprayer plates is normal, and is required to maintain proper operation
of the burners.

BEST AVAILADLE DOCUMENT
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JAMSHORO UNIT

AUTOMATIC BURNER SYSTEM (ABS)

Description

The automatic burner system is an clectronic digital control system manp[acturcd by
Forney International Incorporated of United States of America. The system is Model AFS
100 and controls nine (9) burner pairs. The sysiem 1S nicroprocessor based except the
Master Fuel Trip (MFT) circuit which consists of DC clectromagnetc relays.

All top and middle level burners can be manually staried and stopped in pairs from the
" BTG board in the central control room and corresponding local control panels ncar the
front burners. However, six (6) burners at the lowest level, which also serve as warm-up
burners, can be manually started and stopped cither i pawrs or individually from the BTG
board and individually only at 10cal control . nels

The six (6) burners, at the lowest level are automancally siarted and stopped in pairs
depending on burner header pressure

The wwelve (12) burners except those at the lowest level, are automatically stopped In
pairs in case of emergency condition, such as, Fast Cut Back (FCB).

A master fuel trip pushbutton is available on BTG board to quickly shutdown the boiler
in case of emergency.

This system provides of the following control funcuions:

FFurnace purge sequence
Master fuel trip
lenition fuel trip
Warm-up fuel trip
Oil fuel trip
[gnition burner start/stop
Oil burner star/stop
Gun purge

- Fast cut back

- Air resister open/close
Oil sclection
[gnition burner header leak check

REST AVAILABLE DOCUM..-
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JAMSHORO UNIT

AUTOMATIC BURNER SYSTEM (ABS)

Warm-up burner header leak check
O1l burner header leak check

Comments and Current Condition

Interviews with plant O&M personnel and review of unit trip record indicated that the
unit tripped two umes, on fune 30, 1990 and March 7, 1991, due to the automatic burncr
system. Both trips were due 1o human error while working on the system.

The automatc burner system appcears 10 be in sausfactonly condition based upon the data
reviewed and unit walk-through inspecuon  No unusual conditions were noted.

nssessment

Assuming proper sclection of component, availability of spare parts and adherence 1o the
manufacturer’s O&M procedures, the automatic burner system should be suitable for 20
years.

BEST AVAILABLE DOCUNMLNT
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JAMSHORO UNIT 1

AUTOMATIC BOILER CONTROIL, SYSTEM (ABC)
HIGH PRESSURIZLOW PRESSURE TURBINE BYPASS SYSTEM

Description

The automauc boiler control system s microprocessor based and mannfactured by
Yokogawa Microprocessor Electric Corporation (System CENTUM-DF)

The system hardware consists of (2) field conti =l stauons, (1) terminal board cubicle, (2)
marshalling cabinet, (4) I/P converters, (7) 1/O positioners, (39) hand/auto stauons, (1) unnt
master - supenvisor - panel,  flow/level/pressure/differenual  pressure  tansmiiers,  flow
clements, T/Cs, 0, analyzers, repulators, and HP turbine bypass control valves

The Auwtomanc Boiler Control Sysiem (ABC) is designed 1o contiol the boter wiih
coordination between turbine, generator, and boiler. The ARC provides the [ollowing
functions

o Umt masier control (including turbine master and boiler master)

o Automauc Combustion Control provices fuel oil flow control, fue gas O, control. aur
flow control, and residual oil pump discharge pressure control.

0 Feedwater Control is designed 10 maintain the drum level at normal level within
himits Single element (drum level) is used at low load, and three elements (level,
fecdwater flow, and sicam flow) arc used at normal loads. Feedwater regulators and
BEP speed control are utilized to maintain drum level within the various modes of
opcrauon. A startup feedwater control valve and main feedwater control valve are
provided .

o The Superheat (SH) stcam temperature is controlled by regulation of spray water
flow of the secondary SH inlet 10 maintain a final SH outlet temperature of 541°C.

0 Reheat stcam temperatuie control. [t s designed 1o mawmtam reheat steam
temperature at 541°C for loads greater than 50% by positioning the dampeis of the
gas recirculation fans A&B.

0 Air Preheater (AH) Cold-End Temperature Control is designed to maintain average
temperature of air inlet and flue gas outlet at 115°C based upon residual oil sulfur

content of 3 to 5%. This is accomplished by regulating the heating stcam flow to’

the steam coil air preheater,

SLEEE TR VAR
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JAMSHOROQO UNIT 1

AUTOMATIC BOILER CONTROL SYSTEM (ABC)
HIGIT PRESSURIZLOW PRESSURE TURBINE BYI'ASS SYSTEM

o Thgh Pressure Turbine Bypass Control s designed o operate during startup (o
increase the boiler load quickly and shortcut the unit startup time to reduce
mismatching between main stcam and turbine metal temperature  [t-also operates
when a large load rejection occurs in the power system.  The excess steam s
dumped into the condenser by LP and HP wrbine bypass valves

The automanc boiler control (ABC) system also has the following nccessary and cffective
interlocks:

0 Protection interlocks 1n case of ABC failure.

Interlock for unit operation mode sclection (coordinate mode, wurbine follow mode,
boiler follow mode, unit manual mode).

C

0 Master fuel tip interlock.

0 Cross limit interlock which restricts unbalance between fuel flow and air flow 10
avoid unstable-firing and stcam lempcerature excursion.

o Fast Cut Back (FCB) interlock, which reduces the load quickly 10 20% of rated
MW,

Comments and Current Condition

[nterviews « . plant personnel, walk-downs, and review of Unit 1 records, indicated high

reliability and excellent performance.

Assessment

Bascd upon newness of the plant, assuming proper design and sclection of components,

adherence to the manufacturer recommended O&M procedures and availability of spare

parts, the system should be suitable for 20 years continued operation without Imajor repairs
or replacements.

BEoT AVAILAGLE DOCURENT
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JAMSHORQO UNIT 1

AUXILIARY STEAM SYSTEMS - BOILER SIDE

Description

The major components of the boiler-side auxihary steam systems consist of the housc
barler and the soot blowers serving the main boiler and the air preheaiers.

The house boiler is a pressurized furnace, shop-assembled, membrane wall construction.
oil fired unit manufactured by Hyandai Heavy Industries Co., Lid. The boiler is rated at
20,000 kg (44,100 1bs.) per hour of saturated steam at 7 kg per cm’ (1 psi) The boiler
is cquipped with one burner.

The soot blower system consists of twenty-cipht (28) STR-8E long reua. .2ble and eight (8)

STR-8E half retractable soot blowers by Mitsubishi Heavy Industries Lid.; and two (2)
swing type cleaning devices for the air preheaters supplied by Gadehs KK

Comments and Current Condition

Complete inspection. of the auxiliary boiler and the soot blowers sysieni were incorporated
i the first year inspection.  All equipment checked out to be sausfaciary.

Assessment

The auxiliary house boiler and the soot system are expected to operaie satisfactorily {or
an extended period of time. Normal maintenance is anticipated 0 maintain the

cquipment in good running order and to prevent the need for major. repairs or
replacement.

BEST AVAILADLE DOCUN:RT
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JAMSHORO UNIT |

BOILER STRUCTURIE

Description

The boiler siructure . 232 meters wade i the North/South airection, 0.0 mcters long 1n
East/West dircction and 47 2 mciers tugh at its lughest rool points. There are twelve floor
levels most of which aze spaced 3 meters from cach other. The weight of the enure boiler
is suspended by hangers from the pgirders at the roof clevation. The boiler wall is laterally
supported at platform clevations {or wind and carthquake loads but 1s allowed 1o expand
and contract due 1o temperature changes without being restrained. The pirder loads are
transferred to columns and carned down (o the reinforced concrete mat foundaton at EI -
1.00 meters  The columns and beams at several platform clevations arc braced by a
vertical and horizontal bracing system 10 resist the honzontal loads due 10 wind and
carthquakes The boiler building 1s not encloseéd by walls,

The stairwells provide access 1o the platforms. There is also an clevaior shaft, separate
from the boiler building structure, with horizontal ties at the platform levels. The elevator
operates between ground level Bl 0.0 meters and boiler drum level ai El 39.00 meters
The platforms are covered by galvanized steel gratings and protected by hand rails and toe
plates.

Adr heaters and gas ducts, fans, burners and steam pipes to and [rom the turbine building
arc supported by the boiler building structure. The ground floor in the boiler arca has a
1/200 slope and a trench for floor drains with a checker plate cover.

Comments and Current Condition

The Unit 1 boiler structure appears adequately designed and detailed. It is in good
condition. There are no pockets to accumulate water and other loose debris which could
initiate corrosion and deterioratiyn.

Because the boiler building 15 a tall structure, there was a high wind constantly blowing
dust and fine sand at the higher platform clevations. This may accclerate weathering of
the paint on the steel surfaces.

No deterioration, cracks or settlement were observed at the ground {loor level. The top
of the mat foundation is 1 meter below the ground elevation and was not accessible fc
inspection. The mat foundation is supported by a solid limestone formation.

ST p s PO RTA YA RS SN
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JAMSIIORO UNIT 1

BOILER STRUCTURE
Assessment
Assunmuing proper design and erection, the boiler building structure should be suntable for

the next 20 years of operation. The structural steel should be protected against corrosion
by proper mamtenance at the required intervals.

BEST AVAILADLE DOCUMENT
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JAMISHORO UNIT 1

TURBINE - GENERATOR COMPONENTS & SYSTEMS

The Unit 1 wrbine-pencrator is a FUJL Electne (Japan) 250 mw I7THRI 562/68-2 1ype
mdoor umt. The turbine 1s a tandem compound, 3 casing, double-flow exhaust, reacuon,
reheat, condensing type.  The gencrator is a synchronous, 2 pole umt type which s
hydrogen cooled. The vt has a static excitation systemn.

[he turbine-generator componcnls and systems that were cvaluated consist of the
following:
High Pressure Statuonary Components:
High Pressure (HP) Outer Casing
HP Inner Casing
Intermediate Pressure (1P) Outer Casing
[P Iuner Casing
HP Stanonary Blades
IP Stationary Blades
Combined Main Stop and Main Steam Control Valves
Combined Reheat Stop and Intercept Valves
HP Turbine Lead Piping and IP Turbine Lead Piping

Turbine Rotating Components:
HP Rotor
[P Rotos
Low Pressure (LP) Rotor
HP Rotaung Blades
(P Rotating Blades
[P Rotatung Blades

Low Pressure Stationary Components:
LP Outer Casing
LP Inner Casing 1
P Tnner Casing 2
LLP Stationary Blades
Crossaround Piping

Generator and xcinauon - wiectnicai & Isolated Phase Bus Duct

aee

T AVAILABLE DOCUMENT
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JAMSHORO UNIT |

TURBINIE - GENERATOR COMPONENTS & SYSTEMS

Generator Rotatmg Components  Mechamcal
Generator Rotor Forgimg
Generator Retainimg Rings

Turbine Supervisory Instrumentation & Montonng
Stream Turbine Contrals, Electrohydiaulic Governor Control Systerm

Turbine-Generator Auxiliary Components/Systems
Lubnicating and Hydraulic Oil System
Turming Equipment
Gland Steam Seal System
Turbine Bearings
Turbine Pedestals
Generator Seal Oil System
Generator Hydrogen System

I'erformance

The Jamshoro Unit 1 performance test was conducted in Apnl 1990 The perunent
turbine-genciator results of that testing were:

The corrected gross wrbine-generator heat rate (ECR) was measured 0 be 1912.1
Keal/Kwh which 15 0.10% better than the puaranteed turbine-generator heat rate (1ERC)
of 19140 Eeal/Kwh with an allowable olerance of 4 1 5% .
The corrected tirbme-penerator maximum output (MRC) was measured 1o be 254.0 Mw
which s 1.6% better than guaranteed turbine-generator maximum output (MCR) of 250
Mw with an allowable tolerance of - 0.2%.

BEST AVAILADLE Donpie
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JAMSIHTORO UNIT 1

HIGH PRESSURE STATIONARY COMPONENTS

Desceription

The high pressure statonary components on this FUJI Electne FTHRI 562/68-2 turbine
are composed of the followmng: HP outer casing of the barel type with a vertical
circumferental flange at the exhaust and with four main steam connections, HP ineer
casing with a spht bolted verncal-longitudinal jont, [P outer casmg with a conventional
bolted horizontal jomt and with two hot reheat steamn connecuons, [P nner casing with a
conventional bolted honizontal joint, HP stanonary blades including the mlet nmpulse nozzle
and 20 stages of reaction nozzles, 1P stationary blades of 17 1ows ol reacton stages, 4
combined main stop and main stcam control valves, and 2 combined reheat stop and
mtercept valves, HP tarbine Jead pipimg and [P tibine lead piping

The HP outer casing, HP wnner casing and [P mner casing are Chronium-Molybdenum-
Vanadium alloy steel. HP and 1P stavonary blades are 12% Chromum-Molybdenum-
Vanadium stainless steel The combined mam stop and main steam control valves and the
combmed reheat stop and antercept valves are made from Chromum-Molybdenum-
Vanadium alloy steel. The HP and 1P turbine lead piping is from the sicam valves 1o the
casings

Comments and Current Condition

No problems were uncovered based on interviews with Jamshoro plant maintenance and
operaiing personnel and the review of the {irst year inspection report on this unit. Duning
that {irst inspection the HP and [P scctions of the turbine were not opened; only the LP
scction “was dismanted. The TP and [P sections wall be inspected at the neyt scheduled
outage n about 5 years. Cunrently there are no known problems with these lugh pressure
stationary components.

The high pressure stationary components (described above) all appear to be in good
condition based on the plant personnel interviews and the absence of mamtenance problem
records.

BEST AVARLRDVE DOCHEY
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JAMSHORO UNIY L

HIGH PRESSURLE STATIONARY COMPONENTS

Assessment

Based on the evaluaton performed using design data, information obtained from the
mterviews, industry expenence vath similar design units, and the carly ace of this umit, no
major problems are anucipated in the near future

The wibine metal hie consumpnons for the HE casing and the main siop valve are 131
% and 0 4% tespectively from the commission date 1o June 29, 1991 Exuapolating this
data and assuming the same sevenity of start-ups for the next 20 years and assuming base
load operaton with 4 mimmuim capacity factor of 60% and 10 start-ups per year (2 cold,
4 warms, 4 hot), it esmated that the HP casing turbine metal hie consumpuon vl be
less than 25 % and the mn stop valve turbine metal hfe consumpnion will be less thap
10%. The high pressure stationary components of Uit 1 are expected 1o be suitable o
20 years of. conunued operation without major tepais or replacement  Maintenance
should be toutinely performed a regularly scheduled maintenance outages

BEST AVAILALRLE DOCIINY
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JAMSHORO UNIT |

TURBINE ROTATING COMPONENTS

Descriptian

The turbine rotating components on this 250 MW tandem compound double flow turbine
are comprised of the HP rotor, 1 1otor and LP rotor and the assembled rotaung blades.
The HEP rotor 1 a single Now type with one impulse stage (ollowed by 20 reacton stages.
The 1P 1otor 15 also a single ow type with 17 tows of reaction stages The LP rotor s
4 double Now ype wath 7 rows of reaction stages on cach end

The HP rotor and the TP rotor are Chromium-Molybdenum- Vanadium alloy steel and the
HP and [P rotaung blades are 12 Chromium-Molybdenum: Vanadium stanfess steel The
double Now [P rotor = o Nickel Chromum-Molybdenum: Vanadium allov steel foromg and

the [P rotmg blades are 13% Crostamless siéel

Comments and Current Condition

Interviews with plant mamntenance and operating personnel and review of the first year
inspection report did not reveal any problems with these componeats. Dunng the first yeat
mspection i 1991 only the 1P tuibme section was opencd and Jdisassembled for inspecuion
of the TP 1otor The HP 1otor and the 1P rotor are planned for mspection at the next
scheduled owtage in about § years At the present there are no known problems with

these components

The tuibme rotatng components. HE rotor, 1P rotor, LP rotor and all 1otaung blades all
appear w be o satisfactory condibon based on the records reviewed and the plant

tnterviesws

Assessment

The turbime metal e consumpuion {or the [P 1otor is 0.07% fiom the commission date
to June 25, 1991, 1tas assumed that the turbine metal lile consumpuon for the HP rotor
is no gicater than that of the TP casing which had a value of 1.3% from the commission
date to June 25, 1991, Extrapolatng this data and assuming sinilar seventy of future start-
ups i the nest 20 years and assumng basce load operation with a 60% capacity factor and

b
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JAMSHORO UNITE

TURBINE ROTATING COMPONENTS

10 start-ups per year (2 cold, 4 warm, 4 hot), it csumated that the HP rotar and 1P rotor
tooine metal hfe consumptions il be less than 29% and 5% respectively Based on that
evaluation, the imformation obtamned {rom record reviews, personnel interviews and the
newness of the umit, the turb: wating components, HE rotor, 1P rotor, 1P rotor and the
assembled rotating blades should be sitable for 20 years ol contmued operaton without
major repans and replacements Jatne manntenasnee shoold be performed dunng
scheduled mamtenance outages

BEST AVAILABLE COPY
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JAMSITORO UNIT 1

LOW PRESSURE STATIONARY COMPONENTS

Description

The low pressure stationary components on this FUJL Electne tandem compound double
flow turbine are made up of ** LP outer casing, LP inner casmg 1, [P nnec casig 2, 1P
stationary blades and the crossaround piping. The low pressure section ts double (low
section with crossaround  admiss and downward exhaust 1o the conderser. The
wtationaty blades are symmeliicar and opposite hand oneach ade  There are 2

crossaround pipes; one on cach side ol the turbine

Comments and Current Condition

There were no problems found with the fow pressure stationary componcnls' based on the
mterviews conducted with Jamshoro plant maintenance and operations personnel and the
review of the first year inspection report of this unit. Durning that first vear inspection the
[.P sccuon was completely disassembled and inspected. No problems werce reported.

The low pressure stationary components noted above all appear 1o be n satisfactory
condition based on the plant personnel interviews and the review of mawmicnance records.

Asscssment

No major problems on the low pressure stationary components were found nor are they
anticipated in the future. This assessment is based on the information obtained {rom the
plant personnel interviews, maintenance records review and industry expenence with othet
similar low pressure stationary components.  The low pressure statonaty co;nponcms of
Unit 1 are expected to be suitable for 20 years of continued operation without major
repairs or replacements. Normal maintenance and inspections should be regularly
performed at scheduled major maintenance outages.

BEST AVAILABLE COPY
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JAMSHORO UNIT

GENERATOR AND EXCITATION - ELECTRICAL

Description

The generator is a synchronous type manufactured by Fuji Electric. The generator s
hydrogen cooled, 294.2 MVA at 30 Kg/em? I, 0.85 p.l lag, 165 kV, 10.294 kA, 50 Hz,
3-phase, 3000 rpm, 370V ficld voltage, insulation class I

The stauc exciation and mam exciter field breaker are provided by IFup Electne

The 1solated phase bus duct 1s manufactured by the Furukawa Co, Lid, with an aluminum
conductor and rated 16.5 kV, 150 kV BIL., enclosure temperature nse 40 C, conductor
temperature rise 65 C, aluminum enclosure  The main bus circuits rated at 12,000 Amp

with symmetrical current of 80 kA.  The sub bus circuits are rated 100 Amp with
symmetncal current of 160 kA.

Comments and Current Condition

[nterview with plant personnel, walk-downs, and review of plant records, indicated that all
the above systems ar¢ {unctioning satisfactorily.

Assessment

Assuining proper selection of components and adherence to the manufacturer O&M
procedures the generator excitation system and isolated phase bus duct should be suitable
for 20 vears of continued operation without major repairs or replaccnent.

BEST AVAILABLE COPY
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JAMSTHIORO UNIT #1

GENERATOR ROTATING COMPONENTS - MECHANICAL

Description

The penerator rotating components-mechanical on this FUJI Electric honzontal cyhindncal
rotating field hydrogen cooled generator are composed of the following; the gencrator rotor
forging and the gencrator retaning rings The generator rotor forging 1s a single picce
forging with integral turbine-penerator coupling and f(an hobs. The generator retaining
rings are high strength high alloy non-magnetic steel shrunk on to the rotor body to contain
the rotor coil ends at operating speed.

Comments and Current Condition

No problems were discovered based on the interviews with Jamshoro plant maintenance
and opecrating personnel. Currently there are no known problems with the generator
rotating components- mechanical

The generator rotating components- mechanical, the generator forging and the generator
retaining rings, appear to be in good condition based on the plant personnel interviews and
the absence of maintenance problem records.

Assessment

Based on the information obtained (rom personnel interviews, the generator rotating
componcnts-mechanical: the gencrator rotor forging and the retaining rings, should be
suitable for 20 years of continued operation without major repairs or replaccments. The
condition of the generator retaining rings should be carefully monitored by nondestructive
examinations during regularly scheduled maintenance outages. Routine maintenance and
inspections should be performed on the generator rotor forging during scheduled
marntcnance outages. ‘

BEST AVAILABLE COPY
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JAMSHORO UNIT 1

TURBINE SUPERVISORY INSTRUMENTATION & MONITORING

Description

The Turbine Supervisery Instrumentation (TSI) consists of cabinets, sensors, indicators,
records and alarms. The TSI provides monnoring of the following parameters

0 Eccentncity

0 Control valves position

0 Speed

0 Shaft wibration and position

0 Expansion

0 Differenual expansion for HP, IP, and P turbines
0 Bearing (meial, drain) temperature

0 Shell metal temperature

Comments and Current Condition

[nterviews with plant personnel, review of records, and walk-through inspections, indicated
that the system is operating trouble -frec.

Assessment

Assuming proper sclection of component, spare parts availability and adherence 1o

manufacturer’s O&M procedures, the turbine supervisory system should be suitable for 20
years of service. .

BEST AVAILABLE COPY
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JAMSHORO URIT 1

STEAM TURBINIE CONTROLS
ELECTROHYDRAULIC GOVEERNOR CONTROL SYSTEM

Description

The steam turbine by Fup Electiie, type reheat condensing tandem compdund double
flow, is cquipped with solid-state and analog electrohydraulic control sysiem (EHC). The
EHC 1akes charpe of speed, load control and protection interlocks The EHC s

manufactured by fup Electne

Comments and Current Condition

[nterviews with plant personnel, review of records, and walk-through inspections. indicated
that the system is operating trouble-frec.

Assessment
Assuming proper sclection of components, spare parts availability and adherence 1o

manufacturer's O&M-manufacturer procedures, the stcam turbine control system should
be suitable for 20 years of service.

BEST AVAILABLE COPY

34

o

Q.

4

.
-—



JAMSITORQO UNIT 1
BALANCE OF PLANT COMPONENTS & SYSTEMS

220 KV Underground Cables

66 KV Cables

DC Siauon Batteries

Local Control Boxes, BTG Boardwiring Control Cables, Cable Trays and Ducts
Plant Computer System

Turbine and Central Control Buildings

BEST AVAILABLE COPY
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JAMSHORO UNIT #1

TURBINE-GENERATOR AUXILIARY COM PONENTS/SYSTEMS

Description

The turhine generator auxiliary components/systems on (s UL Flectne FTHRT 562/68-
2 umt consist of the following: lubricating and hydrauhc ol system, turning quipment,
gland steam scal system, turbine bearings, turbine pedestals, generator seal oil system and

penerator hvdrogen system.

he lubnicating and hydrauhc oil system includes
Mam ol tanks
Main oil pump
Relay dump valve
Onl cooler
Auxihary otl pump
Turning gear oil pump
Emergency oil pump
Jacking oil pump
Oil conditionel
Onl filter pump
Vapor extractor for mam oil tank
Vapor extractor for oil conditioner
Turbine oil storage tank
Oi transfer pump.

The wrning equipment is an oil hydraulic type turning gear which has a turning speed
range of 80-120 rpm.

The gland steam scal system includes:
Gland scal regulator
Gland stcam exhaust blower
Gland stecain condenser

This tandem component three (3) casing turbine has four (4) journal turbine bearings. The
number two bearing is a combined thrust and journal beanng. The thrust bearing is of the
Kingsbuty type with straddle construction. The generator has two journal bearings located
in the end shields. There are sliding turbine pedestals at the governor end of the HP
section and between the HP and [P sections. The turbine bearing pedestal between the
[P and ILP section is of the fixed type.

BEST AVAILABLE COPY
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JAMSHORO UNIT 1

TURBINE-GENERATOR AUXILIARY COMPONENTS/SYSTEMS

The generator scal oil system includes.
Seal o1l cooler
Main scal o1l pump
Emergency scal ol pump
Radial shalt scals
Seal ol unit

The generator hydrogen system consists of the:
Hydrogen coolers B s
[Hydiogen gas control cubicle
Hydrogen gas dryer
Hydrogen cyhnders
Pressure gages
Purity measuning devices
Valves
Carbon dioxde cyhnders

Comments and Current Coadition

There were no reported problems with the turbine-generator auxiliary components/systems
noted abave based on the interviews with Jamshoro plant maintenance and operating
personnel and the review of the first year inspection report for the uni

The turbine-generator auxiliary components/systems all appear to be pood operating
condinon,

Assessment

No major problems were {ound nor are they anticipated on the turbine-gencrator auxihary
components/systems.  This assessment is based on the plant personnel interviews, the
results of the first year inspection and industry experience with other similar turbine-
generalor  auwuiiaty  components/systems. The  turbinc-generator — auxiliary
components/systems for Unit 1 are expected 1o be suitable for 20 years ol continued
operation without major repairs or replacements.  Normal maintenance and inspections
should be regularly performed at scheduled maintenance outages.

BEST AVAILABLE COPY
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JAMSHORO UNIT 1
BATANCE OF PLANT COMPONENTS & SYSTEMS
The balance of plant mechamcal, clectncal, mmstrumentation and controls and  awvl
structures evaluated consists of the {ollowing:

Feedwater System

Condensate pumps

Feedwater heaters

Dearator

Boiler feedwater pumps
Coohing Water System

Cooling tower

Circulating water pump

Condenser
Cooling Tower Structure
[nstrument Air. System
[Fire Protection
Chemical Feed System and Sampling Rack
Water Pretreatment System
Coagulation Sedimentauion Tanks .
Water and Wastewater Treatment Systems
Water Treatment Building
Emergency Diesel-Generator
Power Transformers

6.6 KV Metalclad Switchgear, 400V Power Centers, 400V Motor Control Centers (MCC,

Uninterruptible Power Supply (UPS)
BEST AVAILABLE COPY
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JAMSHORO UNTL L

FEEDWATER SYSTEM

Description

The feedwater system conveys water from the condenser outlet to the boiler econonmzes
mlet. Tt preheats the boiler nlet water temperaturc through seven stafes of heating as
well as condensing the steam in the steam et air ¢jector coolers and turbie gland stcam
condenser  The major components addressed in this 1eport are the condensate pumps,
(cedwater heaters, dearator and borer feedwater pumps

Three S0% capacity motor dnven condensate pumps arc provided Under normal
operating condiions at full load, two pumps would be operating with the third pump 1n
stand-by mode  The pumps arc verucal centnfugal muli stage with bronze impellers and

staintess sceel shafts.

There are four low pressure and two lagh pressurce closed feedwater heaters. All heaters
are horizontal “U™tube type. Low pressure heater #1 has aluminum brass tubes and the
remaining low pressure heaters and both high pressure heater have carbon steel tubes.

The dearator 1s a cylindrical tray type with a honzontal storage tank. The dearator and
storage tank shell are carbon stecl and the dearator trays are stainless sieel.

Three nominal 60% capacity four stage barrel type motor driven boiler [ecdwater pumps
arc provided. Each pump includes a variable speed hydraulic coupling and a [cedwater
booster pump. Under full load conditions, two pumps would normally be operating with
the third pump in stand-by.

Comments and Current Conditions

A review of the Unit #1 trip records indicate there were no unit trips attributed to the
fcedwater systems. The condition of the major fccdwater system components, as
documentated in the First Inspection Report, are summarized as follows:

Visual inspection of Heaters #1 & 7 waterboxes was performed and conditions were
noted as satisfactory. '

Condensate pumps were not inspect:d due 1o absence of abnormalitics during
operation.

BEST AVAILABLE COPY
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JAMSHORO UNIT 1

FEEDWATER SYSTEM

Inspection of the dearator revealed a dent on the curface of the storage tank
No other defects were {found

manhole flange  The dent was repaned by welding.
Boiler Feedwater Pump A had damaged thrust pads and collars. These parts weie
replaced with ncw ones. Boiler feedwater pumps A&C had crosion of the reheat
spray port Tl problem was addressed and resolved i FUJL Electric Co. L
report dated July 25, 1991. New parts for all three pumps will be supplicd by the

manufactures.

Boiler feedwater pump hydrauhic couplings were nspected. A ware ring and sand
were found i pump A coupling casing. and removed No damage was found
Couplings for pumps B&C were satisfactory.

Discussions with plant operating and maintenance personnel indicated a current problem
with the boiler feed pump mechanical scals. [t was stated this item would be corrected
later this year by the supplier. Plant personnel indicated no other major problems with

this systcimn.

The feedwater system appears in satisfactory condition based on the data reviewed and
unit walk-through inspection. No unusual conditions were noted.

Assessment

Bascd upon the age of the unit, assuming proper design and sclection of equipment and
adherence 1o the manufacturer’s recommended maintenance and operating pracedures, the
major components of the feedwater system should be suitable for 20 years continued
operation without major repairs or replacement.

BEST AVAILABLE COPY

40

/6f



JAMSIHTORO UNIE

COOLING WATER SYSTEM

Description

The cooling water system provides the coohng water for the condenser and the bearing,
coolers. The major components addressed in the report are the cooling 1ower, circulating
water pumps and condenser. The cooling tower structurc1s covered 1n detail ina separate

seclion

The cooling tower 15 4 mechamical induced dralt multi-cell cross flow type The structure
< reinforced concrete and the [l matenial s polypropylenc (splash type)

Three 50% capacity arculating watcr pumps arc provided. Under noiimal condiions, 1wo
pumps are operating and onc pump s if stand-by. The circulaung water pumps are
vertical, single suction muied flow type. The pumps have stainless steel impellers and cast
iron casings.

The condenser is a two pass, divided water box horizontal surface type ihe wbe matenal
is aluminum brass in the condensing section and ttanium in the air removal and exhaust
impingement zonc.

Comments and Current Condition

[nterviews with plant maintenance and operating personnel and a review of the Unit No.
I trip record indicated a scale build-up on the condenser tubes. The unit was tripped in
October 1990 for condenser inspection. The unit was acid cleaned in 1991 to remove the
scale. Subsequent testing of the wbes, as documented in the Minutes of Mgeting dated
August 12, 1991, revealed no damage to the tubes as a result of this cleaning. The causc
of the scale build up was attributed to the poor quality of the make-up water o the
cooling tower. Recommendations for make-up water treatment modifications to prevent
future scaling are contained in the Mitsui Study on Condenser Scale dated 12/25/90.

‘The condition of the major cooling water system components, as documented in the Tirst
Inspection Report, arc summarized as follows:

Visual inspection results of the condenser and condenser cathodic protcclion system
were satisfactory.

BEST AVAILABLE COPY
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JAMSHORO UNIT 1

COOLING WATER SYSTEEM

Circulaung Water Pump No. B was dismantled. All parts were checked and found
in good conditon. The pump was reassembled and tested by placing back into
operation. Performance was satisfactory. Circulating watcr pumps A and C were
visually inspected and an operating test performed. Results were sausfactory.

Plant personned indicated no other major problems with this system No other unit rips

were associated with this system.

The system appearts in satisfactory condition based on the data reviewed and unit walk-
through inspection. No unusual conditions were noted

Assessment

Based upon the newness of the plant, assuming proper design and selection of components,
and adherence to the manufacturer's recommended maintenance and operating procedures,
the system should be suitable for 20 years continued operation without major repairs or
replacement. The make up water treatment system should be modificd 1o prevent future
scale build-up in the condenser.

BEST AVAILABLE COPY
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JAMSHORO UNIT

COOLING TOWER STRUCTURIL

Description

The cooling tower is a mult-cell basically cast in place concrete structure There are some
prefabricated sections, such as concrete draft baflles visible along the outside of the cooling
owers and the cover slabs. at the top. Fach cell has a fan nside a short fiberglass
hyperbolic shaped stack. The fan is supported on a column at the center of the cell
The cotumn s framed with beams at the top and atan mtermediate level i four direcnons

agamst the external columns o1 cell separaung walls.

Comments and Current Conditions

The coohng tower of Unit 1 was in operaton when the site was visited  The structural
parts of coohling tower appear 1o be in good condition. Most components arc concrele,
therefore no near-term deterioration is expected. The water splashing plastic boards and
dieir hangers will deteriorate as aging and corrosion is unavoidable.

Ihe stairs and handrails in the cooling tower structure are welded steel and painted. Steel
parts will corrode in a wet environment if not maintained properly.

The cooling tower structure is supported on 3 solid limestone formation which was
recognizable even at the ground surface. There was no scttlement, cracks, or deterioration
observed in the cooling tower structure nor in the adjacent pumphousc.

Assessment

Assuming proper design and erection, the cooling tower structure is suitable for the next
20 years of continued operation without major repair and replacement. Miscellaneous
components, such as stairs, handrails, hangers and other attachments will require normal
maintenance and repairs as necessary.

BEST AVAILABLFE COPY
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JAMSIHTORO UNIT 1

INSTRUMENT AIR SYSTEM

Description

Two instrument air COMPressors are provided, one normally operaung and oncin standby.
[Zach compressor 1s reciprocating type, water-cooled, oil free, nominal capacity 7 m/min,
@ 33°C frec air with one air receiver of 2 5 ' volume and one air dryer unit of nominal
capacity 14 m/min @ 33°C free air

The discharge pipes of cach instrument au compressor ate connected together o the
mmstument air receiver.  Aro.nstrument ai back-up line from the scrvace air system is

connected to common header.

The system includes o sell-operated pressure repulator and an filter set and verucal scif-

standing control pancl.

Comments and Current Condition

[ntervicws with plant O&M, review of plant records, and walk-downs. indicated that the
instrument air systerm operates in satisfactory condition.

Assessment

Assuming proper sclection of components and adherence to the manufaclurer’s O&M
procedures, the system should have 20 years life without major repairs or replacement.

BEST AVAILABLE COPY
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JAMSHORO NIV L

FIRE PROTECTION

Description

The fire protection system consists of the following components with 4ccessOnces:

QO

[Freshwater Extinguishing Equipment

a4) Motor driven and diesel driven emergency {reshwater [ire puinps  Lach has a
capacity of 760 m'hr @ 9 Kg/em'g discharge pressurc.

by Two (2) firc water pumps manufactured by EBARA, cach wiih a capacity of 30
m’/hr discharge pressure.

¢) Sixty-six (66) fire hydrants and 145 hosc connections.

Air foam extinguishing equipment, which includes air [oam concenteate tank. injection
pump, hydrants, and fire fighting truck.

Dry chemical extinguishing equipment.

Fire alarm system which includes a fire protection panel, fire detectors and manual
pushbuttons.

Portable fire extinguishing equipment, which includes Gifty-four (54) hand carried and
two (2) wheel carried dry chemical extinguishers.

Comments and Current Condition

Walk-down of the system, visual iuspection, and review of plant records indicate that the
system is in satisfactory condition. However, the fuel oil unioading and receiving area is
considered hazardous duc to the oil spillage throughout the areas. 1t was also noted that
firc hoscs for use throughout the plant were stored in a warchouse duc 10 sccurity rcasons.
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JAMSHORO UNIT

FIRE PROTECTION

Asscessment

Assuming proper selection of components, periodic functional tests, and adherence to
manufacturers recommendation, the system should be suitable for 20 ycars conuinuced
operation.  However, immediate clean-up of the fuel oil unloading facility is nceded 10
avoid potential fire. [n addition, fire hoscs should be reinstalled in the hose racks provided
in order to minmize response tme and extensive fire damage

BEST AVAILABLE COPY
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JAMSHORO UNIT L

CHEMICAL FEED SYSTEM AND SAMPLING RACK

Description

Condensate and feedwaier are chemically adjusted 1o prevent scale formation, corrosion,
caustic embrittlement, and contamination of stcam, such as silica carryover which would
deposit on the turbine blades. This chemical feed system, combined with boiler blowdown,
demineralized make-up water quality, and boiler manufacturer’s recommendations provides
the basis for cach unit water cycle quahty.

The system feeds chemicals to the boiler [cedwater to control the ph and to inhibit release
of oxygen in the boiler tubes, drum, supe.heater, and cconomizel

Diluted hydrazine 1s added to remove dissolved -oxygen contained in the feedwater and w
control the ph value. However, during plant startup and shutdown, ammonium solution
s added to control the ph of the fecdwater, and is injected in the condensate pump
discharge. During long term shutdown, concentrated hydrazine is used (0 protect the boiler
from rust.

The sodium phosphate solution is used for inhibiting caustic embrittlemeat, and to remove
hardness of the boiler water.

The sampling rack supervises the quality of make-up water, condensate. [cedwater, boiler
water and steam.

The chemical feed system consists of the following equipment manufactured by Nikkiso
Company Ltd.:

(2) Hydrazine solution plunger pumps (0.286 liter/~.in)

(1) Diluted hydrazine solution tank (1000 liter)

(1) Concentrated hydrazine solution tank (400 liter)

(2) Phosphate solution positive displacement type pumps (0.58 liter/min)

(1) Phosphate solution tank (780 liter)

(1) Ammonium solution tank (400 liter)

(1) Ammonium agitatot

(2) Ammonium solution positive displacement pumps (0.286 litcr/min)

(1) Stand-alone control pancel

(1) Stand-alone sampling rack, open type, single side mounted with pH analyzers,
conductivity meters, dissolved oxygen meters, hydrazine meters, pH indicators,
and conductivity indicators by L&N/Yokagawa

47 BEST AVAILABLE COPY


http:literk.In

JAMSHORO UNIT ¢

CHEMICAL FEED SYSTEM AND SAMPLING RACK

Comments and Current Condition

Interviews with O&M personncel, walk-downs, and review of plant records indicated that
the chemical feed and sampling rack are functioning on automatic/manual ‘operation as
designed.  No major troubles were reported by the O&M personnel

Assessment

Assuming proper sclection of components and adherence to manufacturer's O&M
procedures, the chemical fced and sampling rack should provide 20 years sevice.
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JAMSHORO UNIT t

WATER PRETREATMENT SYSTEM

Description

The river water is pumped to the intake water receving pond for removing large size
particles. Before the water flows into the coagulation-sedimentation tank, coagulants-and
other required chemicals for coagulation-sedimentation are injected into the niver water
fceding pipeline. When good coagulation is not obtained, the suitable agent is injected 10
make the floc stabler and heavier  The pi ol the nver water s adjusted by causuc soda
injection to mantain the optimum pli value which fluctuates often by the additon of the
coagulant. [n normal operanon, two umlts operate and onc umt is in standby.

The clarificd water flowing out of the coagulaton-sedimentation tank s collecizd 1n the
clarified water storage tank. Some of the water s pumped into the cooling tower and the
rest is pumped (o Nilter equipment for (inal treatment.

The sludge concentrated from the intake water receiving pond and sedimentation tank s
discharged to the evaporation pond. The {ilter equipment is instalied 10 thoroughly remove
fine suspended solids and organic matter carricd from the coagulation-sedimentation tank.

Normally, two scts are in service operaung semi-automatically and one set is in rinsc or
standby. The filtered water is collected in the treated water storage tank and the water
is used for plant water and domestic water for the colony.

Comments and Current Condition

Interview with plant personnel, walk-downs, and review of plant records igdicated the
system, with the exception of the coagulation sedimentation tank, is functioning
satisfactorily and on auto and semi-automatic as designed. Refer to the assessment of the
Coagulation Sedimentation Tanks for details.

The system components were included in the First Inspection Report.  All components
were in good condition with exception of the coagulation scdimentation tank B agitator

gear box and filter scrubber air blower A. The gear box was replaced and blower surface
finish was repaired.
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JAMSHORQO UNIT |

WATER PRETREATMENT SYSTEM

The system appears (o be 1n satisfactory condition based upon the data reviewed and unit
walk-through inspection. However, we have observed that when the coagulation tanks arc
cleaned-up, the mud 1s dumped on top of the discharge pumps and pipes which will cause
increased maintenance for these components.

Assessment

Assuming proper selection of components and adherence to the manufacturer's O&M
procedures, the system should be suitable for 20 years of conunucd operation without
major repairs o1 replacement.  Care should be exercised when cleaming the tanks 10
preclude dumping mud on cquipment.
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JAMSHIORO UNIT ]

COAGULATION SEDIMENTATION TANKS

Description

There are three coagulation sedimentation tanks for the unit. [Each is shaped hike a
truncated cone in the upside down position with the larger diameter at the top and the
narrowers diameter at the bouom.

(nade the tank there is another truncated cone made out of steel with the smaller
drameter on the top and the larger diameter towards the tank botom The water from
the receiving tank is mixed with coagulant chemicals and 1s distributed at the top center
of the inside cone. An agitator motor rotates the fluid inside the cone letting the particles
grow and seude at the bottom of the settling tank.  The openings at the lower side of the
metal cone let the incoming water pass towards the space between the inside and outside
cones moving upwards. The water reaching the top surface then flows through small holes
into radially placed steel troughs for transfer to the clanfied water storage tanks. The
sludge formed in the inside cone bottom is removed by the sludae drains provided at the

botom of sedimentation tank. To facilitate the emptying process, a pressurized air pipe
s also nstalied at the inside bottom tank periphery.

Comments and Current Condition

The coagulation scdimentation tanks showed white calcified cracks at the lower 1/3
clevation of their sloped walls. No major leakage was scen. This does not assure that
possible corrosion of reinforcing bars is not occurring. In the long run, deterioration of
reinforcing bars may be expected. Soil conditions around the tanks did not indicate to any
settlement. The coagulation settlement tanks did not have any reported damage 1o the
internal steel cone structures, troughs or agiating system.

Plant personnel reported clean-up of the tanks are excessive compared to Uits 2,3 and
4. The sludge removed pipes arc not performing their function. Clean-up is performed
manually on a continuous basis by local contractors.

BEST AVAILABLE CORY
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JAMSITORO UNIT |

COAGULATION SEDIMENTATION TANKS

Assessment

wernal metal conc is subjected to frequent changing wet and dry conditions. These
conditions accelerate the corrosion process and normal repairs of the internal ¢one can be
expected in approximately 10 years. Abnormally high O&M costs are also being incurred.
It ¢ recommended a study be performed 1o determine 1 modification to the tanks arc

feasible 1o reduce these costs.

The n
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Description

Water Treatment System

Some of the filtered water is treated by demincralizer and stored 1n the demineral-
izer water storage tank. The demincralizer consists ol cation exchanger, degasifier,
anion exchanger and polisher.

Normally, onc train carres out service run, while the other train performs
regeneration.

The cation exchanger is furmshed to substitute hydrogen 1ons {rom essenuially all
cations using strong and weak cation exchange resin, and the anmon exchanger 1s
(urnished to substitute hydroxyl ions for essentially all anions in the degasified water,
using strong and weak anion cxchange resin.

The degasilicr, which is vacuum towcer filled with packing to accelerate air-liquid
contact, is (urnished to release oxygen and carbon dioxide in decationized water.

For the regencration of resin, hydrochloric acid is used for cation resin, and caustic
soda is used for the anion resin. In cach exchanger, diluted chemical is downflowed
for weak resin and upflowed for the strong resin.

The mixed bed polisher is furnished to remove completely trace ions in the
demineralized water and designed to provide service time of approximately seven
(7) days between successive regeneration.

In regencration of cation and anion exchange resin, the diluted caustic flows
downward simultancously with the diluted acid from bottom upward. The
regencration wastes are discharged to wastewater pit and the final rinsc water much
purified than demineralized water is recovered to the service water storage tank.

Wastewater of acid and alkali discharged {rom demineralizer sysicim is received in
the wastewater pit mixed automatically by agitating air blower. The mixed
wastewater is pumped to wastewater system.

BEST AVAILAGBLE CORY
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JAMSHORO UNIT 1

WATER AND WASTEWATER TREATMENT SYSTEMS

0 Wastewater Treatment System

The chemical wastewater {rom plant s collected in the wastewater storage pond
through cach sump and pit. In this pond, the wasic is stored and agitated
temporarily and pumped up to the ncutralization equipment which is processed m
two steps by diluted acid or alkali injection.  This pH adjustment is carricd out
automatically and, if not sunable, reated water is returned 1o storage pond.

Comments and Current Condition

The water treatment components were included 1n the First Inspection Report and were
in satisfactory condition. Interview with plant personnel, walk-downs, and review of plant
records, indicated that all the above systems arc functioning satisfactorily on auto and

semi-automatic modes as designed

Assessment

Assuming proper sclection of components and adherence to the manufacturer’s O&M
procedures, the systems should be suitable for 20 years of continued operation without
major repairs or replacement.
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JAMSHORO UNIT 1

WATER TREATMENT BUILDING

Description

The water treatment building of Unit Tas located inside the main power plant grounds on
the left side just passed the main entry guard post. In this building there ar¢ metal tanks
with acids, anions, and cations, which arc used (o demineralized the pretreated water. The
water treatment building is constructed as a concrete frame structure. The concrelc
curfaces arc finished with mortar and paint. The floor where the tanks arc placed arc
covered with acid resistant tiles and then surroundings are raised in case of spills. Outside
of the protected tank areas (he floor has a terrazzo finish. There are covered trenches

below the walkable floor level.

Comments and Currenl Condilion

No defects or deteroration were visible externally or internally. The structural frame
clements have mortar finish on them. Around the outside perimeter there were no signs

of settlement observed.

Assessment

Assuming proper design and erection, the water treatment building should prowvide
satisfactory service for the next 20 years.
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JAMSITORO UNIT 1

EMERGENCY DIESEL-GENERATOR

Description

The penerator s rated 750 kVA, 0.85 p.f, 400V, 1083A, 50 Hz, 3-phase, 1500 rpm,
nsulation class "B", and with a brushiess excitation system. The gencrator was

manufactured by Fup Electnc.

The diesel engme s type S12 NPTA, 650 kW, 150 rpm, 12 cylinders. i: 5 compression
rauo with direct jection combustion systems. The diesel engines wos manufactured by

Mitsubishi.

The diesel-generator 1s cquipped with control pancl, air circuit breaker. «rd air COMpresso
cquipment which include:

(1) Vertical 2-stage air cOMpressor of 70 mm stroke/700 rpm
(1) 3.7 kW 380V clectric motor, and
(2)  air recewvers of 300x2 m’ capacity

The diesel generator is capable of automnatic start to reach full speed wthin 40 seconds.
It automatically starts when power is lost to the 400V critical bus &nd automatically

stopped when normal power is restored.

Comments and Current Condilion

[nterviews with plant personnel, review of records and walk-through inspection, indicated
that the system is operating trouble-free.

Assessment

Assuming proper sclection of components and adherence to manufacturer’s O&M
procedures, this system should be suitable for 20 years scrvice.
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JAMSHORO UNIT 1

POWER TRANSFORMERS

Description

o The main power transformer is manufactured by Fuji Electnic Company, outdoor, oil
immersed, OFAF rating 1s 294.2 MVA, S0 Hz, 220 kV/15.7 KV, 7 - 14.91% a1 294.2
MVA base, mincral insulating oil by [demtsui Kosan Lid

o The auxiliary transformer 1s manufactured by Fuji Elecine Company, outdcor, ol
immersed, 25 MVA, 16.5 kV/6.9 KV, 50 Hz, Delta/Star, with transformer ground,
7 = 10% at rated MVA, mincral insulating oil by Idemisur Kosan [d.

o The starup tansformer s manufactured by Fup Elecine Company L., ol
yimmersed, ontdoor, 15 MYA (ONAN)/25 MVA (ONAF). 220 kVio 9 kV, 2 = 10%
at 25 MVA basc.

Current Condition

Interviews with plant personnel, walk-downs, visual inspection of the transformers and

review of the plant records, indicated that the operation ol the transformers is satisfactory.

Assessiment

Assuming proper sclection of the transformers and adherence 10 manufacturer’s
recommended O&M procedures, the transformers should be suitable for 20 years continued
operation. However, oil sampling and insulation intearity lests are recominended on a
periodic basis to detect transformer deterioration.
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JAMSHIORO UNILT 1
6.6 KV MIETALCLAD SWITCHGEAR

400V POWER CENTERS
400V MOTOR CONTROL CENTERS (MCC)

Description

o  Two (2) 6.6 kV metalclad switchgear assemblies are provided. Both have copper
buses with 2200A current carrying capacity and draw-out vacuum circuit breakers.

The incoming and bus tie breakers are rated at 1.2 kV, 2000A, and 31.5 kA

interrupting capability. The fceder breakers are rated at 7.2 kV, 600A, and 31.5 kA
interrupting capability.

o Five (5) 400V metal cnclosed power centers are provided: (1) unit power centct, (n
cooling tower power center, (1) common power center, and (2) pre wastewaler
(reatment centers. The transformers are Fuji Electric dry type, rated 1300 kVA or
700 kVA.

The air circuit breakers are draw-out type with the =zin breakers rated 2000A or
1600A frame, and SO kA interrupting capability. The feeder breakers arc 1000A
frame, with 50 KA interrupting capability.

o  TFourteen (14) 400V, 3-phasc 3 wire motor control centers are provided with main
copper buses rated 600A and branch buses rated 400A.

Comments and Current Condition

fiterviews with O&M personnel, visual observation ana review ol plant records indicated
that all the switchgear, power ccnlers, and motor control centers are in sausfactory
condition. No unusual conditions were noted.

Assessmient

Assuming proper sclection of the components and adherence to manufacturer’s recom-
mended O&M procedures, the switchgear, power centers, and motor control centers should
be suitable for 20 years continued operation.
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JAMSHORO UNIT 1

UNINTERRUITIBLE POWER SUPPLY (urs)

Description

Unit 1 has two sets of 30 kVA static type UPS. The input voltages arc 220 VDC and 400
VAC, and the outpui voliage is 110 VAC. One sct is used for all the computer
cquipment, and the second set is uscd 1o supply 120 VAC for e following control
applications:

Turbine bypass system cabinet

Auto burner control system cabinct
Auto boiler control system cabinet
BTG board

BTG auxiliary board

Auto volt regulator ¢ibinet
Electrohydraulic system cabinet
Turbine Supervisory System Cabinet

O o0 0O 0O O O o O

Comments and Current Condition

[nterviews with plant personnel and review of uintenance records indicated the UPS is
operaling satisfactonly.

Assessment

Assuming proper selection of components and adherence to the manufacturer’s O&M
procedures, the UPS should be suitable for 20 years scrvice.
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JAMSIHIORO UNIUT 1

220KV UNDERGROUND CABLES

Deserniption

Two (2) circuits of forced oil cooled 220 kV underground cables run in the underground

concrete tunnel:

o From Unit #1 main transformer 10 the 220 kV switchyard
o From Unit #1 startup transformer to the 220 kV switchyard

Comments and Current Condition

No problems were reported on the Unit 1 220 kV cables. The clecincal -mainienance
personnel run daily checks of the cable system and log the [ollowing.

Qil tank pressurc

Qil leakage

Sheath grounding

Lighting systems

Drain pump motors
Tunnel fans

Other abnormal conditions

O 0O o o Cc o090

Interview with plant personnel, visual inspection of the cables and review of maintenance
records, indicated that the cables are operating satisfactorily.

Assessment

Assuming proper sclection of components and adherence to the manufacturer’s O&M
procedures, the 220 kV cables should be suitable for 20 years service.
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JAMSIHHORO UNIT |

6.6 KV CABLES

Description

The 6.6 KV cables are used on the low voltage side of the auxiliary lranszr111cr, start-
up transformer, subfeeders to the 6.6 KV/400 power centers, and as feeders 1o the 6.6 KV

motors  The cables are non-combustible type.

Comments and Current Condition

[nterviews with electrical maintenance and operalion pcrsonncl and visual inspecuon,
indicated that the cables are in good condition.

Assessment

Assuming proper sclection of cables sizes 10 the application, the cables should be sunable
for 20 years of life.
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JAMSHORO UNIE

DC STATION BATTERIES

Description

Umt | has a 220 VDC battery system manufactured by Furukawa (TTP 2375)  The
batteries are lead aad type, 110 cells; nominal voliage of cach cell s 2 VDC, rated

capacity at 10 hi. s 2000 amp-hr.

The unn has one three phase rectihier, thynistor type, sell aun cooled. SO0 amp, 200-250

vDC

Comments and Current Condition

Interview with plant O&M personnel and review of plant records indicated that the DC
battcries and chargers are in good working conditon.

Assessment

Assuming proper selection of components and adhere to manufacturer’s recommended
O&M procedures, the system should be suitable for 20 years service.
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JAMSTIORO UNIT 1

LOCAL CONTROL BOXES, BTG BOARDWIRING
CONTROL CABLES, CABLL TRAYS, AND NDUCTS

Desceription

The Boiler-Turbine-Generator (B1G) board contains the instruments, and control switches
from the Boiler, Turbine, and Generator Systems  The local control boxes arc wall
mounted of rack mounted ncar the applications  Cable trays run throughout the unil
without nterfering with the equipment layout. The underground cables are routed n
ducthanks with concrete manholes.

Comments and Current Condilion

Interview with O&M personnel, walk-downs, and review the of documentation indicated
the {ollowing:

o The cable trays are not congested and are covered as nceded o meet e
application. The workmanship of the cable trays appears sausfactory.

o Local controls boxes were properly selecied for indoor or outdoor application
as appropriate. Insulated conduit bushings were provided at the cable cntnes
into the boxes.

o The power and control cables run in ductbank separate {rom the medium voltage
cables. However, in some areas the manhole covers arce left open exposing
cables to the elements.

o It appears that the low voliage signal cables (4-20 ma, 0-1 ma, 0-5V, 0-10V) arc
shielded.

o Cables and wiring of the BTG board in the control room arc marked with
permanent identification tags in English.
Assessmenl
Assuming proper selection of components, covering the exposed manholes, and adherence

(o the manufacturer O&M procedures, the local control boxes, BTG boardwirng, control
cables, cable trays, and ducts should provide 20 years service.
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JAMSTHHORO UNIT

PLANT COMPUTER SYSTIEM

Description

The computer system 1s microprocessor based, and utilizes centrahzed databasc. CRT
ccreens are nstalled at the operator's desk 10 display data and requcst printout, at the
BTG board 10 display alarms, and at the engineer's desk 1o change sctungy and provide
wliware maintenance. Graphic displays of plant equipment condiions, iemperatures and
pressures at major points in the unit, facilitates the operator interface

The plant performance calculations are carricd oul every 5 nunuies for plant efhiciency
(actors The results are logged cach hour based upon calculations performed five minutes
before the hour. The wrbine life consumption program calculates the amount of thermal
stress occurring 1 main turbine parts due 0 start-up, shutdown, and operauon of the
plant. It also calculates the life consumplionffrom low cycle {angue caused by thermal
stress of material.  This information is useful for the operation and mainienance of the
turbine.

Comments and Current Condition

Interviews with plant O&M personnel, visual observations and review of plant records
indicated that the system operates satis{actorily.

Asscessment

Assuming proper selection of components, adherence to the manufaciurer's O&M
procedures, and availability of sparc parts, the system should be suitable for 20 ycars of
continued operation without major repairs or replaccment.
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JAMSITORO UNIT |

TURBINE & CENTRAL CONTROL BUILDINGS

Descrpuion

The turbine buillding s a steel frame structure which houses the turbine, generator,
condenser, bearing cooling water heat exchangers, air COmMpressors, chillers, vgrious pumps,
HP and P heaters and other equipment 10 run and control the turbine and generator
he turbine bulding 1s oniented - the North/South direction, (parallel to the turbine
generator rotation axis).

[ 15 74.0 meter long, 33.0 meters wide and 27.1 meter high. Ground fioor clevation 1s at
EL +0.0 meciers  Other floors are mezzanine foor at El 5.50 meters. operatng floor at
1 1100 meters, heater floor at El. 16.00 meters and deaerator floor & El. 21.00 meters
Theie 1s a bridge crane inside the turbine building with 60 ton capaciy The op of the
(il s at Bl 21.50 meters. The crane span is 21.4 meters. The widith between columns
A and G, where the cranc is operating, is 23.00 mecters

There are north and south side gable wall construction as closures of the urbine building
The north side gable wall is covered on its outside surface by a cast-in-place concrete wall
up to El. 11.00 meters and above that level by prefabricatzd reinforced concrete clements
The south side gable wall was considered as temporary in the Unit 1 technical specification
on the extension side but remained in place scparating the Unit | turbine building {rom
Units 2, 3 and 4. [t is covered with painted corrugated sheet metal pancls. The
corrugated sheet metal starts above EL. 1.0 meter, below which there was a poorly
constructed brick wall. At the ground elevation there is a passage-way with a wooden
frame through the south gable wall from Unit 1 10 Unit 2. There is also leftover forming
wood from construction under the mezzanine floor slab along axis P107 and P108.

The cast and west side walls are covered by prefabricated reinforced concrete wall
clements which are bolt connected to the outside columns of the turbine building structure.
There are window bands between the prefabricated wall units which provide sufficient
daylight to the operating floor level. At lower clevations there arc louvers which serve as
the fresh air intake for the turbine building. Air is vented through covered air outlets at
the roof. The roof is covered with prefabricated reinforced concrete roof clements
supported on roof purlines. There is bituminous insulation over the roof elements. The
insulation is protected by brick tiles on the outside which are mortared at their joints.

The mezzanine and operating {loors have 12 meters high reinforced concrete slabs which

are rigidly connected to the f{loor framing by the studs welded on the upper flange of the
beams. The horizontal bracing, which is visible under the floor beams, was used only for
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JAMSTTIORO UNIT 1

TURBINGE & CENTRAL CONTROL BUILDINGS

temporary duty dunng crecunn Floor beams are framed 1o the {loor girders by double
angles bolied to the beam and welded 1o the girders. The pcdcslal foundations for heavy
cquipment onthe ground floor level are raised from the mat concrete.

‘I'he turbine and the generator are supported on 3 reinforced concrete turbine pedestal.
‘T'he wrbine pedestal s housed within the urbine building except for the common mat

foundation.

‘The mat foundation is builton a sohd limestone formation. The top of the mat foundaton
s at EL -1.00 meter. The bouom of the mat foundation is at EL -2.00 meters. Turbinc
pcdcsml and condenser area at the mat foundation top is at EL -3.2 meters and mat
{oundation bottom is at 605 meters. This thick portion of mat was poured n three

layers.

Part of the main powerhouse, which looks like an "L" shaped extension of the turbine
puilding the in plan view, is located on its own mat foundation. It is referred to as the
Central Control Building of Units 1 and 2. In the North/South direction 1t is 26.0 meters
wide between the column axes 107, 108, 201 and 207. In East/West direction it 15 41.5
meters long from column J through column P. [t houses the chilling and condensing
pumps and the air compressors at the ground level. At the mezzanine floor level there
are battery rooms, control equipment rooms, water analysis laboratory; lockers and showers
and auxiliary relay pancls. At the operating {loor clevation, the control room, computer
room, mecting and shift room with amenitics are located. There is 1.5 meters distance
between the H axis of turbine building and the J axs of central control building. The two
puildings are scparated with an extension joit.” from the foundation level to the roof. The
building is designed as a sieel structure.  The external walls are cimilar tor the turbine
building (prefabricated concrete clements). The floor slabs are cast in place concrete over
steel beams conipositely connected with the welded studs on'steel. The roof covering 1S
also similar to the roof of the turbine building. Top of the roof is accessible from the
staircase located at the southeast corner of the building. There is a stair passagcway
between the roof of the turbine building and the roof of its "L" shaped cxtension.
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JAMSHORO UNIT 1

TURBINE & CENTRAL CONTROL BUILDINGS

Conmments and Current Condition

Ground level inspection of accessible areas indicated no cracks or displacement both from
inside of the turbine building as well as at its outside penphery. There were also no
cracks, displacements, Or deterioration at the equipment foundations al grouhd level or on
slabs at higher level clevations. However, there werce hairhine cracks on the cast in place
concrete wall at the west side of the pable wall which was probably caused duc 10
shrinkage of concrete during construction. A porton of cracking extended along the lower
side of the mezzanine floor stecl beam flange showing somc ndicaton of deterioration of
the external pamt on the wall.

A similar crack was observed on the wall parallel to the H axis benweei Columns 101 and
102. This crack starts under the mezzanine floor beam and wrns a 1/3 span shghtly
diagonal downward to the top lef{t corner of the trench at the ground level.

The steel structure appears to be adequately designed and crecied  The main franming
beam connections are bolted. Secondary floor beams were welded during erection.

All steel structural elements were painted. There were no signs of chipping Of pechng
of the paint and no observable corrosion of the structurc.

Al the turbine building roof level there was loose debris. Roof drain mnlets secm 10 have
rather small holes which may casily clog if proper inspection, maintenance and housckeep-
ing is not provided. Parapct walls approximately 1.00 meter high are provided around the
roof perimeter so that any clogging of drains will form a pool effect on the roof in the rare
instances of heavy rainfall. The parapet walls are built by prefabricated wall clements on
the outside, and other prefab clements butted tightly with vertical jomnts inside. Vertical
joints scemed to have no clastic caulking. Any water sccpage through these joints may
start hidden corrosion of the steel structurc underncath.

The turbine pedestal concrete structure is well proportioncd. The vibration felt by
touching the surface of the pedestal column was slight. The concretc surfaces indicated
good forming during construction. No cracks or deterioration were observed. The space
between the turbine pedestal structure and the turbine floor is covered with grating. The
grating used scems to casily deflect under the weight of one man. The grating over the
condenser piping arca did not have propet support towards the outside column foundation
creating an unsafc condition. At this location the grating was deflecting excessively.
Proper corrective measures are required.

[
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JAMSTIORO UNIT |

TURBINE & CENTRAL CONTROL BUILDINGS

Asscessment

The reinforced concrete portion of the turbine building, including (oundations, should not
deteriorate for the next 20 years of operation. The steel structure should serve cqually
long without any anucipated repair or maintenance except to (ollow good housekeeping
(ules and repant surfaces when required. Rool insulation may require parual repair work
after 10 10 15 years
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The Units 2,

JAMSHORO UNITS 2,3 & 4

STEAM GENERATOR COMPONENTS & SYSTEMS

3, & 4 stcam gencrators were manufactured by the Harbin Boiler Works

The unis are cquipped for finng residual ol and natural gas.
components and systems cvaluated consist of the following:

Steam Generator

Boiler

Superheater/Reheater Tubing
Superheater/Reheater Headers
Superheater/Reheater Piping
Economizer Inlet Header
Economizer Tubing

Steam Drum

Boiler Enclosure

Air and Flue Gas Systems

Forced Draft Fans

Induced Draft Fans

Steam Coil Air Heaters

Air Preheaters

Gas Recirculation [Fans

Ducts, Dampers & Expansion Joints

Combustion System

The stcam frenerator

Furnace Safeguard Supervisory Syst‘cm, (FSSS)

Boiler Instrumentation and Control System and Auto Regulaues

Auxliary Steam Systems - Boiler Side
House Boiler
Soot Blower System

Boiler Structure

69
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JAMSHORO UNITS 2,3 & 4

STEAM GENERATORS

Description

Umts 2, 3, and 4 stcam generators arc essenually duphicate hoilers designed  and
manufactured by the Harbin Boiler Waorks, PRC. Each botler is designed 1o, produce 680
tons pet hour (1,500,000 1b: pi hr.) main steam at 140 kg per cm’ (2000 psi) and 541°C
(1005F). Reheat steam flow 15 793 tons per hour (1,274,500 1b per he ) at 23.9 kg per
cm? (340 psi) and 541 C (10051) Design feedwater temperature 1s 250 7°C (4831)

The boilers are designated as type HG-680/240-Y1 designed for natural arculanon. The
furnace and f{ront upflow convection pass have the same plan cross-sccuonal dimensions -
982 meters wide and 9.66 meters deep. The rear, downflow convection pass 13 9382
melers wide and 6.14 meters deep, and forms a back-to-back arrangement with the [ront
convecuon pass. All superhcater, recheater, boiler, and cconomize! circuits are fully
drainable.

The boilers are tangentially fired and are currently equipped to fire esiher residual oil o1
natural gas.

Comments and Current Conditions

The overall design of the stecam gencrators and the method of firing indicate that the
Harbin Boiler Works is cither a licensee of Combustion Engincering Corporation or they
have a technical interchange with a company alfiliated with Combustion Engincering. This
is a proven design of boiler used by Combustion Engincering for at least twenty-{ive years
for a significant number of units. .

The boilers have been operated for a relatively short period of time. Untit #72 boiler has
had the one-year inspection.  Units 3 and 4 are currently operating in the time period
prior to the first year inspection.

‘There have been only two tube leaks in the boilers since initial operation. Onc leak
occurted in an economizer tube on Unit 2 on June 9, 1990. The failure was attributed 10
external abrasion of the tube at a support. Since there hiave been no similar failures, the
cconomizer tube leak is considered to be an isolated incident whicl is not indicative of a
generic design problem.

REGT AVALLABLE CO Y
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JAMSHORO UNITS 2,3 & 4

STUAM GENERATORS

The sccond leak occurred March 10, 1991 1in a superheater wbe i Uit 30 No dewals
are available concerning this failure, however, 1S not considered e be ndicative of a
recurring tube failure problem.

There were no reported major operating problems on boiler 2 pnor 0. the lirst ycar
mspection  The load limitation prior o the inspection was aunbuted 0 plugeage of the
awr preheater cold-end baskets.

During the [irst year inspection started 20 February 1991, both the waier and gas sides ol
the boiler were inspected. No major problems were found and no sieNICant repars were

required

Assessment

Based on information currently available concerning the Units 2. 3. anc 4 boilers, there are

no planned modifications or major repairs required (o achieve satisfactory opcration.

There was no report covering a f{ormal acceptance test on unit #2 boiler o verify
efficiency or guarantced performance. The results of efficiency or performance testing 1s
essential to evaluate the operating characte.istics of the boilers, and to determine whether
or not boiler performance complies with contract requircments.

Assuming future operation of the boilers is consistent with the recommendations provded
by the equipment supplicr and within the general guidelines for effcctive plant practices,

the boilers can be expected to operate satisfactorily for twenty years. Rouline inspections
and normal maintenance are essential for maintaining boiler reliabiliv and availability.
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JAMSHIORO UNITS 2, 3 & 4

BOILER AR AND FLUIE GAS SYSTEMS

Description

The air and flue gas systems provide heated combustion air to the boiler, direct flue gas
{rom the outlet of the cconomizer, through the air heater, and 1o the stack, and rearculate
a portion of the flue gas from the economizer outlet and inject it into the Jower furnace
of the boiler. The purpose of the gas recirculation system is to extend the control range
ot the superheater and reheater outlet steam temperaturcs.

Major comgancents include 1wo (2) forced draft {ans, two (2) induced dralt fans, two (2)
steam coil air heaters, (wo 26-V1-1370 vertical shalt regencrative air heaters, air ducts,
windboxes, two (2) gas reairculaton fans and ducts, dampers, expansian joints, and the
outlet flue connected into the stack.

The boiler outlet flue connecting the boiler outiet to the stack is approxmately 130 meters
(425 fcet) in overall length.

Comments and Current Conditions

Prior to the first year inspection outage on unit #2 that began 20 February 1991, unit load
was limited o between 80 and 100 MW because of an induced draft {an capacity limitation
wherein the fan dampers were 100 percent open and the (ans were unable 10 maintain a
negative {urnace pressure. In addition, a noisc was heard in the auxiliary drive gear box
of the B preheater.

During the first-ycar inspection of unit #2, extensive damage was found in the cold end
section of the air heaters. One hundred cighty-three enamel-coated, cold end baskets werc
found damaged in the two (2) air heaters. Inspection determined that the cnamel coating
on the plates was pitted and that individual plates were falling out of the baskets. Eighty-
three baskets were replaced, and one hundred (100) baskets were repaired during the
outage. The repaircd and replaced clements represent approximately 75 percent of the
(otal cold-end baskets in the two (2) air heaters.

The gear drive on B heater was replaced and is now operating satisfactouily.

The air and fluc gas systems arc operating satisfactorily at the present ume. The units are
capable of achieving rated capacity.

PR
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JAMSIIORQO UNITS 2, 3 & 4

BOILER AIR AND FLUE GAS SYSTEMS

Assessment

The detenoraton of the cold end baskets on unit #2 pnor 10 the first year inspection has
been parually attributed to the method used for water washing. Jamshoro Maintenance
personnel advised that cold- water was used by the boiler manufacturer to wash the air
heaters Reportedly this caused damage (o the enameled surfaces, resuling 1in accelerated
corrosion  Plant maintenance intends to follow the washing procedure developed for the
umit #1 air heaters which includes the use of warm water {or washing the heauing surfaces.

Based on experience at Jamshoro, plus overall experience with Ljungstiom @i heaters,
w5 anticipated that cold end baskets will require replacement at an csamated inerval of
every five (5) years on units #2, #3 and #4. Estimated cost s $275,000 per replacement

for the two (2) air heaters on each unit.

Umts #3 and #4 have not had the first year inspection s of Seprember 1991 The
expenience of these units will provide the basis for a morc accurate projection ol the
interval between basket replacement. The future operating regimen of the units, and
whether natural gas or residual oil is the primary fuel, will be factors i establishing the
service-life of the air heater baskets.

The Nue connecting the air heater outlet to the stack is an unusually long run of ductwork.
As a result of firing residual oil containing 3% sulfur, this fluc is subject to corrosion
whenever the temperature drops below the acid dew point.

It is projected that arcas of the flue will require partial replacement at a point in time
beyond S years if residual oil remains the primary fuel. Assuming 25% replacement, the
estimated cost is $250,000 per unit covering new platework, nternal struts, insulation,
lagging, and instaliation.
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JAMSHIORO UNITS 2, 3 & 4

BOILER COMBUSTION SYSTEM

Deseription

Boilers 2, 3, and 4 are equipped for finng both residual oil and natural gas. The tilung
tangential firing system is used for maintaining main and reheat steam temperatures aver
the control range. Sixteen (16) stcam-atomized oil guns are instalied at four clevauons in
ihe four corners of the furnace. Ignition of the main oil and gas burncrs is established
through high-energy spark ignitors.

Comments and Current Conditions

Boiler #2 has been fired on residual oil exclusively since being placed-in service Gas
firing provisions have been completed and the unit is now capable of operation on natural
gas. Boilers #3 and #4 have been operated on both gas and residual oil.

Observations of burner operation from both the burner deck and via the control 1oom
(clevision monitors found no problems associated with either gas or oil operation. From
a fire hazard and maintenance standpoint, oil leakage has occurred at the four corners
of #2 boiler to the extent that oil has run down the windbox and coated componcnts
located underneath the burners.

The oil guns have been provided with actuators for remote insertion and withdrawal {rom
the {iring position. Operations has experienced difficulty with some actuators, and it is
then necessary to manually assist the actuators (0 insert or retract the oil guns.

All indications are that the natural gas clements arc in satisfactory condition. The burner
tilts operate through the design range of plus or minus 30° from the horizontal position

Assessment

The oil guns, gas elements, and ignitois should provide satisfactory service for the life of
the unit. Normal maintcnance and parts replacement can be anticipated, especially the
atomizing plates and the nozzle bodies which are subject to crosion by the fuel oil.

Steps should be taken to clean up the oil spills on unit #2 and prevent {uture spills on any
of the boilers. Oil leaks and spills are a fire hazard that can causc extensive damage i
ignited.
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JAMSHORQ UNITS 2, 3, & 4

FURNACE SAFEGUARD SUPERVISORY SYSTEM (FSSS)

Description
The FSSS (MS-111) 1s supplicd by Achang Relay Works (ARW) of Chma.

The FFSSS prowvides boiler purge, ignition and furnacc control functions for (4) clevauons
of burners (total 16 burners). Each corner is equipped with oil guns, gas clements, spark
ignitors, flame detectors and cooling air. The sy<iem cabinets, located at the electronics
room, consist of power distribution panels, flame detcctor pancls, umit logic pancls,
clevation oil burner logic panels, and gas burner logic panels. Burner local control boxes
are located near cvery burner with local/remote selector switch, pushbutions start/stop
switches, and indicator lamps for ignitor, oil gun, oil valve, and pas valve  The system
utilizes various pressure, differential pressurc and temperature switches for ol/gas/air
process rneasurement. The system includes high speed diesel (HSD) oil for igniing and
warming the boiler, compressed air system for the cylinder of oil gun and igniting actuator.
Sieam atomization spray nozzles are provided for all burners. Elevation 2 and 4 burncrs
utilize residual oil. Elevation | and 3 burners utilize residual oil and HSD.

Comments and Current Condition
Interview with plant maintenance and operating pcrsonncl, review of forced outage records,

and walk through inspections indicated that operation and maintenance problem frequently
occur in the burner management system in the arcas of ignitors, oil guns, and valves.

Visual inspection indicated leaks {rom the oil guns during operation of Units 2, 3, and 4.
The res'dual oil flow switch leaks in most of the oil guns.

Automatic burners retractors are out of service for Units 2, 3, and 4. The retractors 1S
accomplished by local manual.

Unit 2 pneumatic tilt drive for Comers B, C, and D arc out of service, which affects the
stcam lemperature control.

The tilt drives for Units 3 and 4 work satisfactonily.
Frequent problems arc encountered with three-way valve (ON/OFF/Purge) which is driven
by electnic hydraulic actuators (manufactured by Skotch Inc. Portland, CT). The valve

controls the fuel oil and the stcam atomization. When the valve is fully open, it allows the
fuel oil and atomizing medium to reach the burner. The motor which

SR N N N R A S RPN N y
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JAMSHORO UNITS 2, 3, & 4

FURNACE SAFEGUARD SUPERVISORY SYSTEM (FSSS)

drives the hydraulic fluid pump frequently burns up, taking the burner out ol service and
reducing the MW capability of the unit. This problem could be caused by component
selection or maintenance since the adjustment of pressurc limit switches is*essential for
reliable operation of the three-way valve driven by the clectrohydraulic actuator.

Assessment

The above mentioned problems will cause increased O&M costs.  Assuming repair of
existing  problems, proper design selection of component, and adherence to the
manufacturer recommended maintenance and operating procedures, the system should be
suitable for 20 years continued operation. ’
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JAMSIHORO UNITS 2, 3, & 4

BOILER INSTRUMENTATION AND CONTROL SYSTEM
AND AUTO REGULATION

Description

Each unit has a boiler control system manufactured by Xian Instrument Faciory, Type YS-
80. Automatic control range is from 25% to 100% of full load. The system is designed
{0 maintain stecam pressure scipoint within +2 Kg/em'g, stcam temperaiure setpoint within
+5°C, and drum level setpoint within +75 mm

The boiler control system 1s designed o provide the following regulaiion [unctions:

o Feedwater regulauion, which controls water drum level, utilizes single clement (water
level) and three clement control. The single element is used for low loads. Above
30% load, three clements (water level, stcam flow, feedwatce: low), boiler feed
pump speed, and {cedwater regulator arc utilized (0 control tiwe drum level.

o  Boiler combustion control, in which the draft air, induced air. aid fuel oil systems
are regulated to keep the furnace pressure at rated range.

o Boiler steam temperature regulation controls the superheat steam and rcheat sicam
temperature at 541°C. The main steam should be maintained at rated temperature
at 100-40% load, and the rcheated stcam should be maintained at rated
temperature at 100-50% load. The main stecam is regulated by tilting burners and
by superheat spray water of the secondary and final superheat. The reheated
steam is regulated by flow control of flue gas recirculation along with ulting burners
at low load. Rehcat spiay water side A&B is also utilized under emergency
condition when the reheated steam temperature rises abrupth

When the burner moves upward one degree (1°), the superheat steam temperature
rises 1.38°C, and the rcheat steam temperaturce rises 1.88°C. When the burner
moves downward one degree (1°), the superiicat stcam temperature decreascs
0.8°C, and rcheat stcam temperaturc decreases (.95°C.

o Pressure regulation for HP auxiliary steam. The awdliary steam is supplied
redundantly from two sources, the turbine and boiler. The HP auxliary stcam
supplics stcam to the oil supply system, oil unloading facility, water treatment plang,

and evaporator.
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JAMSHORQO UNITS 2, 3, & 4

BOILER INSTRUMENTATION AND CONTROL SYSTEA
AND AUTO REGULATION

o  Alomizing steam pressure regulauon for fuel oil.
The boiler control system also provides the {ollowing control functions

o  Control burner angles, cach burner (4x4) total 16 burners can ult up and down 30
maximum with reference to the horizontal position. The burners in cach elevaton
are synchronously controlled in the control room. Steam temperature is changed
by changing the [lame center “Fireball®.

o  Sccondary air dampers (cooling air) of the boiler furnace chamber  The sclecuion
operation for {umace sccondary air baffles consists of four sets, in which cach set
controls five dampers of sccondary air at onc corner of the f{urnace chamber.

Comments and Current Condition

[nterviews with plant operation personncl indicated that the majority of the following
regulators are on manual, which require constant opcrator attention o conlr_ol the process:

1) HS.D. Oil Flow

2) R.O. Flow

3) Atomizing Steam Pressure

4) Inlet Damper of Forced Dralt Fan Side A
5)  Inlet Damper of Forced Dralt Fan Side B
6) Damper of Induced Draft Fan Side A

7)  Damper of Induced Dralt Fan Side B

8) M. P. Aux. Stcam Press

9)  R.H. Temp - Damper Side A

10) R. H. Temp - Damper Side B

11) R. H. Spray Water-A

12) R. H. Spray Water-B

13)  Superheater Sec: Spray-A

14)  Superheater Sec: Spray-B

15) S. H. Spray Water on Side-A

16) S. H. Spray Water on Side-B

17) low Load Fecdwater Valve

18)  Stcam Coil Air Heater Outlet Temp
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BOILER INSTR

19) 02 Stauon

20) Deacrator Level Control |

21) Deacrator Level Control 2

22) Gland Sealing Stcam Pressure Control
23)  Condenser Level Control

24}  B.F.P. No. 1 Flow Control

25)  B.F.P. No. 2 FFlow Control

26) B.F.P. No. 3 Flow Control

Review of Units 2. 3, and 4 trip recorders indicated a hisiory o comzol and regulito

mal{unctioning.

The disagreement of instrumentation rcadings at the panel indicators, recorders, computer
monitor, and local indicators for Units 2, 3 and 4, makes safe and cconomical operation
of the boiler and other regulation loops very difficult.

The plant operating sta{{ documented these problems on correspondence (0 Lhe contractor,
CMEC.

Assessment

Assuming proper selection of components and adherence 1o manufacture’s recommended
O&M procedures, the system could be suitable for 20 years life with higher than normal
O&M costs. Repairs of the instrumentation readings inconsictency and auto regulation arc
needed for safe and reliable operation.
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JAMSIHORO UNITS 2,3 & 4

AUXILIARY STEAM SYSTEMS - BOILER SIDE

Description

The bLoiler-related auxdliary stcam systems cOnstst of a single house bailer scrving Units
2, 3 & 4 and the soot blower system for the main stecam generators

The house boiler is a Harbin Boiler Works 2-drum, natural circulation. type SZYZ0-10
borler rated at 20 tons per hour. Per CMEC Operatung Manual, the boiler produces
saturated stream at 169°C, and is fired with light oil through two (2) burncrs located 1n
the front wall. The unit is equipped with forced draft and induced dralt fans, and operates
with balanced draft maintained in the furnace. Trip/trouble alarm s available at the
annunciator window on the BTG Board in the control room.

The steam soot blower system for each of the stcam gencrators consists ol swieen (i0)
type RC-111 furnace waterwall short retract blowers and twenty (20) type CC-1 long
retractable blowers located in the superheater, rcheater, and cconomizer cavitics, plus
(wo blowers serving the air preheaters. The source of soot blowing steam is the crossover
pipe between the primary superheater outlet and the sccondary superheater inlet
downstream of the desuperheater.

Comments and Current Conditions

The physical condition of the house boiler is good. The boiler was not operating at the
time of the plant visit. Interviews with plant O&M personnel indicates the house boiler
operates on manual and not on automatic as designed.

Mcchanical problems were reported with the sool blowers. During the walkdown
inspection, a general condition noted was oil lecakage from the soot blower dnve
mechanisms. The soot blowers require minor maintenance (o correct the oil lcakage and

mechanical problems.
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JAMSHORO UNITS 2,3 & 4

AUXILIARY STEAM SYSTEMS - BOILER SIDE

Asscssment

The house boiler and soot blower systems arc suiable for exiended operation. Normal
maintenance is anticipated 1o keep the systems in good working order.  Ikesloring
automatic operation of the housc boiler is recommended for safery and reliability
considerations.
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JAMSHORO UNITS 2,3 & 4

BOILER STRUCTURE

Description

The boiler structures of Units 2, 3 and 4 are identical. Each boiler building is 30.0 meters
wide in the North/South direction, 40.5 meters long in the Fast/West direction, 56.00
meters high. The boiler structure has a symmcln’cal axis in the Fast/West dirccuon. The
boiler structure is supported on an independent mal foundation scparate {rom the adjacent
turbine building mat foundation. The top of the mat is at EI -1.0 meters The mat s one
meter thick reinforced concrete and supported on a solid limestone formauon.  The
structural steel is framed around the boiler and the weight of the boiler 1s suspended from
the highest level beam allowing the boiler to expand and contract with the temperature
changes it wiil experience in operation.

There are mne platform levels at varying clevations. There are verucal and horizontal
bracing systems which tic columns and beams together and carry the horizontal loads,
including wind and carthquake, down 10 the foundation.

The boiler building is covered by a metal rool but is open on all sides. The stanvell
provides access (o the platforms.  There is also a [ree standing clevator shalt supparied
horizontally by the boiler structure through the horizontal beam connections.

The platform floors and stairs are covered with galvanized steel grating and are furnished
with hand railings and toc plates. The boiler structure also supports the air heaters. air
and fluc gas ducts, steam pipes, burners and fans.

Comments and Current Condition

The design of the Units 2, 3 and 4 suuctures arc much different than that of Umt L.
Since the boiler structure is tall and carries considerable weight, structural steel design is
very important. Normally, rolled sections specifically developed for heavy, high structures
are used. In order to provide sufficient material to the cross section in heavily loaded
columns, built-up closed box-type cross scctions were used.  Welded boxed girders for
beams and for diagonal bracing members f{ollowed the same sclection route. A boxed
section saves steel since it provides a larger moment of inerua, increased torsional rigidity
and improved local and overall stability. However, it complicates the connection details and
the crection. The gussets became double walled, the member end remained open in SOME
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JAMSITIORO UNITS 2, 3 & 4

BOILER STRUCTURE

cases, leaving the interior of the boxed member unprotected against corrosion. Not only
the shop connections but the total erecion = "lion jomnts became welded.  Welded
erection joints are difficult to control to produce quality work since the environmental
elfects, such as, high wind, blowing sand, and extreme heat are difficult 10 control. These
cflects were very visible on the erection Joints ol the boiler structures The boxed column
picces were butt-fitted without welds, and the cover plates werc welded on four faces of
the boxed section to provide the conuinuity required. The cover plates appeared to have
been trimmed on site due to their rough notched edges. The welds were equally rough,
and did not indicate good quality workmanship. The main floor beams approaching the
face of the column did not appear to be well [ramed to transfer any moment. Most ol the
beams were seated on brackets off the face of the column creating i eccentricity 10 the
column. In many cases the beam web was I 1/2 10 2 inches short ot ihe-column outside
(acc. The ends of the boxed beams were open to the weather condimons and pamnung of
e inside surface could not be confirmed.  Similarly, diagonal members ol the verueal
braces had open end boxed cross sections which were unprotected from the weather. With
such practices even the root of the shop welds, which make up the boxed secuions, may
be in jeopardy since moisture intrusion may reduce the strength of the weld. This will
result in the strength of the member being reduced. The bottom cnd of diagonal brxed
members at the ground level were closed with the concrete placed over the column
anchors. However, where the top of the diagonal member is open. any rain waler or
moisture that gets into the opening has no other place 10 go except 1o (Il the member with
water. Fine dust will also get inside. Moist mud can form creating undetectable rusting
of the member. As a minimum precaution, these hidden areas should be provided with
drain holes.

Some column flange plates were misaligned in thickness as they were butted together.

Horizontal bracing members under the platform level were made up ol two channcls 10
form a boxed member. Since a single gusset plate was used (0 connecl the two channcls,
the plate thickness kept the channel flange edges apart, again creating a dirt and moisture
trap to form inside the lower channel with no access to maintain or clean. The gussc
plate was welded horizontally to the outside of one web of the boxed beam. Relative
stiffness of the web with no backing inside the boxed member would have reduced the
effectiveness of the bracing member.  Therefore, what may have been calculated and
designed on the drawings was not fully developed in practice because of the poor detailing.
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JAMSHORO UNITS 2,3 & 4
BOILER STRUCTURE

AL the borler air intake supporung structure back-to-back double angles with spacer plates
were vsed as a diagonal member. The pusset plate at the end connection was much
tncker than the spacer plate thickness. This forced the spacer plates 10 be welded 10 one
angle, and not o the other angle. Therefore, the spacers becamc inclfective.  The two
angles are not {orming 3 combined crossed sccuion as was calculated  The member,
erefore. 15 not capable of resisting the forces for which it was designed The spacers
should be replaced with spacers of the proper thickness.

Pipe snubbers and pipe supports scem 10 have been connected arbiranly 10 the structural
members. This impression is supported by the choice of pipe support clements. They are
long, and the ends of some of the clements arc not properly ted 10 cach other
Canulevered supports are formed using the weak axis of channcl secuon and some of the
pipe supports deliver their reactions directly 10 the web flanges of the unreinforced boxed
members.

The umit 2 clectrical conduits were almost all externally corroded  In order 10 continue the
routing of conduits, horizontal handrails were abrupty cut and stopped. Below arating.
clectric boxes had no box covers thereby exposing the wire connections o the weather.
Fluorescent hight futures were attached to slender 1" poles. They vibrated greatly under
the effects of wind at the higher clevations. Several of the fixtures were disconnccted and
broken. Although these items are not part of the structure, they are supported by them.
These problems will affect the safe working environment around platforms and stairs

Gloss paint of the handrailing was chipped off and cracked in many places. Thesc arcas
require repainting. At higher clevations of the Unit 2 structure, the galvanized support
channels for the arating were already corroding indicating poor quality of the galvanizing
process used

In Units 3 and 4 structures, the sitc welding workmanship was as poor as in the Umt 2.
None of the erection cover plate cdges were smooth. Evidence of grninding was not seen
at any location. The vertical gussct plate welds were of especially poor quality.

On Unit 3 boiler structures, a beam located at approximate 20.0 meters clevation spanning
in the North/South direction along axis 3 had an especially poor quality appearance. A
space of onc inch between the box beam and a bracket plate underneath from the column
cdge almost to the midspan of the beam had been attempted o be filled with perhaps 4
or § passes of bad weld. The beam was boxed by welding two channels in the upright
position. The function of the long bracket was not obvious. Tying a long bracket to weld
along the existing weld scam is not good practice. It is cven a poorer practice to try (0 fill
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JAMSHORO UNITS 2, ) & 4

TURBINE-GENERATOR COMPONENTS & SYSTEMS

Each of the turbine-generators of Units 2, 3, o 415 a Harbin Tuthine Works (The
People’s Republic of China) 200MW N210-132/538/538 type indoor unt The rbine is
a tandem compound, three casing, double flow exhaust, impulse, reheat. condensing type.
The generator 1s a synchronous, two polc unit type which 1s hydrogen cooled and has a
water cooled stator. The unit has a rotaung AC excuer

The turbine-gencrator components and systems cvaluated i the study consist of the
following:

High Pressurc Stationary Compopents
High Pressure (HP) Outer Cylinder
HP Inner Cylinder
No. 1 Diaphragm Carric
No. 2 Diaphragm (Carrics
No. 3 Diaphragm Carricr
No. 4 Diaphragm Carricr
‘No. S Diaphragm Carrier
Nozzle Blocks
HP Diaphragms
Intermediate Pressure (IP) Outer Cylinder
[P Diaphragmns
Main Steam Stop Valves
Control Valve Stcam Chests
Reheat Stop Valves
[nterceptor Valves (Shell Mounted)
HP Turbine Lead Piping and [P Turbine Lead Piping

Turbine Rotating Componcents
HP Rotor
[P Rotor
Low Pressure (LP) Rotor
IP Shrunk on Whecels
IP Shrunk on Coupling
P Shrunk on Wheels and Couplings
HP Blades
IP Blades
[.P Blades
DEST AVAILARLE COPY
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JAMSHORO UNITS 2,3 & 4

TURBINE-GENERATOR

LLow Pressure Stanonary Components
[P Exhaust Hoods
LP Mid Cylinder
No. 6 Diaphragm Carners
LLP Diaphragms
[.P Crossover Pipes

Generator and Excitauon - Electrical & Isolated Phasc Bus Duct

Generator Rotating Components - Mechanical
Generator Rotor Forging
Generator Retaining Rings

Turbine Supervisory Instrumentation & Monitoring

Steam Turbine Controls and Coordinated Controls
Speed up
Mecchanical Hydraulic (MHC)
Elcctrohydraulic (EHC)
Coordinated Control (CCS)

High Pressure & Low Pressure Turbine Bypass Systcm

Turbine-Generator Auxiliary Components/Systems
Hydraulic and Lubricating Oil System
Turning Equipment
Gland Stcam Scal System
Turbinc Bearings
Turbine Pedestals
Generator Scal Oil System
Generator Hydrogen System
Generator Cooling Water System

BEST AVAILABLE COPY
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JAMSHORO UNITS 2,3 & 4

BOILER STRUCTURE

a ig pap with weld instead of removing the bracket and fitung properly (o the
connecting member.  Approximately 75% of the erection welds observed in Units 3 and
4 did not have smooth surfaces. They appecared to be the work of unqualificd welders.

Assessment

The reinforced concrete mat foundations of Boiler Units 2, 3 and 4 shouid not detenorate
within the next 20 year period.

The crection practice and Jetailing used may have reduced the desien strength value of
(h- boiler structure. The diagonal member at the boiler air ake supporung structure
.hould be modified by installing the correct’ size spaccers. All boxcd members where
imoisture may accumulate should be provided with drain holes. The suucture must be kept
under systematic maintenance inspection in order 10 recognize any cotiosion damage that
may occur, cspecially on the boxed members.  Assuming proper design, correction of
deficiencies, systematic inspections and preventive Maintenance prachives. the boiler sieel
siructures should not detcriorate to the point of unsuitability wihin the next 20 year
period.

85
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JAMSHORO UNITS 2,3 & 4

HIGHT PRESSURE STATIONARY COMPONENTS

Description

The high pressure stationary components for cach of these threc Harbin Turbine Works
N210-132/538/538 turbines arc composed of the {ollowing: ~ HP outer cylinder with a
conve ntional bolted horizontal joint and with four (4) main stcam inlet connections, HP
inner cylinder with assembled nozzle blocks and the locating bores for diaphragms-stages
2 through 9, No. 1 diaphragm carner (or ciaphragms-stages 10-12, 1P outer cylinder with
conventional bolied horizontal joint, with intereeptor valve bodies fabricated integral to the
cylinder and with four (4) rcheat stcam connections, No. 2, 3, 4 and 5 diaphragm carriers
(or diaphragms-stages 13-15. stages 16-18, stages 19 and 20 and. stages 21 and 22
respectively, nozzle blocks and HP diaphragms for impulsc stages 1-12. 1P diaphragms for
impulsc stages 13-22, two main stop valves, (wo control valve stcam cliests with two
control valves cach, two rcheat stop valves-one on cach side, two interceptor valve chests
fabricated integral with the [P outer cylinder - cach with two interceptor valves cach, HP
wrbine lead piping and 1P wrbine lead piping

Comments and Current Condition

No problems werc reported during the interviews with Jamshoro plant maintenanct and
operating personnel on Units 2, 3 & 4 which are stitl in the warranty period. Ou Unit 2
no significant problems were uncovered {rom the interviews and from the review of the
first year inspection report. Some deformation was reported on the Unit 2 HP inner and
outer casings after the thermal incident of Junc 6 & 7, 1991 (Sce Jamshoro Units #2, 3
& 4 Turbine Rotating Components). The amounts of distortion reported were small and
not unusual. This should not affect proper assembly and alignment of theses components
in the future if the amount of distortion does not significantly increasc.

The high pressure stationary components noted above all appear to be in good condition
based on the plant personncl interviews and the maintenance reviews. The deformation
of the HP outer and inner casings of Unit No. 2 (reported to be as much as 4mm joint
opening on the HP inner casing) does not appear 1o be excessive based on experience with
similar components in seivice.

BEST AVAILABLE COPY
88
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JAMSHORQO UNITS 2,3 & 4

HIGIH PRESSURLE STATIONARY COMPONENTS

Asscssment

Based on the evaluation performed using design data, information obtaiticd [rom the
interviews, reports on the thermal incident on Unit No. 2. industry experienee with similar
design units and the young age of these units no major problems arc anticipated in the
near future. Assuming similar operating practices as {or Unit No. 1 being applied 1o Units
No. 2, No. 3 and No. 4, similar turbine metal life consumptions for the HP casing and the
main stop valve may be expected.  Assuming the same seventy ol start-ups for the next
twenty-years and assuming base load operation with a minimum capacity {actor of 60% and
10 start-ups per year (2 cold. 4 warm, 4 hot), it is expected that the turbine metal hie
consumptions for the HP casing and main stop valves will be very low, similar to unit No.l
The distortion of the Unit No. 2 HP inner and outer casings should be monitored at future

maintenance oulages.

REST AVAILABLE COPY
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JAMSIHORO UNITS 2, 3 & 4

TURBINE ROTATING COM PONENTS

Description

The twrbine rotating components for cach of the three duplicate Jamshoro Units No. 2,
1 & 4 consist of the HP rotor, [P rotor, LP rotor and the assembled rotaung:bladcs. The
[P rotor is a single picce alloy steel forging with 12 integra, wheels and a integral coupling
4t the IP end. The [P rotor is a single flow rotor made {rom an alloy steel forging with
seven integral wheels (stages 13-19), an integral coupling at the HP end, three shrunk-
on wheels (stages 20-22) and a shrunk on coupling at the LP end. The LP rotor is a
double flow rotor made from an alloy stecl forging with shrink fitted wheels (stages 23
through 27 on the generator end and stages 28 through 32 on the [P end).

Comments and Current Condition

The only significant problem was that of the Unit No. 2 bowed HP rotor that was
discovered after the thermal incident of June 6 & 7, 1991. Interviews wath Jamshoro plant
maintenance and operating personnel and a review of the first year inspection report on
the Unit No. 2 did not reveal any other problems on the turbine rotating components of
Unit No. 2. There were no problems found on the turbine rotating components of Units
3 and 4 based on the interviews of Jamshoro plant maintenance and operating personncl
and the maintenance records. The Unit No. 2 HP bowed rotor was replaced with a new
rotor in August 1991. The old Unit No. 2 HP turbine rotor is being returned to the
Harbin Turbine Works for repair. [t will be used as a spare HP rotor for the Jamshoro
Units No. 2, 3 & 4. WAPDA has imitiated a Committce of [nquiry (o investigate the cause
of the Unit No. 2 HP bowed rotor and to make recommendations.

The turbine rotating components, HP rotor, [P rotor, LP rotor and all rotating blades
currently all appear to be in good condition. This includes the new HP rotor in operation
in Unit No. 2. No unusual conditions or problems arc known.

Assessment

The turbine metal life consumption of the HP rotors and the IP rotors may be roughly
approximated by assuming similar operating practices for Units No. 2, 3 & 4 as was
experienced on Unit No. 1. The one exception is the Unit No. 2 HP bowed rotor which
experienced plastic deformation but it has since been replaced with a new HP rotor with
virgin material.

o0 EEST AVAILABLE CQPY
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JAMSIHIORO UNITS 2,3 & 4

TURBINE ROTATING COM PONENTS

Also assuming similar basic rotor geometry (or Units No. 2, 3 & 4 compared.to Unit No.
1, the turbine metal lifc consumpuons (or the HP rotors (not including the mew Unit No.
2 HP rotor) and the [P rotors can be esumated by the number of start-ups experienced
o date. Assuming the same severnty of start-ups for the next nwenty (20) ycars and
assuming base load operation with a minimum capacity factor of 60% and 10 Start-ups per
year (2 cold, 4 warm, 4 hot) 1t 1s expected that the turbine metal life consumpuons for
the Uniis No. 3 and 4 HP rotors and the Units No. 2, 3 and 4 [P rotors will be very low,
similar o Unit No. 1. The turbine metal life consuniption for the Unit No. 2 HP rotor
will be less than that of the Unit No 1 HP rotor because it is a new rotor just installed

in August 1991.

BEST AVAILABLE 0 Y

9

159


http:AWVAILABI.iJ

JAMSHORQO UNITS 2,3 & 4

LOW PRESSURE STATIONARY COMPONENTS

Description

The low pressure stationary components on the Units No. 2, 3 & 4 Harbin Turlbinc Works
200MW tandem compound double flow turbines are cach made up of I.P exhaust hoods,
P mid cyhnder, No. 6 diaphragm carriers, LP diaphragms and LP crossover pipes

The low pressure section 1s a double {low section with two crossover pipe admissions on
the upper hall LP mid cylinder There is a LP exhaust hood on cach end with downward
exhaust to the condenser. There are two No. 6 diaphragm carners, onc on cach end,
contaimng, two diaphragms (stages 29 and 30 on the JP end and stages 24 and 25 on the
generator end). The LP mid cylinder comains the LP admission diaphragms, onc on each
end (stage 23 on the gencrator end and stage 28 on the IP end) Thete are two lauer
stage diaphragms on cach end of the LP scction (stages 26 and 27 on the gencrator end
and stages 31 and 32 on the 1P cnd).

Comments and Current Conditlion

No problems were discovered with any of the low pressure stationary components of the
Jamshoro Units No. 2, 3 & 4 bascd on the interviews conducted with plant mainienance
and operating personnel and the review of the first year inspection report of the Jamshoro
Unit No. 2.

The low pressure stationary components described above on Jamshoro Units No. 2, 3 &
4 all appear to be in ratisfactory condition.

Assessment

No major problems were found on the low pressure stationary components ol Jamshoro
Units No. 2, 3 & 4 nor arc any anticipated in the future. This assessment is based on the
information obtained at the plant during personnel interviews, review of maintenance
records, and industry experience similar with other low pressure stationary components.
The low pressure stationary components of Jamshoro Units No. 2, 3 & 4 arc expected 1o
be suitable for the next twenty (20) years of continued operation without major repairs or
replacements.  Normal maintenance and inspections should regularly be performed at
scheduled major maintenance outages.
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JAMSITORO UNITS 2, 3, & 4

GENERATOR AND EXCITATION - ELECTRICAL &
ISOLATED PHASE BUS DUCT

Description

Three (3) Generators: 247 MV A, Type GFSN-210-2, manufactured by HEMW, 50
Hz, 15.75 15% kV, 9.056 kA rated current, 3000 rpm, 0.85
power factor, 470V hicld voltage, 1830A Nield current, class
of insulation “I** for the stator and rorfor. 3-phase, 2 poles,
hydrogen and watcer cooled.

Three (3) Main Exciters: Type JL-1165-4, manufactured by HEMW. AC exciter, 1165
KW, 431V, 1562A. 0.91 pf. 160 1z

Three (3) Pilot Exciter: Type TFY-46-5a, manufacturcd by HEMW, AC exciter, 46
KW, 161/93V, 165-285.8 amp, 0875 pl. 300 He.

[solated Phase Bus Duct: The isolated phase bus duct s manufactured by Fuxin

enclosed bus factory, type GEM-20-1, aluminum conductor,
rated 20 kV, 150 kV BIL, conductor temperaturc rise less
than 60° C with aluminum cnclosurce. The main bus circuit
is rated at 10,000 Amp with 400 kA svimmetrical current.
The sub bus circuits are rated at 2000 Amp with 560 kA
symmelrical current.

Comments and Current Condition

Interviews with plant. O&M personnel, walk through inspections, and review of plant
records revealed that there is a persistent overheating problem with the generator exciter
carbon brushes in Units 2, 3, and 4. The O&M personnel reported that in some cascs,
they had to operate the units on reduced load as a result of this problem. This problem
was addressed on Unit 2 during the First Inspection.  According to the Report of First
Inspection of Unit 2, the carbon brush and slide ring were precision ground and the
overheating phenomenon was climinated. Plant personnel however stated the overheating
still exists. During our visit, Unit 2 exciter enclosure was removed to reduce the
temperature.

Interviews with electrical maintenance personnel, walkdown visual inspections, and review
of plant trip report, indicates no problem history with the isolated phase bus duct.
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JAMSITORO UNITS 2,3, & 4

GENERATOR AND EXCITATION - ELECTRICAL &
ISOLATED PHASE BUS DUCT

Assessmenl

Normal repair such as precise grinding of carbon brushes and shde nng 18 needed o
overcome the overheating. Assuming repairs are made, proper design and sclection of
components and adherence 10 the manufacturer recommended mamienance and operaung
proccdures, the generator, excitation system and isolated phase bus duct arc expected o

be suitable for 20 years continued operation.
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JAMSHORO UNITS 2,3 & 4

GENERATOR ROTATING COMPONENTS - MECHANICAL

Description

The generator rotaung components-mechanical on  the Harbin Works .QFSN-?_10-2
generator consist of the generator Totor forging and the generator retaining rings.  The
generator rotor forging 1s alloy steel and the generator retaining nngs are high strength
alloy steel rings shrunk on 10 the rotor body to contain the rotor coil ends al operating
speeds.  Jamshoro Units No 2. 3 & 4 arc duplicate units and have duplicate generator

rotating components-mechanical

Comments and Current Condition

There is no history of problems on the generator rotating components-mechanical noted
above for the Jamshoro Units No. 2, 3 & 4 based on interviews with plant operating and
maintenance personnel and the review of the maintenance records.

The generator rotating components-mechanical which consist of the generator rotor {orging
and the generator retaining rings at cach end for the Jamshoro Units No. 2. 3 & 4 all
appear (o be in satisfactery condition.

Assessment

Basced on the information obtained for personnel interviews and the review of records, the
generator rotating components-mechanical of the generator rotor forging and the generator
retaining rings {or the duplicate Jamshoro Units No. 2, 3 & 4 should be switable for 20
years of continued operation without major repairs and replacements. The condition of
the generator retaining rings should be carcfully monitored by non-destructive examinalions
during regularly scheduled maintcnance outages. Routine maintenance and inspections
should be performed on the generator rotor shaft forging during scheduled maintenairce
outages.

BLST AVAILABLE COPY



JAMSHORQO UNITS 2, 3, & 4

TURBINE SUPERVISORY INSTRUMENTATION & MONITORING

Description

Tihe sicam turbine safety monitoring systcm consists of cabinets, sensors, indicators,
recorders and alarms. The system provides monitoring of the (ollowing parameters:

[Fccentnicity ol rotor

[elt/nght travel of control valves servo molors
Travels of reheat intercept valve servo motors
Oil level ir oil reservoir

Absolute expansion HP & [P cylinders
Mechanical synchromzer travel

Differential expansion (HP/IP/LP)

Vibration of (9) bearnings

Load limiung indication

Overspeed emergency governor action

z O

O 0o o0 o o o0

The system provides. protection function of the following parameters:

Speed: Alarms when over than 110%, and trips wurbine when over
116% of rated specd.

Axial Displacement: Alarms at +0.8mm and -1.0mm, trips the turbinc at +1.0mm
& -1.2mm.

Low Lube Oil Pressurer  When the lube oil pressure is lower than 0.6 Kgf/Cm', the AC
motor driven oil pump automatically starts.. When lower than
0.5 Kef/Cm? the DC motor dnven oil pump automatically starts
and the turbine is tripped. When the lube oil pressure is lower
than 0.3 Kgf/Cm? the rotor turning gear of the turbinc is
stopped. Pressure regulator with range 0.2 Kgf/Cm' is utihized.

Vacuum Drop in Alarm at 025 ata, and when lower than 035 ata the

Condenser: turbine is tripped. Pressure regulator with rang 0-760mm g
is utilized.

BEST AVAILAGLE COPY



JAMSHORO UNITS 2, 3, & 4

TURBINE SUPERVISORY INSTRUMENTATION & MONITORING

Comments and Current Coandition

nterviews with plant O&M personnel, review of correspondence and status TCpOris of
instrumentation, and walk through inspections indicated that the data acquisiton system
computer, recorders, and indicators rcading do not agrec. This is a common problem on
all 3 units.  This causes confusion as 10 appropriate actions 0 be taken by operaung
personnel.

Specific problems on the units arc as f[ollows:

Unit 2: Vibration recorder out of order, the turbine bearing igh
vibration prevailing, and the gencrator teinperature scanner s
out of service.

Unit 3: The cccentricity indicator and recorder, heaning metal temp
recorder, [P cylinder metal temperaturc and turbinc digital
speced meter arc out of service. The most serious is the
condenser vacuum protection which has been disabled by
CMEC since commissioning of Unit 3 (per plant records).

Unit 4: [nconsistent readings between indicatos, records and momtors
{or condenser vacuum, tube ol pressure and turbine speed.

Asscssment

Calibration, repairs or replacement arc nceded o put the above mentioned instruments
back into service. Based upon the newness of the plant, correcuon of deficiencies,
assuming proper selection of instrumentation and compliance with the manufacturcr
recommended O&M procedures, the turbine supervisory system should be suitable (or 20
years continued operation.

BEST AVAILABLE COPY
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JAMSHORO UNITS 2,3, & 4

STEAM TURBINE CONTROLS AND COORDINATED CONTROLS

Descriplion

The stearn turbine type N210-122/538/538 1s equipped with both clectrohydraunic (EHC)
and mechanical-hydraulic control systems (MHC). A common actuator is used for both
the EHC and MHC with & switching valve to transfer between the two systems. The
speed-up system performs closed loop control over the {ull speed range from turning pear
to synchronous speed 10 avtomatically control the warming speed, warming ume,
perceriage speed vanation, and acceleration rate for passing through the criical speed
sones.  When the stcam turbine reaches 3000 rpm, the spzed-up system control s
automatically switched over 10 FEHC system control.

When the unit is synchronized, the EHC system automatically loads the turbine with intual
load. The unit could be operated with or without system frequency bias

The unit picks up load with sliding pressuic by sctting the MW while the MW rate rauo
is controlled by the beiler. The unit could be loaded with [ixed MW rate rato controlled
by the EHC. The MHC tracks the EHC such that bumpless transfer is achieved.

The system also has a coordinated control system (CCS) feature o operalc the unit with
coordination between boiler-turbine-generator.

Comments and Current Condition

Interview with plant maintenance and operating personnel, review of records, and walk
through inspections indicated the following:

o Operation and performance of the above systems arc not satisfactory for Units 2,
3 and 4. [t was reported in a letter from WAPDA to CMEC dated 9/9/91 that
Unit 2 MW varies sharply in response to small frequency changes

o The CCS cannot be activated since sceveral loops, such as fucl oil and steam
temperature control loops, arc on manual at all dmes. Even il the loops arc on
auto, the CCS has not been tested for reliable operation (o the satisfaction of the
operating personnel.
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JAMSHORO UNITS 2,3, & 4

STEAM TURBINE CONTROLS AND COORDINATED CONTROLS

o The O&M personnel reported that the tracking system ol the MHC docs not work,
which means that in case of failure ol the EHC and automauc svatchover to MHC,
MW upset takes place. The O&M nersonnel reported two incidents where a 15
MW bump was experienced while the unit was producing 150 MW To activate the
MHC, the operator had to manually lift the changeover pilot valve at the turbire
front

The O&M manual calls for switching over between MHC & EHC once every two days
to prevent the convertor [rom jamming. Duc, to lack of records which support the
unreliability of the EHC & MHC system, we requested the plant operatons to demonstiate
the switchover from EHC to MHC while Unit 2 was on line. The plant operators dechined
our request on basis that they felt confident the bump would take place and did not want
to risk upsetting the system.

Assessment

Repairs arc needed to resolve the EHC frequency response problem and the MHC
tracking problems. These problems could be attributed to either original design or not
following O&M procedures. We cannot make an asscssment of the coordinated control
system (CCS) since the system was very scldom operational according to the plant records
and operators experience. However, the fact that the CCS is not in senace increasces the
operating cost and the risk of human crror in manual control of the Units 2, 3, and 4.
Assuming the above problems are resolved, manufacturer's O&M procedures arc adhered
0 and based on the newness of the cquipment, these systems should be surable for 20
years continued operation.

BeST AVAILABLE CUPY
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JAMSHORO UNITS 2, 3, & 4
HIGH PRESSURE & LOW PRESSURE TURBINI
BYI'ASS SYSTEM
Description

The wrbine bypass system 1s manulactured by Sulzer of Switzerland and gonsists ol the
followiny:

= ' . . N I\
o [Electronics cabinets in the equipment room which includes gh pressure (HP) and
low pressure (LLP) bypass pressure and temperature controllers

o HP & LP bypass clectirohydrauhic scrvo valves.

o  Desuperheaung stauons.
The HP bypass system is mainly uscd during startup of the boiler and in casc of wrbine
trip or load rejection. The stcam is bypassed directly to the reheater and controlled 10
match the prevailing conditions in the reheater. The HP bypass system enables the boiler
and turbine to be started independently.
Comments & Current Condition
[nterviews with plant O&M personnel and review of plant records indicated that the bypass

system is in satisfactory condition.

Assessment

Assuming proper design and selection of components, and adherence to the manufacturer’s
recommended maintenance and operating procedures, the system should be suitable for
20 years continucd operation without major repairs or replacement.

SonT aVaILABLE CODyY
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JAMSHORQ UNITS 2,3 & 4

TURBINE-GENERATOR AUXILIARY COMPONENTS/SYSTEMS

Description

The turbine-gencrator components/systems on (his Harbin Works N210-132/538/538 type

indoor unit consist of the following:

Hydraulic and Lubricaung Oil System
Turning Equipment

Gland Steam Scal System

Turbine Bearings

Turbine Pedestals

Generator Seal Oil System

Generator Hydrogen System
Generator Cooling Water System

The hydraulic and lubricating oil system includes:

Main Oil Tank

Main Oil Pump

Oil Coolers

Auxliary Oil Pump

Tuming Gear Oil Pump
Emergency Oil Pump
Turbine Oil Storage Pump
Oil Transfer Pump

Oil Conditioning Equipment
Relay Dump Valve

The turning cquipment is a motor operated gear driven turning gear which has a rning
spced of approxamately 3 rpm.

The gland stcam seal system includes:

Gland Steam Scal Regulator
Gland Steam Exhaust Blower BEST AVAILABLE COPY
Gland Steam Condenser

This tand=m compound three (3) casing turbine has five (5) journal bearings. The number
two bearing is a combined thrust and journal bearing. The number two journal bearing
is the self aligning type and the other four (4) turbine bearings arc fixed type. N
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JAMSHORO UNITS 2,3 & 4

TURBINE-GENERATOR AUXI LIARY COM [‘ONEN'['S/SYS'I'IJ\‘iS

There are shding turbime pedestals at the governor end of the P sccnon and between the
[P and the [P scctions. The turbine pedestal between the 1P and the LP sccuons is of

the fued type.
The penerator seal oil system includes:

Bearing Drain Enlargement Equipment
Scal Drain Enlargement Equipment:
Secal Oil Control -

The generator hydrogen system includes:

Hydrogen Supplying Unit
Hydrogen Gas Control Cubicle
Hydrogen Gas Dryer
Hydrogen Gas Storage Tank
Gas Analyzer:

Control Pancl

The gencrator cooling water system is a scparate system that cools the generator stator.

Comments and Current Condition

In Units 2, 3 and 4, the hydrogen valves, which should open automatically on low hydrogen
pressure, currently operate only on manual. The control room operator is required 10
observe the hydrogen pressure indication and dispatch an operator o manually open the
vaive as the unit MW increases.

There were no other reported problems with the turbine-generatot awaliary
components/systems noted above on the Jamshoro Units No. 2. 3 & 4 based on the
interviews with plant maintenance and operating personnel and the revew of the Jamshoro
Unit No. 2 first year inspection report. .

With the exception of the hydrogen valves, the turbine-gencrator componcits/systerns for
the Jamshoro Units No. 2, 3 & 4 2!l appcar o be in satisfactory operating condition.
No unusual conditions or problems were uncovered.
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JAMSIIORO UNITS 2, 3 & 4

TURBINE-GENERATOR AUNILIARY COM PONENTS/SYSTEMS

Asscssment

Automatic operation of the hydrogen valves should be restored. The remaining turbine-
generator awaliary components/systems for the three (3) duplicate Jamshoro Units 2,3 &
4 are expected to be suitable for twenty (20) years of continued operation without any
major repairs or replacements. Normal maintenance and inspections should be regularly

performed at scheduled maintenance outages.

BEST AVAILABLE DOCHMENT
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JAMSIHORO UNITS 2, 3 & 4
BALANCE OF PLANT COMPONENTS & SYSTEMS
The balance of plant mechanical, clectrical, nstrumentation and controls, and civii
structures cvaluated consists of the following:
Feedwater System
Condensate pumps
Feedwater heaters
Dearator
Boiler {cedwater pumps
Cooling Water System
Cooling tower
Circulating water pump
Condenscr
Cooling Tower Structure
[nstrument Air System
Fire Protection
Chemical Feed System and Sampling Rack
Water Pretreatment System
Coagulation Sedimentation Tanks
Water and Wastewater Treatment Systems
Water Treatment Building
Emergency Diesel-Generator
Power Trans{ormers

6.6 KV Metalclad Switchgear

400V Power Centers, 400V Motor Control Centers (MCC)

[FEAENS
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JAMSHORO UNIT 1

BAIANCE OF PLANT COMPONENTS & SYSTEMNS

Uninterruptible Power Supply (UPS)
220 KV Underground Cable

66 KV Cable

DC Station Batteries

Local Control Boxes, BTG Boardwiring, Control Cables, Cable Trays and Ducts

Plant Computer System

Turbine and Central Control Buildings

BEST AVAILABLE DOCUMENY
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JAMSHORO UNITS 2,3 & 4

FEEDWATER SYSTEM

Descriplion

The [eedwater system conveys waler from the condenser outlet to the boier cconomizer
inlet through cight stages of heating as well as condensing the stcam in the steam jet au
ejector coolers and the turbine gland steam condenser. The major components addressed
in the report are the condensate pumps, {cedwater heaters, dearator ang boler fcedwater

pumps

These 50% capacity motor driven condensate pumps arc provided (or cach unit  Undet
normal operating conditions at full load, two pumps would be operaing with the third
pump in stand-by mode. The pumps are vertical centrifugal multi-stage with stainless steel
impellers and shafts. '

There are four low pressure and three high pressure closed [cedwarcr heaters per unit.
All heaters are vertical "U" tube type. The two lowest pressure heaters (#1 & #2) have
tin brass wbes. Heater 3 & 4 have copper nickel alloy tubes; the three hgh pressure
heaters have 15 Mo3 alloy tubes.

The dearator is a cylindrical tray type mounted on a separate horizontal storage tank. The
dearator is designed to maintain oxygen content in the effluent not greater than 0.005 cc/l.

Three horizontal barrel type multi-stage boiler feedwater pumps arc provided for each unit.
Each pump includes a vanable speed hydraulic coupling and feedwater booster pump.
Under full load conditions, two pumps would normally be operating with the third pump
i stand-by.

Comments and Current Condition

A review of the rather sketchy Report ol First Inspection of Unit 2 did not indicate any
problems with the fcedwater system. A review of the unit trip records noted three trips
of Unit 2 were caused by the boiler {eedwater pumps. Discussions with operating and
maintcnance personnel indicated the trips were duc to a leaky {cedwater control valve.
Maintenance personnel stated the feedwater control valve was replaced and this solved the
problem.

Plent personnel indicates no other major problems with this system for all three units.
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JAMSHORO UNITS 2,3 & 4

FEEDWATER SYSTEM

The fecdwater system appears in satisfactory condition basced on the data reviewed and

unit walk-through inspection. No unusual conditions were noted.

Asscssment

assuming proper design and selectuon of equipment and

ded maintenance and operating procedure, the
cc units should be suitable for 20

Bascd upon the age of the unit,
adherence 1o the manufacturer's recommen
major components of the fecdwater systems for all thr

years continued operation without major repairs or replacement

BEST AVAILARLE DOCURGER
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JAMSITORO UNLis 2, 3 & 4

COOLING WATER SYSTEM

Description

The cooling water system provides the cooling water for the condenser and «the bearing
coolers. The major components addressed in the report are the cooling towet, circulating
water pumps and condenser. The cooling tower structurc is covered in detail in a scparate

secuon

The cooling tower 1s mechanical nduced draft mult-cell cross flow type The structure is
reinforced concrete and the fill material is PVC.

Three 50% capacity circulating water pumps arc provided. Under normal conditons, two
puUMmps are operating, and one pump is in stand-by. The circulating watér pumnps arc
vertical, single suction mixed {low type.

The condenser is a two pass, divided water box horizontal surface type. The tube matenal
is tinbrass in the condensing section and copper nickel in the air coohng section

Comments and Current Conditions

A review of the rather sketchy Report of First Inspection of Unit 2 indicated low vacuum
in the condenser. During the inspection a leaking flange connection between the 7th
extraction valve and gland steam header was found. The connection was rcpaired and
subscquent operation indicated condenser vacuum returned to normal

A redew of the unit trip records indicated Unit 4 tripped twice duc 10 tripping of the
circulating water pumps. Maintenance personnel indicated this was not a pump related
problem. No other trips of the three units were attributed to the cooling water system.

Unit 3 cooling tower experienced a failure of one fan motor shaft which caused somce
damage (o the tower. [tis expected this will be fixed prior to acceptance of the unit.

The condenser for Units 2, 3 & 4 did not experience scaling problem as did the Unit ]

condenser. Interviews with plant ofcrating and maintenance personnel indicated no major
problems with the cooling water system.

The system appears in satisfactory condition based on the data reviewed and unit walk-

through inspection. No unusual conditions were noted.
ST NP RAURY
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JAMSHORO UNITS 2,3 & 4

COOLING WATER SYSTEM

Asscosment

Based upon the newness of the plant, correction of existing deliciencies, assuming proper
design and sclection of components, and adherence to the manufacturer’s recommended
maintenance and operating procedure, the major components of the coohing water systems
should be suitable for 20 years continued operation without major repais or replacement

nesT AVAMLABLE DOCUMENT
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JAMSHORO UNITS 2,3 & 4

COOLING TOWER STRUCTURE

Description

The coohng towers of all units arc in general the same except for minor differences
between the Unit 1 and Units 2, 3 & 4. Refer 1o the Description given for Umit | for

deaails.

Comments and Current Condition

-

Fxceptn one cell in the Unit' cooling tower, there was ne obseivable damage. In this
umit, a shaft between the fan motor and gear broke damaging the sloped (iberglass balfic
wall, fan stack and fan blade. ’

The workmanship of the welding for the staircases leading from the nside 10 the top oi
cooling towers was of inf{erior quality.

The water splash boards are hung by rods or supported from channel sections Some of
thesc channels appeared to be corroding. Although the units are only a couple years old.
corrosion was also obvious on other steel parts such as entry door frame. mcoming cooling
water pipes and hand railings at the roof level of the cooling towers

Similar to Unit 1, these cooling towers are also supported on a solid hmestone formation.
There were no sign of settlement in either the cooling towers or the adjacent pump house
structures.  The concrete parts of the structures appcar adequately built and did .ot
indicate any major chipping, cracking or deterioration.

Assessment

Assuming proper design and erection, the cooling tower structurcs are expected to be
suitable for 20 ycar continued operation. Miscellancous components such as stairs,
handrails, hangers and other attachments will require normal maintenance and repairs as
necessary.

BEST AVAILABLE DOCHipares
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JAMSHORO UNITS 2, 3, & 4

INSTRUMENT AIR SYSTEM

Description

ach unit has two sets of instrument air compressors. The compressors are vertical, belt
driven, and manufactured by Shenyang Gas Compressor ractory. One sel is normally 1n
operation, the other 15 on standby, ready to start on low air pressure  The discharge
pressure of cach compressor is 7 Kgf/Cm*. The instrument air is dehumidificd by an aur

dryet

The awr comnpressors provide instrument air (o the boiler control system, burner control
qystem, and reverse current valves of turbine extraction steam line

Comments and Current Condition

[nterviews with plant O&M personnel and review of Unit 2 trip report rdicated that Unut
2 was tripped on May 19, 1991 due o low instrument air pressure. The mainienance
personnel indicated that the transfer pump at the pretreatment (acility was out of service
a1 that time which provided cooling water for the instrument air compressor through the
clanifier. The low level of clarifier water tripped the compressors which in turn tripped

the unit.

The compressors in all units are in operating condition, however, there 1s N0 program 1n
place 1o periodically change the air flters and conduct maintenance on the compressors.

Currently, every unit is being served by two cOMpressors, without cross-ies (0 other units.
The plant personnel indicated that the cross-ties are being planned tor instaliafion to avoid

trips similar 1o that of Unit #2 on May 19, 1991.

Frequent tripping of insirument air compressors for Units 2, 3, and 4 has been reported
in Pakistan Engincering Services Letter JS/18/91-92 to CMEC, dated July 7, 1991.

BEST AVAILARLE DOCUMFY!
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JAMSHORO UNITS 2, 3, & 4

INSTRUMENT AIR SYSTEM

Asscssment

The overall system appeats 1o be in satisfactory condition with the excepton Ol poor
workmanship of cable terminations which is a gencral condition existing in Units 2, 3, and
4. The conformance document for Units 2, 3, and 4 require the instrument air systems o
be provided wath interconnection lines of neighboring  units This ewvidently was not

provided.

Assuming proper design and sclection of components, normal r¢pairs 10 alleviate frequent
tripping, and adherence to the manufacturer recommended maintenance and operaung
procedures, the system should be suitable for 20 years continued operation without major

repairs or replacement. However, cross-ticing the instrument ait system will increasce the
reliability factor of the units and should be installed.

" oy
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JAMSHORO UNITS 2, 3, & 4

FIRE PROTECTION

Description
The system consists of the followang:

(6)  Lmergency Fire Water Pumps

(3)  Motor Driven Emerpency Fresh Water Fire Pump

(3)  Dicsel Driven Emergency Fresh Water Fire Pump

(3)  Sets of Air Foam Extinguishing Equipment

(38)  Sets of Air Foam Hydrant: with (65) Hose Connections

(3) Fie Lighting Trucks

(6)  Sets of Dry Chemical Extinguishing Eqmp.mcnl with Local/Remote capability (2000
Kg cach) ’

(3)  Fire Protecuon Pancls

(6) Wheel Carry Power Chemical (50 Kg cach)

(162) Hand Carry Power Chemical (8 Kg cach)

Current Condition

[nterviews with plant personnel, review of records, and walk-downs indicated that the plant
stores the firc hoses in a warchouse because they were subject 10 theft.

The fucl oil unloading receiving area is considered hazardous duc to the oil spillage
throughout the area.

Assessment

Fire hoses should be reinstalied in the hose racks provided. [mmediate clean-up of the
fucl oil unloading facility is nceded to avoid potential fire. Assuming proper sclection of
components, adherence 10 the manufacturer recommended O&M instructions and
periodical functional tests, the system should continue to operate for 20 ycars.
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JAMSIHHORO UNITS 2, 3, & 4

CHEMICAL FEED SYSTEM & SAMPLING RACK

Description

Condensate and feedwater are chemically adjusted (0 prevent scale {ormation, corrosion,
caustic embntuement, and contamination of steam, such as silica carryover thich would
deposit oxj the turbine blades. This chemical [eed system combined with boiler blowdown,
demineralized make-up water quality, and boiler manufacturer recommendation provides
the basis for cach unit water cycle quality.

The system feeds chemicals to the boiler feedwater to control the ph and 10 inhibit release
of oxygen in the boiler tubes, drum, superheater, and economizer.

Diluted hydrazine is apphed to remove dissolved oxygen contained in the feedwater and
to control the ph value. However, during plant startup and shutdown, an ammonium
sclution is injected in the condensate pump discharge o control the pH of the (cedwater.
Durirg long term shutdown, concentrated hydrazine is used (0 protect the boiler from rust.

The sodium phosphate solution is used for inhibiting caustic embnulement, and to remove
hardness ol the boiler water.

The sampling rack supervises the quality of make-up water, condensate, eedwater, boiler
water and stecam.

The chemical feed system consists of the following cquipment:

(1) Hydrazine Solution Positive Displacement Pump (0.33 liter/minute)

(3) Diluted Hydrazine Solution Tank

(6) Phosphate Sclution Positive Displacement Pumps (0.66 liter/minutc)

(3)  Phosphate Solution Tank (1 m’)

(3)  Amroonium Solution Tank (1 m?)

(6) Ammonium Solution Pump (0.33 liter/minute)

(3) Stand-alone Control Pancls

(3) Stand-Alonc Sampling Racks manufnctured by Changzhou Power Machine Works,

i with ph analyzers, conductivity meters, dissolved oxygen meclers, hydrazinc mclers,

ph indicators, conductvity indicator. In the control room, there are OXygen and
hydrazine recorders.
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JAMSHORO UNITS 2, 3, & 4

CHEMICAL FEED SYSTEM & SAMPLING RACK

Commeants and Curreat Condition

Interviews with O&M personnel, walk-downs, and review of plant records indicated that
the chemical fced and sampling rack are on manual control. The conductivity meters are
out of service. The samplirg rack is located inside an enclosed room where temperature
could reach 41°C.

Assessment

Proper ventilation is needed in the .ampling rack room. Repair of conducuvity meters and
restoration of automatic functioning is essential. The current condition will cause increasced
O&M cost. Assuming proper sclection of components, adherence to manufacturer’s O&M
procedures, the system is expected to last 20 years.

TN

SesT AVAILABLE DOCUMFNY



JAMSHORQO UNITS 2, 3, & 4

WATER PRETREATMENT SYSTEM

Description

The water is pumped form the intake structurc at the Indus River to water receiving (anks
(o climinate flocculation, then treated by coagulant. The claniicd watcr 15 pumped 10
clarified water tanks then (o the service water tanks.

The quality of treated water at the outlet of coagulation sedimentation tank 1s 6 to 8.5 ph,
suspended solid is less than 10 ppm, and treated capacity is 24272 mhe {or two units,
quality of treated water at outlet of filter cquipment is 6 0 8.5 ppm, and suspended sold

is 1.0 ppm.
The pretreatment faciliues consist of the following equipment:

(6)  Intake Water Receiving Tank (788.8 m’)

(18) Coagulation Sedimentation Tank Transfer  Pumps (HP Laserlet  Series
[ITHPLASEILPRSnk (3000 m”

(6)  Cooling Tower Make-up Pumps (950 m’/hr)

(6)  Filter Equipment Transfer Pum, s (288-548 m’/hr)

(9)  Vertical Pressure Filters (45 m’/hr)

(6)  Air Scrubbing Blower, Rotary Type (28 Nm’/min)

(3)  Semi-underground Treated (Clarified) Water Storage Tank (1000 m®)
(6)  Filter Backwashing Pumps (360 to 576 m’/hr)

(6)  Drinking Water Feed Pumps (186 m*/hr)

(6)  Treated (Clanficd) Water Transfer Pumps (110 to 200 m¥/hr)
(3)  NaOH Chemical Storage Tank (10 m’

(3) NaOH Horizontal Unloading Pump (13.1 m’/hr)

(9)  Dilute NaOH Tank (3 m’)

(6)  Dilute NaOH Dosing Pump (0.126 m’/hr)

(9)  Dilute NaOH Tank Agitator, Puddle Type

(6)  Coagulant Tank (150 m’)

(6)  Coagulant Dosing Pump (1 m*hr)

(6)  Coagulant Acid Tank-(30 m?)

(6)  Coagulant Acid Dosing Pump (2.5 m’/hr)

(6)  Coagulant Aid Tank Agitator

(3)  Concentrated NaOH Transfer Pump (13.1 m/hr)

(6)  Chemical Storage Yard Pit Pumps (15 to 25 m'hr)

BEST AVAILABLE DOCHREHT
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JAMSIHORO UNITS 2, 3, & 4

CHEMICAL FEED SYSTEM & SAMPLING RACK

ption

y adjusted to prevent scale formation, corrosion,
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it on the turbine blades. This chemical feed system combined with boiler blowdown,

ieralized make-up water quality, and boiler manufacturer recommendation provides

1sis for cach unit water cycle quahity.

ystem [ceds chemicals to the boiler feedvsater to control the ph and 1o inhibit release
ygen in the boiler tubes, drum, superheater, and economizer.

=d hydrazine is applied to remove dissolved oxygen contained in the (cedwater and
ntrol the ph value. However, during plant startup and shutdown, an ammonium
on is injected in the condensate pump discharge to control the pH of the feedwater.
1g long term shutdown, concentrated hydrazine is used to protect the boiler from rust.

;odium phosphate solution is used for inhibiting caustic embrittiement, and to remove
1ess of the boiler water.

sampling rack supervises the quality of make-up water, condensate, feedwater, boiler

r and stcam.
chemical feed system consists of the following equipment:

Hydrazine Solution Positive Displacement Pump (0.33 liter/minute)
Diluted Hydrazine Solution Tank

Phosphate Solution Positive Displacement Pumps (0.66 liter/minutc)
Phosphate Solution Tank (1 m’)

Ammonium Solution Tank (1 m’)

Ammonium Solution Pump (0.33 liter/minute)

Stand-alonc Control Panels

Stand-Alone Sampling Racks manufactured by Changzhou Power Machine Works,
with ph analyzers, conductivity meters, dissolved oxygen meters, hydrazine meters
ph indicators, conductivity indicator. [n the control room, there arc oxygen anc
hydrazine recorders.
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JAMSHORO UNITS 2, 3, & 4

WATER PRETREATMENT SYSTEM

(3)  Local Control Pancls (as nceded) ph Meters and Flow fnicgraung Meters
(6)  Service Water Tanks (1500 m')
(6)  Service Water Pumps (54 m’fhr)

Cammeants and Current Condition

Normally two out of three coagulation sedimentation tanks are in scrvice, and the third is
on standby. The cleaning of the tank is donc manually once cvery year and requires
approxdmately 3000 person hours. Unit 3 pncumatic control system of the mechanical
ilters is out of service as well as other miscellancous pressure, Now, and local indicators.
On Unit 2. in July onc (1) out of six (69 coapulation tank raw watcr transfer pumps were
in service. The equipment runs on manual control and requires a high degree of peniodic
maintenance and parts replacement duc (o the service operating condions.

Assessment

All out-of-service equipment should be repaired and returned to service. Assuming proper
design and sclection of water pretreatment system equipment, the system should be suitable
for 20 years continued operation O&M costs will be high due to the severe service
encounicred.

L N R £ A
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JAMSHORO UNITS 2,3 & 4

COAGULATION SEDIM ENTATION TANKS

Description

For cach unit there are three coagulation sedimentation tanks. The . coagulation
scdimentation tanks externally look similar to the tanks of Unit 1, but there are some
structural differences. The tanks arc constructed of reinforced concrete. At the center
portion of the tank there is a cyhindrnical space with 7.8 meters inside diameter. The watcer
1o be coagulated is pumped Into this cylindnical space. There is an agitator mounted on the
slab acting as the top plattorm, over the cylindrical part. The platform is covered with an
elaborate concrete roof on columns. Unit 1 tank does not have any slab or roof 1o cover

the agitator motor. The top of platform is at EL 5.85 meters and the top of roof is at EL

9.72 melters.

The cylindrical wall is supported on radially oricnted wall like columns. Between the
radial walis, the cylindrical wall flares up into the shape of a cone. The bottom of the
sedimentation tank with an inside diameter of 15.60 meters is formed like a flat spherical
bowl in order to collect the sludge and pump it out from the centrally located pit. The
clean water is collected on the radially positioned troughs at the upper elevation of the
coagulation sedimentation tank. Al the radial troughs are connected to a circular trough
which feeds the outlet pipe. The external tank diameter at the top is 25.00 meters and
19.40 meters at the bottom. Between EL 0.0 and El +3.50, the tank wall is 0.35 m thick
and conical in shape.

Comments and Current Condition

The concrete forming of the coagulation tanks was fair. Therc were no crifical leaks or
seepage obscrvable {rom the walls. The surrounding of the tanks reflected natural ground
conditions with no pavement These tanks collect fine clay sediments and need to be
routinely emptied similar to the tanks of Unit 1, but not as frequently. The automatic
sludge removal system is r.ot functioning so that a long duration of down time is required
in order manually 1o rernove the sludge. During this process the walls and surrounding
arcas get dirty. The central cylindrical space below the agitator is morc difficult to access.

Assessmenl

Structurally the coagulation sedimentation tanks should all provide 20 years service. They
arc superior to the coagulation sedimentation taaks of Unit 1 since they have less
structural steel parts to corrode and lesser downtinie duc to sludging.
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JAMSHORO UNITS 2, 3, & 4

WATER & WASTEWATER TREATMENT SYSTEMS

Description

The water treatracnt system is designed 0 produce treated water with conduclivity of less
than 0.5 us/em at 25°C, with Si02 (siticon) of less than 0.015 ppm, and dissolved oxyaen
of less than (.3 ppm.

The design capacity 1s 25 t/hr, two (2) sets of demineralizing system arc installed per unit.
The system is manufactured by WuXj Boiler Works.

The system is designed 10 regencratc automatically, the chemical consumption {or
regeneration is HCI 600 Kg and NaOH 250 Kg.

The system consist of

(6) Water trcatment Supply Pumps (70 to 120 m’/hr)

(6) Regeneration Water PumpS (30.6 TO 64.1 m’/hr)

(6) Booster Pumps (306 10 64.1 m‘/hr)

(6) Anion Towe.

(6) Cation Tower

(6) Mix-bed Tower

(6) Vacuum Degassing Towers

(6) Vacuum Generating Equipment, Steam Injection Type

(6) NaOH Tank, Pumps and Accessories

(3) Control Pancls and as nceded [nstrumentation (silica meters, ph meters, elc)
(1) Wastewater pit with (6) Wastewater Discharge Pumps (50.5 to 110 m’/hr)
(3) Mix Air Blowers (360 m/hr)

(6) Dcmincralized Water Tanks (1000 m’)

(6) Demincralized Water Transfer Puaps (35 to 60 m’/hr)

Comments and Current Conditions

[nterview with plant O&M personnel, walk-downs, and review Ol thc plant teeores
indicated that O&M problems exist in the system.

Even though the systems arc designed for manual and automatic operation, .ae systems
only function in the manual mode. This requires the constant attention of operaling
personnel to keep it running. For example, in Units 2 and 3, all the alkaline concentration
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JAMSHORQ UNITS 2,3, & 4

WATER & WASTEWATER TREATMENT SYSTEMS

and sihcon analyzer meters werc oul of order. Service water tank level indicauon 1s oul
of service. Outlet caustic soda concentration indicators for the NaOl{ injectors arc out of
scrvice  Additionally, outlet hydrochloric acid concentration indicators for the HCL
mjectors are out ol semice. [n Unit 4, the meters and indicator arc scﬁ/icc but- the
system 15 operated manually by the opcrators and can not contnuously function

automatically

Assessmenl

The out of service instruments should be repaired or replaced and the suppher be required
o make necessary modifications to mect specification requirements {or automatic operation
(o reduce operating costs.  Assuming repairs arc made, proper design and sclecuon of
components and adherence 10 (he manufacturer recommended maintenance and operation
personnel, the water and wastewater treatment system should be suitabic of 20 years life

HEST AVAILABLE DOCUMENT
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JAMSHORO UNITS 2,3 & 4

WATER TREATMENT BUILDINGS

Description

An individual water treatment building is provided for cach umt These buildings are
duplicates and are similar in construction and shape to the Unit 1 watcr ireatment building.
They are located south of Unit 1 water treatment building.

Caomments and Current Condition

No defects or deterioration on the structures were observed externally orinternally. [t was
obscrved that pipe hangers were attached from the underside of the concrete beams. Onc
pipe hanger was connected o an angle halfway buned inside the mornar-covering the
beam. If the angle was directly welded to the beam reinforcement and then covered with
mortar, the strength of the frame may be critically jcopardized and v the long run the
weakened beam may fail and not perform as designed.

Assessment

The mortar of the suspected pipe hanger location on the underside of concrete beams
should be removed and attachment locations investigated to determine ihe hangers werce
properly installed. The water treatment buildings are suitable for the next 20 years of
plant operation, if it is proven that hanger attachment was properly executed and the
strength of the beam is not reduced.

BEST AVAILALLE DOCU: -
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JAMSHORQO UNITS 2,3, & 4

EMERGENCY DIESEL-GENERATOR

Description

Cach of Units 2, 3, and 4 has gn cmergency diesel-generator lnaxlu(aclurcd:by Guizhou
Diesel Factory. The Unit 2 dicsel gencrator s also connected 1o the Unit 1400V critical

bus.

The gcﬁcralor 15 rated 500 kW, SOHZ, 400V, 903 Amp, 0.8 power facior. The diesel s
750 HP 6 cylinders, water cooled and with a compressed air starnng svstem.

The diesel-generators were specified [or automatic start and automatc stop when normal
power 1s restored [or the 400V critical bus sccuon

There are two air compressors for cach diesel

Comments and Current Condilions

In Unit 2 onc of the two air compressors has been damaged per WAPDA corres-
pondence PD/re(0)/OPER:-2/15419-20 dated June 16, 1991. This has rendered the dicsel
generator inoperable since one air compressor does not provide enough pressure (o roll
the diesel engine. This has complicated the events duning the shutdown of Tune 6, 1991
in which the turbine rotor bow occurred. The operator opened the generator breaker
while the automatic transfer from auxiliary transformer bus to startup transformer bus was
not accomplished. The emergency diescl gencrator was out of service and therefore Unit
2 was in blackout until the opcrator took corrective measures (0 restore. power. [t 1s
currently out of service. Currently the diesel-gencrator for Units 3 & 4 arc incapable of
automatic start and therefore must be started manually. When wne power is lost all the
400V AC critical loads will be out of service until operators start the diesels. At the ume

of the site visit, the root cause of this inability to start automatically was not ycl idenufied.

Assessment

It is essential for any power plant to have a reliable diesel gencerator (o automatically feed
the AC critical bus in case of emergency, such as the incident at Unit 2 that occurrcd on
June 6, 1991. Therefore, repairs or replacement of Unit 2 starting air compressors and
restoring Units 3 and 4 to automatic mode capability arc essential for the safe reliable
operation of Units 2, 3, and 4.

H [ .
YR P STIRY G SRV UR S

122



JAMSTIORO UNITS 2, 3, & 4

POWER TRANSFORMERS

Description
Unus 2, 3, and 4 (3 scts) - Main Transformers:

Manufactured by Shenyang Transtormer Works, OFAF, 250 MVA, 50 Hz; 220 0%
kV/15.75 £10% kV, wye/dela, high voltage necutral by dircct grounding, insulation class
"A" 12% impedance, BIL insulation level on high side 1050 kV and on low side 150 kV.
insulating oil type 1s DB-25 GB 2536-81 by Dalian Seventh Ol Refinery, winding
temperature nse himit 60°C, oil temperature risc limit 50°C, cach transformer has three
curient transformers rated 600/5 A.

Umts 2, 3, and 4 (3 sets) - Auxihary Transformers:

Manufactured by Shenyang Transformer Works, ONAF, 25 MVA, 30 Hz, 1575 +10%
KV/691 +10% kV, delta/wye, low voltage ncutral by ransformer grounding, 10%
impedance, insulation class A", 150/60k V BIL, 10 cooling radiators, insulating otl type 1s
DB-25 2536-81 by Dalian Seventi: 5.0 Refinery, cach transformer has (3) 12000/5 CTs and
(6) 15000/5 CTs, winding temperature risc limit 50°C.

Units 3 and 4 (1 set) - Starting Transformer:

Manufactured by Shenyang Transformer Works, OFAFL, 25 MVA, 50 Hz, 132 +10% kV/06.9
+10% kV, wye/wye, high voltage ncutral is by direct grounding, 11% impedance, insulation
class "A", insulation level 650/60 kV BIL, four cooling radiators, insulation oil type DB-
25 GB2536-81 by Dalian Seventh Oil Refinery, 2 CTs 600/5, winding temiperature risc
limit 60°C, oil temperature rise Lt 50°C.

Unit 2 (1 set) - Starung Transformer:

Manufactured by Shenvang Transformer Works, OFAF, 25 MVA, 220 +10% kV/6.9 110%
KV, wyehvye, high voltage nev:: .. by dircct grounding, 11% impedance, 1050/60 kV BIL-
5 cooling radiators, insulating oil type DB-25 GB2536-81 by Dalian Seventh Oil Refinery.
2 CTs 600/S by SYTW, windirig temperature risc 60°C, oil temperature risc 50°C.

s r. o v, ] . -y :
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JAMSHOROQO UNITS 2, 3, & 4

POWER TRANSFORMERS

Comments and Current Conditions

Interviews with electrical maintenance and opcrating personnel and review of Umts 2, 3,
and 4 outage record indicated that Unit 3 tripped on July 11, 1991 due o dperation of
the man ransformer protection relays.  Plant personnel stated that the thip was due 10
operaton of the transformer pressure relay. ‘The cause of the tansformer trip was not
determined nor was damage, 1f any, assessed. Subsequently, the transformer was returned

to service

By wvisual inspection, the power transfcrmers appear to be in satsfactory condion with
excepuon of Unit 3 main transformer oil tank. The ank appears (o have leakage at the
piping joints '

Assessment

The umit 3 main transformer should be tested to determine if any change occurred due 10
the tnp. Repairs of existing leakage on Unit 3 main transformer is required, and periodic
oil samphng and insulation integrity tests are needed (o implement correcuve measures and
avoid forced outages. Based upon the newness 0: the plant, corrective active identificd are
performed, assuming proper design and sclection of components, and adherence 10 the
manufacturer’s  recommended  maintenance  and  operauing procedures, the  powel
transformers should be suital-le for 20 years continued operation without major 1repairs or
replacements.
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JAMSITORO UNITS 2, 3, & 4

6.6 KV METALCLAD SWITCHGEAR

Description

There are five (5) sets of indoor, drip proof metalclad switchgear assemblies manufactured
by Bepng Switchgear lFactory and rated 6.6 kV, 2500 amp, SO Hz, 315 KA interrupling
capacity, 60 kV BIL. Sixty-four (64) vacuum circuil breakers rated at 12 kV, 2500 amp,
and 40 kA interrupling capacity, interrupting time 0.075 sec, opemag tme 0 06 sec, no load
closing tume 0075 see, 220 VDC control voltage are provided for the five switchgear

assernblies.

Comments and Current Conditions

[nterviews with plant electrical maintenance and opcrating personncl and review of the
outage records indicated that Unit 3 trip on March 21, 1990 was due a 10 fault on the 6.6
KV tic breaker. The plant personnel stated that this was a [atal acadent and was caused
by a Chinese techmaan working on the ue breaker in which one side was hot

No unusual conditions were observed during walkdovn and visual mspecnon of the 6.6 kV
switchgear. However, it appears that the plant electrical maintenance personnel are not
familiar and haven't reccived training in relay settings and viacuum breaker maintenance.
Also, oenerally the cables are tagged in Chinese and the English tags ate not permanent.

Assessmeint

Based upon the newness of the plant and assuming propet design and selection ol
components, the 6.6 kV switchgear should be suitable for 20 years continued operation
without major repairs or replacement. However, the clectrical maintenance personnel
should receive training on protection relay settings and breaker mamtenance.
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JAMSHORO UNITS 2,3, & 4

400V POWER CENTERS & 400V
MOTOR CONTROL CENTERS (MCCQ)

Description

o Nincteen (19) 600V, indoor/dnp prool power centers, manufactuted by Shenyang
L.V. Switchgear Factory, arc provided. The power centers include nineteen (19) 6.6
KV/400V transformers and 200 an cicuit breakers rated 600V, 40 kA interiupting
capacity, with continuous curtent ratmgs tanging from 630A 10 3000A. Contiol
voltage for the circuit breakers are derved (rom the 220 VDC system

o Twenty-nine (29) 400V motor contiol centers, manufactuied by Shenyang [V

Switchgear Factory, are provided  The MCC man copper buses are rated for 600V

and 1500A and the branch copper buses are rated for 400A

Comments and Current Conditions

Interviews with O&M personnel review of plant records, and visual inspection of the power
centers and motor control centers .n the various location throughout plant, indicated that
physical condition of the centers arce sausfactory with the cxcepton of the residual oil
unloading facility. At this locaticn, the building 1s left open and the 400V control center
15 exposed to the elements and contaminated with ditt and dust. Morcover, the cabic ducts
are filled with oil which creates a hazardous condition

In discussion with plant elecirical maintenance personnel, they felt that the caoling tower
fans and the intake water pumps are not provided with adequate overload protection
causing premature failur_s of the moters hoth focations. The problem was addiessed
o CMES on Pakistan “ngincering Consulting Services Letet J5/252/90-90 dated August
5, 1991, which called upon CMES to replace all the overload pratection for cooling towet
fans and intake water pumps motors. The clectrical maintenance personnel also reported
that the breaker remote controls for the intake pump motors do not function.

HEST AVRIL AL F DOCUMENT
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JAMSHORO UNITS 2,3, & 4

400V POWER CENTERS & 400V

MOTOR CONTROL CENTERS (MCC)
Asscssment

An cngincering study is needed (0 determine the root cause of the (requent {ailure of the
intake water pump and the. cooling tawer {an motors. The study should include:

o [valuating the load required to meet the application and venfying the proper
sclection of motors.

o  Evaluating the overload and shott circuit protection provided for the motors and
cables.

Cleanup of the residual oil unloading area is required Lo assure proper service life of the
motor control center in that location. Based upon the newness of the plant, correction
of current deficiencies and assuming proper sclection ol the power centet and MCC
components, they should provide 20 years service.

pEST AVAN 210 E DOCUMERT
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JAMSHORO UNITS 2,3, & 4

UNINTERRUPTIBLE POWER SUTPLY urs)

Description

The UPS svstem equipment, Model B311 is manufactured by Siemens.  Edch unit has
redundant 30 kVA UPS consisting of 10 kVA modules. The main components consist of
rectifiers, inverters, static bypass switches and battenes.

Comments and Current Conditions

Interviews with plant maintenance and operation personnel and review of the forced
outages history for Units 2, 3, and 4 indicated low reliability of the UPS even though the
UPS has redundant inverters. Several forced outages have occurred due to-failure of the
UPS which tripped the Furnace Saleguard and Safety System (FSSS).

The electrical maintenance personnel indicated a lack of adequatc documentation to repair
and troubleshoot the UPS, and that frequent failure of UPS components which require
above normal stocking of spare parts.

The frequent tripping of the UPS for Units 2, 3, and 4 has been addressed in a letter
1S/18/91-92 from Pakistan Engincering Services to CMES dated July 20, 1991.

Asseszment

Adequate  drawings and component  cul sheets  should be obtained from
CMES/manufacturer. Further investigation is needed 1o cstablish the causc.of the UPS
low reliability. This could be a result of components failure, installation problems, Or
O&M procedures not being followed. In any case, the current condition is causing
increased O&M costs and is reducing Units 2, 3, and 4 availability. Based upon resolving
current problems, the newness of the plang, assuming proper design and sclection of
components, and adherence to the manufacturer recommended maintenance and operating
procedures, the system should be suitable for 20 years continued operation.

seot AVRLAGLE DOCHIMER!
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JAMSIIORO UNITS 2, 3, & 4

132 KV & 220 KV UNDERGROUND CABLES

Description

Four (4) circuits of forced oil cooled 220 kV underground cables are routed:
o [rom main transformers of Units 2, 3, and 4 to the switchyard
o  From Unit #2 starting transformeer to the switchyard.

One (1) circuit of oil cooled 132 kV underground cable is running from Units 3 and 4
common starting transformer (o the switchyarc

The cables run in an underground concrete tunnci, manufactured by Shenyang Cable
Works. The maximum oil pressure is 6x10° Pa, and the minimum is 0.2x10* Pa. Current
carrying capacity at 55°C is 690 amp for the 220 kV cables and 433A for the 132 kV
cables.

Comments and Currcat Condition

Interviews with plant maintenance and operation personnel, and revicw of the (orch
outage records, indicated the forced shutdown of Unit 3 on March 31, 1991 was due o oil
leakage from the 220 kV cable. The leakage was repaired and Unit 5 went back on hine.

The clectrical maintenance personnei run daily checks including the following for the 220
kV cable tunnel system:

Oil tank pressure
Oil leakage
Sheath grounding
Lighting system
Drain pump motors
- Tunnel fans
Other abnormal conditions

Visual inspection of the underground tunncl indicated oil seepage in the 220 kV cables (O

the Units 3 and 4 main transformers
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JAMSHORO UNITS 2, 3, & 4

132 KV & 220 KV UNDERGROUND CABLES

Assessment

Normal repairs of the current seepage is needed.  Assuming, fepais arce made proper
design and sclection of components and adherence to the manufacturer recommended
maintenance and operating proceduies, the 220 kV and 132 kV cables should be suitable
for 20 years scrvice. '

BEST AVAILABLE DOCUMENT

130

199



JAMSIHORO UNIETS 2, 3, & 4

(.6 KV CABLES

Description

The 6.6 kV cables are used as subfeeders connecting the 6.6 kV/400V uansfogimers in the
400V power centers, cabling {rom the low voltage side of the auxihary ransformers ‘and
{or the feeders o the 6.0 kV motors. The 6.6 kV cables are XL.PE insulated,

manufactured by Shenyang Cable Works.

Comments and Current Condition

Interviews with electrical maintenance and operation personnel revealed single phase
grounding problems with the Unit 2 6.6 kV fceder running undereround-from the 6.6
kV switchgear to the intake water 400V power and control center

Assessment

Assuming proper design of cables and selection of cables type and raung (0 mect the
application, the cables should be suitable for 20 years continued operauon. Appropriate
instrumentation should be purchased tor locating cable faults. Al the present time repairs
are needed for Unit 2 6.6 kV feeder to the intake water pump station The root causc
of this failure in the underground cable should be determined 1o preclude similat failure
in other underground cables.

Beol Avkitadid by
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JAMSITORO UNITS 2, 3, & 4

DC STATION GATTERIES

Description

Each unit has a set of 220 VDC batteries manufactured by Shenyang Battgries Factory,
located at the unit's battery room. The batieries are lead acid, 130 cells nominal vollage
of each cell is 2V DC, rated-capacity at 10 hr discharge rate of 1600 amp-hr and maximum
discharge current of 2250 amp

Each unit has a full wave recufier manufactured by "Xian Power Recuficr Works", rated
3-phase 380V, 45-52.5 Hz, 200 amp, 200-260 VDC.

Comments and Current Conditians

Interviews with plant maintenance personnel indicated that 122 cells are filled with acid,
of which 112 cells are in operation and 10 cells standby. The maintenance personnel check
the voltage daily.

Visual inspection and walk through with clectrical maintenance personncl, revealed that

deterioration of cell poles are obvious throughout the batteries in Unit 2 and the same
deteroration could be expected in Units 3 and 4.

Assessment
The deterioration could be a result of many factors which require further investigation.
However, based upon the current condition, replacement of cells is expected in S years for

cach unit.

Estimated cost of replacement for cach unit is estimated at $100,000 F.O.B. U.S. excluding
installation.

doot AVAD ARLE DOCUME:
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JAMSHORO UNITS 2, 3, & 4

LOCAL CONTROL BOXES, BTG BOARD WIRING,
CONTROL CABLES, CABLE TRAYS AND DUCTS

Description
Power and Control Cables

The conformance document Volume 1 Section V Ttem 12, calied for power and hghung
cables 10 be rated at 1000V and 50°C, aluminum or copper, PV insulated, and the
multiconductor cables to be copper, PVC jacketed cable for direct buricd ot duct
installanon, and maxmum vohiage drop not to exceed 2.5% of the rated voltage.

The conformance document Volume 111 data sheets didn't include speafications for the
220 VAC and 220 VDC control cables or specifications for low voltage sielded cables for
instrumentation apphcations, computer, and communication cables. Due to the lack of
markings on the cables, ratings could not be determined by visual inspection.

Comments and Current Condition

[nterview with Q&M personnel, walk-downs, and review of documentation indicated the
following:

0 The cable trays arc congested and in somc arcas are loaded above the top of the
tray.

0 Some cable trays welded parts and surfaces have sharp edges which could damagc
the cables.

o Some arcas of the cable trays arc exposed to the clements and accumulated

considerable debns.

0 Local control boxes located throughout the plant have no gaskets on the access door
assembly to prevent moisture and dust {rom accumulating inside control boxes.

0 The control cables entering the boxes arc installed without conduit or conduit
insulating bushings and thus the cables arc in direct contact with sharp cdges of the
box.

BEST AVAILABLE CcuPyY



JAMSHORO UNITS 2, 3, & 4

LOCAL CONTROL BOXES, BTG BOARD-WIRING,
CONTROL CABLES, CABLE TRAYS AND DUCTS

0 The medium voltage cables, power cables and control cables run 1n the same
ductbank, and in some areas the manholes and duct covers arc lelt open and
cxposed to the elements.

0 li appears that the cable trays are not classified into high voltage tray, low voltage,
power and control cables tray, and low level signals tray. All the cables run together
indiscriminately.

o There 15 no evidence that the instrumentation cables (4-20 ma. 0-1 ma, 0-5V, 0-
10V) arc shiclded. '

0 Cables and wiring of the BTG board in the control room arc not marked with
permancnt identification tags and some of the temporary marked tags arc alrcady
faded away.

o Cables in some cases are marked in Chinese numbers only.

Assessmenl

During the 20 years life span, the above conditions will cause higher O&M cost as some
of the cables will be subject to failure. This will also cause unreliable control and
measurement of processes which has a direct affect on the availability and reliability of the
units. It is reccommended that a maintenance program be established (0 test the cable
insulation integrity on a periodic basis in order that corrective achon may be taken before
faiiurc occurs. Without a detaited analysis of the ampacity of consideration for cach circuit
it is not feasible time to predict the number cable of failures over a 20 year ume {rame.

BEST AVAILABLE copy



JAMSITORO UNITS 2, 3, & 4

PLANT COMPUTER SYSTEM

Description

Each unit has a computer system which provides data logging, graphic displdys, sequence
of events, turbine startup sequence monitor, alarming and performance calculation. The
system consists of the following:

(6)  CPU is manufactured by “Intel” Type ISBC 86/35

(6)  Fixed hard disk unit is manufactured by "Japan FUJITSU" Type Winchester M2242A
(3)  Inpul/output cabinets arc manufactured by "New China Company”
(9) CRTs arc manufactured by Hitachi, Type HM-3719A

(9) Dot Matrix printers manufactured by “Star Micronics Company”
(3) Dot Matrix I/O printers manufactured by "Texas [nstruments”

(6) Trend Recorder manufactured by Japan, Type YEW-3061

(6)  Floppy disk drives manufactured by Japan, Type Shugart 45

(3)  Color copier by Japan, Type Multicolor

(3) Operators console by “New China Company”

(3)  Operators desk, (3) printer desk, (3) engincers desk

The process input/output unit has the {ollowing capabilities:

Analog Input Points: 128 (1 to 5V or 4-20 ma)

RTD Points: 48

Thermocouple Points: 272

Digital Inputs: 192 wetted by 24 VDC (48 per module)
Pulse Inputs: 24 (8 per module)

Analog Outputs: 16

Digital Outputs: 48

Comments and Current Condition

Interviews with O&M personnel, review ol plant records, and walk-downs indicated that
the plant computer systems for Units 2, 3, & 4 operate satis(actonly.

BEST AVAILARLE COPY
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JAMSHORO UNITS 2,3, & 4

PLANT COMPUTER SYSTEM

Assessment

Assuming proper sclection of components, adherence to manufacturers recommended
O&M procedures, and continuing supply of spare parts, the system will be suitable (or 20
ycars of continuing operation.

BEST AVAILABLE COPY
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JAMSHORO UNITS 2,3 & 4

TURBINE & CENTRAL CONTROL BUILDINGS

Description

The width of turbine building is 36.0 meters between axes A and G1. The height 15:28.5
meters which is 1.4 meters higher than Unit 1. The length of Unit 2 and Unit 4 is 63
meters and that of Unit 3 is 72 meters Between the ending and beginning axis of two
consccutive Units there are 2 meters spaces. The mezzanine floor level is at EL +5.00
meters  The operating floor level is at EL +10.00 meters The dearator unit is at floor
clevation EL +18.00 meters There is only one pable wall at the south end of Unit 4.
There are two bridge cranes, cach with 75/20 ton hook capacity. The top of the rail 1s EL
is 4-21.00 meters The bridee crane span is 26.00 meters

The walls along axes A and G1, as well as the gable wall onc meter south of the last
column axis 408 is covered by prefabricated reinforced concrete wall elements. The roof
is covered with cast-in-place concrete. The roof and floor slabs are fimshed using a metal
deck. There is bituminous insulation over the roof which is further protecied by brick ules.

The turbines and generators are supported on reinforced concretz pedestals. Each turbine
pedestal is housed inside the turbine building below the operating floor level. The pedestals
are not connected with the steel structure of the turbine building except at their common
mat foundation. Each unit is scparated with expansion joints {rom the {oundation up 10
the roof.

A common control building serves Units 3 and 4. This building is 40.0 meters long
between axes H to N in the North/East direction and 26.00 meters wide in the North/South
direction. From axes G1to H1 there is 1.50 meter distance.

Comments and Current Condition

There were no cracks or displacement observable at the ground level. There were also
no cracks, displacements or deterioration noted at the equipment foundation. Higher floor
slabs, walls and the roof had good appearances without any apparent defects.

The turbine building steel structure appeared adequate, but the erection showed sigos of
problems. The presence of empty bolt holes at vertical brace connections above EL +10.00
meters between column axes F1 and G1 also occurred in Units 3 and 4. At some joints,
gaps between the two connected parts were very large. Erection accuracy appeared (0 be
very questionable. Since the joint holes could not be matched properly or, as it appeared



JAMSHORO UNITS #2,3 & 4

TURBINE & CENTRAL CONTROL BUILDINGS

in some cases, there were not enough available bolts, welding was used insicad. Normal
steel joint practice never combines the capacitics of bolting and welding together since the
load transfer (0 the bolts can only occur after weld receives its ulumate load and stars
failing.

Another poor detailing practice was observed at EL +10.0 meters column row 1 Here
the column splice location was selected too low, such that the flange splice plates on
column face looking towards G1, was cutting deep into the oncoming gusset plate, making
the erection dilficult and that section of pusset plate not functional.

Furthermore, the steepness of the verucal bracmp between column A and Bl, ncar Uit
4 condenser entry, resulted in a gusset plate with a long narrow appcarancc Plate
buckling consideration alone would probably not allow such a practice. At a nearby
location the diagonal member of vertical bracing was connected with a kinked gusset
plate, which creates torsion in columns.

Most of the welded erection joints had very rough and poor quality appearances. [tis not
known if the welders of these joints were qualified welders or not. It is also questionable
if the erection practices followed resulted in safe and acceptable connections in the turbine
building vertical bracing system. The vertical bracing system transfers the horizontal loads
such as wind and carthquakes to the columns and foundation.

Assessment

Assuming proper design and construction, the reinforced concrete parts of the turbine
building of Units 2, 3 and 4 as well as the attached control room and amenities building
for Units 3 & 4 should be suitable for the next 20 years.

The erection practices observed cast some doubts about the actual strength of some
bracing joints. In the event of severe horizontal loads on the structure the ability of thesc
joints to perform their intended {unction is questionable. This is not to say that the overall
safety of the turbine building is in jeopardy since there should built-in redundancies in the
total frame work so that loads will redistribute along a stronger path if a one local joint
{ailure occurs.

A detailed cvaluation of the bracing joints and implementation of corrective actions is
required (o assure a continued 20 years of suitability. Without this, major repairs may be

required. BEST AVAILABLE COPY Y
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JAMSHORQ UNITS L, 2,3 &4

COMMON FACILITIES

The common components and structures cvaluated consist of the [ollowing:
Stacks
River [ntake Structure and Piping
Intake Water Receiving Tanks
Water Pretreatment Buildings
Clarified Water Storage Tanks
Demineralized Water and Service Water Storage Tanks
Residual Oil Unloading Systemy
Residual Oil Unloading Arca Structurcs
Residual Oil Storage Tanks

Pipe Rack Bridge

BEST AVAILABLE COPY
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JAMSHORO UNITS 1, 2,3 & 4

STACKS

Description

There are two concrete stacks. Stack 1 supports the flues of Units | ande. Similarly
Stack 2 support the flues of Units 3 and 4. Each flue is independent from each other
inside cach stack. '

Both stacks are similar in shape, size and height. The geometric data below werc obtained
from the drawings prepared for Units 2, 3, 4. The height shown in the technical
specification for the stack of Unit 1 is the same as the height shown in the drawings from
Units 2, 3, 4. With the absence of geometric information for Unit | siack the following
cvaluations are generically made for both stacks.

There are three major distinct parts for each stack. These are:

a) Reinforced concrete chimney and foundation

b) Inner flue with lining and insulation

c) Platfc— -~ "=~~~

a) The reinforced concrete chimney is 147.00 m high from the top of the

foundation to the top of chimney. At the base the external diameter is 15.20
meters with a wall thickness of 0.70 meters. The top external diameter 1s
11.40 meters. and wall thickness reduces to 0.25 meters. The foundation is
5.50 m thick and has the octagonal shape with 30.00 m external diameter.
The thickness of foundation tapers down to 2.00 m at the outside periphery
of the foundation. The stack foundation is built on the solid limestone
foundation. There is one opening for a steel door at the ground clevation
and two openings for the flue duct entry opposite (0 cach other in the
North/South direction with the bottom at EL 8.38 meters.  The height of
these openings is 6.40 meters. The width is estimated to be 3.0 meters.

b) There are tvo flues with an outside diameter of 4100 mm. supported on the
foundation with anchor bolts -at El 4+0.00 meters. 'Each fluc is honzontally
supported by a steel guide frame against the concrete stack at clevations
36.00 meters, 73.00 meters 100.00 meters and 147.00 meters. The top of the
flues reach EL 150.00 meters with an slightly conical ending which has a 3600
mm. outside diameter. Each flue is frec to expand or contract vertically.

Lout - H . L NS
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JAMSHORO UNITS 1, 2,3 & 4

STACKS

A ladder attached to cach flue provides access 10 platforms at.cvery 6.00
meters or less throughout the stack.

The Qlues are built out of 14 mm. thick corrosion resistant steel’ The upper
portion, closer to the weather exposure, was built using mckel chromium
steel.  Internally, including the bottom hoppers, the flues have 3 S0 mm.
gunite type lining which 1s heat resistant up to 1000 degrees C. Externally
there is SO mn- thick fiberglass insulation, firmly attached on the flue vy 3.5
mm. diameter welded Nelson studs. The insulation is covered by 20 mm x
25 mm wire mesh. On arcas within 3.00 meters height above cach platform
level, the external insulation is covered by 0.5 mm thick alummum plates
instead of the wire mesh. There is an inspection manhole at EL 1.60 meters
for each flue.

Comments and Current Condition

a)

b)

The reinfoiced concrete chimneys were built using the shp form technique
where the inside and outside forming was supported from the reinforcement
of the stack portion, already cast in place. Only a few feet height of the
chimney is formed as a ring at onc time. As this portion is built and the
concrete is sufficiently cured, the forming is raised as a unit up 10 a new
height. This technique saves construction time, expense and provides a
uniformly smooth and even surface. In the case of the Jamshoro stacks
both radial and vertical surface evenness was maintained to an acceptable
limit. The toundations support the weight of the structure as well as the
dynamic effects of wind and carthquake forces on the solid limestone
foundation.

The flues are supported and protected to some degree {rom external effects
by the reinforced concrete chimney. The materials used for the flues were
selected to be resistant to the corrosive environment of the sulfurous gas
exiting the boiler. The internal surface of the flues is further coated with a
special lining to reduce the effect of the hot gases. To provide good dralt
and to minimize the heat loss along the path of flue, the {lue is insulated
externally. The flues are in good furctional cordition.

SEST AVAIL ALy COPY
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Assessmenl

a)

JAMSHORO UNITS I, 2,3 & 4
STACKS

Platforms and ladders, provided for inspection and repar ol the chimney
and its integral parts, appeared in good condition.

The reinforced concrete chimney and f{oundaton should last more than 20

years.
The flues should last for the 20 year perod of operation

Platforms and ladders should last more than 20 years.

BEST AVAILABLE COPY



JAMSHORQO UNITS 1, 2,3 & 4

CLARIFIED WATER STORAGE TANKS

Description

There are two reclangular prismatic concrete tanks with a common middle*wall.  They
store clarified water after it passes the receving tanks, scdimentation tanks, chemical
treatment and filter equipment. Each of the tanks is 21 meters wide, 40 meters long and
6.9 meters high. The walls and bottom slab 1s 50 cm. and the roof slabis 20 cm thick

Commeants and Current Condition

There was water scepage at one of the pipe locations at the storage tank An attempt was
made o repair the scepage by externally pouring concrete around pipe exit and against
tank wall. Evidently, the tank was full when the repair was attempted and the leak did
not stop.

No external settlement, cracks or deternioraton were observed. No internal observation was
made.

Assessment

The clarified water storage tanks are suitable to last for the next 20 years of operauon.
The leak problem should be solved by proper repair.

BEST AVAILABLE COPY
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JAMSHORO UNITS 1,2, 3 & 4

RIVER INTAKE STRUCTURE AND PIPING

Description

The water nceded by the power plant is pumped from the Indus River. The nver is
flowing in a North/South direction. It is approximately 3 km. east of the pfanl site. A
road connects the plant sit¢ with the nver intake location. Along the side of the road
there is the boiler blowdown water pipe over ground going to the nver. Parallel to the
road but underground there are buried conduits, power cable ducts and intake waler pipes
for each plant unit.

Al a few places along the road, there were below grade valve pits formed as concrete
shafts roughly 2 meters inside diameter and depth. In these pis the imtake pipe and cables
were visible, The shaft contained water almost 0.3 meters high. This arca is flooded
almost to the edge of the road during the high water levels in the Indus River which is
regulated by the Kotri Barrage dam gates 3 km. down the river

Some statistics about water level are as follows:

Flood Level 23.2 meters

High Water Level 20.8 meters

Low Water level 18.9 meters
Lowest low water Level 14.8 meters

Close to the river shore the intake pipes and control cables nise above ground and
approach the intake pipe bridges. There are two parallel niver intake structures. The down
river side intake structure was designed and built by Tokyo Electric Power Services Co.
Ltd. Japan and carrics the intake pipes for Units 1 and 2. The uy river intake structure
was designed and built by North East Electric Power Design Institute Ministry of Water
Resources and Electric Power Changchun Peoples Republic of China 1o supply water for
Units 3 and 4. '

The river intake structure, which is also called intake tower, is located 200 meters (rom
the shore in the Indus River. There are 8 pumps on onc intake tower. Half of these
pumps are decp water pumps used during low water levels and the others, are used during
high water levels. Four pumps are connected with one header to a 22" intake pipe of one
powerhouse unit. The intake structure is supported by ten concrete piles cach 1200 mm.
O.D. The steel jacket frame over the concrete piles served as a témplatc to drive the piles
at the correct position in the river and as form work for the intake platform at El 25.20
meters. The top of the intake tower measures 9 meters

i R R N I I I



JAMSHOROQ UNITS 1, 2,3 & 4

RIVER INTAKE STRUCTURE AND IPIPING

in width perpendicular to the nver flow and 19.2 meters in length parallel 1o the river.
The river bottom clevation at intake location is El. 10.00 meters. The up of:the concrete
pile is at EL -6.70 meters. Intake pipes, power and conduit cables and a’ {ootway are
carricd from intake tower to the shore on the "down river” bridge by four simﬁlc span (russ
type steel bridges and on the "up river" bridge by three simple span truss type steel
bridges. The bridges are supported on picrs at every 50 meters. Each pier has a pile cap
measuring 4.5 m width ‘and 6 meters length and 1.2 meters thickness. The pile cap is
supported by four concrete piles. The river bottom elevations at bndge support locations
are El 10.7 meters, 12.8 meters, 17.6 meters and 21.00 meters. Corresponding pile tip
clevations are -4.5 meters, 0.0 meters 1.9 meters and 3.0 meters. Concrete pile lengths
inside rock surface vary between 5 and 7 meters. The span of cach steel truss bridges i1s

48.5 meters. The truss height is 4.0 m and bridge width between supports of truss planc
is 400 meters. The bottom of truss lower chord is at El +25.6 meters.

Comments and Curreat Condition

The total intake facility is in good condition and is operatonal. The plant personnel stated
there is corrosion protection for the buried intake pipe; but how the corrosion protection
is provided was not visible.

The pipe bndge structures, the bridge piers and the intake tower were all in good
condition. The design and workmanship appear good. There was no apparent damage
or deterioration of any kind.

Assessment

The river intake water bridge and tower facilitics appear structurally sound. The structural
elements of intake facilities should be suitable for service during the next 20 year penod
of operation.

The life span of the intake pipes, especially the underground portion is difficult to estimate
since they are buried and not visible. Additionally, there is a high amount of sand sucked
in from the river and transported through the pipe. Externally the pipes will be under
corrosion influence; internally the amount of sand flowing through will wear the pipe over
time.

SreT AAN ARIE DNV
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JAMSUHORO UNITS 1, 2,3 & 4

INTAKE WATER RECEIVING TANKS

Description

There are two open op rectangular concrele tanks for cach unit built above ground with
a common wall in between. The intake pipe s supplying water 10 cach tank header. i
is approximately 20 meters wide, 4.0 meters long and 5.5. melers high. Half of the depih
of the tank 1s below ground level and the other halfl is above ground level.

Comments and Current Condition

The receiving tanks ol all umts appear adequately constructed. There was no lcakage
obscrved through the walls. The tanks arce rapidly filled with the incoming sand from the
[ndus River, sometimes in as little as 15 days. Emptying the tanks is done manually.

Assessment

Structurally, the receving tanks are in good condition and should last for the next 20 years
Operating costs will be high due to the large quantitics of sand entering the tank.
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JAMSHORQ UNITS 1, 2,3 & 4

WATER PRETREATMENT BUILDINGS

Description

The water pretrcatment buildings for cach unit are single story reinforced concrete frame
structures. The buildings house  the  necessary control equipment for pretreaiment
operations In part of the facility, chlonde is produced from sodium chlonde.

Comments and Curreat Condition

Currently the buildings are i faurly good shape. The concrete (raming and the walls
appear to be sound Externally or internally there are no signs of deterioraion  Since
chloride s manufactured fron ndustnal quality salt, the environment 15 very corrosive
There are checkered plate covered trenches at the floor level. Since exposed.sicel surfaces
will corrode, these components must be maintained and replaced as required. The cethne
concrete of the building displayed uneven, rough and in some parts a porous surface look.
which indicates poor workmanship. Although no reinforcing bars were detectable (rom the
underside of the ceiling, the porous and rough concrete surface is suscepuble to the aflects
of corrosive fumes  Therefore the ceiling may require maintenance and repaw

Assessment

The water pretreatment buildings should provide satisfactory service for the next 20 vears
provided maintenance and good housekeeping practices are performed.
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JAMSHORO UNITS 1, 2,3 & 4

CLARIFIED WATER STORAGE TANKS

Description

There are two rectangular prismatic concrete tanks with a common middle*wall.  They
store clarified water after it passes the receiving tanks, sedimentation tanks, chemical
treatment and (ilter equipment. Each of the tanks is 21 meters wide, 40 meters long and
6.9 meters high. The walls and bottom slab 1s 50 cm. and the roof slab s 20 cm thick

Comments and Current Condition

There was water seepage at one of the pipe locations at the storage tank An atlempt was
made to repair the scepage by externally pouring concrete around pipe exit and against
tank wall. [Ewvidently, the tank was [(ull when the repair was attempted and the leak did

not SlOpA

No external settlement, cracks or deteriorauon were observed. No internal observauon was
made.

Assessment

The clarified water storage tanks are suitable to last for the next 20 years of operation.
The leak problem: should be solved by proper repair.
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JAMSIHORO UNITS £, 2,3 & 4

DEMINERALIZED WATER AND SERVICE WATER STORAGE TANKS

Description

For each unit there are two demineralized water storage tanks cach with 1000 cubic meter
capacity. These tanks are located cast of the water treatment building of cach unit.
There is an external stair-welded on the tank wall, leading to the tank entry at the
scmmphcriéal tank dome. Each tank is supported on a base contained inside a concrele
cylindrical wall which clevates the tank above ground level.

The service water storage tanks are located cast of the deminerahzed tanks. There are
wwo tanks for each unit. These tanks are similar in size and shape 10 those ol the
demineralized tanks for the corresponding umits

Comments and Current Condition

The tanks were welded on location. The appearance of the exterior painting on the tanks
indicated quality work. The paint on the tanks of Units 2, 3 and 4 are not as impressive
as the Unit 1 tanks. The welded seams are not ground flush. The plate thickness changes
are externally visible which gives an uneven stepped surface. This, however, should not
affect service life. There are no external defects or settlements in any of the tanks.

Assessment

Assuming proper design and normal maintenance, the demineralized water and service
storage tanks should provide satisfactory service for the next twenty years.
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JAMSHORO UNITS L, 2, ), & 4

RESIDUAL OIL UNLOADING SYSTEM

Description
The system consists of the following:

Residual Oil Unloading FFacihiuies

Residual Oil Receiving Facihines

High Speed Diesel Oif Recewving Facihines

Oil Drain and Oil Separation System

Residual Oil Transfer System 1o Transler the RO 1o Service Ol Tanks

© O O 0o O

Pressure gauges arc installed o stramner anlets/outlets, discharge and pump outlets of
pressure control valves.  Low pressure switches are installed on the pump discharges for
alarm purposes. Temperature sensors arc installed (o indicate temperature of residual oll
inlet/outlet, heating stcam and drain.  Outdoor local control pancls at the residual oil
transfer pump area and oil separator transfer pump area have the [ollow components:

Operating Swiiches

Indicating Lamps

Ammelers

Strainer Differential Pressure Alarms
Motor Overload Alarms

c CcC O C O

Comments and Current Condition

The residual oil unloading arca had considerable oil in trenches and con the ground.
(Reference Residual Oil Unloading Arca Structures). This will lead to higher maintenance
costs and present a fire hazard. The arca should be cleaned up. [nterviews with plant
personnel, walk downs and review of plant records, indicated that the systems arc in
working condition. However, plant personnel indicated difficulties are encountered in
unloading the rail cars especially in cold weather. Currently, oil is being delivered by truck
to a truck unloading facihty.
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JAMSIHORO UNITS 1,2, 3 & 4

RESIDUAL OIL UNLOADING AREA STRUCTURES

Asscssment

Assuming the area 1s cleanca up, good housckeeping pracuces are cstablished, proper
design and selection of syste= -+ ~ponents and adherence to manufacturer’s fccommended

O&M procedures, the sysic,n snould be suitable for 20 years hfe.

Description

The residual oil unloading area 1s located at the west end of the power plant. [t covers
the railroad unloading faciliies and r-ceiving and transfer pump stanons. Residual ol
unloading arca facilities serve all four unus of the power plant. There are railroad tracks
running parallel o the North/South direction. Tracks are numbered #1 to #4 {rom cast
to west. The railroad unloading area is approximately 800 meters long

Between rail tracks #3 and #4, there 1s a pipe trench below grade which 1s almost 512
meters long capable of unloacing a total of 60 railroad tanker cars (30 cars per track) at
a time. The pipe trench is similar to a rectangular concrete underground tunnel with clear
inside dimensions of 3.20 meters width and 2.25 meters height. The trench bottom is sloped
from both ends towards the trench mid length. There are residual oil (R.O.) recciving
pipe, heating stcam pipe, heating drain pipe, trace drain pipe, fire water pipe, air foam
pipe, an clectrical conduit, a walk path and a small rain water trench inside the pipe
trench. At cach railroad car park position, the top of pipe trench is 1.92 meters long and
has a full width access opening.

At the approximate midpoint, the pipe trench tunnel branches out westward-and passes
under track #4. The pipes a:.  .iduits go through the tunnel then pass under the plant
road through a concrete culvert and reach the residual oil receiving pump station area.
The oil pipe goes through the air separator units before entering the road culvert.

The residual oil pump station is a concrete structure built like a pit below road grade.
There are reinforced columns which support the reinforced concrete roof. There are no
walls above street level. A smaller trench along the side of the road and the recewving
pump station provide a catch basin for possible oil spill at street level and for rain. The
pumps in the recciving pump station transfer the arriving oil into four storage tanks cach
designated for one power station unit. Next to the receiving pump station there 1s 3
residual oil transfer pump station. The oil from the storage tanks is pumped through the
transfer pump station to the residual oil pump and heater area near the boiler units.
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JAMSHORO UNITS 1, 2,3 & 4

RESIDUAL OIL UNLOADING AREA STRUCTURES

Comments and Current Condition

The residual oil unloading area 1s functional and intact. The reinforced pipe trench, the
connection tunnel under track #4, the culvert under plant road, the rcccivihg: and transfes
pump stations and, their walls, columns and roof appear in good condution. There were
no observable cracks, settlement or damage to anv of the structures. Duning the site visu
there was no train unloading operation. Between and around the rail tracks there was
compacted soil with evidence of heavy ol spillage at most unloading locauons. The spilled
oil, mixed with water, was several inches high throughout the pipe tench. The oil spill
continued through the tunnel under the roadway around the receiving pump slauon arca
but not inside the pump stauon itsell

A truck unloading station is also provided. The tank trucks unload the residual ol 1o a
pump pit close to the receiving pump station. The pump pit is below the level of plant
road and protected on the road side by a concrete trench. There was ol and waler
standing inside this trench as well.  The trench is covered by graung made out ol
reinforced bars.

Assessmentl

The structures appear to be in satisfactory condition and should provide 20 years contnued
operation. However, with the current condition there is a potential danger due 10 a major
firc. The area should be cleaned up immediately to remove this hazard.
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JAMSHORO UNITS 1, 2,3 & 4

RESIDUAL OIL STORAGE

Description

There are four residual oil storage tanks, cach used for one of the units of the power
plant  They are located west of the residual oil unloading arca. The storégc tanks were
built on-site by welding steel plates. They are cylindrical in shape with shght spherical
dome roofs. Each tank has 27,000 cubic meter oil storage capacity  ach tank 1s almosi
one meter above ground and supported on compacted soil placed nside a ¢ hindrical
concrete wall which forms the height above ground. It is not known what kind of corrosion
protecuon of the steel base plate is provided as it is in direct contact wath the base il
A levee Tike stone wall 1s between two neighboring tanks.  Concrete walls protect the
surrounding areas {rom ol spills. Tanks for Unit 1 and 2 are further separated from the
tanks {or units 3 and 4 by a plant road on three sides. All tanks are pantced

Comments and Current Condition

Fhe tanks appear to be in good condition.  The welding, the geometrncal shape and the
paint apphcation indicate good workmanship. The concrete foundation also appears o be
I good condion.  There are no signs of settlement or cracks. There were no external
holes or reinforcing bars visible on the concrete surfaces which indicated good form work
and bar placing

The levee hike wall separating Tank 1 from Tank 2 contained a construction opening which
has not been closed. This opening should be closed in order to maintain the function of
the wall.

Assessment

The residual storage tanks appear to be in good condition and should provide satisfactory
scrvice for 20 years assuming proper design and normal maintenance. Painted surfaces
should also be maintained at proper intervals. During the lifetime of the tanks, internal
cleaning may also be required. Inspection of the basc plate for any corrosion damage will
be difficult. Therefore the tanks should be kept under surveillance (o detect any lecakage
At an carly stage to minimize cnvironmental damage.
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JAMSHORO UNITS 1, 2,3 & 4

PIPE RACK BRIDGES

Description

The main pipe rack bridge 1s almost 600 meters long routed in an cast/west direction
between the residual oil transfer pump arca and the water treatment building for Unit 3,
and running over the neutral pround on the north side of the plant inside 1t R
rack 15 four meters wide and simple span truss type steel bndge system clevated on hc(n'v
steel columns with varyig spans {rom 10 meters to 17 meters  The bndge structure
supports the residual o1l prpe [rom the transfer pump station to the heater and ol pump
arca near the plant site. [t {urther supports the heating stcam pipe, air, foam and fire
water pipes, and clectrical conduits [rom the plant site to the residual o1l unloading area
The east hall of the bndge carnes the pipes and conduits 1o and rom the water treatment
building towarcs the mam powerhouse. A sccondary pipe rack bndge, perpendicular 1o
the mamn pipe rack in North/South direcuon, starts [rom the mam pipe rack and continues
southward on the cast side of the plant street passing behind the boiler building of cach
umt. This pipe rack mainly carries the fucl supply lines to the bolder units from the
residual oil pump and heater arca. [t also carnes pipes used {or the boiler make up
water and the cable conduits.

Comments and Current Condition

The steel truss bnidges and the supporting steel columns ol the pipe rack appear
adcequately designed and constructed. The columns are supported on individual reinforced
concrete footing pedestals and foundations below grade. There were no signs of settlement
or cracking. The pipe rack structure was painted and there was no evidence of peeling,
blistering or corrosion.

Assessment

Assuming proper design and normal maintenance, the pipe rack bridee system should be
suitable for the next 20 years ol operation
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