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Appendix
A

Scope of Work

Personnel Contacts
National Power Corporation and
U.S. Agency for International Development

Geothermal Chemical Data

Transmitted to Mr. Dennis Zvinakis, Chief, Office of the Capital Projects
USAID by Jose T. Ramos, Senior Vice President,

Utility Operations, N.P.C.

November 5, 1991

NPC Memorandum

to Vice Presidents, SLRC & VRC, Plant Managers,

MGPPF, TGPP, LGPP and PGPP;

from A.G. Plata, Senior Vice President Operations,

Subject: Implementing Guidelines for the Application of
Geothermal Water Treatment Programs, Dated: June 3, 1991

Definitions of Outage Categories
from the North American Electric Reliability Council’s (NERC)
Generating Availability Data System (GADS) Data Base
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Section 1

Executive Summary

The Philippincs National Power Corporation (NPC) requested U.S. Aid Manila to provide
immediate technical assistance on improving power plant availability and reliability. U.S. Aid
through the Washington D.C. Office of the Energy and Infrastructure/ETIP program
commissioned Bechtel Corporation to respond to the request by performing a scoping
mission to the Philippines which is the basis for this report. The primary purpose of the
mission was to assess capabilities for improvements and scope out services for both
immediate and long term assistance in the use of fuel additives for oil fired units, water
treatment requirements for fossil and geothermal units and coal handling system/design and
operation. In addition, the mission evaluated the potential for solutions of generic reliability
and availability problems. We also assessed system improvement that could utilize
- availability improvement and life extension programs coupled with the development of
internal NPC capability to address and solve problems.

For this report, operating data was collected by visits to Malaya and Batangas Thermal
Generating Stations and Mak-Ban Geothermal Generating Station. The water chemistry
practices were evaluated at all three stations. The results of a fuel additive test program at
Malaya were evaluated and a preliminary review of the coal handling system problems at
Batangas was performed. Based on this and other system data, recommendations for further
work are provided to complete the defined scope of work and to provide solutions to other
identified generating unit and system problems. Additional work items that NPC should
implement are repair of the Malaya 2 phosphate pumps, the provision of a continuous on-
line chemistry monitoring panel for Malaya 2, the repair of the Malaya 1 on-line chemistry
monitoring panel, and repair of the Malaya laboratory spectrophotometer.

Generating units on the NPC system are de-rated by a total of 450 MW. Much of the
de-rating is related to problems such as boiler tube thinning, turbine blade failures, high
turbine thrust bearing temperatures and coal handling and combustion. Recommended
additional work is directed toward understanding the causes of unit de-rating, preventing the
development of further problems which can cause additional equipment failures, returning
the units to full design capacity and the development of programs which address controlling
long term generic problems.

Evaluation of Power Plant Operations 1-1
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The required additional work is divided into tasks for immediate implementation,
intermediate and longer term recommendations. The tasks are summarized below.

The immediately recommended work is directed toward solving problems which, if not
corrected quickly will cost NPC in additional lost capacity, and continued forced and
unplanned outages. We estimate that this work can be completed in four to six months.
Included within these tasks are problems that were identified in the areas of water
treatment, the use of fuel additives, boilers, turbines and coal handling.

I. Recommendations for Immediate Work Tasks

m Condensate Polisher Operational Modifications - Malaya 1 and Sucat 2, 3, and 4

This task is directed toward improving condensate polisher operation to reduce sodium
effluent concentrations for low pressure turbine blade protection.

s Batangas Chemical Limit Modifications

This task is directed toward modifying boiler chemical limits and operating procedures
to protect the unit from condenser leakage.

- m Batangas Make-Up Treatment System Evaluation

The purpose of this task is to evaluate the make-up system in detail and identify

equipment modifications required to assure the continued reliable production of
demineralized water.

@ Thermal Plant Water ireatment Chemical Procurement

This task will provide technical input required for the purchase of water treatment
chemicals.

Evaluation of Power Plant Operailons 1-2
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m Geothermal Plant Chemical Procurement

This task will provide technical assistance to procurement procedures used in the
supply of chemicals used in geothermal plant operation.

® Remaining Station Water Treatment Practice Evaluation

This task purpose is to evaluate the water treatment practices of the NPC generating
stations not evaluated as a part of this report and provide recommendations for
improvement as required.

m Fuel Additive Test Program Evaluation at Malaya 2

This task will provide an independent evaluation of the fuel additive test and develop
a program for continuing additive usage as a partial solution to the boiler tube thinning
problems.

m Batangas Coal System Improvement - Phase 1

The task of Phase 1 will be to provide recommendations for operational and
maintenance changes or minor capital projects that can be implemented with
immediate positive impacts. The scope of the next phases for intermediate
implementation will be established.

® Boiler Tube Failure and Reduced Pressure Investigation

The boiler tube failures at Malaya and Batangas will be evaluated in detail and
recomimendations for solution provided. Boiler operation at reduced pressure and the
effect on reliability, safety and efficiency will be evaluated and recommendations
provided for changes.

Evaluation of Power Plant Operations 1-3
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B Turbine Blade Failure Analysis

The task will identify the causes of turbine failures which are common on the system
and develop retrofit fixes.

® High Thrust Bearing Temperature Analysis

The task will evaluate the turbine thrust bearing problems and provide
recommendations for solutions.

- ® Turbine LP. Rotor Cracking Analysis
The need for Malaya 1 turbine rotor replacement will be evaluated.

Intermediate recommendations are for the completion of the Batangas coal system
improvement, the development of a boiler tube failure reduction program, and an evaluation
of forced outage causes. These tasks will require 6 to 18 months to complete.
II. Intermediate Recommendations

® Boiler Tube Failure Reduction Program

m Batangas Coal System Improvement - Follow on Phases

@ Root Cause Analysis of Forced Outages

The long term recommendations relate to system and organizational issues that should be
addressed as the NPC management allocates resources to develop an organization to address
and solve the system problems.

Evaluation of Power Piant Operations 1-4
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IlIl. Long Term Recommendations
s Present Plant Equipment Maintenance
® Present Rehabilitation Approach Modifications
® Development of Capability to Address Problems

® Maintenance Delay Modifications

\
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Intr ion

21 PURPOSE

In the later part of 1991, National Power Corporation of the Philippines (NPC) requested
US AID Manila to provide immediate technical assistance in the area of power plant
availability and reliability improvement. US AID, through the Office of Energy aiid
Infrastructure/ETIP program in Washington, D.C., commissioned Bechtel Corporation to
undertake a technical scoping mission to the Philippines to respond to the request made by
NPC. The Scope of Work for the NPC request is shown in Appendix A.

The purpose of the mission was to evaluate the near-term and long-term situation with the
~ reliability and availability of the NPC system and to make recommendations for
improvement. The primary objectives were established as follows:

1. Provide technical assistance in the areas of immediate need including: fuel additives
for oil fired units; water treatment requirements for fossil and geothermal units; and
coal handling system design and operation at the Batangas plant,

2. Evaluate the potential for longer-term solutions to generic reliability and availability
problem areas, and

3. Assess NPC system needs including: (a) the potential for improving the operation
of the system through a structured Availability Improvement and Life Extension
Program; (b) the development of internal capability to address associated problems;
and (c) additional methods for improving the productivity of the generating system,

2.2 APPROACH

This report is based on an evaluation that was performed during a 10 day trip to the
Philippines in December 1991. NPC provided assistance through visits to specific power
plants and by information collection in the home office. The plants visited and evaluated
during the trip are shown on Figure 2-1. Personnel from NPC and the U.S. Agency for
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ion 2 Introduction

International Development provided technical data and assistance in obtaining the
information required for this report. These personnel are shown in Appendix B.

Water chemistry practices were reviewed and evaluated at all three stations. A fuel additive
test program was being conducted at Malaya Unit 2 with the goal of developing a program
which will address boiler tube thinning problems being experienced at the Malaya and Sucat
Stations. A preliminary review of the additive test program and results was conducted.
Problems have been experienced at the Batangas Station with the coal handling system.
Information on the problems with this system was obtained and evaluated.

The results of the initial evaluation are contained in this report and recommendations are
made for future actions to correct the specific problems identified. Item III of the Scope
- of Work is essentially completed for the Malaya, Mak-Ban and Batangas Plants by this
report except for a complete evaluation of the fuel additive test results. In addition,
comments are provided and recommendations made to solve the chronic long term generic
probleins that exist, not only at the stations visited, but at other stations on the system,

Evaluation of Power Plant Operations 2.2




ion 2 introduction
Figure 2-1
Evaluated Power Plants
National Power Corporation
Unit Design Design
Station | No. | Capacity, MW Fuel Boller Type Conditions
Malaya 1 300 Residual Oil Once-through | 2700 psig
and Bunker C 1000°F/1000°F
2 350 Residual Oil Drum 175 kg/cm?
and Bunker C 1000°F/1000°F
Batangas 1 300 Local and Drum 2400 psig
Australian Coal 1000°F/1000°F
Mak-Ban 1-6 55 (each) Geothermal - 6.5 kg/cm? .
162.3°C
Evaiuation of Power Plant Operations 2-3



Section 3

Conclusions and Recommendations

This section summarizes the recommendations that are further detailed and discussed in
Sections 4, 5, 6 and 7 of the report. They are presented in this separate section tc show the
full scope of the proposed work.

An overview of the conclusions of the assessment is provided in Subsection 3.1.
Recommendations are provided in three categories as follows:

® Recommendations for immediate implementation. These recommendations will have
an immediate impact on very important near-term problems that are currently costing
NPC heavily in lost capacity, forced outages and unplanned outages.

® Intermediate recommendations. These recommendations address problems that will
require 6 to 18 months to complete.

® Long term recommendations for system and organizational changes. These
recommendations address system-wide and organizational needs that will require
corporate level decisions to implement. They are long-term in nature and will have
a major positive impact on the operation of the NPC generation system.

Technical skills required to implement the recommendations are 1mportant considerations
in this program and are presented in Section 3.5.

3.1 CONCLUSIONS

The thermal power units on the NPC system are de-rated a total of 450 MW for a number
of different reasons as shown on Table 4-1. This is estimated to cost NPC 121 million Pesos
per month in additional fuel costs alone. Each plant has some unique.reasons for de-rating.
However, a number of common generic problems exist that include boiler tube failure,
turbine blade failure, turbine bearing overheating and poor condenser vacuum. The
evaluation of the Malaya Station determined that the cause of the tube failure problems at
that station are, in part, due to slagging/corrosion as a result of poor quality fuel. This may
also be the cause of the problems at Sucat and Batangas Stations, but further study is
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Section 3 nclusions and Recommendation

required to confirm this. The units reporting poor condenser vacuum were not evaluated,
This is probably caused by a water treatment problem, as is the high feedwater silica
concentrations reported at Bataan 2. Correction of these problems can return a significant
amount of power to the NPC system.

Many of the problems observed during this evaluation have persisted for many years without
being resolved. NPC performs temporary fixes through rehabilitation programs but the root-
cause of the problems have not been well understood. The rehabilitation programs
implemented in the past have addressed the problem symptoms but have not addressed the
fundamental causes. These programs have been directed toward performing deferred
maintenance.

* Once the immediate problems are addressed and corrected to return the lost generating
capacity to the system, an availability improvement and life extension (Al & LE) program
can be put in place. This program should incorporate the valuable parts of the
rehabilitation approach and include root-cause analysis and condition assessment. Such an
approach will better utilize the capital funds available to NPC and permanently eliminate
most of the problems now being encountered. Increased training should be provided as a
part of this program.

To implement recommendations contained in this report, NPC will need to develop the
internal capability to perform the analytical, operational and maintenance activities required.
Technology transfer can significantly contribute to the success of this process. The Efficiency
and Reliability Department should be chartered to develop the Availability Improvement
and Life Extension Program discussed above.

The fuel additive test program appears to offer part of the solution to the boiler tube
thinning being experienced at Malaya. Technical assistance is needed in evaluating the test
results and in formulating a long term program to procure the most economical and effective
chemicals.

Specific water treatment problems were identified at- the Malaya and Batangas Stations.
Boiler and turbine failures may have been caused in the past by poor water treatment

Evaluation of Power Plant Operations 3-2
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practices. The problems identified in this report should be corrected before further major
equipment problems recur.

NPC through extensive testing of chemical programs, has identified chemicals which are
effective in meeting the water treatment goals at the geothermal plants. Procurement
procedures should be modified to permit purchase of the identified effective chemicals and
to assure that a reliable and continuous supply is maintained.

Boiler tube failure in a large number of boilers on the NPC system is a chronic long-term
problem. Many tube failures have occurred in the water wall, superheater, reheater and
economizer sections and the problems have existed for most of thie life of the units. To
. eliminate this problem, NPC should perform a root-cause analysis of the failures of Malaya,
Sucat and Batangas to identify and implement retrofit fixes. In the longer-term, a Boilér
Tube Failure Reduction Program should be implemented.

Virtually all of the boilers on the NPC system have operated at reduced pressure and output
for long periods of time so as to minimize boiler tube failures. Such operation, if not
performed properly, could adversely impact boiler reliability, safety and efficiency. An
evaluation of boiler reduced pressure operation should be performed immediately.

Since beginning operation in 1984, the Batangas plant has been plagued with coal related
problems that have caused serious reliability problems. It can be expected that the problem
at the plant will continue and, indeed, may well deteriorate in the future. A comprehensive

coal system improvement project will be required to address this complex problem and

develop a permanent solution.
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3.2 TASK RECOMMENDATIONS FOR IMMEDIATE IMPLEMENTATION
3.2.1 Water Treatment
3.2.1.1 Condensate Polisher Modifications - Malaya and Sucat - From Section 5.1

The operation of Malaya 1 condensate polishers should be modified to operate with an
effluent sodium concentration of less than 2 ppb. This may require changes in the
cation/anion resin ratios, regeneration chemical quality and regeneration procedures. The
present effluent sodium limit is 10 ppb. Values of up to 17 ppb were observed.

With continued operation with high sodium concentrations, low pressure turbine blade
integrity is threatened. Turbine blade failures on this unit may have, in part, been caused
by excessive sodium leakage from the polishers. Once-through Sucat units with condensate
polishers have also experienced turbine blade problems which may have been caused, in
part, by excessive sodium hydroxide in the feedwater. As a part of this task, the Sucat
polisher operation should be evaluated and modified, if required, to maintain a sodium
effluent concentration of less than 2 ppb. Equipment and operational modifications will be
completed and docr'mented working with NPC chemical engineers and operators.

3.2.1.2 Batangas Chemical Limits - From Section 5.1
New chemical operating limits and procedures should be established for Batangas Unit 1 to

protect the system from condenser tube leaks. Chloride limits should be established and the
phosphate limits should be modified. Procedural changes should be established and

documented to define operators reactions to increasing boiler contamination from condenser

tube leaks.
3.2.1.3 Batangas Makeup Treatment System - From Section 5.1

The make-up water treatment system for Batangas should be evalvated and
recommendations made to correct existing problems which if allowed to persist, will lead to
major system difficulties. The major make-up system problems are:
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Section 3 nclusions and Recommendation

a. Not enough capacity exists for condenser leak and unit startup operations.
b. Spare filtration capacity is not provided.

c. Algae is not removed in the pretreatment system and appears downstream in the
filters and the demineralizers.

d. Suspended solids removal is not adequate in the pretreatment system and leads to
excessive demineralizer vessel pressure drop.

e. There is excessive system deterioration because of the outdoor seaside installation.
f. The regeneration equipment is deteriorated and needs maintenance.

g The neutralization system does not appear adequate to meet the regeneration
requirements.

3.2.1.4 Thermal Plant Water Treatment Chemicals - From Section 5.1

New specifications should be written for all of the water treatment chemicals in use at the
thermal power plants and the technical input to the procurement program modified to
permit competitive bidding of the chemical supply on an annual basis.

3.2.1.5 Geothermal Plant Chemicals - From Section 5.2

Technical input to the procurement program for providing chemicals to all geothermal plants
should be provided. The assistance should include the development of new specifications,
new procurement procedures and assistance in developing long term measures to assure a
continuous supply of proven chemicals from qualified suppliers.

Evaluation of Power Plant Operations 35
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3.2.1.6 Remaining Station Water Treatment Practices - From Section 5.2

Investigations of water treatment practices similar to those performed at Malaya, Batangas
and Mak-Ban should be performed at the remaining geothermal and thermal plants. The
plants should be visited and operating data collected, equipment and practices observed and
procedures evaluated. The information will be evaluated, problems determined, and changes
recommended. Data collected to date indicates that all the plants have problems. In the
case of a number of the thermal plants, it appears that water treatment problems may be
contributing to load restrictions. A common problem is high condenser vacuum which is
probably caused by poor cooling water quality. The plants to be evaluated will be Sucat,
Bataan, Manila, Cebu, Palinpinon, Tongonan and Tiwi.

3.2.2 Fuel Additive Test Program at Malaya 2 - From Section 5.3

An independent evaluation of the fuel additive test program results should be performed.
As a part of this work scope, a long term program for the use of the additives will be
developed, technical specifications for fuel oil additives will be written, and assistance
provided in selecting a long term chemical supplier.

3.2.3 Batangas Coal System Improvement Project - From Section 5.4

A detailed evaluation of the Batangas coal system should be performed which focuses on
the operational and equipment changes reauired to solve the multiplici'y of problems.

Alternatives will be developed, evaluated and recommendations made to resolve problems
associated with the following system operations:

& Blending
® Pulverizing
@ Combustion

@ Slag formation

Evaluation of Power Piant Operations 3-6
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m Boiler tube failures

The complexity of the problems and the various factors which must be considered are
discussed in detail in Section 5.4.

Due to the complexity of this problem, a 4-phased approach is recommended. Phase 1 of
the project should be initiated immediately. Phases 2, 3 and 4 will be described in Section
3.3 - Intermediate Recommendations.

The project goal is to establish capital, operational and maintenance refinements to the
Batangas I coal system that effectively improve the availability and efficiency of the plant in
line with the needs of the NPC generating system. Phase I of the program will provide

recommendations for operational and maintenance changes or minor capital improvement

projects that can be implemented with an immediate positive impact on operations. The
scope of intermediate phases will-also be established in Phase 1.

3.2.4 Boiler Tube Failure Investigation - From Section 6.1

Root-cause analyses of the boiler tube failure problems at Malaya and Batangas should be
performed to identify the fundamental reasons for the failures that have been occurring
during the past five years. This is an immediate need because boiler tube failures are
occurring regularly on these boilers and are producing outages. The resolution of these
problems will involve knowledge of the combustion process, water chémistry and metallurgy,
which will require support from a boiler specialist, a materials specialist, a water chemist and
NPC maintenance and reliability personnel. The goal of the task will be to more fully
understand the boiler tube failure problems at both plants, determine the root causes of
failure, determine fixes, give recommendations for implementation and assist in verification
of the solutions. In the case of Malaya 2, specific attention will be paid to the fuel additive
program presently being tested to determine if it is fully addressing the.root-causes of failure
and to determine if additional changes are required to the plant. This task will be closely
coordinated with the fuel additive test program evaluation of task 3.2.2.

Evaluation of Power Plant Operations 3-7
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In addition, the boilers at the Malaya, Sucat and Batangas stations have operated at reduced
pressure and output in order to minimize the nuinber of boiler tube failure problems. This
has caused considerable expense to NPC in terms of reduced revenues and increased
operating costs.

Reduced pressure operation must be carefully considered to ensure that the boiler is
operated within proper limits. The boiler heat exchange surfaces are designed for specific
pressure, temperature differentials and heat flux. Operation outside of these ranges can
accelerate creep and thermal fatigue damage to the boiler and adversely impact unit
reliability, safety and efficiency. During the visit, it was not evident that an evaluation of the
reduced pressure operation had been performed by boiler experts to verify that the boiler
operating modes being used were not injurious to the boiler. If such an evaluation has not
~ been performed it should be done immediately. ‘

3.2.5 Turbine Blade Failure Analysis - From Section 6.2

Turbine blade failures have been a significant cause of outages and reduced output for 10-15
years on Malaya 1 and Sucat 2, 3 and 4. To eliminate this problem it is recommended that
NPC perform a root-cause analysis of the failures to identify the fundamental reasons why
the blades are failing. This approach is utilized in the U.S. to address highly complex blade
failure problems. The technology to independently analyze the blade failure problem is
available and can be applied at NPC. A study team should be assembled that includes a
turbine blade expert, a water chemistry expert, a materials expert, NPC maintenance and
reliability experts and, if possible, the equipment manufacturer. The goal of this team would
be to fully evaluate the LP blade failure problem, determine the root-causes of failure,
develop retrofit fixes, give recommendations for implementation and assist in the verification
of the solution.

3.2.6 High Thrust Bearing Temperature Analysis - From Section 6.3

Like turbine blade failures, high thrust bearing temperatures have been a long standing
problem with the NPC Siemens steam turbines dating back to the late 1970’s. NPC should
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perform a root-cause analysis of the high thrust bearing temperature problem in the turbines
to identify the fundamental reasons for the problem. A study team should be assembled
that includes a thrust bearing expert, a rotor-dynamics expert, NPC maintenance and
reliability experts and the turbine manufacturer. The goal of the team would be to fully
evaluate the thrust bearing problem, determine the root-causes of failures, provide
recommendations for solution and assist wich verification of the solution.

3.2.7 Turbine IP Rotor Cracking Analysis

During the last rehabilitation of Malaya 1, cracking of the IP rotor was found and
replacement of the IP rotor is scheduled for 1993. NPC should perform an analysis of the
Malaya 1 IP rotor to determine if replacement is necessary. Weld repairing of this rotor
- may be possible, thereby saving considerable capital investment in a new rotor.

3.3 INTERMEDIATE TERM RECOMMENDATIONS
3.3.1 Boller Tube Failure Reduction Program
NPC should implement a company-wide Boiler Tube Failure Reduction (BTFR) Program
that is root-caused based and which implements well developed technology to reduce or
eliminate boiler tube failure problems, increase reliability and extend life. This approach
is highly developed in the US. and in other countries and has been very successfully
implemented by many electric utilities. The basic structure of a BTFR Program involves
four fundamental stages: ‘

B Analysis of failures and identification of root-causes,

m Development and implementation of a root-cause data base,

@ Selection of solutions for retrofit, and

® Implementation of fixes and verification of effectiveness.

Evaluation of Power Plant Operations - - 39



Section 3 nclusions and Recommendation

Such a program requires a dedicated group within the utility organization that has
responsibility for its implementation and that has the necessary technical knowledge and
skills to ensure success. The Reliability and Efficiency Department recently formed in NPC
would be an excellent location to house and develop the BTFR program. A substantial
technology transfer activity will be required that includes:

@ Technical assistance in the selection of methods and systems,

® Installation and operation of methods and systems,

® Training in root-cause analysis, and

s Implementation of retrofit fixes
It will be necessary to implement the BTFR program in phases as follows:
Phase 1: Development of an Overall Plan
Development of an overall plan for the BTFR program that includes: data-base
requirements, organizational integration and operation, resource requirements, technology
transfer, continuing support and budgets.
Phase 2: Implementation of the Program
Implementation of the Program into NPC.

Phase 3: Implementation of the Retrofit Fixes

Implementation of the retrofit fixes, verification of effectiveness, and continuing support.

Evaluation of Power Piant Operations 3-10

P
C



Section 3 nclusions and Recommendati

3.3.2 Batangas Coal System Improvement Project - Follow-on Phases
Phase II. Coal System Engineering and Economic Evaluation

The objectives: are to perform an engineering and economic evaluation of the coal system
and produce a plan that identifies and justifies required plant improvement projects.
Root-cause analysis will be performed on the equipment to identify the fundamental causes
of equipment failure. Improvement projects will be identified and economically justified.

A Phase II report will be issued that will contain findings, recommended improvement
projects, cost estimates and a proposed implementation plan for Phase III.

Phase Il1. Detailed Design Engineering, Procedures Development and Training
Requirements

The scope of Phase III will depend directly on the outcome of Phase II. Implementation
of the recommendations from Phase II will include: engineering design, program
management and planning, drawing production and verification, specification production,
equipment procurement, development of operation and maintenance procedures,
development of training programs and planning for Phase IV. The output of Phase III will
be a detailed plan for Phase IV that will be contained in a report.

3.3.3 Root Cause Analysis of Forced Outages

The forced outage records of the Malaya and Batangas Stations have been evaluated to
identify the major equipment components which have been the greatest contributors to the
high forced outage rates. The forced outage rates for the remaining NPC stations should
be similarly evaluated. And the major equipment problems identified for root cause analysis
and problem solution.

Evaluation of Power Plant Operations 3-11
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Section 3 nclusions and R men n

Phase IV. Plant Modification and Equipment Verification

Phase 1V will involve the modification of equipment, required construction activities, plant
restart, equipment verification, operator training, implementation of improved O&M
procedures and construction management.

3.4 SYSTEM AND ORGANIZATIONAL RECOMMENDATIONS
3.4.1 Present Plant Equipment - From Section 7.1

The equipment in the NPC plants is the same as what is used in the U.S., Japan and Europe
and the plants are very valuable assets to NPC. U.S. experience shows that these plants can
be brought up to proper operating levels through the use of focused availability, and
efficiency improvement and life extension programs at a small fraction of the cost of
replacement capacity. Therefore, the present set of fossil plants should be kept on the
system and improved through capital investment programs.

3.4.2 Present Rehabilitation Approach - From Section 7.2

NPC should perform an assessment of the present rehabilitation approach and determine
if it is serving the best interest of the corporation. An availability and efficiency
improvement life extension program should then be developed that incorporates the
valuable parts of the rehabilitation approach and that includes root-cause analysis and
condition assessment. Such an approach will better utilize the capital funds that are
available to NPC and permanently eliminate many of the problems now being encountered.
In the longer-term, availability and efficiency improvement/life extension activities will
become a normal part of maintaining plant equipment and will eliminate the need for
major, capital intensive rehabilitation projects.

3.4.3 Capability to Address Problems - From Section 7.3

@ NPC should charter the Efficiency and Reliability Department to develop and
implement an Availability Improvement and Life Extension (Al & LE) program for
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NPC. They should also be given responsibility for developing and implementing the
root-cause analysis and condition assessment methods required for the Al & LE
program and for analyzing equipment and components on a continuing basis. Staffing
levels should be increased in line with this responsibility.

m  The Efficiency and Reliability Department should be refocused to concentrate on
solving availability and reliability problems. Presently, the focus is primarily on
efficiency improvement. This change will ensure that NPC will receive maximum
value for the department’s efforts.

® A technology transfer program for the Efficiency and Reliability Department should
be developed and implemented in conjunction with the Al & LE program to ensure

that the department is fully capable for performing the work. The technology

transfer program should involve availability and life extension methods and include
root-cause analysis and condition assessment techniques. The following elements
should be included:
- Personnel training
- Laboratory requirements, computer hardware and software and test equipment
- Analytical techniques, procedures and specifications

m  Training programs should be developed and implemented for plant maintenance and
plant operations personnel in order to implement and sustain the level of

performance improvement attained through implementation of the Al & LE
program.

3.4.4 Delay of Maintenance Due to System Demand Needs - From Section 7.4

Review the practice of significantly delaying and reducing the scope of maintenance outages
in light of the substantial costs to the system that result from the associated degradation in
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plant reliability. Develop procedures for implementation that can be utilized by plant
operations, plant maintenance and system dispatch as a means of minimizing the total cost
impact to the generating system as a whole.

3.5 SCHEDULE AND SKILLS

The recommendations for immediate implementation should be completed within four to
six months of project funding to correct serious near-term operational problems. Work
~ completion will require technical specialists with expertise in the following areas:

m Boiler operation
m Metallurgy
- m  Turbines
@ Chemical engineering with experience in water treatment and fuel additives.

Trips will be made, as required, to the Philippines to obtain further information and work
with NPC operators and engineers on operational and procedural changes and to present
the results to NPC management.

Costs and schedules for intermediate term and long t=rm recommendations will be provided
at the conclusion of the correction of the immediate problems. Iniermediate term
recommendations should be implemented within 18 months. Long term system and
organizational issues can be addressed as management allocates resources from within NPC
to develop and solve system issues.
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Section 4
seneratin m rvation

To obtain an overall perspective on the problems being faced by NPC with their thermal and
geothermal generating plants and to gain an understanding of the value associated with
improving the reliability of these plants, a review of the generating system was performed
that focused on the following areas:

1. Plant de-ratings and associated costs,
2. Availability and reliability factors,
3. System reserve profile.

The review was based on information obtained from NPC. In addition, similar information

~was obtained from the North American Electric Reliability Council’s (NERC) Generating
Availability Data System (GADS). Where appropriate, comparisons were made that would
provide an understanding of the improvement potential for NPC'’s plants.

4.1 PLANT DE-RATINGS AND ASSOCIATED COSTS

As can be seen from Figure 4-1, all but one of the thermal generating plants is operating
with a maximum dependable capacity that is lower than the rated capacity. For the system,
the total de-rating is 450 MW with an associated cost of 121 million Pesos per month. For
the three thermal generating units investigated on this mission (Malaya 1 & 2 and Batangas),
the de-rating amounts to 220 MWs. This is 23% of the 950 MW rated capacity and is
estimated to cost NPC over 612 million Pesos per month in additional fuel costs alone
(Figure 4-1). This is a large cost to the system and would support a significant program to
regain the lost capacity and to improve reliability. As will be discussed in more detail in

Section 6, the cause of these de-ratings can be attributed to a small number of generic

problems - weak ‘boiler tubes, caused partly by poor fuel quality, weak turbine blades and
turbine bearings. These are generic problems that have persisted for many years and are
similar to those experienced by U.S. utilities in the 1970's and early 1980's. Technology
has been developed and implemented that can virtually eliminate the problems and allow
the lost capacity to be regained. Detailed recommendations will be discussed in Section 6.
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Section 4 Generating System Observations

Plant de-ratings of the magnitude and duration utilized by NPC are unusual. Typically, plant
de-ratings are utilized as a short-term measure when a reliability problem is experienced.
The unit is restored to full capacity when the problem is repaired. For many of the units
on the NPC system, significant de-rating has occurred throughout their operating lives. A
concerted effort should be utilized to eliminate this problem.

The loss of 450 MWs to the system has a very serious impact on overall system reliability
and costs. The implementation of an Availability Improvement and Life Extension Program
that utilizes root-cause based approaches and condition assessment would be very valuable
to NPC to regain and retain the lost capacity on the system for the long term. This program
will be more fully discussed in Section 7.

4.2 AVAILABILITY AND RELIABILITY FACTORS

Availability and forced outage rate information for NPC is shown on Figures 4-2 to 4-5.

Information for similar U.S. units to those of NPC is shown in Figures 4-6 to 4-16.
The following general observations can be made from these data:
® Oil Thermal Units:

- NPC units have an availability factor of approximately 75%. Similar U.S. units have
an availability factor of 83%,

- NPC units have exhibited a steadily increasing forced outage rate from 2% in 1987 to
12.3% in 1991. Similar U.S. units have a forced outage rate of approximately 7.2%,

- NPC units have an unplanned outage factor of approximately 10%. No similar
information is available for U.S. units.

This information shows that significant potential exists for improving the availability and
reliability of NPC's oil thermal units. An eight percentage point improvement in
availability factor is of very high value to NPC in terms of reduced new capacity

Evaluation of Power Plant Operations 4-2



Section 4 Generating System QObservations

requirements and could be achieved at a small fraction of the cost. The increase in
forced outage rate to 12% in 1991 and the 10% unplanned outage factor indicate the
need for corrective action to be taken immediately. This should involve the use of
root-cause based methods, condition assessment methods and improved maintenance
methods.

& Batangas Coal Unit:

- Batangas has an average availability factor of approximately 84%. Similer U.S. units
have an availability factor of 82.4%,

- Batangas has an average forced outage rate of 4.9%. Similar U.S. units have a forced
outage rate of approximately 6.48%,

- Batangas has exhibited an increasing unplanned outage factor from 3.5% to 14.2% in
three years.

Batangas is a relatively new unit and this is reflected in the availability and forced outage
rate statistics. The increase in unplanned outage factor indicates that reliability problems
may be beginning to take affect and should be investigated.

Definitions for the NERC-GADS outage categories are given in Appendix E.

4.3 SYSTEM RESERVE PROFILE

The NPC system reserve profile is shown in Figure 4-17. This indicates that system reserve
capacity is marginal and that the loss of one large unit on the system could necessitate the
use of load reduction and cause brownout conditions. In the U.S., in order to ensure
adequate system reliability, a reserve margin of 15% -20% of peak demand is maintained. _
This would predict a needed reserve capacity of 490 MW-650 MW on the NPC system.

These reserve needs bring into focus the value of the 450 MWs of de-rated capacity on the
system, the 8 percentage point availability differential on the oil-fired units and the
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5 percentage point forced outage rate differential on the oil-fired units. Regaining these
losses would add an equivalent of 620 MWs of capacity back to the system without the need
for new units. Experience in the United States has shown that this can be achieved with a
well designed capital program involving availability improvements, enhanced maintenance
and life extension at a small fraction of the cost of new capacity.
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NPC GENERATING PLANTS
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1987-1991
inslalled
PLANT TYPE Cap, MW | 1887 1988 1989 1900 1601
Ol Thermal 1625 205 8.51 5.9 4.06 124
Coal Thermal 408 27 4.08 18.18 1057 178
Geothermal L) 458 3.50 100 1.81 27
Hydro 2008 325 1.8 4.3 28 15
Dissel 47 0.78 210 421 1.80 1.41
20
-
O Thermal
i =
/\ Coal Thermal
16 ——
Geothermal
=
Hydro
1 »e
Dissel

|V

4 ’\../.. .

1987 1988 1900 1980 1901
Year
Nol: .
Figures are weighted according 1o unk raled capaclly
Figurs 4-5
Evailuation of Power Piant Operations

T4794-204/GA/RY



Summary Statistics

1990 Generating Unit Statistics — All Sizes

oot
Dllm Units Age [« - _J 4 oF y [ Lﬂ 4 [, 4 [_] [ 14
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1986-1990 Generating Unit Statistics — All Sizes
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asoTHERAL B 108 7T G743 81.60 8811 TR 3.8 19.40 0.62 3.4 95.01 429.23
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200-299 MW  1986-1990
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Fossil Units - Coal Primary
200-299 MW 1986-19890
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Fossil Units - Coal Primary
300-399 MW  1986-1990

MABER OF UTILITIES : 47
MMSEA OF UniTS H L J
MAMSIR OF UNLIT.YLARS:
L
AGE DISTRIBUTION (COMMERCIAL DATE) SiZE DISTRIBUTION (NAMEPLATE)
NUMBER OF UNTS: 08 YLARS: 1938-1990 NUMBER OF UNTS: 80 ST AWGL: 300-383 W

13.12 .81
10.07 14.07

10087 0.0

1968 10.32 6. .7 13.09
1000 20.32 $$.70 11.08 13.08
1990 21.00 88.38 13.79

108890 .
unit-Yesrs

Nanimus Copacity (W)
Depondable Capacity (ww)

: wmn
AStusl Generatien (Mwh) Greas: 1,803,880 1,023,200 1,707,017 1,807,872 1,704,872 1,040,032
Net: 1,400,003 1,820, 1,870,180 1,008,014 1,836,470
Attempted Unit Starts ' 21.30 22.07 22.07 21.48 22 10
Agtual Unat Starts H 2.0 22.02 .32 20.40 2130
Servise Meurs : 6,008.00 e,322.07 6,802.82 0,432, 10 6,402.14 6,337 a7
feserve Shutdemn Meurs H 888 .48 $83.02 arr. e 681.18 8.0 (321 ]
Musber of Cseurronses H 0.68 10.17 12.60 172.0 10.70 20
Pumping Meurs : . . . . -
Oynehrensus Condonsing Meurs H . . .
TOTAL AVAILABLE WOURD H 0,081.28 0,008.00 7,290.72 7,113.34
Foresd Outage Meurs ' 927.01 842.72 304.08 $02.00
aumber of Ossurrenses : 164.13 13.93 12,78 t2.683
Plannee Outeges:
Planned Out neurs H 902.90 1,087.83 945.01 914.83
Nusber of Ousurronses s 1.97 2.84 3.08 1,34
Planned Outage Ext. Meurs H ©@.0 22.22 3.4 30.18
Nusber of Ossurrenses : 0.47 0.08 0.03 0.08
Baintensnse Outages:
Baintensnse Outsge Meurs ! 213.88 m.n 107.02 100.07
Nuaber of Qseurronses H 3.80 .29 413 3.8
Saintensnse Outage Ezt. Meurs 1.18 2.42 2.09 448
aumber of Ossurrenses : 0.08 0.08 0.00 0.0

TOTAL UMAVAILABLE WOURS

TOTAL PEAIOD HOURS

Civ. Foreed Mours

Seviv. Gshetuled Meurs

Qeuiv. Fersed Meurs Ouring A9

cse DR R R T R R R R T R TR R PP P R P PR R R L R R R

277.43 %4.74 310.04 g:!:’
Figurs 4-9 NERC GADS

Generating Availability Repon

Evaluation of Power Plant Operations 4-13
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Fossil Units - Coal Primary
300-399 MW  1986-1990

DISTRBUTION OF FVE~YEAR AVERAGE (1908-1990)
PERFORMANCE STATISTICS
W L -4 FOR

1008 1990
OUTAGE AND DERATING STATES BY COMPONENT CAUSE COOE CATEQOMIES
(PAINARY CAUSE OF OUTAGE OA DERATING)

R T L R L R T L R i AP ssssscssvecsnnscssassone

.o

PLANED OuTAGES SAINTENACE OUT. SCHEDLED DERATINGS

(WITH EXTENSIONE) (W1TH EXTEMSIOMD (W1Tw EXTENBIONE)

- iR OUTAGE [l AER iy
CATEQORIED OoF ocC HOURS oF ocC [ - -4 HOURS
S0ILEN 1.0 683.22 1.4 [ . 3.30 22.31
SALANCE OF PLANT 0.08 17.07 0.88 1.04 12.98

STEAN TURBINE 0.62 84.77 0.68 0.2 0.81

MERATOA 0.08 7.1 0.20 0.0 0.01
POLLUTION CNTL . 0.02 $.49 0.42 0.20 .17
CXTERNAL 0.00 .00 0.01 0.00 0.00
AEGULATOAY 0.00 0.20 0.02 0.02 0.61
PERSONNEL ERAORS . 0.00 0.00 0.01 0.00 0.00
PEAFORMANCE 0.00 0.00 0.00 0.00 0.00 0.00 0.8

1908 1990

T0P 2% SYSTEN/CONPOMENT CAUSE COOED
FORCID AMD SCHMEDULED OUTAGES AMD DEAATINGS
BY AVEAADE Wt PER UNIT. YEAR

WAAY CAUBE OF OUTAQE OR DERATING)

SYUTEN /OONPONENT CAVEE COBE SROCAIPTION

D S R T P T T L TR LR

SOILER OVENALL
SAJOR TUNDINE OVERSWL
FUMALE BALL
UILII 1PECTIONS
1040 0.93 10502 17883 FIAST BUPEMEATER
1080 1.03 19232 14001 FIRST ADMEATER
0760 0.08 16037 248019 MEADERS GETWREN TURE BLODLED
1080 0.08 12318 13828 HCONOMI2ER
1080 0.00 1M118 15390 SICOND BUPENEATEIR
4401 0.08 8806 154900 1P ECTION
AL _J 0.02 re28 9297 PAIMAAY ATA MEATER (AEQENEAATIVE)
a1 0.04 7088 172488 SUCKETS On I.NI
310 1.9 032 4004 PREDRATER PP
880 0.9 500 7034 ELECTAOSTATIC PARCIPITATOR PROBLENS
1010 o.M 901 10087 CYCLONME FURNACE (IN CYCLOME AAEA OMLY)
1000 1.18 8832 008 GOILER, WIBCELLAMEOUS
4420 0.00 081 [ 17 VIBRATION OF T/ TURDINE QEMERMATOR UNIT
1100 8.20 Hre 1001 FURMACE BALL
oo a,18 saro 1288 PULVERIZER WILLS
1080 4,10 8168 1261 SOILER WATER CONDITION (MOY FEECWATER WATER QUALITY)
“9n 0.88 4080 0 OTHER MIBCELLAMEOUS STEAM TURBINE PROBLENS
4380 0.2¢ 4807 0ne QENERATOR VIBRATION
4200 0.2t 4083 12848 BAIN STOP VALVED
920 1.18 4843 2089 PAATICWAATE STACK CUISOIOND - FOSSIL STEAD UNITO
4730 0.08 M1 nm GINERATOR CURAENT AMD POTENTIAL TAAMNBFOMMEAS
NERC GADS - Flgurs 4-10
Generating Availability Report

Evaluation of Powsr Plant Operations 4-14
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Fossli Units - Oll Primary
100-189 MW  1986-1990

e TN
MMBEN OF WNITS ;69
MBEA OF INIT vEANS ! 234
AGE DISTRIBUTION (COMMERCIAL DATE) SIZE DISTRIBUTION (NAMEPLATE)
WUMBER OF UNTS: 60 YEARS: 19481901 MUMBER OF UNTS: 60 SiZE AANGL: 100-104 W

l‘ﬂ"l‘"ﬂ

R L R

tesUvesesectnesorrroscemetinectcvecsterrarsrcencovansenesss
1900 28.62 3.4 33.00 2.9 .20 $8.99
1987 28.97 31.03 3.3 3.0 §8.46 §7.82

‘1988 27,20 37.% 34.00 0.17 61.44 00 .04
1908 20,82 .09 37.88 15.84 “.r 02.48
|no ll n ».% 34.00 $8.2¢ €0.47 .77

Unit-Years : "
Saxiave Capacity (Ww) Groes: 142
L_1H 128
Ospondadle Capasity (W) Grees: 140
et : 134
Astusl Generatien (WWh) aroee: 418,760 408,960
Mot 2,67 383,224
Attenpted Unit Starte H 40.40
Astusl Unit Starte H 40.10
Serviee Meurs : 4,041.00 4,721.10 6,204.98
Reserve Bhutdown Meure : 2,701. 2,734.18 2,201.01
usher of Ossurrenses : 46.50 45.80 .82
Pumping Heurs H . . .
Synehroncus Condensing Heure : 0.4s . o.n
TOTAL AVAILABLE : 7,430.18 7,488.37
Forsed Outoge Maurs H 37.20 318,10 340.32
waber of OCosurrenses : [ 1} «n 1.8
Planned Outages:
Plsnned Out noure 3 797.82 01.87 0r7.48
aber of L] H 1.47 1.8 1.49
Planned Out at. Meurs : 48.08 3.2 10.22
uaber of PrONess : 0.07 0.08 0.1
Besntenanse Outages:
Saintensnse Outsge Heure H 143.40 134 .42 1.7
aber of Ossurrences : 2.62 2.63 2.3
Saintensnss Outage Bnt. Meur: 10.42 [, ] §.04
h.or of Cssurrenses H 0.8 0.13 0.07
ToTAL \NVAIUI.! HOURS s 1 an o 1,304.0 1,010.78 1,814.80 1,961,410 1,300 20
PERI0O MOURG

Squiv. Foreod Houre
Siv. Sshetuled Meure
Foreod Heurs Ouring Il

B NERC GADS
Figure 4-11 Generating Availabiity Repont

Evaluation of Power Plant Operations
T4764-204/GA/RY
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Fossil Units - Oil Primary
100-199 MW  1986-1990

DISTRIBUTION OF FIVE-YEAR AVERAGE (190619900
PEAFORMANCE STANISTICS
ENF NCF FOR

88 1990
OUTAGE AND DERATING STATES IV mm CAUBE COOE CATEQOR1ES
PAIMARY CAUSE OF OUTAGE OR DERATING)

GUTARES PORCED SERATINDS
(M1TH XTOWION) TS . (T T ee)

Cwil ooon [ e A Ll [ gy ] [

CATRECRI 08 (-4 or ooc WaRe [ "
SOILER a7
1.08
AN TURBINE 0.99
QEMERATOR 0.82
POLLUTION CHTL . 0.03
EXTEANAL 0.18
ATGULATORY 0.08
PERSOMEL [MMORS 0.18
PERFORMAMCE 0.02

1988 1990
TOP 26 SYSTIN/COMPOMENT CAUSE CODES
FORCEIO MO SCHEDWLED OUTAES AD DERMATINGS
BY AVERAGE W PEA UNIT.YRAA
(PRIMARY CAUSE OF QUTASE OR OERATING)

OMEE AW D. a0 S
oM OB BET-WA z-"-?-l P GWAME OWRNNPERT AR Gl SNRIPTIE .
0.60 40080 0101 BAJOR TURBIME OVEROWMA,
1800 0.8 81008 oM SOILEN OVRAMAL
1810 0.33 14084 44001 S01LER l-lcﬂﬂ
1000 1.8 15092 81 FURACE WAL
1340 0.01 408 1540 Tt -nomuua‘ (Iawim ADDITION AND RENOVAL OF TUBMS)
1080 0.9 /o 10807 SECOND SUPEMEATEA
3410 1.04 | el 3104 FEEOMATRR PP
199 0.87 3230 §640 SOILEA, 6lSCILLAEOUS
1030 0.88 2081 a2 SOILEA SCASEN, WIND WALL, OR SLAS GOREEN (WMATER TUBES OWLY)
1080 0.48 mn 0808 ECONMON] ZEN
000 0.02 [ 144 d 102080 OTMER WISC. OPEAATIONAL ENWVIADMNENTAL LINITS - ALL STEAN UNITS
1408 0.8 nmn 200 PRINARY ATR MEATER (AEQEMERATIVE)
3110 3.47 L34 144 COMDEMIEA TURE LEALS
1040 0.8 %4 4580 FIADT SUPEMMATIA
0380 0.08 2480 788 SURERY
4401 0.08 2002 40044 P ECTION
ang 0.0 13 ma SUCKETS OR BLADES
1000 0.0 ner 13008 OTMER BOILER TUNE LEAKS
0820 0.2 2108 10083 CABL)
4900 0.9 nn 11800 BALN STOF VALVED
0.24 2081 s ROTOR WINDINGS
341 0.4Y 1908 4742 OTMER MIOM PREGOURE MEATER PROBLENS
"9 0.13 1948 1510 OTMER NISCELLAIOUD EXTERNAL PROALENS
4420 0.18 1481 0454 VISRATION OF TME TURSIME GENERATOR UNIT
o740 .9% 1381 " SOILEN AECIACLATION PUwrg
NERC GADS Figurs 4-12
Generating Availability Report
Evaluation of Power Plant Operations 4-16
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Fossil Units - Oil Primary
200-209 MW 1986-1990

T
MAMA OF UTILITIES : 10
MMBER OF UNITS : 1%
MMBER OF UNIT.YEARS: 14

AGE DISTRIBUTION (COMMERCIAL DATE) SIZE DISTRIBUTION (NAMEPLATE)
NUMBER OF UNITS: 13 YEARS: 1933-1972 NUMBER OF UMTS: 13 SI7€ RANGE: 200-200 Ww

190081980
ANNUAL UNIT PRAFORMACE STATISTICS
«<r wr

1008 24.17  24.18 3.9 39.00 62.02 61.04
1887 26.14 20.04 20.58 35.01 §8.23 §7.48
198 .04 2,07 a1.08 34.2¢ 6.7 02.20
1980 27.40 22.29 22.18 37.87 "W.n §0.50
1990 20.80 15.0% 15.60 29.63 $4.00 $3.32
1988-90 21.13 0.0 38.44 $0.82 0.3

A

12.02

8.2
14.19
14.1¢
10.04

17.13 a.9 .7

Unit-Yeare
Hsziaus Capecaty (ww)

Depencdadle Capacity (ww)
Astuol Gensration (Wam)

Attespted Unit Starte
Actusl Unit Btarts

14 1" 10 10

Service Mours

Aeserve Shutdesn Heurs
Weber of Oceurrences

Pumping meurs

Synehreneus Condonsing Meurs

M R L L L

....-............................-......-.....-...--...--...-..-...................... .....

7,304.02 .7 7,682.99 7,081, 7,713.68

290 Moure
mber of Oseurrenses
Planneg Outages:
Planned Out »ure

4t 20 8 40 B ar be oo e se s as oo

602.81 277.00
14.87 0.

9.9 2.7
0.08 1% {]

§
L3
&
i
H

Weber of Oceurrenses
Saintensnse Outages:
Saintensnce Outage Meurs
amber of Oceurrences
Saintenenss Outage Ext. meurse
aaber of Ossurrences

®vesscertcenvcssensstcnnansnnas

TOTAL WAVAILABLE MOURS

L R A

TOTAL PERIOD MOURS

Squav. Forcod maurs

Gauiv. Sshoduled Heure

Gquiv. Fereed Maurs During RS

LA L LR LR Y T T T T T T T T P e

TOTAL GOUIVALENT DEMATED WOURS 220.00

R

e i

1,378.18

L R X T Y O

ARY

(] €1.20
10.03 18.34 3.7 90.37 n»
18.74 8.38 s.00 ”.20 43.0)
17.93 13.9 8.19 08.08 72.36
1.7 .4 3.0 98.77 0008

. "0 1968 .90

M R DS

448,607 87,477 478,080 330,087 91,¢?
421,308 44,980 452,003 320,377 427,936

48.80 24.20 4.8
8.0 a@2.90 os.02 45.90 24.00 47 40

3,148.40 3,007.43 3,290.84 1,008.80 3,108 o8
3,000.24 3,730.34 4,458.08 3,”m1.07 $,136.11 a1
8.8 Q. 0.7 .90 n.10 @

L R O N

2.04 ‘87 4

NERC GADS
Figure 4-13 Generating Availabiity Repon

Evaluation of Power Plant Opsrations
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Fossil Units - Oll Primary
200-299 MW 1986-1990

DISTRIBUTION OF FIVE-YEAR AVERAGE (1906-1990}
PERFORMANCE STATISTICS
€AF NCF FOR

10081900
OUTAGE AND DEAATING STATES BY CONPONENT CAUBE COOE CATEQOMIES
(PAIMARY CAUSE OF OUTAQE ON OEMATING)

R R R R T R T T I T I T

FORCED PLAEID OUTAGES BAINTBWEE OUTAMS FORCED SOEDLED GIMATINS

UTaEe (Wit EXTENSIONS) (M1 DITHENIOS) GIRAT L9 (V1T XTDNION)

CAUSR CnOR MADEN A AR ouTAM ] aTass L] [ i L ed sanyv
CATEGORIES oF 0CC o or OocC o oF OocC L o s o o g L
SOILEA 6.30 3.6 .7 $48.09 1.8 123.0¢ 7.08 48.30 0.02 .9
SALANCE OF PLANT 1.9 41,24 0.19 99.12 0.98 ".» 1.8 84.84 4.0 18.17
STlAN TURBINE 1.28 a“ 0.28 207.77 0.8 23.97 0.47 9.8 0.04 1.49
QEMERATOR 0.48 6.6 0.02 "7 0.14 6.02 0. 1.8 0.00 0.00
POLLUTION CNTL. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
EXTEANAL 0.1 0.62 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00
MGUAATORY 0.04 0.49 0.00 0.00 0.04 0.8 0.00 2.44 0.00 0.00
PIRSOMVEL EMROAS 0.07 0.38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PEAFORANCE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

19881980
TOP 26 SYSTEIN/CONPOMENT CAUBE COOES
FORCEID AMD SCEDALED OUTAGES AD OERATINGS
BY AVERADE W PER UNIT. VAR
(PAIBARY CAUSE OF OUTAGE OR OERATING)

OMEE AR MD. 6XC AMVIRANE BN  AVDWAE N -

[ ¢ PR UET-WR  POR UET-WR  POR  \SamR CUTIR/OEFDE OuWR N

18000 0.40 76001 106808 SOILER OVERWIA

1000 3.0 44700 15047 FURMACE WAL

4400 0.10 4017 271000 NAJOR TURBINE OVERWA

1010 0.42 20081 07808 SOILEN 100PECTIONS

1340 0.0? 14987 203101 ™wet nuomunndlnwm ADDITION AND AEMOVAL OF TUBES)
344 0.10 o748 01008 ORAIAATOR (IMCLUDING LEVEL CONTAOL)
1000 1.08 9404 0034 CCONDNIZER

3248 0.0? [ 2] 70080 OT'ER COOLING TOWIR PROBLENS

o 1.47 [ 31 1] 3482 COMIMIER TUME LEAXS

1080 0.5 00 17741 SO0 RPINEATER

0840 0.08 45 8630 ADEAT STEAR PIPINE WP TO TURRIIE STOP VALVES
4240 0.10 4480 10078 SIAA N0

1000 0.3? an 11802 OTHER BOILER TURE LEAKD

3410 0.0 4222 o« FEEOWATER PP

e 4.00 3404 749 COMDENSER TURE FOLING TUBE 8108

441 0.37 210 9000 OTMER HIGH PRESBUNE MEATER PROBLEND
1040 0.2 . 3190 0110 FINGT BUPEREATER

0.3 N 13807 VIBATION OF TMEl TURBINE GENERATOR UNIT

s 3.08 2183 204 COMENIER TUBE D BATIA BON CLEANIND
3440 o.n 3000 4000 HIOH PREBSURE +EATER TUBE LEAGE

3419 0.14 2048 21007 PREOWATER PLKP ORIVE - BOTOR

1508 0.4 1. 24 19830 FINESI0E CLENIND

4530 0.02 153688 GAOR OVERWL

8482 0.02 2002 133448 OT'EN VOLTAGE ORDUCTORS AVD BUNS
1430 0.0?7 2038 £, 1) AIR BUPPLY DACTE
NERC GADS = Figure 4-14
Generating Availability Report

Evaluation of Power Plant Operations 4-18
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Fossll Units - Oll Primary
300-399 MW 1886-1990

—
MMBIN OF UTILITIES : 10
MMBER OF UNITS n
MAMBEA OF UNIT.VEARS 100

.
H
N
H

AGE DISTRIBUTION (COMMERCIAL DATE) SIZE DISTRIBUTION (NAMEPLATE)
VIR OF UNTS: 23 TEARS: 1958-1977 MAER OF UMTS: 23 SIZE MANGE: 310-380 Mw

19081990
ANNUAL UNIT PERFORMANCE STATISTICS

1908 10.02 . 44.80 63.9¢
1980 21,00 s ?
1990 22.00

r.87 12.47 3.4 .74 102.82
9.90 1.0 4.80 4.7 142,78

10.20 13.98

7.8

7.37

18344 10.60 12.28 8.3  90.07 148.48
4.0

1.80

R R R I T

Umat-Years : n 2
Maxiaum Capserty (Ww) Groes: rn £ 2, ]

..-..............;................;......;......;... ..3.1...3... "_.‘..l'..:'.".".é'.‘"_.";:”".";..""E"
Mot

Ospendable Copacity (W) Groes: e £ 2, ]
L 1H

Atual Generation (W) Groes:

1908 17.82 N.M 34.60 §8.56 61.0% M. 62.03 78.73 12.41 13.00 4.00 9.87 93.38

1907 18.82 N9 .13 60.93 02.77 63.%0 (] 11.13 13.89 4.0 100.00 111.97
Net:

Attempted Unit Sterts : 88.18 .87 38.67 35.32 49.42

Astual unit Bt : 84.06 47.87 38.02 .13 34.04 4.8

Houre 6,000.04 4,080.07 $,360.32
Asoerve Bhutdemn Meure 1,400.88 1,874.7% 1,787.60
Madber of Ossurrensss 30.0¢ n.v 8.8
- Pumping Neure .
Synehrensus Condeneing ‘ure
TOTAL AVAILARLE WOURS

Forsed Outage Meurs
r of

b
Planned Outages:
Planned Out Moure
uaber of PrENeOS
Planned 0wt xt. Moure
. lmber of Oseurrences
Saintensnse Outages:
Saintenanse Outegs Mewrs : 141.87
usber of Oscurrenses : .48
Saintensnse Outage Ent. Meurs :
sber of Oseurrenees H
TOTAL UAVAILABLE WOURS
TOTAL PERLIOD !OURS
Cauiv. Poresd Meurs
Squiv. Geheduled Hevrs
Qquiv. Porsed Mours Qurang A8  : 47.68

ol
3
23

PR R T R Y TR P

7,108.90

) 438.11
1618

ob
2

cesesensacenns teesesseescnee 5;. s
17.50
i J .08

TOTAL GOUIVALENT DERATED MOURS : LLAN ) 1.0 193.27 200.21 144.90

Figure 4-15 NERC GADS
Generating Availabiity Report
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Fossil Units - Oil Primary
300-399 MW  1986-1990

OSSTRIBUTION OF FIVE-YEAR AVERAGE (1906-1990)
PERFORMANCE STATISTICS
ENF NCF FOR

19081980
OUTAGE AND DERATING STATES BY CONPOMENT CAUSE COOE CATEQOAIES
(PRIMAAY CAUBE OF OUTAGE OR DEAATING)
PORCED LASED OUTAES
ouTAsts (WITH DXTURION)
cALN CODE mMMA  OUTASE R oUTASE
CATRGORILS o axxc o o 0oC S

evsesecestnscccscnane .-.-...........o--......-.-...uo-.....-.-...----.----.-..--.-....-----..-.--..........--.o-o..-----..--.--u

BOILEN 9.22 200.97 1.0 $33.98 1.00 108.30 14.08 . 0.94 4.92
SALANCE OF PLANT 2.9 48.17 0.12 19.02 0.8 20.08 16.23 .07 e.7 6.2
STLAN TURBINE 1.48 $0.09 0.58 302.04 0.9 2.9 1.4 %.7 0.38 1,00
QENERATON 1.14 a7.08 0.08 .74 0.44 17.62 0.1 .29 0.04 0.3
POLLUTION CNTL . 0.00 0.00 0.02 32.92 0.00 0.00 TN .9 1.08 .M
EXTERNAL 0.0?7 1.8 0.00 0.00 0.00 0.00 0.2 0.43 0.0Y 0.08
AMOWNATORY 0.08 0.14 0.01 4.37 0.00 0.00 0.28 0.28 0.00 0.00
PIASONMNEL ERAOAS 0.9 $.74 0.00 0.00 0.00 0.00 0.08 0.09 0.00 0.00
AT ORMANG 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.02 0.2
1088 - 1990
TOP 26 SYSTEN/CONPONENT CAUBE CODES
FORCED MO SOMEDULED OUTAGES AD OERAT IMDS
BY AVEAADE M PEA UNIT-VEAR
(PAIMAAY CALBE OF OUTASE OR OERATING )
OWEE AV ID. OOC AVERMEE BN AVIRAER BN
[ ] R us A S MR ovARR [ 7 - CUE GRNERIPTION
e SRS RUERNGILIOREOORIOREEIRD -.-—....0....-......--..l...'.ll.l.l..cl....IIl..-.l.-..Il......l...D...l......‘.....l...-'......
1800 0.8 14 SOILEN OVERA,
4400 0.0 120800 GAJOR TURBINE OVERMAMA.
1000 3.0 [ 7 18] ] FURNACE BALL
1810 0.9 8084 WILER 1IEPECTIOND
430 0.08 18048 STATOR WINDINGS, BUBMINES, AD TERSINALS
410 0.00 17963 OTMER LUBE OIL OYSTEN PRODLENG
[} ] 0.0t 11404 MECHAMICAL PRECIPITATOR PROSL NS
4000 0.9 0 OTrER NIGH PREGIUAE TURSINE PROBLENS
4530 0.04 [ 1] WAJOR OVERA,
080 0.0 «re 02N
10 0.0 [ ) FIROWATER PP
4300 0.18 7ver WAIN STOP YALVED
1080 .43 70?7 are L]
1060 0.83 7000 FIRST BUPEREATER
220 0.28 7088 WAIN TANEFORER
2000 o.e7° (1. 1] 9348 OTMER NIGCELLAMEOUD SALNCE OF PLANT PRODL.ENS
4018 0.02 710 338487 SUCRETS OR SLADES
140 1.9 4000 4362 PRINAAY AIR MEATER (REGEMEAATIVE)
o 0.08 190 82347 WATER 9108 QLEANING (ACID CLEANING)
o760 1.0 [ ] ] 1034 OILEN RECIACULATION Mars
] 0.19 8407 20087 FINESIOE CLEMIIND
4800 0.08 080 108078 ROTOR B1NDIN00
[ ] 3.07 am 1300 ELECTROSTATIC PRECIPITATOR PROSLEND
1000 0.02 4 100083 STACKS -
0840 0.08 4204 93401 AIMEAT OTEAD PIPINE P TO TVRBLIE OTOP VALVES
NERC GADS = Figure 4-16
Generating Availabiity Report
Evaluation of Power Plant Operations 4-20
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SYSTEM RESERVE PROFILE

. {(CY 1092
200 ( )
800 -
700 - RENUIRFD RESERVE
600
500 -
' 4
2 400 S ' 'l -
o: o qp . ‘l 7:‘1
2 300 ] : 4 2l
§ 1159 ‘Ym'_‘tr‘r-"] ’C;
S {0610 40 e
MV '3181
100-”” A ddad
VIV 2% A
0
=100 -
«200 -
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Section 5

nvestigation of Originall ified Problem

5.1 THERMAL PLANT CHEMICAL CONTROL

NPC has concerns about the effectiveness of the water treatment programs at their coal and
oil fired thermal generating plants. Data collected at the NPC offices indicated that load
restrictions at the plants may be related to water treatment problems. The Malaya and
Batangas plants were visited and data collected to evaluate the water treatment practices
and to recommend changes. Significant other water treatment problems exist at the other
plants which were not investigated as shown by Figure 4-1. These other facilities should be
evaluated by on-site investigations to identify all water treatment related problems and to
make recommendations for operating improvement.

5.1.1 Malaya

The Malaya Station, in the past, had serious problems with their water treatment control
practices as reported in the JICA report of their investigation in 1982. Many of the
recommendations made in the report seem to have been implemented which has in general
improved the practices. The chemical control limits and normal operating concentrations
are given in Figure 5-1. Serious problems exist with the operation of the condensate
polishing system of Unit 1 which should be corrected before they lead to major equipment
failure.

Unit 1 is a subcritical once-through unit with externally regenerated deep beds. The
regeneration system includes the provisions for operation beyond the ammonia break
through. The present sodium effluent limit is less than 10 ppb. Sodium concentrations of
up to 17 ppb were observed. By operating the polishers with high sodium effluent
concentrations, the low pressure turbine is exposed to a caustic environment which may lead
to blade failure. Since Unit 1 has experienced low pressure turbine blade failures, the
method of polisher operation must be suspected as a contributing factor. Polisher operation
should be improved and a new sodium effluent limit of less than 2 ppb should be adopted
and adhered to. The Sucat once-through units with condensate polishers have also
experienced low pressure turbine blade failures. These failures, and the water treatment
practices at Sucat, should be investigated in detail.
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The chemical limits of both Malaya units are typical for the types of units.and the metallurgy
in use (see Figure 5-2). Unit 2, which is a drum type unit that is intended to be on
phosphate internal boiler chemical control, has not been fed sodium phosphate for over one
year because the phosphate pumps are inoperative. Without phosphates in the boiler and
with the occurrence of a major condenser tube leak, serious boiler out of specification
chemistry conditions may occur which can contribute to boiler tube failures. The phosphate
pumps should be repaired immediately and the internal phosphate limits maintained under
all operating conditions.

The boiler waterwall and superheater tube thinning does not appear to have been caused
by improper water treatment practices. These problems are, in part, related to fireside fuel
slagging problems which are discussed in detail in Sections 5.3 and 6.1.

Unit 2 does not have a dedicated on-line continuous monitoring sample panel. A panel
should be provided to detect and alarm any out of specification operating conditions. The
flame spectrophotometer in the laboratory is out of service. The instrument should be
repaired as no method exists in the laboratory for determining sodium concentrations and
for verifying the accuracy of the on-line monitor in service with the condensate polishers.
The continuous monitors of Unit 1 should be repaired and upgraded as required.

The make-up water treatment system appears to be in good operating condition and
produces demineralized water within specification. However, output is limited by the
capacity of the water well. To avoid any future problems related to a shortage of
demineralized water, the water supply capacity should be increased either by development
of another well or by developing a lake water supply. If the lake water is to be used, the
qQuality must be evaluated and any required pretreatment equipment installed. The
procedures for chemical cleaning, system layup and system startup in use are technically
proper and will provide the necessary system protection.

Generic water treatment chemicals are used at Malaya and at Batangas. The specifications
for the chemicals should be reviewed and revised to assure that the proper quali* is being
purchased. Also the supply should be bid competitively on an annual basis to assure that
the most economical supply is being utilized.
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5.1.2 Batangas

Batangas Unit 1 is a drum unit with the metallurgy shown in Figure 5-3. The chemical
control limits are shown in Figure 5-4. Chemical logs indicate that except during condenser
tube leaks, the limits are normally maintained. Recent condenser tube failures have
contributed to problems in meeting the boiler chemistry limits. However, thinning of boiler
superheater and reheater tubes do not appear to be the result of water side chemistry, but
are, in part, caused by fireside tube erosion associated with slag formation and by tube
cutting by sootblowing operations. These tube failure mechanisms are discussed in more
detail in Sections 5.4 and 6.1.

Condenser tube failures are a result of inlet end erosion caused by coal fines in the cooling
‘water and appear to be a one time problem. NPC is solving the problem by installing inlet
end tube inserts.

Problems observed at Batangas, other than the condenser tube failures, are related to the

make-up demineralizer design and operation and the chemical control units used for the
boiler water. The make-up demineralizer and pretreatment equipment receives its water
supply from a river and from a well. The pretreatment system design is inadequate for good
suspended solids and organic removal for protection of the jon exchange system. Reduced
demineralizer runs are being experienced as a result of high filter and demineralizer vessel
pressure drop from silt entering the system. Algae was observed growing in sight glasses and
will eventually foul the ion exchange resins. An evaluation of the demineralizer system
design and operation should be performed and modiZications made to resolve these
problems.

Batangas is a sea water cooled plant and the boiler water cheraical control limits should be
modified to provide protection from condenser leaks. There are presently no limits for
chloride in the boiler water and no procedures have been established for boiler operational
changes with chloride concentrations in excess of the limits. A normal operating limit of
0.5 ppm chloride should be established and various action level chloride concentrations
should be established to modify operation as the chloride concentrations increase.
Coordinated phosphate limits of 5 to 10 ppm phosphate in the boiler should be established
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to provide better protection. The present phosphate limit of 0.3 ppm provides inadequate
protection. Under no circumstances should the system be operated with all volatile chemical
control as no chemical buffering protection will be available for boiler tubes in case of a
condenser tube leak.

5.1.3 Recommendations

The following recommendations are made for immediate implementation to avoid major
equipment problems:

a. A detailed evaluation should be made of the Sucat, Bataan, Manila and Cebu water
treatment practices to identify problem areas and to recommend operational and
equipment changes. Information available indicates that there may be significant
water treatment problems at these stations. '

b. The polisher operation and resin volumes at Malaya Unit 1 should be modified to
permit operation at less than 2 ppb sodium in the effluent. Changes may be required
at Sucat to attain the same goals. The present operation at both stations may have
contributed to low pressure turbine blade problems.

c. The on-line chemical monitoring and laboratory equipment at Malaya should be
upgraded to provide the means for assuring that the limits are met.

d. The Malaya 2 sodium phosphate pumps should be repaired and phosphate feed to

the boiler maintained under all operating conditions.

e. The Batangas make-up demineralizer system should be evaluated in detail and
recommendations made for correcting problems with poor silt and organic removal.

f. Chemical limits should be modified at Batangas to add a chloride limit and to
increase phosphate concentrations to provide better condenser leak protection.
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8 New specifications should be written for the water treatment chemicals at all plants.
The supply of chemicals should be bid competitively on an annual basis.

5.2 GEOTHERMAL PLANT CHEMICAL CONTROL

NPC has a total geothermal generation capacity of 891 MW provided by four (4) plants as
shown on Figure 5-5. The history of the chemical control programs and the present
practices at each station are contained in Appendix C.

The units utilize direct contact condensers and the cooling water treatment goals are to
minimize the corrosion of carbon steel cooling system components (<15 mpy), reduce
deposition in the lube oil and hydrogen gas coolers and to control biological growth.
- Non-proprietary chemicals; caustic, lime and calcium hypochlorite; have been used with and
without proprietary chemicals to attain the treatment goals. The proprietary chemical
suppliers have included Nalco, Drew/PIPC, Atom Chemicals, Peter Blaise, Mainchem,
Phyrox, Maxwell, Bauer, Enertec, Calgon, Kemichroff, and Houseman.

Various blends of chemicals have been tested at the four stations with a variety of results.
Different chemicals and chemical combinations may be required at each station depending
on the cooling water chemistry which determines the corrosion rates and the potential for
the support of biological growth. The chemical blends presently in use at each station are
shown on Figure 5-6 with the resulting carbon steel corrosion rates and the degree of success
of biological growth control.

General recommendations for each station should not be made with the data provided
without a more detailed evaluation of specific, site-collected, data. As a part of this report,
a detailed evaluation was made for the Mak-Baa Station. However, it is apparent from the
data of Appendix A that the present chemica! treatment programs at the Palinpinon Station
and Tiwi Units 2, 3 and 6 do not meet the treatment goals. Data collection and evaluation
specifically for the Palinpinon, Tongonan and Tiwi Stations are recommended as further
work for optimizing the geothermal chemical control programs. These evaluations should
be made as soon as possible to provide the required protection for the units.
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5.2.1 Mak-Ban Geothermal Station

The Mak-Ban Station, as at the other stations, has tested a broad range of proprietary and
non-proprietary chemicals (Appendix A). The most successful blend, which meets the goals
of less than 15 mils per year (mpy) carbon steel corrosion, minimal heat exchanger
deposition and good biological growth control is presently in use. The chemicals used in
Units 1 through 4 are caustic (NAOH) and proprietary corrosion inhibitors and biocides
from Mainchem Chemical Company. Units 5 and 6 are obtaining the same results with
caustic and chemicals from the Phyrox Chemical Company. The Phyrox chemicals are of
the same basic composition as the Mainchem chemicals.

Corrosion rates approaching 5 mpy are attained. Biological growth is well controlled as
- indicated by dip slides and visual observation. Quarterly unit shut-downs are required for
6 to 8 hours to remove by brushes soft, non-temperature related deposits from the hydrogen
and turbine lube oil coolers. A single 100% capacity hydrogen cooler is provided for each
generating unit which requires a unit shut down to perform the cleaning.

Unit shut-downs related to chemical control, in addition to the quarterly cleaning
requirements, are for annual descaling of the turbines and for piping replacement. Piping
replacement has normally only been required at the discharge of the hotwell pumps. This
piping is now being replaced with fiberglass on most of the units.

The units have been tested with supplemental lime for pH and calcium residual control.
Lime usage has resulted in an increase in the cleaning requirement to every month for the
hydrogen coolers and the deposition of three times the amount of sludge in the cooling
tower basins than without the use of lime. Annual sludge generation rates of 80 to 100 -
fifty five gallon drums per unit were reported when lime was used.

Mak-Ban is able to meet their treatment goals with the present chemical programs.
However, chemical procurement problems have prevented continuing maintenance of a
proven cffective program and may in the future restrict continuance of the program.
Because of procurement procedural changes, Units 3 through 6 were without chemicals
from September through November 1991. Procurement procedures should permit bidding
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by only proven suppliers and contracts should be awarded for one year to assure that no
break in the supply of chemicals is experienced.

5.2.2 Recommendations

The following recommendations are made for immediate implementation to assure that all
geothermal plants are on a chemical treatment program that meets the treatment goals and
that treatment is maintained continuously.

a. The Palinpinon units and Tiwi units 2, 3 and 6 have excessive corrosion rates and
poor algae control. Investigations at these plants and the Tongonan Station should
be conducted similar to that done for the Mak-Ban Station. The results of the
investigations should be used to assist the plants in establishing a treatment program
which will permit all anits to meet the treatment goals.

b. The use of lime is required by the Procurement Department under certain conditions
as defined by the memorandum included as Appendix C. Lime is a difficult chemical
to dissolve and feed properly. It's use also results in increased system deposition
which can increase the need for unit outages for cleaning and in an increased cost for
sludge disposal. Test results indicate that no added benefit in corrosion protection
is obtained by the use of lime. As demonstrated at Mak-Ban, caustic alone or in
combination with proprietary corrosion inhibitors provides good corrosion inhibition
without the use of lime. Any additional costs for caustic and proprietary chemical
usage should be more than compensated for by the reduced costs for unit outages
and sludge disposal associated with the use of lime. It is recommended that lime not
be required for corrosion protection at any of the geothermal units.
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5.3 FUEL ADDITIVE PROGRAM

NPC currently uses poor quality fuel oils with high vanadium, sodium and sulfur
concentrations. Combustion of these fuels can result in furnace reheater and superheater
tube fouling and corrosion as well as boiler cold end corrosion. Boiler tube thinning
problems which may be related to poor fuel oil quality are being experienced at the Malaya
and Sucat stations. The Malaya problems are related, in part, to the use of poor quality fuel
oil. The problems at Sucat may also result from the same cause, but this must be confirmed
by a more complete on-site investigation. At both stations, the tube thinning has resulted
in load limitations of 25% or greater. The use of fuel oil chemical additives is being tested
‘on Malaya 2 as a possible corrective measure which can be used at both stations to control
boiler tube thinning.

A related problem, which is caused by fuel quality, is increased corrosion on the cold end
of the boilers; in the air preheaters, ducts and stacks. This low temperature corrosion is
caused by three phenomena: (1) vanadium in oil-ash deposits is a good catalyst for the
conversion of SO, to SO;; (2) ash particles in the flue gas reduce the amount of SO, vapor
in the flue gas; and (3) the ash lacks the ability to neutralize any acid deposits on equipment
surfaces. The Malaya units, and probably other boilers on the system, have significant
corrosion problems on the cold end. Fuel oil additives are also a method of reducing and
controlling this low temperature sulfuric acid corrosion. The additives react with the SO, to
form sulfates. By removing the SO, gas, the dewpoint of the flue gases are sufficiently
reduced to protect the metallic surfaces. The sulfate compounds formed are relatively dry
and easily removed by normal sootblowing.

Batangas 1 has reported tube thinning problems that are related to erosion as a result of
slagging and sootblower steam cutting.

5.3.1 Malaya

Malaya 1 and 2 are operating at reduced steam pressure to protect weak boiler tubes.
Weak secondary superheater tubes are reported in Malaya 1 and the maximum steam
pressure has peen reduced to 2100 psi to prevent tube rupture (design is 2700 psi).
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Malaya 2 maximum steam pressure has been reduced to 140 kg/cm? (design is 175 kg/cm?)
to protect weak boiler waterwall tubes. Both units have reported excessive cold end
corrosion of the air preheaters, gas ducts and stacks. The fuel is a mixture of residual oil
and Bunker C fuel oil (Figure 5-7).

To correct these problems, a fuel and flue gas dual feed additive test program was begun
on September 18, 1991 in Malaya Unit 2. The products being fed and system monitoring
are provided by Centrosphere Industrial Corporation under the supervision of Apollo
Technologies Corporation. The test is to continue for a period of 4 months.

The test is based upon the use of two chemical additives: (1) a slurry containing a mixture
of combustion catalysts and ash modifiers injected into the fuel oil; and (2) an acid
- neutralizing powder (MgO) injected into the flue gas stream at the inlet of the air
preheaters. Test results through December, 1991 are positive even though the boiler was
not clean at the start of the test. Significant reductions in the particulate emissions, the
combustible material in the ash and the ash free acidity have been obtained. The pH of the
ash has also been increased from 2.4 to 4.6. Visual observations indicate an improvement
in the nature and a reduction in the amount of the deposits on the boiler tubes.

The impact of the chemical usage on the boiler cold end problems has been impressive.
The air heaters have remained clean. Corrosion rates in the air heaters and gas ducts have
been significantly reduced.

Based upon the test results through this time period, fuel oil additive use appears to offer
one potential solution to the tube thinning and cold end corrosion being experienced at
Malaya. The product in use, although effective, may not be the most economical product
available. The Apollo chemical costs for Malaya 1 and 2 at the present feed rates will be
approximately $500,000 per month with 76% of the cost being for treatment of the boiler
cold end corrosion.

Because of the cost and the significance of the program in returning lost generating capacity
to the NPC system, an independent evaluation of the test results and the approach to future
chemical usage should be obtained. The independent party should, as a part of the
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program, determine the need for chemical usage at Sucat and Batangas and the approach
to implementing these programs. The independent scope of work should include:

1.

532

Evaluate the results of the Malaya 2 tests.
Investigate with other suppliers the availability and cost for equivalent chemicals.

Develop a long term program for chemical usage at Malaya and other units, if
needed.

Develop specifications for product supply.

Assist NPC in competitively obtaining a supplier.

. Provide follow-up assistance in resolving program problems and for continuing results

review.

Recommendations

A detailed evaluation of the fuel related problems at the Sucat Station, which has
resulted in load restrictions due to boiler tube thinning, should be performed. This
evaluation should be conducted in conjunction with the water chemistry evaluation
at Sucat to determine if the tube wall thinning has been caused by fireside or
waterside operations.

An independent review of the Malaya 2 fuel additive test results should be conducted.
This evaluation should not only include the results of the additive usage, but an
evaluation of availability of similar products with required dosages and costs. The
evaluation should include an outline for a future program to utilize additives in the
units where tube thinning exists, and for the selection of comparable additives on a
competitive basis.
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5.4 BATANGAS COAL HANDLING SYSTEM

Batangas 1is a 300 MW coal-fired plant that went into commercial operation in 1984, The
plant uses a Foster Wheeler, 2400 psig, drum-type boiler and has four pulverizers. Coal is

received by ship and is transferred to the plant using a coal storage yard with three active:

coal stacks, two stacker reclaimers and a belt conveyor system The storage yard conveyor
system converges to a single transfer point from which the coal is conveyed on a single belt
to a crusher house and then into four raw coal bunkers. Each bunker feeds a pulverizer
that, in turn, feeds one of the four levels of burners in the boiler.

Since beginning operation in 1984, the plant has been plagued with coal related problems
including: coal handling equipment design problems and failures, fugitive coal smoke and

dust, very poor coal quality, boiler slagging and fouling, poor combustion and boiler tube

failures due to erosion and overheating.
The problems experienced by the plant are very complex and are summarized as follows:

@ Coal Quality. The Philippine coal (Semirara Mine) that is being delivered to the
- plant is of much poorer quality than that for which the plant was designed.
Apparently, the mine was not fully characterized and the boiler was designed to
specifications based on limited information. When firing the Semirara coal only, the
boiler suffers severe slagging and fouling that limits the maximum load to
approximately 220 MW. To reduce this problem and to achieve full load, the plant
is using Australian coal that is burned in a 50/50 mixture. This approach has been
used since 1985. While the Australian coal has a low slagging and fouling potential,

it is high in silica and causes erosion problems in the superheaters and reheaters.

® Coal Handling. The Semirara coal presently being used causes many coal handling
problems. During the rainy season, total moisture in the coal can reach 33% and the
coal turns into a slurry making it impossible to handle. When the Scinirara coal
becomes very wet the plant uses Australian coal alone. In the dry season, since the
coal is pyrophoric , it smokes extensively during unloading and in the coal pile. Also,
it creates a fugitive dust problem that causes problems with the local community.
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A number of coal handling equipment problems have been experienced requiring
design changes and equipment modifications. The most notable of these was a
problem with coal silos in which the coal would bridge and cause the pulverizers to
starve. Equipment modifications have been made but problems still exist in the silo
feed system.

To achieve the 50/50 blend of Semirara and Australian coals, the plant uses both
stacker/reclaimers operating simultaneously to feed coal from two active piles to the
single transfer point in the conveyor system. The blended coal is then fed to all four
rows of burners.

® Boiler Tube Failures. Even though the unit is relatively new, a significant number
of boiler tube failures have occurred. Failure incidents have ir. ;reased rapidly in the
past two years. These have been mostly in the superheater and reheater sections.
The primary cause of these failures is erosion due to excessive use of sootblowers to
reduce the slagging and fouling problems. The unit is presently de-rated by 40 MW
due to weak superheater and reheater tubes. This problem can be expected to
continue throughout the life of the unit.

In addition to the sootblower erosion problem, fouling causes gas channelling that
increases velocities through the superheater and reheater sections. With the use of
the highly erosive Australian coal, tube failure can be expected in these regions.
There is also evidence of overheating failures in the reheater and superheater
sections caused by overfiring of the boiler. Tube leaks have also occurred in the
economizer caused by erosion.

®. The 80/20 Scheme. In August 1980, an $8 million renovation contract was awarded
to make modifications to the coal handling system. The objectives of this work were
to eliminate various equipment problems and to allow an 80/20 blend of
Philippine/Australian coal to be burned (the 80/20 Scheme), thereby increasing the
use of Philippine coals. Modifications were made to the coal supply system that
would allow Australian coal to be fed to the lowest of the four burner rows (20% of
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coal feed) and Semirara coal to be fed to the top three burner rows (80% of coal
feed). The work began in October 1990 and was completed in April 1991.

In May 1991, a 72 hour acceptance test of the 80/20 Scheme was “successfully”
completed by Foster Wheeler and accepted by NPC. However, according to plant
personnel, the 80/20 Scheme was only used during the 3 day test and not since. The
major reasons for not using the 80/20 Scheme were that the boiler would slag-up
heavily and that the use of sootblowers was required at a much higher frequency.
Because of the weak state of the superheater and reheater sections it was feared that
additional tube failures would occur due to the increased use of sootblowers.

Retubing of sections of the superheaters and reheaters is planned in the next
maintenance outage in early 1992 and plant personnel indicate that the 80/20 scheme
will be retried after the maintenance outage. From an objective viewpoint it appears
unlikely that this approach will be successful in the long-term. The problem of
erosion failures in the superheater and reheater sections, will in all likelihood, require
the reduction of boiler pressure and a de-rating of the unit may be required.

5.4.1 Recommendations

The coal related problems at Batangas have been chronic and pervasive ever since the unit
went into operation. Looking at the present situation and understanding the history, it can
be expected that the problems at the plant will continue and indeed may well deteriorate
from where they are now. Because the Batangas plant is critical to the operation of the
NPC system, it is recommended that a coal system improvement project be initiated in the
very near future. It is further recommended that this project be comprehensive and involve
all aspects of the problem including: the coal handling system, coal pulverizers and burners,
boiler combustion and combustion control, boiler slagging and fouling and boiler tube
failures.

This comprehensive apprcach is required because changes to one part of the coal system |
strongly affect other parts of the system and may have a major negative effect on boiler
reliability. A good example of this is the 80/20 scheme. While utilizing 80% of Semirara
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coal may make sense from the viewpoint of maximizing the use of indigenous coal, the
present boiler design may not be capable of using this much Semirara coal and operating
in the reliable manner required by the system. The use of 80% Semirara will cause
de-ratings and lost capacity. Therefore, the coal system improvement project must balance
all of the different factors in the coal system and produce an optimum solution. Some of
the factors that must be considered are as follows:

The economics of using indigenous coal versus Australian coal and the need to use
this coal,

The ability of the present boiler design to burn the coals available without causing
major reliability problems in the form of slagging and fouling and boiler tube failures,
etc., and their affect on boiler efficiency,

Changes required to the coal handling system to properly handle Semirara coal
especially when it is very wet and when it is very dry,

The ability of the pulverizers to grind the coal from a capacity and a reliability
standpoint, and the ability of the burners and combustion control system io burn the
coal from a reliability and an efficiency standpoint,

The effectiveness of the 80/20 Scheme and the changes required to maximize the
utilization of Semirara coal while maintaining adequate reliability and efficiency in the

boiler,

The proper ratio in which to burn Semirara coal and Australian coal taking into
account all of the foregoing factors,

A general evaluation of the adequacy of auxiliary equipment including fans, air
heaters, particulate collection and ash handling,

Changes required to minimize the fugitive dust and smoke problem,
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@ Methods required to minimize the incidents of boiler tube failures due to erosion and
overheating, etc. in the superheater, reheater, economizer and water-wall sections,

® Operating and maintenance changes required for the boiler, coal handling system and
auxiliaries to maximize reliability and efficiency.

® Training required for plant personnel to improve operation and maintenance,
Due to the complexity of this problem a 4-phased approach is recommended as follows:

5.4.1.1 Batangas Coal System Improvement Profect

. The goal-is to develop and execute a program of capital, operational and maintenance
refinements to the Batangas I coal system to improve the availability and efficiency of the
plant in the most cost effective manner and in line with the needs of the NPC generating

system. ‘

5.4.1.2 Phase 1. Coal System Improvement Program Plan Development

Phase I of the program will develop an overall plan for the 4-phase program that will
include: program scope-of-work, program team development, cost estimates and program
schedule. Recommendations will be provided for operational and maintenance changes or
minor capital improvement projects that can be implemented with an immediate positive
impact on operations. Major improvements will be identified for evaluation in Phase II.

5.4.1.3 Phase ll. Coal System Engineering and Economic Evaluation

The Phase II objective is to perform an engineering and economic evaluation of the coal
system improvements identified in Phase I and produce a plan that identifies and justifies
required plant improvement projects.

A Phase II report will be issued that will contain findings, recommended improvement
projects, cost estimates and a proposed implementation plan for Phase III.
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5.4.1.4 Phase lll. Detalled Design Engineering, Procedures Development and
Training Requirements

The scope of Phase III will depend directly on the outcome of Phase II. Implementation
of the recommendations from Phase II will include: engineering design, program
management and planning, drawing production and verification, specification production,
equipment procurement, development of operational and maintenance procedures,
development of training programs and planning for Phase IV.

5.4.1.5 Phase IV. Plant Modification and Equipment Verification
Phase IV will involve the modification of equipment, required construction activities, plant

. Testart, "equipment verification, operator training, implementation of improved O&M
procedures and construction management.
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Figure 5-1
Chemical Limits and Normal Operating Conce::trations
Malaya Station-
Unit 1 Unit 2
Normal Normal
Limit Concentration ‘Limit Concentration

Feedwater
pH 9.2-94 9.2 92-94 9.2
Oxygen, ppb <7 <7 <7 <7
Copper, ppb <2 - <5 -
Iron, ppb <10 - <10 -
Hydrazine, ppb <60 50-60 <60 50-60

tion Conductivity, uS/cm | <0.3 <0.2 <03 <0.3
Silica, ppb <20 <10 - <12
Sodium, ppb <10 <10* - -
Boiler Water
Phosphate, ppm 1.2 .
Silica, ppm <0.2 <0.2
Conductivity, uS/cm 20 <10
pH 92-95 9.2

*Values of up to 17 ppb were observed.
**No phosphate fed during 1991 because pumps were inoperative.

Evaluation of Power Piant Operations | 5-17



Investigation of Originally Specified Problems

Figure 5-2
Materials of Construction
Malaya Station

Equipment Unit 1 Unit 2
Main Condenser 90/10 - Cu/Ni Aluminum Brass
Air Cooler 90/10 - Cu/Ni 90/10 - Cu/Ni
L.P. Heaters 304SS 304SS
H.P. Heaters Carbon Steel Carbon Steel
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Figure 5-3
Materials of Construction
Batangas Unit 1

Main Condenser
Air Cooler

L.P. Heaters
H.P. Heaters

Aluminum Brass
Titanium
Stainless Steel
Carbon Steel
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Figure 5-4
Chemical Operating Limits
Batangas
Limit

Feedwater
pH 9.3-95
Copper, ppb <5
Iron, ppb <10
Hydrazine, ppb 130
Cation Conductivity, uS/cm <0.3
Boiler Water
pH -~ 193-95
Chloride, ppm ° -
Phosphate, ppm 0.3
Silica, ppm <0.2
Conductivity, uS/cm <5.0
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Figure 5-5
Geothermal Generation Capacity
National Power Corporation

initial System

Project Capacity, MW | Synchronization

Tiwi 1 55 ' Dec. 1978
2 55 May 1979

3 55 Dec. 1979

4 55 May 1980

5 55 April 1982

6 55 July 1982

Mak-Ban 1 55 April 1970
2 55 July 1979

3 55 April 1980

4 55 June 1980

5 55 June 1984

6 55 Sept. 1984

Tonogona Pilot Plant 3 July 1977
1 37.5 June 1983

2 37.5 April 1983

3 37.5 March 1983

Palinpinon Pilot 1 1.5 Sept. 1980
Pilot 2 1.5 Oct. 1980

1 37.5 Nov. 1982

2 37.5 Feb. 1983

3 375 May 1983
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Figure 5-6
Geothermal Present Chemical Treatment
National Power Corporation
Corrosion
Station Inhibitors Biocide/Dispersant Resulits
Mak-Ban 1, 2, 3 & 4| NAOH Hatacide 12 & 17 <15 mpy corrosion
Cooltreat 70A | (Mainchem) Good algae control
(Mainchem)
Mak-Ban 5 & 6 NAOH Phyroxal 411C & 381C | <15 mpy corrosion
Phyrox Blend Good algae control
Palinpinon Lime Dichlorophen 57 mpy corrosion
NALCO 7384 | (Panacide) Hatamine | Good biological
(Mainchem) growth control
Tongonan NAOH Hatacide 17 Corrosion rate not
Lime (Mainchem) reported
Good biological
growth control
Tiwi1,4& 5 Hatamine 3 Hatacide 12 & 17 <15 mpy corrosion
(Mainchem) | (Mainchem) Good algae control
Tiwi2,3&6 Lime Calcium Hypochlorite | <40 mpy corrosion
Poor algae control
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Figure 5-7
Fuel Oil Quality
Malaya Thermal Plant

Parameter Bunker C Residual
API Gravity @ 60°F, min. 12 (17.0) 8.5 (11.8)
Viscosity, SSF @ 122°F, max. 245 (80) 750 (620)
% BS & W, max. 1.0 (0.20) 1.0 (0.20)
Heat Valve, Btu/lb, min. 18,100 (18,500) 17,000 (18,130)
% Sulfur, max. 2.5 (2.7) 5.3 (4.0)
% Ash, max. 0.1 (0.02) 0.1 (0.04)
% Asphaltenes - -
ppm Sodium, max. 70 (10) 130 (20)
ppm Vanadium, max. 100 (65) 150 (75)
% Carbon Residue (C), max. 15 (10) 16 (13)

NOTES:

1. Analysis for sodium, vanadium and carbon residue represents estimates of most

probable percentages of the elements based on available records.

2. Figures in parenthesis are average values.
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Section 6

Belated Generic Plant Problem Areas

In addition to investigating the specific problem areas discussed in Section § of this report,
another objective of the evaluation was to determine the potential to provide solutions to
generic availability, reliability and life extension issues. Some of these issues were discussed
in general terms in Section 4. This section will discuss these generic problem areas in more
detail and provide recommendations for improvement.

Information associated with the present condition of the Malaya and Batangas stations was
reviewed in order to determine generic problems. Also, historical reports dating back to the
carly eighties were reviewed to get an understanding of the longevity of these problems and
to determine Jong-term trends.

From this information, it became clear that a number of generic failure problems were
present and that they had existed for a long time. Typically, these problems affected plant
operation in the form of unit de-ratings, increased forced outages and increased unplanned
outages. Details of related generic problem areas for Malaya and Batangas are shown in
Tables 6.1 to 6.3. In conjunction with this information, historical reports for Sucat were
reviewed and the findings are discussed in the following sections where appropriate.

6.1 BOILER TUBE FAILURES

Boiler tube failures in units on the NPC system is a chronic, long-term problem. Many tube
failures have occurred in the water walls, superheater, reheater and economizer sections of
these boilers and the problem has existed for most of the life of the units. Boiler tube
thinning and failure is a leading cause of troubles at Malaya, Batangas and Sucat. A large
number of these failures have been attributed to tube thinning caused by fireside erosion
and corrosion. Evidence also shows that water-side corrosion problems occurred in the early
operation of some of these units. However, changes to boiler water chemistry have reduced
the potential for these problems.

The most obvious cause of tube thinning and tube failures is the quality of fuel being
burned. In Malaya and Sucat, heavy fuel oil is used that is high in vanadium and sulphur.
This results in corrosive slag build up on water walls and erosion in the convective sections
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of the boiler. The situation at Batangas was described in Section 5.4 and indicates that
boiler tube failures can, in part, be attributed to coal qQuality problems.

The typical method at NPC of dealing with the tube thinning and tube failure problem is to
reduce boiler pressure and, as a result, to reduce plant output. Boiler heat exchange
surfaces are designed for specific pressures, temperature differentials and heat flux and
operation outside of the design parameters can adversely affect unit reliability, safety and
efficiency. During the investigation, it was not apparent that an evaluation of the reduced
pressure operation had been performed by a boiler operations expert to verify that the
operating modes were not injurious to the boiler. Such an evaluation should be performed
if it has not already been done.

Even with reduced boiler pressure, boiler tube failures continue to occur. Later, during a

maintenance outage, the affected sections of the boiler are replaced. When the problem

becomes severe, rehabilitation of the boiler is performed in order to return the boiler to
rated pressure and capacity. This approach does not address the root-causes of the boiler
tube failure problems. Therefore, the problem will keep recurring throughout the future life
of the boiler. By identifying the root-causes of the boiler tube failures, it is possible to solve
the problem permanently.

As can be seen from Tables 6-1 to 6-3 and from historical reports, boiler tube failures are
the most significant cause of outage problems for NPC. This is true for Malaya, Batangas
and Sucat and may be true of other plants.

At Malaya, a fuel additive program is being tested and is apparently having a beneficial
effect. At Batangas, sootblower operation is being modified, and coal quality is being
changed to mitigate the problem. At Sucat, a major rehabilitation program on all four units
is under way. While these methods will have a positive impact on plant reliability,
experience in the U.S. and in other countries shows that these problems can be expected to
recur unless a highly focused effort is employed that addresses the root-causes of the
problems and implements known technical fixes to eliminate the problem permanently.
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Fixes for these problems are available for application when the fundamental failure
mechanisms have been identified. Failures may originate from a number of sources
including: water chemistry, fireside erosion and corrosion, boiler operation, materials
selection, plant design and maintenance practices etc. Specific expertise is required to
analyze all salient factors to determine root-causes and identify appropriate fixes.’

6.1.1 Recommendations

. NPC should perform root-cause analyses of the boiler tube failure problems
and thoroughly evaluate the method of reduced pressure operation at Malaya
and Batangas to identify the fundamental reasons for the failures that have
been occurring during the past five years and determine if boiler operation is
proper. Boiler tube failures are occurring regularlv on these boilers. A study
team should be assembled that includes a boiler expert, a materials expert, a
water chemist and NPC maintenance and reliability experts. The goal of the
team would be to fully evaluate the boiler tube failure problems at both
plants, determine the root causes of failure, determine fixes, give
recommendations for implementation and assist in verification of the solutions.
In the case of Malaya 2, specific attention would be paid to the fuel additive
program presently being tested to determine if it is fully addressing the
root-causes of failure and to determine if additional changes are required
within the plant. The reduced pressure operation evaluation would determine
if operation is appropriate from a reliability, safety and efficiency standpoint.
If found to be necessary, boiler operating instructions would be modified to
ensure correct operation. This recommendation should be implemented on
an immediate basis.

] NPC should implement as an intermediate recommendation a company wide
Boiler Tube Failure Reduction (BTFR) Program which implements well
developed technology to reduce or eliminate boiler tube failure problems,
increase reliability and extend life. This approach is highly developed in the
US. and in other countries and has been very successfully implemented by
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many electric utilities. The basic structure of a BTFR Program involves four
fundamental stages:

- Development and implementation of a root-cause data base
- Analysis of failures and identification of root-causes

. Selection of solutions for retrofit

- Implementation of fixes and verification of effectiveness

Such a program requires a dedicated group within the organization that has
responsibility for its implementation and that has the necessary technical
knowledge and skills to ensure success.

The Reliability and Efficiency Department recently formed in NPC would be
an excellent location to house and develop the BTFR program. A substantial
technology transfer activity will be required that includes:

- Technical assistance in the selection of methods and systems,

- Installation and operation of methods and systems,

- Training in root-cause analysis, and

- Implementation of retrofit fixes

It will be necessary to implement the BTFR program in phases as follows:
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6.1.1.1 Phase 1: Development of an Overall Plan

Development of an overall plan for the BTFR program that includes: data-base
requirements, organizational integration and operation, resource requirements, technology
transfer, continuing support and budgets.

6.1.1.2 Phase 2: Implementation of the Program

Implementation of the program within NPC.

6.1.1.3 Phase 3: Implementation of the Retrofit Fixes

Implementation of the retrofit fixes, verification of effectiveness, and continuing support.
6.2 TURBINE BLADE FAILURES

Turbine blade failures have been a significant cause of outages and reduced output for
10-15 years on Malaya 1 and Sucat 2, 3 and 4. The problem appears to be manufacturer
related since all these machines were manufactured by Siemens. This appears to be a
generic problem with Siemens machines in the 200 MW to 300 MW size range. Another
common factor is that the boilers on these units are sub-critical, once-through machines with
condensate polishers. The problem has occurred in the last rows of the LP sections of each
affected machine.

Identifying the root-cause of generic failures in long blades is complex and requires very
specialized expertise. Such failures may be caused by a combination of factors that includes
steam chemistry, design stresses (static and dynamic), materials (type of material and heat
treatment) and under-frequency operation. Typically, utilities rely on the equipment
manufacturer to solve problems that are this complex. Assuming that the manufacturer has
been involved since the early eighties it appears that they are not forthcoming with an
effective solution. Similar situations have arisen in the U.S. where manufacturer specific,
generic failures in long blades have occurred. This was a chronic problem in the U.S. in the
1970’s and 1980’s.
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In order to mitigate the problem, analytical and testing methods have been developed
independently of the manufacturer to perform a third-party assessment and to develop
retrofit solutions. This technology is available for application to the NPC problems and a
strong likelihood exists that, in conjunction with the manufacturer, a retrofit fix can be
developed that will permanently solve the turbine blade failure problems.

The blade failure at Malaya 1 occurred in the last row at about mid-length on the blade.
This would appear to be high-cycle fatigue possibly assisted by corrosion. The solution may
require blade design changes to reduce the alternating stresses on the blades. Modifications
to the polishing system operation are required to minimize the potential for a corrosive
steam environment as discussed in Section §.1.

6.2.1 Recommendation

The LP turbine blades in the NPC Siemens turbines have been failing since the early 1980’s.
To eliminate this problem it is recommended that NPC perform on an immediate basis a
root-cause analysis of the failures to identify the fundamental reasons for failure. This
approach is utilized in the U.S. to address highly complex blade failure problems. The
technology to independently analyze the blade failure problem is available and can be
applied at NPC. A study team should be assembled that includes a turbine blade expert,
a water chemistry expert, a materials expert, NPC maintenance and reliability experts and
if possible the equipment manufacturer. The goal of this team would be to fully evaluate
the LP blade failure problem, determine the root-causes of failure, develop retrofit fixes,
give recommendations for implementation and assist in the verification of the solution.

6.3 HIGH THRUST BEARING TEMPERATURES

Like turbine blade failures, high thrust bearing temperatures have been a long standing
problem with the NPC Siemens steam turbines dating back to the late 1970’s. This has
caused significant load reductions in several units and has had a costly impact on system
operations. Like turbine blade failures, this problem is highly complex and needs specialized
expertise and technology to develop permanent solutions. In addition, the two problems
may be linked because after the failure of LP turbine blades, the interim approach to keep
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the turbine on-line is to remove the affected row of turbine blades. This can have the affect
of exerting higher loading on the thrust bearing.

5.3.1 Recommendation

NPC should perform a root-cause analysis of the high thrust bearing temperature problem
in Siemens turbines to identify the fundamental reasons for the problem. A study team
should be assembled that includes a thrust bearing expert, a rotor-dynamics expert, NPC
maintenance and reliability experts and the turbine manufacturer. The goal of the team
would be to fully evaluate the thrust bearing problem, determine the root-causes of failures,
provide recommendations for solution and assist with verification of the solution.

6.4 TURBINE IP ROTOR CRACKING

During the last rehabilitation of Malaya 1, cracking of the IP rotor was found and
replacement of the IP rotor is scheduled for 1993.

6.4.1 Recommendation

NPC should perform an analysis of Malaya 1 IP rotor to determine if replacement is
necessary. Weld repairing of this rotor may be possible, thereby, saving considerable capital
investment in a new rotor.

6.5 ROOT CAUSE ANALYSIS OF FORCED OUTAGES

The identified major equipment problems of Malaya and Batangas were confirmed by an
evaluation of the forced outage records. A similar evaluation for the remaining NPC units
should be performed.

6.5.1 Recommendation

An evaluation of the forced outage records of all of the NPC thermal generating units,
exclusive of Malaya and Batangas, should be performed to identify the equipment and
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systems which are the major causes of outages. With this identification, root cause
evaluations of the equipment failures can be performed and solutions developed.
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Syst | Organizational !

Observations of the NPC system and organization are discussed below with
recommendations for improvement.

7.1 PRESENT CONDITION OF EQUIPMENT

Overall, plant equipment and systems are in a degraded state with regard to reliability,
availability and efficiency. This is due, in part, to original design problems, deferred and
delayed maintenance, certain operating practices, fuel quality and personnel training. The
Batangas coal system problem is an example that includes all of the foregoing elements.

In many ways, the situation with the system is similar to what happened to most U.S. utilities
in the 1970’s. Correcting the situation required the development and application of
technology designed to permanently solve the problem. This process took place during the
1970’s and 1980’s and was implemented through availability improvement, efficiency
improvement and life extension programs. The performance of U.S. power plants greatly
improved as a result of this work. The technology developed in the U.S. is available to be
applied to the NPC system.

The equipment in the NPC plants is the same as what is used in the U.S., Japan and Europe
and the plants are very valuable assets to NPC. U.S. experience shows that these plants can
be brought up to proper operating levels through the use of focused availability, and
efficiency improvement and life extension programs at a small fraction of the cost of
replacement capacity. Therefore, the present fossil plants should be kept on the system and
improved through capital investment programs.

If methods are not put in place to improve the operation of existing plants, then any new
plant that is added to the system will be subjected to the same kind of degradation. As a
result, adding new capacity to the system, with the present practices in place will, to some
extent, be self defeating and require more capacity than anticipated at very high cost. The
methods developed for existing plants will also be applicable to new units to keep these units
at maximum productivity.
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7.2 REHABILITATION APPROACH

The present approach to plant rehabilitation at NPC appears to entail overhauls, upgrades
and direct replacements and does not include root-cause analysis and condition assessment.
Root-cause analysis is vital to any plant improvement program, in that it identifies the
fundamental causes of failures and allows changes to be implemented that will solve the
problem permanently. Condition assessment is also vital, in that, it evaluates potential future
failures and allows changes to be made to plant equipment so that unanticipated failures can
be avoided.

. The present rehabilitation work is in some ways a deferred maintenance program and
corrects problems that arise due to lack of consistent maintenance. Also, the rehabilitation
program replaces equipment and components on a like/kind basis that will suffer from the
same degradation and require replacement again in the future. This approach results in very
expensive rehabilitation projects that must be performed periodically to bring the equipment
back to an acceptable level of productivity.

7.2.1 Recommendation

NPC should perform an assessment of the present rehabilitation approach and determine
if it is serving the best interests of the corporation. An availability and efficiency
improvement/life extension program should then be developed that incorporates the valuable
parts of the rehabilitation approach and that includes root-cause analysis and condition
assessment. Such an approach will better utilize the capital funds that are available to NPC
and permanently eliminate many of the problems now being encountered. In the
longer-term, availability and efficiency improvement/life extension activities will become a
normal part of maintaining plant equipment and will eliminate the need for major,
capital-intensive rehabilitation projects.
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7.3 CAPABILITY TO ADDRESS PROBLEMS

To implement recommendations contained in this report, NPC will need to develop the
internal capability to perform the analytical, operational and maintenance activities required.
This will involve some organizational changes and considerable technology transfer.

NPC has recently formed the Efficiency and Reliability Department that is chartered to
develop efficiency and reliability programs for the company. The following observations can
be made regarding this group:

1. The group is severely understaffed (10 personnel) to address the problems being
faced by NPC. The staff size should be increased in line with the need for the
solution of reliability and efficiency problems.

2. The present focus is more on efficiency improvement than on reliability
improvement. The group should be refocused to address the reliability and
availability problems of NPC because that is where the most value for the
company will be derived. Later, when the reliability and availab: iy problems are
uader control, efficiency improvements can be re-emphasized. -

3. This group would be an excellent organizational entity in which to develop and
apply the availability improvement and life extension programs discussed in the
previous section. They could also be chartered to develop and implement the
root-cause analysis and condition assessment methods required for these
programs.

4. Considerable technology transfer will be required in order for the group to
become effective in implementing availability and life extension programs.

7.3.1 Recommendations

s NPC should charter the Efficiency and Reliability Department to develop and
implement an Availability Improvement and Life Extension (Al & LE) program
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for NPC. They should also be given responsibility for developing and
implementing the root-cause analysis and condition assessment methods required
for the Al & LE program and for analyzing equipment and components on a
continuing basis.  Staffing levels should be increased in line with this
responsibility.

The Efficiency and Reliability Department should be refocused to concentrate
on solving avaiiability and reliability problems. Presently, the focus is primarily
on efficiency improvement. This change will ensure that NPC will receive
maximum value from the department’s efforts.

A technology transfer program for the Efficiency and Reliability Department
should be developed and implemented in conjunction with the AI & LE program
to ensure that the department is fully capable of performing the work. The
technology transfer program should involve availability and life extension
methods and include root-cause analysis and condition assessment techniques.
The following elements should be included:

- Personnel training

-  Laboratory requirements, computer hardware and software and test
equipment

- Analytical techniques, procedures and specifications

Training programs should be developed and implemented for plant maintenance
and plant operations personnel in order to implement and sustain the level of
performance improvement attained through implementation of the Al & LE
program.
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7.4 DELAY OF MAINTENANCE DUE TO SYSTEM DEMAND NEEDS

In each plant visited, system demands took precedence over maintenance. Typically,
maintenance activities were delayed by several months and reduced in scope depending on
system demands. This practice can have a serious negative effect on plant and system
reliability and should be minimized. System reserve margins are very low and it may be
difficult to modify the present practice. However, a balanced approach should be developed
that allows the plants to be adequately maintained. Failure to do this will result in a decline
in plant reliability and availability over time and will contribute to the need for major
rehabilitation projects.

7.4.1 Recommendation

Review the practice of significantly delaying and reducing the scope of maintenance outages
in light of the substantial costs to the system that result from the associated degradation in
plant reliability. Develop procedures for implementation that can be utilized by plant
operations, plant maintenance and system dispatch as a means of minimizing the total cost
impact to the generating system.
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Appendix A
Scope of Work

PHILIPPINES NATIONAL POWER CORPORATION
L. Consultancy Service

A. Fuel Additive Treatment for Oil-Fired Power Plants
- .Formulate long term measures to solve or lessen fireside and
coldside corrosion in stcam generators to improve combustion
efficiency and reduce maintenance downtime.
- Prepare/recommend technical specifications for fuel additives.
- Evaluate effectiveness of fuel additives that will be utilized

B. Water Treatment for Fossil Fired and Geothermal Power Plants

~ Evaluate existing water treatment program.

- Formulate long term measures to improve existing water treatment
programs.

- Prepare/recommend technical specifications for water treatment
chemicals.

- Evaluate effectiveness of water treatment chemicals that will be
utilized.

II.  Technical Training/Grants in the Following Areas of Thermal Power Plant
Operations

A. Fuel Additive Treatment
B. Water Treatment Program

III. Thermal Power Plants Technical Visit

A. Observation of the Operation Plant Systems of the Following:
— Fuel additive system
- Water treatment program

B. Feedback of Operating Experience
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Appendix B

Personnel Contacts

NATIONAL POWER CORPORATION AND U.S. AGENCY
FOR INTERNATIONAL DEVELOPMENT (AID)

The following NPC and U.S. A.LD. personnel provided technical background or
assistance in developing the information contained in this report.

Main Office

Mr. Samuel A. Piedad
Mr. Francisco T. Delgado
Mr. Jose T. Ramos

Mr. Pedro Fernandez

Mr. Diosdado Macapagal

Mr. Manuelito Posadas

Malaya Thermal Plant

Mr. Jaime Abella
Mr. Carlos Castillo
Mr. Tito Villuna
Mr. E. Labadan

Batangas Thermal Plant

Mr. Alvin Kintanar
Ms. Fe Torrefranca
Mrs. Malou M. Fabela
Mr. Felipe Tinansan
Mr. Henry V. Alcalde

NPC PERSONNEL

Asst. to the Senior Vice President

Senior Vice President - Engineering

Senior Vice President - Systems Operations
Superintendent-Regional Engineering Services -
Chemical Section

Chemical Engineer - Regional Engineering Services —
Chemical Section

Chemical Engineer — Quality Assurance Department

Manager Operations

Principal Engineer B

Principal Engineer B — Results Engineering
Operations Superintendent

Manager Operations

Principal Engineer — Steam/Water Laboratory
Principal Engineer - Fuel Laboratory
Super:ntendent - Mechanical Maintenance
Manager Maintenance

Mr. Efren San Sebastian - Operations Manager

Mr. Jesse Tanpo - Principal Engineer
. Mr. Pepito Median - Operations Superintendent
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Appendix B
Personnel Contacts

NATIONAL POWER CORPORATION AND U.S. AGENCY
FOR INTERNATIONAL DEVELOPMENT (AID)

U.S. A.1D. MANILA PERSONNEL

Malaya Thermal Plant

Mr. Kenneth P. Lue Phang - Office of Capital Project Energy and Special Projects
Division

Ms. Conchita C. Silva - Project Manager ~ Office of Capital Projects

Mr. Dennis Zvinakis — Chief - Office of Capital Projects
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November 5, 1991

Mr. Dennis Zvinakis

Chief, Office of the Capital Projects
- USAID

Ramon Magsaysay Center

1680 Roxzasz Boulevard

Ermita 1000, Manila

Attn: Ms. Conchita C. Silva
Project Manager, ETP
Dear Mr. Zvinakis,

 This per+tains to our reguest for technical assistance
we need in our Fuel Additive and Water Treataent Programs.

In reference to our letter PMS-91-031 dated 02 October
1991, we are transnitting herewith the specific data

requested by Mr. Statton for our four (4) Csothermal Power’

Plants namely Palinginon G?F, Makban G?PP, Tiwi GPP, arni
Tongonan GPP.

May we request your good office to forward the
aforementioned data +o Mr. Statton of Bechtel as 3oon ' zas
possibil=z.

We alzo would like to reiterate our regquest for the

early iapatch of specialists to periorm a details=d
assessment of our Tuel Additive and Water reatmenc
Prograns.

Very truly yours,

JOSR T. RAMAS
Senio jce-Prezident

Utility Operations

PMS 91-040



Regpublic of the Philippines
National Power Corporation
Palinpinon Geothermal Power Plant

Valencia, Negros Oriental

Presently Used Cooling Water Treatment Chemical
a. Corrosion Inhibi:tora

1 Lime
2. Nalco 7284

b. Ziocide, Main
2. Dichlorophen (Panacide)
c¢. Alternating Biocide/Di=gersant

1. Aliphatic Amine Acetate (Hatamine 3)

Summary of Problems Zncountered

a. Lime - Nerzmzily without csrrczicn inhibitcor
treatinent, corrosion rate at hot side
(20-20 mpy) is lower than 20ld side (40-
70 npy) . Upon imgpizmenting lime
treacment at optimum dezzge (20-30 prm
calcium hardness) to prevent fouling of
air ccolers, the trend in 2orrosion ra<s
is rever;ed with hot 3ide at 30-60 =py
while cold 3ide iz az 28-48 npy.
Increazing lime dosage (30 to 50 ppm
calcium hardness) will lzad to ' frequent
servicing of air coolers, usually within
a span of 15 days.

b. Use of Nalco 7384D, a zinc-based corrosion
inhibitor which i3 on ita last month of its 2-month
evaluation, has resulted to an average of 57 mpy
for both sides, way below the targetted corrosion
rate at 15 mpy.



III.

Iv..

c. Biocide/Dispersant

Among bioccides previously evaluated only the
aliphatic amine acetate and dichlorophen-based
biocides were found successful in preventing
microbiological fouling without sacrificing unis
operation. Use of other biocides, quaternary
amines and other surfactants has led either to ths
following:

1. No effect on microbiological growth

2. Unit ¢tripping due to fcaming at the SG=
system. While other plants could tolerats
foams. PGFP deoes not.

In cases where stock of tiese biocides ruz

out, calcium and scdium hyrochlcrites are used a:z
surplementary biocides.

Analyses of Steam and Cooling Water

Steam Cooling Waten

PBE 4.9-5.0 6.5-7.5
Alkalinity, Mo, prm - 30-40

cnductivity. us/ca 180-200 200-400

erdness,. total, pca - 5-30
Hzrdness, Calcium, zza - 3-28
HZS, ppm 30 - 1-3
hlorides 0.2-.3 ' 0.6-2
Silica ' .005-.02 0.4-80
Tctal Iron .006~-.24 0.6-2
Tctal Solids 3-8 100-200

Previous Treatment Used and Assesament

To date, a total of five (5) auppliers
of proprietary chemicals has been evaluated. These ars
Nalco, Drew/PIPC, Atom Chemicals, Feter Blaise and
Mainchem. Of these, only Mainchem haa succesafully
pa3sed the criteria of 15 mils per year with an averags
14 mpy using a zinc aynergist as corrosion inhibitors.
Other inhibitors which were teated and found unsucressfu:
are, czinc-phosphonate, polyphoaphate, =zinc--dispersant,
verzenelignin, =zinc-phosphata and ami:e-based. Use of
chromates wa3 dicouraged because of environmenta.
concerns.



II.

Republic of the Philippines

_ Jational Power Corporation’

Mzk-ban Geothermal Power Plant
Laguna

REPORT ON THE WATER TREATMENT PROGRAM
FOR MAK-BAN COOLING SYST=M

INTRODUCTION

The Chemical Laboratory of the plant started <their
studies on the characteristics of the cooling water on
the early par:s of 1980. During this period, caustjc
scda is the cnly chemical being used zo minimize he
cerrosivity cf the cooling water. Az the tnits
continued to crerate, it encountered troblems 3uch as

corrosion, dezosition and microbiological growthz and

other common problems related to cooling ayatems. The

.units were then subjected to trial treatments Srom

dififerent chemical companies who hava expertize in these
arsa. A comparative performance cof the different
programs undertaken iz shown in the at<zched Table I.

CHEMICALS PRESENTLY USED:

1. Causti:s soda

2 Lime

3. Corroszion Inhibitor
4 Bio-dispersant

5. Mierctiocide
c
n
t

austic zoda i3 being used to raize the FH of the.
ccoling “water zt the range of 6.5 to 7.3, and 1lime iz
injected to introduce low level of Ca-Hardnesz <o the

system. The inhibitor iz added to reduce the corroaion
rate of the system below the 15 mpy level along with the

two alternating biocidez which protecta the cooling

tower’s wooden portion and ‘prevent underderosit
corrozion. ' T



III. STEAM AND COOLING WATER ANALYSTS

IV.

A.

B.

Note
REMARKS
1. Prob

not
)

Steam

Chloride ~-—=-cememam_ 0.10
Silica -- —— - 0.10
rH - 4.17
Total Solids - - 8.94
Total Iron ———e—mmmmma 0.22

Cooling Water

Chloride ~-- - 1.35
Silica - ——— --= 0.66
Total Solids =~——==ecmmaaeo 291

PH ==~ o 6.60
Total Iron —————cccmmmaao_ 1.67

: Analysis data for the First half of 1991.

lems usually are encountered when treatment is
continuous. .

Conszultancy,/training/seminar should be provided to

labo

ratory/chemical personzel.

<
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: 1 COMPARATIVE PERFORMANCE OF VARIOUS COOLING VWATER TREATMENT (cwt) PROGRAMS :

———— — ———— T —— T —— — - —— — — — — — — — — — T " —— —————— ——— ————— —— —— — —— T T - —— —— T ———— ————————— — T —— — " G W S WP T D > W — = = — ——— T - G- -

——— e e e . e — — — - — — — —— ———— — ————— ——— — Vo o — ————— —— S T > S T G . S - ——— — — —— A — " St o ——

H 3 yCOLD SIDE HOT SIDE AVERAGE ! NaQH WT CHEMICAL TOoOTAL !
: A) CAUSTIC SODA ODONLY v 7 83,20 34 .90 ’ 39.00 1103%,738,;00 Q.00 103,738.00 E
: Average for Units 1 to 6 ! H . v
L ; . ; ;
' B) LIME TREATMENT W/ CALCIUM ! 319.%90 23.30 J31.60 ; 90,801.00 10,8683.00 101,684.00" !
: HYPOCHLORITE : H ) ot : :
' Average for 3 Units H : H
¢ C) PROPRIETARY CHEMICAL H 15.00° 9.60 12.30 ! 50,511.00 ‘120.839.00 211,350,000 .
: TREATMENT H ' : ' :
H 1) ULnder Contract H H :
: (Average for 4 Units) : : :
] ] [] [
; : ; o :
¢ D) PROPRIETARY WITH LIME H 11.460 S b.6D .10 1123,508.00 133,010.00 "256,.51BR.00
H (Average for 4.Units) : H . -
[} ] [} (]
N .  ——— .;.
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|
|
|
|
|
i
|
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|
|
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!
|
1
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|
1
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1
!
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i
!
!
|
!
|
|
I
]
|
f
)
{
!
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|
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l
|
|
I
|
|
|
|
1
1
|
|
|
|
|
i
i
i
|
l
I
|
{
|
i
|
|

NOTE: 1 - Allowable maximum corrpsion rate is 15.0 mpy
2 -~ NaOH cost varies every year

/”L et /s
] 1t/
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. EXISTING WATER TREAYHENT PROGRAN:

............................................. e e e e e e e e e e e e e e e e et 2t e e . 0 o e e o e

UNIT M. A

PLANI C
UNLT NO. 5

UNIT ND. &

PLANT A PLANI B
UMET NO. UNIT ND. 2 ' UNIT ND. 3
1) - NaOH . A) NaOH A) NaOH
1) Lime N -R) Lime # R) Lime N

) Bic-dispersant C) Bio-dispersant C) Proprietary Chem.
) 1. Inhibitor °

2. BRio- cides

Natil

lLime B
Proprietary Chem
1. Inhibitor

2. Pio- cides

~A) HalH

N Lime B

) Proprietary Chem
1.; Inhibitor
2. Dispersant
3. Bio- cides

NaOH

Lime ¥
Proprietary Chem
1. Inhibitor
2. Dispersant

3. Bio- cides

- - 5 W WD P TS S TR G D L D D T T S G G G G G e ———— . A S - . - G . S S T D W S = e . . — o o —— A - e T B D D e G S IS D WP P R D WA A D TP W W - - - - - - - -

Hydrogen Gas Looler Stator -Temperature.

- — - G s D S D W S G G G G . P — ——— - — S D W . W T > T S ————— —— — — —— — G T - T — " - P S WD D D T D . e G - e D - - -

"NOTE: WM Lime dosing intermittent, depending

.. RECOMMENDATION/FLANNED PROGRAM:

') NaOH A) NaOH A) MaOH

') Lime B)-Lime B) Lime

) Inhibitor _C) Bio-cides " C) Inhibitor
1) Dispersant D) Dispersant D) Dispersant
) Bio-cides B ’ E) Bio-cides -

NOTE: 1 - No more treatment for Units 3, 4, 5 and & from September 3. 1991 to present due io non-del:very

2 = Unit M2 needs no inhibitor due tb FRP p:pes.

NaOH
Lime

- Inhibitor

Dispersant
Bio-cides

A) NaOH
B) Lime

- C) Inhibitor
. D) Dispersant:

E) Bio-cides

e

NaOH

Lime
Inhibitor
Dispersant
Bio-cides

of chemicals.

5 f57



I.

II.

Republic of the Philippines

NATIONAL POWER CORPORATICN

Tiwi Geothermal Power Plart
Tiwi, Albay

WATER TREATMENT for TTWI GEOTHERMAL POWER PLANT

Presently Used Cooling Water Treatment Chemicals

Unit

Unit

Unit

Unit
Unit

Unit

1 Eztamine 3 Hatacide 17 & 12 NaCE
(Amine-based)

2 Lime ‘Cal. Hypochlorite -de-

3 Lime Cal. Hyrochlorite -dc-

Phyroxal 411 C
Phyroxal 381 C

4 Hatémine 3 Hztaecide 17 & 12 -cc-
5 - do - - do - -dc-
S Lime Ca’. Hypochlorite -dﬁ-

Summary of Problems Zncountzred

1.

Dosing intsrruptions due to exhausiion of chemicsz’
stock.

FHd upsets wherein the pH va_ue of the cooling
water either increase or decr=aze the reccmmendsi
range.

Breakdown of feed pumps, leakages in the fesd
system, clogging of feedline, out of order
agitator and other similar troubles.

Exhaustion of dipslides for microbiological grow:th
levels, courons for installation,
reagenta/chemicals and other pertinent needs :n
monitoring treatment parameters.

System aknormalities such as trippings and
shutdown of the Unit.

s:\ l,



III. Typical Steam Quality Values
etars

pH
Chloride, ppm
Silica, ppm
Total Iron, ppﬁ
Qonductivity, umhosa/cm
Total Dissolved Solids, ppm
Sulfate, ppm
Sulfide, prm-s
Ammonium, ppb-N
Caléium, PEM

Magnesium, ppm

4.0 to 5.0
less than 0.10
leas than 0.10
less than 0.10
35.8
19.6
3.0
11.0
1,624
0.:0
0.C4

JV. Typical Coéling Water Quality Values (at Coldzide)

Parameters
pH
Chloride, prm
Silica, ppm
Total Iron, ppm.
Conductivity, umhos/cm
Total Dissolved ‘Solids, prm
Temperature, C
Sulfate, ppm
Sulfide, ppm-S

, Ammonium, ppb-N
Calcium, ppm

Magnesium, prm

6.5 =0 7.5



DATA

1

WATER TREATMENT HISTORICAL
UNIT NO.

REMARKS/COMMENTS

IIIIII

llllll

MS CORROSION RATE. MPY

TREATMENT PERIOD

:

:

sitor (Phosphate-based)?
25 abatement.
III - H2S scavenger and bactericide.
periods were
rruptions and pH ups=ets.
high caustic soda

=

- A biocids.

high due to dosing inte

tion.

ﬂacterial counts and algae g-owth were acceptable.

Corrosion rates for last twc treatment

GEOPOMER IV - Corrosion Inh:

GEOPOW=R II - Catalyst for
Nalco program resulted to

Chemicais Used
GEOPOWZR
N - 732
CAUSTIC sopa

LR R L ey

491,787.45
467,593.97
574,017.11

D 313,883.27

.5

48.0
24.2
23.1
0.2
40.9

s 3384
>
4 b o ©

(

)
Apr. 27 - May 27

June 1 - July 1

July 4 - Aug. 3
Aug. 6 - Sept. 5

Sept. 20 - Oct. 15

Mar. 28 - Apr. 23

:

m

itor with active

iy

ingredient chs~ged to Zinc-based.
&t O
8 in

Used
IV - Corrosion In

Chemica:s
GEOPOWZ
GEOPOWER V
N-7328 -

C SODA
Caustic soda
reduced
terial

.860.10
89,997.17
139,941.00
242,423.00
171,955.00
287.410.00

=

LA LR L TR LR LR L R T Ty iy

4

15.0
16.8
26.9
19.2
18.3

.4
5
.3

4€.4

;]

1
w
-

4E.7

(15 days cnly)

June 10 - July 10

(13 cays only)

Apr. 10 - Apr. 25

Feb. 22 - Mar. 24

Mar. 28 - Apr. 7 -

Aug. 20 - Sept. 19

July 12 - Aug. 12

HALCO

b L R N T LR TR TN TR

g




1

WATER TREATMENT HISTORICAL DATA
UNIT NO.

REMARKS/COM¥ENRTS

cesT

MS CORROSION RATE, MPY

YEAR

STIC SODA

CAU

Bacterial counts and algae growth =ere acceptable.

COOLTREAT 70A - Corrosion Inhibitcr (Zinc-based)
Mainchem program improved corrosion rates at hotside.

HATACIDE 17 and 12 - Biocides.

Chemicals Used

50
20
50

164,796.47
268,277.50
358,£51.

248,C93.15
289,624.20

248,957
293,8286.

8.21
.1
8.35

11.6
11.4
-

9."

Chemicals Used

758.10

P 18,

9.10

ibi<or (Phospaate-based)

ion

HYDROSOLV 2706L -

[ L L U L R R T PP R T s

>

ides.

trol of algae growth acceptabie.

BETZ J-12 and HYDROSAN 400 - Bioc

CAUSTIC SODA

3ETZ 2020 - Dispersant

r)

g 8 R

06.20

127
100.211

.t

:
5
g

95,307
119,702

18.8
24.4
2.4
24.0
43.1

.5
-4
.8
.8

43.6

42.3

15.4

e Y R T R PR LR TR AR L R X

.5~ Apr. 4
Apr. 5 - May 5
May 14 - June 12

31

July 8 - Aug. 7

Aug. 8 - Sept. 7

Oct. 1 -

Dec.26,°85 ~ Jan. 14

m |

o]

&
-l

21.8

(BASELINE)
Fcb. 18 - Mar. 14

Jure 21 ~ July 21

July 22 - Aug. 21

Jan. 16 - Feb. 15

E

-

g

.8
17.6
13.8
21.4
41.6

L R T T T S R LA RIS T LAt

Oct. 22 - No=. 21

Dec.17,°87 -~ Jan.16,°88

)

Ty



1

WATER TREATMENT HISTORICAL DATA
UNIT NO.

REMARKS/COMMENTS

MS CORROSION RATE, MPY
CCLDSIDE |

YEAR

on
corrosion racks.

bruary 16 caused by dewatering o

Fat

Not evaluated due to early pull-out of ¢

Feb. 3 - Mar. 4

Biocides.

DISPERSANT-BIOCIDE PRCZRAM ONLY

-

PHYROXAL P-411 and P-381

A Dispersant.
Bacterial counts and algae growth were acceptable.

PHYROXAL P-560

Cheaizals Used

8 8 % 9
* [ 2 ]
d &5 8
@ = 9.9
[y - & o
o

15.4

.7
14.2
8.84

.7
5.9

45.8
15.0

(BASELINE)

Jan. 13 - Feb. 12
Feb. 13 - Mar. 1S

Mar. 15 - Apr. 14

Jul’ 3 - Au‘- 20‘88

PHYROX

e B MR we N a8 re B Ee m

1989

NE 3 - Corrosion Inhibitor (Am:re-based)
biological levels and algas conirol were acceptable

icals Used

Chemic
HATAMI
HATACIDE 17 and 12 - Biocides.

CAUSTIC SODA
cToi

Mi

-t
& B 3 9§
B
€ O ¢ sm

~

g ag K
3 ~ @ © um
8 E§ £ 8
Qs

14.2
14.0
13.3
16.6
11.7

.2
-5
14.3
13.8
26.0

July 3 - 23
(20 days only)
(21.8 days only)

July 26 - Aug. 25
Mug. 26 - Sept. 17

Apr. 13 - May 12

May 25 - June 24

:

)

PR Y L R TR T LR LR Rl




1

WATER TREATMENT HISTORICAL DATA
UNIT NO.

P o e R T DR PR PR R LR LR LA LAt

*s

REMARKS/CONMEN

! cosT

HOTSIDE

MS CORRCSION RATE, MPY

Chemicals Used:

§2.8%

1989 -

- do -
Average caustic soda reduction in consuzption for

Last period with incomplete treatment c:=micals.

22

160.189.12

143,941.4¢

178.462.82
40,608.

6.57
.4
8.96

11.6

7.85
19.2
22.2
17.2

Nov. 19 - Dec. 19

Oct. 20 - Kov. 19
Dec.20,°89 - Jan.19,°90

Sept. 20 - Oct. 20

’

MAINCHEM

1989

’
L)
[

]
e

.

[
1]

ot .Nn
1

i

do

Chemicals Used
! Microbiological levels and aigas con

! Average Na0fi reduction in

f

-~
I

59.636.70

46,346.£3
186,605.8
159,324.28
155,570.40
197,472
168,624.26
174,063.42

.

P e L T Y R L R L R LRl

11.6
10.9
4.86
3.30
2.98
7.16
11.8

.9

-

8
a 0

24.1
4.
7.
.8
4.
5.62

<
-

(BASELINE)
Feb. 19 - Mar. 2
(BASELINE)
Apr. 10 ~ May 10

Jan. 20 - Feb. 19

Oct. 26 - Nov. 25
Rov. 26 -~ Dec. 26

Sept. 24 ~ Oct. 24

June 11 - July 1

May 12 - June 11 |

[}
8
'

g

P T IR LT T YR T R L T R LR el diadiadel




1

WATER TREATMENT HISTORICAL DATA
UNIT NO.

RTS

>
-

REMARKS/COMN

MS CORROSION RATE, MPY
1

0D

TREATMENT

PROGRAM

YEAR

rol were acceptable.

-
2

Same as above.
Microbiological levels and algae cor

P 165,773.34 .! Chemicals Used:

73,0€2.02
187.233.28
210,252.24
231,224.39

2.4
11.6
6.
9.15
4.92

54
791

&
4
”-

2.2
4.

Jan. 28 ~ Feb. 27
Apr. 25 - May 25
June 18 - Juiy 18

Dec. 27,°9C - Jan. 28
Mar. 20 - Apr. 19




2

WATER TREATMENT HISTORICAL DATA
UNIT NO.

REMARKS/COXHMENTS

:  cosT

ES CORROSION RATE, MPY

TREATMENT PERIOD

PROGRAM

VEAR

e
we

34 - Dispersant and sequesir
DREWSPERSE 738 -~ Antifoulant and Dispersant.

BIOSPERSE 240 and 280 - Biocides.

CAUSTIC SODA

.
.

DREWGARD 189E - Corrosion Inhibitor (Zinc-based)
Microbiological growth control was unsatisfactory.

Chemicals Used

P 362.676.59

20.9
30.3

[yl
? 8

LR Y R Y L TR P T T

July 5 - Aug. 4
(BASELINE)
Cct. 18 - Nov. 19

:

5

L 4

8 8

175,008.15
487,206.
405.177.

8.22
9.74
6.

.2

16.8
17.1

Apr. 17 - May 17

Dec. 7,°6& - Jan. 6
Mar. 15 - Apr. 15

3

COOLTREAT 70A - Corrosion Inhibitor (Zinc-based).
control.

HATACIDE 17 and 12 - Biocides.

CAUSTIC SODA

Biocides achieved acceptable bacterial and algal

Chemicals Used:

313,423.14
243,780.00
123,887.62

P 137,138.40

14.6
5.78
1.86
5.08

4
.1

40.0
16.9

(BASELINE)

July 18 - Aug. 17

June 14 - July 14
(17 days only)

Aug. 20 - Sept. 19
Oct. 2 - Oct. 19

B _

g

P L T I A L LEL R L T L X L]

B

P L L L e LA R R T Y L R TR LN




DATA

2

WATER TREATMENT HISTORICAL
ONIT NO.

REMARES/COMYENTS

MS CORROSION RATE. MDY

TREATMENT PEZIOD

DPROGRAM

4
3

mm.
3

il to August

or
bacterial and elgal

3
¥,

-do -
Tosion rates increassd during 4th to 7th reriod

to underdosage of inhibitor from

iocides achieved accaptable

|

U []

4 T

3] )

g & m
..n.wm.u.

48 % 8888 8§
g RE3ZER B
(-9

Lo I n ~ M -~ O -
) . » ' . . . Q
” -4 ~ [
[ -4 <

. 5= Ap-. 4
Apr. 5 - May 5
~.15
Oct. 1-21

May 11 - ume 10
July 15 - Aug. 14
Aug. 16 -

Jan. 31 - Ha-~. 2

Dec.29,°85 ~ Gen. 28

MAINCHEM

(1]
4]
2]
-

&bsence

itor (Phosphate-based).

-

acceptable except on periods where there was

of biocide.

CAUSTIC SODA
Bacterial and algal levels were controlled and

BETZ J-12 and HYDROSAN 400 - Biocides.

HYDROSOLV 27068L - Corrosion Inhib
3ETZ 2020 - Dispersant.

Caemicals Used:

126,237.34
277

135,074.50

118,877.13
678

6
199,866.80

(BASELINE)
(24.25 days omly) -

. 6~Sept. 5

« 17 - Oez. 17

Mar. 28 - Ap-. 27
Apr. 29 ~ May 29
June 1 ~ Juiy 1
July 7 - Aug. 6

Jan. 16 - Feb. 9 -

E

<

m

.
.

esssss
Al L LR L R R R LR R T L EY F TR Y R N Y N e T T L T R TR T
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WATER TREATMENT HISTORICAIL DATA
UNIT NO.

REMARKS/COMMERTS

QOsT

COLDSIDE

MS CORROSION RATE, MPY
)

TREATMERT PERIOD

cmmen

N

WITH CAUSTIC SOD&

TREATMENT ONLY

£

ptable.

~ Corrosion Inhibitor

CALCIUM HYPOCHLORITE - A Biocide.

CAUSTIC S0DA

Lime revised program started from 2rd test per:iod.
with calcium hardness being monitored instead o

total hardness.

however acce

I

Poor algae control. Microbiological levels were

-
&

Chemicals Used

50,278.80
50,971.14
56,148.59
52,359.78
55,562.91
44,718.48

P 59,376.34
29,154.C3

7.62

.2
17.8
11.2
24.2
8.28

.8

<
a

21.6
27.9
26
15.6
K (]
26

H

NO BASELINE
Apr. 4 - May 4
May 6 - May 26

. 16 - Oct. 12
(26 days only)
Oct. 19 - Nov. 18
Nov. 18 - Dec. 18

(BASELINE)

(20 days only)
June 9 -~ July 8

July 17 - Avg. 12

Aug. 17 - Sept. 12

g 1}




2

WATER TREATMENT HISTORICAIL DATA
UNIT NO.

LRl L R R Y L E L LR TR R P T PP PR IR L ELE LR L LR T L T N N e

RENARKS/COMYKENTS

llllll

- do -
Hicrobiologicel leveis were

however accepiable.

Average NaOH reduction in consumption is 47.

Chemicals Used
Poor algae control.

D e L R A L T

Er I IBRER
L. N - <] m ™ N
8 8 &8 F 8§
i ®@ © © O © & ®
&m4‘.4751
a

w w OO € o M N O
...-.1‘.9.
R I R

t. 17
Xy)

. 20 - Oct. 20

June 17 - Juir 17
July 18 - Aug. 17

Aug. 1B -
Rov. 27 - Dez. 12
ociy

(15.2 days

Apr. 13 - Mar 13
Oct. 27 - Nor. 26

May 17 - Jun= 16

H:

Microbiological levels were

15.8

(BASELINE)

Feb. 20 ~ Ma=. 22
Hay 4 - June 3
June 18 - Juiy 18




3

UNIT NO.

WATER TREATMENT HISTORICAL DATA

REMARKS/COMMENTS

:

:

e A e A R T Yl iy el

’

Q
=t
N7

&
£
[)]
(4]

osphate-based).

P - Corrosion Inhibitor :

=

NILCOR C and E-71 - Biocides.
Hicrobiqlogical levels and algae co=zrol were ac

Chemicals Used
CAUSTIC S0pa

CORROSTO

52,049_00
162,420_81
171,348.87

15
-

P 192,7.2.50

8.56
3.47
~0.12
5.06
6.51

7.52
4.0%
11.8

]

7.

)

-e 9

oniy
Dec. 1 - 21

June 3 - Juiy 3
(BASELINE)
July 23 - Aug. 7

(15 days

Sept. 9 -
Oct. 17 - Rov. 16

:

m

3

(<]
-

.79
50
00

245,547,

27,210.
163,606.50
213,335.50
105,0E3.70

P 162,615.11
169.0¢8

6.66
2.47
5.96
8.38

13.6
16.7
10.0

8.2¢
7.6
.0
3.60
.8

7.
8.

wa %

(BASELINE)

Apr. 6 - Mar 6
. 29 - Oct. 19

(20 days only)

Oct. 26 - Nov. 25

Aug. 23 -

Dec. 10 - 23
(12.9 days oriy)

Jan. 16 - Fek. 15
Feb. 16 -~ Ma=. 18

8

LT L T N Y LY T T P L Y RS L LR

;




3

WATER TREATMENT HISTORICAL DATA
UNIT NO.

REMARKS/CONMNMENTS

caes o

:

221.740.00

D 2n

8.0

gae control

parts of cooling

ibitor (Phosphate-

erlar

- Corrosior
based).

12 and HYDROSAR 400 ~ Biozides.

CAUSTIC SODA

-
RES
.

HYDROSOLV 2706-L
BETZ 2020 - A Dispersant.
was sstisfactory at some parti

Chemiz2le Used

BETZ

Microbiological levels were acceptable and al

8 ¢ 9333

o ©
2 283 4§ 8
®«e & & & e
§ 8§98 §
a8 94 88 4
o

<

~
[-¢}
o0
-

in 2nd test period. Total hardness

torcd during lime program.

s

was

Pooi'\alm control but bacterial and fungi levels

e
PH upss

CALCTUM HYPOCHLORITE - A Biocice.

CAUSTIC SODA

LIME - Corrosion Inhibitor.

Chemizals Used:

& 888§
8 B 3 8
ay

. 8~ Sept. 6
(BASELINE)

. 14 - Oct. 14

Oct. 14 - Fov. 13
Rov. 15 ~ Dec. 15

LIME

g




WATER TREATMENT HISTORICAL DATA

e et B tE NE P SO EE SR CA TN e S Pt SN R C e P e NS e e PL NS CE SR SR e e SRS Ee SmGe et ae .

UNIT NO. 3
H H + M5 CORROSION RATE, MPY ! H
YEAR | PROGRAM ! TREATMENT DIRIOD H : CosT : REMARKS/COMYERTS
' H + COLDSIDE ! HOTSIDE H H
1989 ! LM ! Dec. 17, “BB-Jan. 16 | 522 ! 10.8 | P 60.553.60 | Chemicels Used: = do -
E ; Jan. 17 - Tsb. 16 ; 27.5 E 4.77 E 6£.596.78 E Poor alg2= control but bacterial z-=2 funei levels wers
! H : H H { acceptable.
H e Feb. 17 - Ma», 19 : 238.3 H 8.32 H 52.210.00
H H H H ' i ™ upset ozcurred during Dec.-Jan. lime period.
H LIME : Mar, 20 - £, 19 H 18.2 ' 11.1 : 47.234.56 !
t Revised ! H H H i Calcium nardness was monitored diring revised lime
{ Crogram | : H H i program instead of total hardness.
: H JApr. 19 - May 19 H 11.2 ' 9.37 ' 52,651.32 !
' H H H H i Average caustic soda reduction in zonsumption:
H H May 20 - Juze 19 H 10.9 H 5.34 H 57.250.65 ! .
H H H H H H 1988 - 46.3%
H H June 26 - July 26 H 10.1 H 5.82 H 5€.763.57 !
H H H H H H 1989 - 27.1%
: H July 26 - £ug. 17 H 28.2 H 7.2 H 34.232.11 !
: H (21.4 days only) H H H H
; {  Mug. 25-Set.24 | 246 ! 7.66 |  37.009.12 |
1] [ 1] [ ] 1 [ ]
' ! Sept.26-0st. 26 i 154 ! 9.60 !  44,303.52
: H ' H H . :
H H Oct. 26 - Fov. 26 H 26.2 H 6.30 H 50,527.63 |
1990 ! LIME : Jan. 30 - Mar. 1 H 21.7 H S.12 ' P 46,682.24 ! Chemicals Used:
iRev. Program| : : : { LIME - Corrosion Inhibitor.
iwitt Phyrox !  July 18 - hug. 17 ! 205 | 5.68 !  76.551.76 | CALCIUY HYPOCHLORITE - A Biocide.
: Biozides. | : : ' + P-411C and P-381C - Phyrox Biocides.
H H Aug. 20 - Sept. 19 H 16.7 H 9.40 H 42,495.90 | - CAUSTIC SODA
L] 1} ] ) [ ] [ ] : .
H H Sept. 19 - (=t. 19 H 16.8 H 9.71 5 32,798.63 | Microbiological levels were accep:able while algae
: H H H H { control was satisfactory.
H : Ozt. 20 - kov., 17 H 28.7 H 6.56 H 26,040.04 ¢

Q\Q\ 7
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UNIT NO.

"WATER TREATMENT HISTORICAL DATA

Ll R R e R R L LT PP A Ao

MARKS/COMMENTS

RE

MS CORROSION RATE, MPY
HOTSIDE

COLDSIDE

D

TREATMENT T

YEAR

nsuspt

ion was
good quality lime

le while algae

do

66.6%
92.8%

1990 -

1991 -
achieved in 1991 due to use of a
which is Guznzon lime.

control was satisfactory.

Average causti: soda reduction in consumption

Hicrobiologiczl lsvels were accepta:

High X reduction in caustic soda con

Chenmicals Usec

S g 8 g

(=" (1)

- a

A -~ o <

- R

8 8 <

m.\.m_. 333

@b o

- 231

L} .-
-

<« | 78 g

m.m 8 kK

] [)

] 3

[ []

g | &
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WATER TREATMENT HISTORICAL DATA
UNIT NO. )

REMARKS/COMMENTS

CosT

MS CORROSION RATE, MPY

TREATENT PERIOD

:

8

Corrosion Inhibitor (Zinc-based).

HATACIDE 17 & 12 - Biocides.

CAUSTIC SoDA
Algae control and bacterial levels zere acceptable.

COOLTREAT 70A -

+1Chemicals Used:

L R L R e

175,701.11

P 130,£58.70
149,700.00

8 % 3 9 e
« 8 4 23 & o
= RN
s ! e S A&
8 ¢ 2 H oo
O.\l @ o~ . [ . "
d8 g2 X b &

] -.J [} ' [} ]
- 2 0 g 7"
ﬂumm w._“—”_ ol M.— f“ .
b [

2 3 § 9

[}

%

< Hatacide 12 only

- do -
High cost of first period due to increass in corrosion

inhibitor consumption and dosing o

emicals Used
which was costlier.

periods.
Control of algae and bacterial levels was acceptable.

High cost of 4th period attributed 20 increase in

consumption of treataent chemicals.
pH upsets/fluctuations experienced in 4th an’!'Stli

40.00

ol

264,990.00

228.805.00
341,455.00

P 360,800.00
242.%

17.4
9.26
7.
7.62
.7
9.40

.8
.4
7

24.5
17.1
11.9

ccecervemmcsonsnonsrenfone e

t. 1

ASELINE)

Avg. 1 - 31

Sept. 1 -

(

June 7 - Juiy 7

Apr. 23 - May 23
.3 =-Rov. 2
Nov. 21 - Dec. 22

]

<

%




AT A

WATER TREATMENT HISTORICAL D
UNIT NoO.

1

REMARKS/COYMENTS

25T

-
[~

HOTSIDE

MS CORROSION RATE, MPY
)

TREATMENT >ERIOD

YEAR

e ec et cntnnc et et ccnrsscrcratcr e e c o P ra e e re Ee R RS PR B BP0 pb we e

»ruption of Hatacide

- do -

17 dosing during 3rd period.
Algae control and bacterial leve:s generally accevtable.

Chemicals Used
No dosing of Hatacide 12 and inzs

]
.
L]
'
[}
1
(]
[

EEE
~ W O o
5883
g g
N N NN
[<]]

8.02
7.16
9.58
14.3

27.0
16.8
17.0

-4

Jan. 17 - T=b. 16
.5

May 9 - Cune 9
June 22 - July 22

Mar. 6 - 3

HOUSEMAN

1985

ar (Phcsphate-based).

CORROSTOP P - Corrosion Inhibi:

NILCOR C and E-71 - Biocides.

CAUSTIC SODA

perisds, disruptions in

Algae control was not satisfactcry.
chemical dosing occurred.

Chemicals Used:
During the 6th and 7th tast

00
00
00

094.00
230.00
27%,399.06
064.50

2€2.339.

212,778.

253,565,
122,620
197,230.24

L%
2
-

ey,

e
o

a

° e 3@ g% &
L I ]
4 39 0 8 ~ © ® = 0

4.9
3.84
13.8
6.00
13.2

.2
14.7

<
8

s.

==, 4,°85
- Jan. 17

(BASEL:NE)

Apr. 7 - May 7
May 10 - june 9

June 9 - July 9

Jan. 18 - Feb. 17
Feb. 19 - Mar. 9
(17.4 day: only)

Dec. 18,°8

Nov. 4 -

Nov. 19 - Dec. 19
M. 20,‘88 - Jan. 199'87

:

L]

-4




4

ATMENT HISTORICAL DATA
UNIT NO.

WATER TRE

NTS

REMARKS/COMY

MS CORROSION RATE, MPY

COLDSIDE

TREATMENT PERICD

on.

to insufficient steam sup>.y.

was only caustic soda treatzen

t during period of operat:

Unitm-oreofte:onalmt.dovndue

The

28

le

- Biocides.

DISPERSAMT-BIOCIDE PROGE:M ONLY

Chenicals Used
Algae control and microbiological lsvels were accer

LABUCID 193 and 197
CAUSTIC SODA

ALBAPHOS 135 - &

N <
¢ g3 38 & 8
+
dopg e s % 8
W e u ow e ad
A R B S -
©
SNBW 9&

a

8 @ e g 8§
. . .
ﬂ. -« &~ ~ =)

34.2
24

25.1
35.6

oem o
- o=

(29.7 da~:-:
May 29 - Jurs 28

(BASELINE)

Jan. 27 - Fet. 26

(29.47 days)

Feb. 26 - Ma-. 29
Mar. 29 -~ Apr. 28
Apr. 28 - Y¥a- 28
July 2 ~ Auz. 1

Feb. 10 - Mar

B

&

.Amine-based)
12 - Biccides.

Inhibitor

HATACIDE 17 and HATACIDE

CAUSTIC SODA

NE 3 - Corrosion

Chemicals Used:
HATAMI

P 104,516.88

10.8

.1

Pretreataent Cost —

Oct. 17 ~ Fe=. 13
(26.4 dars)

:
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WATER TREATMENT HISTORICAL DATA
UNIT NO.

REMARKS/COMMENTS

cosT

HS CORROSION RATE, MPY

TREATMENT PERIOD

PROGRAM

YEAR

~iods).

-do -
e

55.7% (1st test period).
49.9% (Ave. of two test

1990 -
1991 -

Algae control and microbiological levels were
acceptable.

Caustic soda reduction in consumptior

* Chemicals Used

P 156,694.30
118,422.7€

13.2
8.04

24.9
24.6

-
-

Y

Dec. 18,°90 - Jan.
Feb. 14 - Mar. 16
Mar. 23 - Apr. 8
(16.46 days only)

+ MAINCHEM

1991




HISTORICAL DATA

S

UNIT NO.

WATER TREATMENT

REMARELS/CCENENTS

CosT

HOTSIDE

MS CORROSION RATE, MY
LDSIDE |

TREATMERT PERIOD

=d)

bae

*_ Corrosion Innibitor (Phosphate-
£ror Enertec.

zzie Used

CHEMETICS NCT

Che

ee e T emessseRoees o

- Corrosion Intibitor (Phosphate-based).

BIOCIDES A and B
CAUSTIC SODA

K212 2né K303 - Biocides Iroe calgon.

CAUST:iC SODA
Algae control not acceptable.

Chemicals Used
CHRMETICS RCT
Alga= control not acceptable.

60,321.29
119,147.02

a.

[ L laababatinded

a B .4.... %
Q ! o - i
n 0
nm 3 . S

¥
! b @ A L

, 197.8 davs)

(BASELINE

Aug. 8,°82 - Feb. 22.°63
July 12,°82 - Peb. 22.783

&

CALGON

(45 days)
(BASE )
Mar. 24 - Apr. 22

June 22 - Aug. 13
Jan. 20 - Feb. 20

(BASELINE, 224.8 days)

PR o R L1 e

:
2
g
§

(Phosphate-based).

:
N

B
x
8

i

=als Used
acceptable:

Aigae control not acceptable, but bacterial counts were

CALCTUM HYPOCHLORITE (HTH).

ATl and AF2 - Biocides.
CAUSTIC SODA

g
&
8

[-]]

g
™

M. .

"~

June 26 - July 27
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WATER TREATMENT HISTORICAL DATA
UNIT NO.

REMARES/COYXMENTS

08T

MS CORROSION RATE. MPY

YEAR

- Corrocicn Inhibiter (Phosphate-bas=ed).

nd AF2 - Biocides.

CAUSTIC 30DA
acce=ptable.

Bacterial, fungi counts and algas control were not

Chemizals Used
HYDRE. GT
AF1 a-

P 257.211.38

4.56

S2.6

t. 12

Sept. 11 -

Sape as above with addition of

Calciue Hypochisrite.
Bacterial. fungi counts and 2lgas control were not

accepiable for this test period.

Chemicals Used

P 322,398.55

5.10

25.8

. 3 - Dec. 3

gl

do

counts isproved.

Algae control not acceptable. but bacterial and fun

Chemicals Used

P 306.342.86

3.38

2.1

Dec. 5 -~ Jar. 4, ‘85

;

1984

¢ e messmemessermam.

Jw,



DATA

5

WATER TREATMENT HISTORICAL
UNIT NO. )

REMARKS/CCYMENTS

5T

“S CORROSION RATE, MPY
¢ HOTSIDE

L=
COLDSIDE

TREATMENT 2ER10D

-basad)

(Phosz=at

cides.

ke

t.

AUSTIC SODA

-~
-~

JYDROSAN 400 and BETZ J-12 - B:

3LTZ 2020 - Di

)

YDROSOLV 2706-L - Corrosion Innibito
Llgae control and bacterial levels were satislactory.

Chsmjicals Used:

.164
934.57
350

207,748.83

avey

L L L L T R P

- e en
8 8 «
N -

.3-22t.3
Oct. 16 - Rov. 15

(BASELZIE)

Apr. 13 - May 13

E

i
a

Zné periods.

- do -

Llgae control was acceptable during 1st and
put unsatisfactory on the 3rc.

Tacterial levels were satisfactory.

{ Casmicals Used
1]
.
H

242.089.79
339.53

~o-
PR

Seb. 8
Feb. 10 - Ma=. 12

May 13 - June 12

Jan. 7 -

3

rlete

Se.

-BIOCIDE PROGRAM ONLY

DI

icals Used:

DREWSPERSE 739 and 754 - Dispersants.

BIOSPERSE 250 end 2890 - Biocides.

CaUSTIC SODA
of 2nd and 3rd periods were low due to incomm

dieruptiors in chemical dosings.

High cost of 1st pveriod was due to high chemizel dosages
and high cost and conswiption of caustic sc

Sost
or

Chen
Algze control was poor.

50
6,912.80
147,949.09

P 743,154.
:J'a

L R R Y A LT X LT T TPrY

13.4
13.1
12.4

(1]
%

4



DATA

5

WATER TREATMENT HISTORICAL
UNIT NO.

REMARKS/COXNYENTS

cosT

HOTSIDE

¥S CORROSION RATE, MPY

COLDSIDE

ZRI0D

-
|92

|

i

&

actory.

d

is were satis

Llgae control and bacterial leve

COMPLETE PROGRAM

Used
DREWGARD 189E - Corrosion Inhibitor (Zinc-besad).

emicais
DERSE 739 - Dispersant.

I0SPERSE 250 and 350 - Biocidee.

-

=

=
~
-

SREWS
AUSTIC SODA

8C.701.50
184.00

.
w

23

P

P L T Y R RS

17.6
18.8

46.0
44.4

(BASELINE)

Oct. 5~ HKov. 4
Nov. 28 - D=c. 28

:

1c

do
Llgae control was satisfactory wrile bacterizl levels
were generally unsatisfactory.

Caemicals Used

25.4

Feb. 23 - Ma=. 24

- do -

DISPERSANT-BIOCIDE FnIGRAM ONLY

Cnemicals Used
DHYROXAL P-411 and P-381 - Biocides.

CAUSTIC SODA
! Bacterial levels and algae control were acceptable.

PHYROXAL P-560 - A Dispersant. .

11
12%,260.00
97,396.00

(BASELIIE)

Jan. 25 - Feb. 24

Feb. 25 - Mar. 27

Aug. 20 - Sep:. 19,788
May 21 - June 20

m

g

ed).

HATAMINE 3 - Corrosion Inhibi

HATACIDE 17 and 12 - Biocides.

CAUSTIC SODA

flpe grouth was very satisfactory and bacterial
levels were acceptable.

! Chemicals Used:
1
[

P 253,859.38
1B4.605.12
1°€,249.60
188,775.00

.8
15.4
5.

7
.6
21.0

June 23 - July 23
Aug. 12 - Sept. 11

Sept. 14 - O=t. 14

MAINCHEM

\X



5

ONIT NO.

WATER TREATMENT HISTORICAL DATA

COMMENTS

REMARKS /

i cost

HOTSIDE

< CORROSION RATE, MPY
SLDSIDE

PERIOD

TR

7

.ast period of 1989°.

izals Used

levels were acceptable.

new

inconplete treatment during

o
[

: Algas growth was very satisfactory and bacteria:

-

165,430.04
270.744.04
4E.412.26

10.7
14.0
12.9

L Y L

145
8.
26.7

Dec. 16
Dec. 17 - Jan. 16,90

.5~

Ozt.1” - Bov. 16

Rov

MAINCHEM

1989

c=pared

flg=e growth and microbiological levels were acssptable.
with baseline.

Average increase in NaOH consumption is 21.7% c

Chemicals Used

29,161.08
5.571.72
195.322.86
173,845.53
165,746.70
161.009.79
197,517.78
,669.36
215,559.54
156.352.14
232,148.07

2

T Agguaas]
LR EEEE
SR EEFENEREN
©F 58345485

8

g

0
\



WATER TREATMENT HISTORICAL DATA

258,822.90

ONIT NO. 5

: : : MS CORROSION RATE. MPY ! : .

' YE:I ! PROGRAM |  TREATMET PERIOD {  CosT : REMARES/CCMMENTS

: ; : COLDSIDE ! HOTSIDE ! :

{1007 ! MAINGHEM !  Jun. 12 -Feb. 12 ' ©.36 ! 14.4 P 167.175.61 .! Coemicals Used: - éo -

: ; I Apr. 4-Bay 4 | 232} 6.75 ! 196.386.40 ! Ligse control and microbiological levels wre scceptable.
; : ! May 12 - June 11 c- - {  255.872.82 | Trird period of 1991 was withcut rate resulte <or MS due
H H H ' H H ! <0 unavailability of MS coupoes.

: : ! JmeX-Julyd ' 680 ! 9.20 ! 259,174.44 °

: ; | Aug 12-Sept. 11 ' 7.00 ! 4.64 ! :

: : ; : : : ;
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UNIT NO.

WATER TREATMENT HISTORICAL DATA

REXZREKS/COMMENTS

cosT

TE, MPY |

ZYTSIDE

fieada

3

MS CORROSIOK R

TREATMENT PERIOD

YEAR

COLDSIDE

free of charge

FILM FORTIFIER - Supplied free of charge

CAUSTIC SOD&

- Biocides
1s were accepiable.

<

<
o
282

Cl~246W - Corrccion Inhibitor (Phosphate-based)

H212 and H3C
CL 25 - Dispersant

LIME - Supp
Microbiological is

Chemicals Used

P 132.081.00
<32,019.27

10.7
13.3
5.74

L] o
m. '] 8

July 12,°82 - Feb. 22
(BASELINE, 224.8 days)
Aug. 8,°82 - Feb. 22
. 8-Apr. 19
. (45 days)
May 31 - July 15
(45 days)

(BASELINE, 197.8 days)

19e3

It had

cr 1984 had no lime dosing.

——-

S
-,

3rd period

dosing interr:stions.
Microbiological isvels were acceptable.

Chemicals Used

373,309.88
405,912.25
329,158.70
380.818.23

P 322.901.26

£.91
4.

5.58
40.4
3.67
6.91

.5
1.2
44.2
9.22
8.52

28.4

.8~-Apr. 8

(BASELINE)
June 26 - July 27

Aug. 16 - Sept. 15

May 10 -~ June 9
Rov. 21 - Dec. 21
Dec. 22 - Jan. 21,°85
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NIT NO.

WATER TREATMENT HISTORICAL DATA

- do -

REMYMARES/COMMENRTS
Microbiological :eveis were acceptable.

Chemicals Used

2 &
B | & 8
B ® 0
t- rd
(3] [ip]
a,

A\l
7.32
6.45

MS CORROSION RATE
IDE
3.96
3.66

g |9
B | 4 &
[
o o~
i

I

g | g

KYKLOS 416 and EYKIOS 417 - Biocides.

CAUSTIC SoDa

KYKIOS 415 - Corrosion Inhibitor

Chemicals Used
Poor algae control.

00
4

197,051.40

75
171,328.88
212,210.40

2i2,289.
233,381.

R B S
m Qw.b.q.hl

L N X L T P

35.0
14.2
15.7
10.4
9.

10.6

LLE TR R L LR LY TN T T P S

d &

- 19 - Oct. 19
22 - Nov
27 - Dec

(BASELINE)
July 15 - Aug. 14

June 9 - July 9

Aug. 16 - Sept. 15
Oct.
Rov

:
:

ing interruptions.
ion inhibitors were

- do -

The 4th test period had chemical dos
Only caustic soda and the corros

Chenicals Used

@ o &5 0
~ =
m zzmclv

Jan. 8 - Feb. 7
Feb. 8 - Mar. 10
Mar. 16 - Apr. 15

Apr. 27 - May 27
June 16 -~ July 16




WATER TREATMENT HISTORICATL DATA
UNIT NO. 6

' H i MS CORROSION RATE. MDYV ! H H
. YEAE | ' TREZLTMENT PERIOD H : COST H REMAZLS/COMMENTS H
. H H + COLDSIDE ! HOTSZDE . H H
: : : : : : : :
;1986 ! ! Sep:. 13 - Oot. 13 i 3.6 | 3.3 ! P556,516.10 * Chemicais Used: :
t + ] ] ] : :
H H H Oc:. 14 - Nov. 13 H 41.6 E 2.0 H 270,242.50 ! DREWSPERSE 739 anz 792 - Dispersants. H
: ‘ H . H : : »  BIOSPERSE 250 and 230 - 3iocides. H
H : H Nov. 13 - Dec. 13 H 47.7 H 2€.0 H 262,358.02 ! CAUSTIC SOba H
[] [] 1) [] 1 [] 1 .
] L] L] ] 1 [] t L]
H H { Dec. 16 - Jan. 15,787 ! 28.4 H 19.8 H 229,890.69 | Poor algae control. H
[ 3 1] 1] [} 1] [} [] ]
1] L] 1] 1 1] 1] [ ] 1]
| 1087 ! WITH CAUSTIC SODA ! : ; : ;
H H H TREATMENT ORLY H H H H '
[] L] ) [] L) [] [} I
! 1985 | ; Feb. 3 - Mar. 4 ! 454 ! 232 P B1,446.10 ! Chemicals Used: ;
H H H (BASELINE) H H H H H
H H ' H H H i  CORROSTOP P - Corrosior inhibitor (Phosphate-based). H
: : H Mar. 20 - Apr. 19 H 24.8 H 3.48 ' 261,248.20 ! NILCOR C and E-71 - Biocides. H
H H H H H H ! CAUSTIC Sopa !
H H ' Apr. 20 - May 20 H 37.4 H 11.3 H 143,732.41 ! H
: H H H H H i The 1st and 2nd test periods used only the two biocides H
H H H Hay 21 - June 20 H 44.6 H 3.47 H 312,046.05 and caustic soda for tresatment. ) . !
H H H ' ' H i Corrosion inhibitor was implemented only on the 3rd test H
H H H June 21 - July 21 ' 46.2 ' 6.44 H 246.681.67 | period. : H
“ H H ' ' H i Incomplete set of treatment chemicals was used for the H
H H H July 23 - Aug. 22 H 33.0 H H 118.298.02 ! 5th test period. . H

6.80

Microbiological leveis were acceptable.
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UNIT NO.

WATER TREATMENT HISTORICAL DATA

S e e C e F e e Cr P e Ch h e Fe rr e R CCE. Cr e L CPE e Re R R e e . R e B G- e E e me

REMARKS/CCMMENTS

0osT

MS CORROSION RATE, MDY

COLDSIDE

- PERIOD

To=

;

;

E N e ct  C R c e R R Ee R e e P L EE P N S NS G RS N PP PE PO PR e P TP REER Ly PE TR e 8

Calzium Hypochlorite dosing

titor

CALCIUM HYPOCHLORITE - Biocice.

CAUSTIC S0DA

Mizrobiological levels were

period.
Average NaOH reduction in consumption for 1989 was 59.8%.

througout the test
however acceptable.

LIME - Corrosion 1

The 5th test veriod had no

Chemicals Used
i Poor algae control.

3.600.00
64,112.10
43,281.99

»828.41
38,246.27
54,444.38
52,653.96

P 3
79.640.234

e ce CE S ce Gn e hr fE CE B e S . - -

2.6

12.2
17.8
14.8
15.2
18.8
16.2
16.4

44.0
.7
47.7
44.1
47.3
.8
.2
28.3

“§ % qgn s
hiedlposd
p A R

)

D L L T T N R R T

8

(<]
-l

do
Misrobiological levels were

Chemicals Used

§ 3888
& 8 &§ 8 8¢

TEREEY.
EENYE
% & a4 &
i EEERE

Dec

38
gly
S5k

g

-~




DATA

UNIT NO. 6

WATER 'J?fi]ill&ffﬁ!!lit@f[‘ HISTORICAL

EL TR T TN PP g

/COMMENTS

5

REMARE

:

consumption in 1990 was 82.2%

- Gc -
Mizrobiological levels were

Chemicals Used:

Poor algae control.
however acceptable.

Average NaOH reduction :

LY
:

i

-do -
Mizrobiological levels were

hosever acceptable.

Chemicals Used
Poor algae control.

40.802.64
21.840.66
37,716.94
27,579.51
43,000.71

P

8.

10.5
12.1
10.4
10.4

.2
26.4
.0
.6
40.4

20 - Mar. 22

(BASELINE)

;dn. 16 - Feb, 15

-
L
-

Ey=. 29 - May 29
e 3¢ - July 0
Aug. 32 - Sept. 11

222,
e

8

=t

g




II.

III.

IV.

VI.

VII.®

Republic of the Philippines
dational Power Corporation
Leyte Geothermal Power Plant
Tongonan, Ormeoc City, Leyte

Water Treatment for Leyte Geothermal Power Plant

LGPP - I Water Treatment Chemicals . . . . .
Problems Enccuntered and Action Taken - - ; .
Analysis of Siszam Condensate . . . . . . . .
Typical Analyzis of Spring Water . . . . . .

Typical Water Chemistry at DiZ“ferent
. Cooling Line . . . . . . . . .

Sections c¢f

Previous Chemizal Treatment . . . . . . . .

Review and Azzessment cf the Previous

Treatment . . . . . . . . « v o o w o . O

(%)

W

t



PROBLEMS ENCOUNTERED AND ACTION TAKEN

1. Clogging of Caustic Soda (NaOH) line to the cold basin.

Action taken: 1.

Reduced caustic soda discharge
concentration to 0.5 - 2% NaOH from the
KRTA recommended concentration of 10 -
20% NaOH.

Provided water flashing line’ (rubber
hose) to rectify clogged lines.

-2. Increased sludge volume due to undiszolved lime in the ~cold

basin.

Action taken: 1.

2.

Provided a lihe mixing ., tank with

" agitator for this purpose.

Elevated the suction elevation of the
lime tank to minimize the undissolved
solids going _with the lime slurry to
the cold basin. S

3. HATACIDES 17 przduces foams.

Action Taken: 1.

Minimized foaming with the use ¢f anti-
foam chemical, ..

2. or in the absence of anti-foam, regulatej

the -dosage so as not to affect the
condenser vacuun.



National Power Corpo;ation
LEYTE GEOTHERMAL POWER PLANT - I
Tongonan, Ormoc City

- Analysis of Steam Condensate

- D D G D D G D D D P = D ¥ ) G D G D WD G D D WD G

pﬂ - 403 - 406

Chlorides - <1 ppm

$i02 - <1 ppm

T-Fe - <1 ppm

Total Solids , - <8 ppm

Elect'l Conductivity - 70 - 120 micromhos/cm
Dissolved B2S - 70 - 150 ppm "

Typical Analysis of Spring Water - used as initial £ill of the

--------------------------------- tower basin.
pH (pH unitS). - 6-5 - 7.5
p alkalinity as ppm CaC03 - 0
m alkalinity as ppm 'CaC03 - 20 - S0
Ca hardness as ppm CaC03 - 60 - oy ,
Na hardness as ppm CaC03 - 10 - 20
Chlorides as ppm CaCO02 - 30 - 80
Total Iron as ppm Fe - 0.01 - 0.05
Total Solids ppm - 150 - 130

Electrical Conductivity 200~-260 micrerhos/cm



National Power Corporation i
LEYTE GEOTHERMAL POWER PLANT - I

Tongonan, Ormoc

City

WATER CHEMICALS
NTHGEMICAL FUNCTION METHOD OF DNZING CONTRAL, LIMITE
TATSTIC SODA (NanRH) <9 neuntralize acidity of centinuous B 6.3 - 7.7
3Tecam condensare’ .
-
IATACIDE 17 2incide-Disparsant (to control siu; doze (once per <50 ppo amine

Tierobiclegizail growth ang

=inimize A=2pogition)

IIME Ca(OH)2 seduce corsosivity of

2oo0ling water & caustic
soda corsunption

-
[ades: I:J

o
-
.o

OLAR CELORIKNE lorinatiocn nf domestis

water supply

LEMARKS: . .
1. Caustic Sodz is injected at I - 2% NaoOH.
2. Hatacide 17 :is a biocide - cdispersant (propris
3. Granular Chiorine is sometimes applied to the
is also to ssatrol algue growth in the ACWP &
4. chemical treataent cost is less than 22.00/M4H
l

month or as necessary)

3

ceniinuous (in ‘siurry 30 ppx CacC2s max.
Lo==)

ccniinuous (injected o rem T12 max.
the water line through a (eesidual
chaxnical  feeder)

2r=) based on quateraary anine.
iing tower when the ne=d arises.
“P area and surrounding arcas.

azrated.

gy

G

P:epared'byg

NAPOLEON G. FE EZ . .
Prin. ‘Chem. Engr. B



NATURE OF ENVIRONMENT

Mational Power Corporation
LEYTE GEOTHERMAL POWER PLANT - I

Tongonan, Ormoc City

( TORGONAN COOLING WATER SYSTEM
TYPICAL WATER CHEMISTRY
===3================!=IS’88'3=='==2==l:l::::::’3=================================.==============28!...=8'Il’"':3‘=88===88==8==
LOCATION ) Temp. C pH a2s ° MO ALK T~Fe cl Ca H S04 T.S. L.I.
:=8=:I:===============---8?:'=--88888.28:.:2..===3===================;====================-==--I-8-----g-----:---8-33=8=======
MAIN COOLING LINE 28-31 6.8-7,5 0.2-0.7 10-25 0.3<6.0 5-40 0.5-10 50-200 150-600 -2.55
HOT WELL PUMP DISCHARGE 39-42 6.5-7.2 0.8-1.2 10-25 0.3-6.0 5-40 0.5-10 50-200 150-600 -2.58
LINE .
AUXILLIARY COOLING WATER 28-31 6.8-7.5 0.2-0.7 10-25 0.3-6.0. 5-40 0.5-10 50-200 150-600 -2.55
PUMP DISCHARGE LINE ’
GAS EXTRACTION COOLING 28-31 €.8-7.5 0.2-0.7 10-25 0.3-6.0 5-40 0.5-10 $0-200 150-600 -2.55
WATER PUMP DISCHARGE LINE
MAIN CONDENSER 45-48 6.5-7.2 0.8-1.5 10-25 0.3-6.0 5-40 0.5-10 50-200 . 150-600 -2.66
AFTER/INTER CONDENSER 55-95 4.8-6.0 10-30 10-15° 0.3-6.0 5-40 0.5-10 $C-200 150-600 . -3.79
GENERATOR AIR COOLER 36-43 6.8-7.5 0.2-0.7 10-25 0.3-6.0 5-46 0.5-10 $0-200 150-600 -2.60
LUBE OIL COOLER " 36-40 6.8-7.5 0.2-0.7 10-25 0.3-6.0 5-40 0.5-10 50-200 15¢-600 -2.50
ACWP / GECWP 28-31 6.8-7.5 0.2-0.7 10-25 0.3-6.0 5-40 0.5-10 50-200 150-600 -2.55
MNOTE :

1. Concentration of impurities are in ppm:

2. L.I. - Langlier Index

o | %mb

Prin. Chen. Bwar. B



National Power Corporation
LEYTT GECTHERMAL POWER PLANT - I
Tongonan, Ormoc City

PREVIODUDS CEHEEMICAL TREATMENT
SUPPLIER CORROSION INBIBITOR DISPERSANT BIOCIDE
====:32====S========’=8.=8===I=I88=====:=8===================‘_‘======================8=====::!=====8====I==8:=£S'=I=========
1. PETER BLAISE Blaise 696 - Polyphosphate Blaise 505 - Blaise 46GA - dxidizing biocide
lignosulfonate -Blaise 466B - Non-oxidizing biocide
2. NALCO GEOPOWER 1V, ZINC, GEOPOWER V, Synthetic N.ALCO 7328 - Non-oxidizing biocide
PHBOSPHONATE : Polymer - )
3. '::.nnm NEW BOUSEMAN Cocltreat 70A - Zire, HATACIDE 17 HATACIDE 12 - Non-oxidizing biocide
Organic .
4. JOSEPE LONDON GROUP COR%OSTOP P ~ Ortho- incorporated in t:he. NILCOR C - lon-oxidiiing biocide
phosphate, Phosphonate inhibitor. \ - MAXWELL E-71 - Non-oxidizing
5. ATOMS INDUSTRIAL ATOMINE 166 - Amine HYDROSOLVE 2501 - HYDROSAN 400 - Non-oxidizing biocide
-~ SALES - ARMAN s_urfactant .
6. CHEMICROFF ASIA K-418-Amine, aldehyde R-416-Biodispersant K-417 - Non-oxidizing contact
INDUSTRIES . biocide
7. MAIN CEEM BATAMINE 3-Amine, BATACIDE 17
SODA ASH .Quaternary Amine
N
5



REVIEW OF THE PREVIOUS TREATMENT & ASSESSMENT

The Peter Blaise 696 (Polyphosphate) and Bla;se 505
(lignosulfonate) when applied to the system caused lowering
of the cooling water pH. With this treatment, the Caustic
Soda requirement to maintain the required pH is 3-4 times
the normal caustic soda consumpt;on.

The lowering of the water pH maybe attributed to the
formation of acid Sulfate (enhanced by [:{o) ~forming
4 _
bacteria). The chemical additive (polyphosphate) is a good
nutrient for  bacteria. The treatment progran was
discontinued due to high caustic consumption and poor
performance. '

NALCO PROGRAM

The Nalco GEOPOWER program did not performed
satisfactorily when tested in the coollng water svstem. The
Zinc inhibitor reacted with the H S in the coollng water

: , 2
forming a precipitate of ZnS which has a low solubility
-23 .
" product (1 x 10 moles/liter). The mechanism of ccrrosion

inhibition with 2Zinc is that it will deposit at the cathadic

areas as Zn(OH) , forming a barrier film. The reduct:ion of
” .

cathodic areas will in effect reduce the réte of anodic

reactions. Due to interference with Hydrogen Sulfide the
required Zinc reeidual cannot be attained due to resaction
with hydrogen sulfide. Treatment was discontinued due to

incompatibility of the addltlve to the inherent chemistry of

'the cooling watar.

JARDINE NELL HOUSEMAN PROGRAM

. JARDINE NELL HOUSEMAN program with cooltreat 70A (Zinc
Organic inhibitor) did not worked effectively when tested in
the cooling system. The same thing with.the GEOPOWER IV of
NALCO the cooltreat 70A reacted with the H s in the cooling

2
water forming a preclpltate of ZnS, thus the required level
of Zinc residual to maintain good corrosion protection was
not attained. However, the HATACIDE 17 Biocide-dispersant
was effective in contrnlling microbiological count. The
Zinc treatment program was confirmed not workable in the
cooling water system.

~

l

(



JOSEPH LONDON GROUP PROGRAM

The corrostop P (orthophuspuace, phosphonate) corrosion
inhibitor of JGCSEPH LONDON GROUP also did not performed
effectively when applied to the cooling water pH. The same
with Peter Blaise 696 the corrostop P caused water pH
lowering that needs 3-4 times the normal caustic consumption
to maintain the required pH. The biocides NILCOR C & MAX E-
71 also did not performed effectively. The phosphate
treatment was confirmed not workable in the cooling system.

ATOMS INDUSTRIAL SALES PROGRAM

The Atoms Industrial Sales (Atomic 166) amine program
did not performed effec*lvely in the coeding water system.
Although there was no increase in the caustic requirement
the results of corrosion rate and microbiological count
monitoring did not yield satisfactory results. The
treatment program was discontinued.

THE CHEMICROFF ASIA INDUSTRIES AMINE PROGRAM

- - —— - - G S T . - P D G G P P G D S S G G TV WD WD W S

The Chemicroff Asia industries treatment program with
K-418 (amine aldehyde) corrosion inhibitor, K-416 (Biocide-
dispersant), and K-417 (non-oxidizing biocide) also did not
worked effectively in the cooling system. The ccrrosion
rate and microbiological count monitoring did not yield
satifactory resuits. The treatment was discontinued.

MAIN CHEM PROGRAM

The Main Chem ptogram with HATAMINE 3 (amine based)
corrosion inhipbitor and Hatacide 12 * was relatively

effective compared to the aforementioned treatment programs.
The caustic consumption was significantly reduced and the

3
microbiclogical count is also very low ( <10 colonies/mL)
with sometimes a reading of zero (0) colonies/mL. Hatacide
17 biodispersant is until now being applied in the system
and is slug-dozed once a month .or as necessary. The
Hatamine 3 was discontinued and was replaced with Industrial
lime.



APPENDIX D

NPC Memorandum transmitting:
Impiementing Guidelines for the Application
of Geothermal Water Treatment Programs

Evaluation of Power Plant Operations
T4010-200/GEAROM

i
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Re:ognizing  the ‘eatabliehed limitationa of the: 1lime
treatme 1t rrogram in cur geothermal rower plants, management. has:
declided to¢ al=n acopt water treatmert chemicals in, safeguarding
the  dn .rarity of pLant equipnent ip contact " with gcothermal
cioling  wrtep, Alens  thia Hie;  the following implementing
Ruirleld "m shaiy be instituted aa o matter of policy: ' .

1.0 CC /It 3E 00 SPPLICATION

A= n reneral rulsy, the need for water treatment chemicals
=h: 1 be yrewverned by the follaowing:

\ . ' ' )
1.0 Tlants with cxporienced ¢orrosion rates Sreater than 15
WA 60 excrasive algal prowths shall adopt any of the
asplicable Ereatment acheme:; below:

2. Those wilh substantial ecaust.ie soda asavings (>20%)
using  Jjime troeatmest shall adopt complet¢ water
trnatment‘ch@micnls in comhination with lime.

b, Thaze with BO - or minimal  cauntije soda savings

(-20%)  using 1ime Ereatment shall adopt complete

, weinr trontment chemicaln only. e

{1.2 Pant e with cxperienced corrosion rates greater than 15
My b oLowith mindmal alpal Frowth shall utilize any. of
tle arplicable treatment achemes below: .

n. Thone with subatantial caustic soda savings (>20%)
ucing lime treatment shall utilize . corrosion
inhibitor in combinat.ion with lime. Coe

{b. Those with no or minimal .caustic soda savingst(<20%
using lime treatment shall only utilize corrosion
inhibitors. ’ o
1.3 Plants with experibncbd corrosion ratesd below 15 mpy
but with exceasive algal prowths Schall Implement any of
th2 aprlicable treatment schomen below:
, ' e n o e
: I JﬁLGu EﬂvXﬂ/
' Jf—l ’1 &
lg] Ad Aemdune
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2.0

1.4

1.5

2.1

.
=

1.6

2

a. hose with substantial vaustic'smda,éavings'-(>20%)‘

~using line Ltreatment shall imp]ement-_biodispdrsqnt
and * microbivecids - N8 an . alternate | bliocide in
conbination with 1ime. : T EETL I
b. .Those with no ar minimal caustic soda
(<20%) vwsing.lima treatment shall  only implément
‘blodiapersant and microbiocide aa alternate
‘biocide. e oot .

"ants with experienced zorrosion ratos beloy 15 mpi
with no or.mjnjmalualnnl srowths nhall adopt. any of the
below schemes: o oo . :

A, Thone with sucbesa!ul cxpaerience using - lime
treatment  shall . continue to adopt . lime* a9

treatment, f‘

b. :Thome with suceeszful experience using caustice ‘soda’

8hall continue to adopi caustic zoda as treatment. -

Pladts with cooling water That does _noft inherently

require caustic soda for pn .correction need not
imnlement lime treatment, . . .

Mlants  with cooling waterp Pipings ‘made of TRP or 'with

stainless steel lininrg need net wuse .any  cheniical
troatment ~unless such oxperiences: excesaive algal

growths.  In thia caze, bicdisper=zant and ‘microbiocide
‘85 an alternate bLioclide may e uased.

WATT l..TI-!liATJYIENT._CUHM.I CAL_SDICIXICATIONS

"Vher.
irea

reJulred  inp aceordance with Tten 1.0  above, - water

nert o chemicals Lo be procursed chall be as follows: ." .-

secle and' Corroasion “Irhibitor, . with aynergistie,

Sormulation cf zinc, molybdapo; organo rhosphate and
nmino compounds, vndhchromatc-based, liquid +Or ' 8o0lid
forn, completely ooluble in cooling water ‘with PH

ranging from 6.5 to 8.0, nenpreciplitating - at ‘high -

hyvdrogen sulfide levela.'nnvivonmentally safe baQOd . on
NFCZ and/or EPA atandarda and with target corrpsion

rate  .in- combination with other . watep treatment -

cheinicals (biodisperaant & mirrobioncide) and lime, ‘when.
required, of less than 15 mpy. T

' Blodiapersant, broad spoctrum biocide with QUﬁgféfnéry

amines (liquid_form) or aliphatie amine acetate (waxy
Tolld - form), with disprrsing -and filming Properties,

ffretive apainet .a wide roanve of bacteria, Tungi -and

savings .
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&leae, blended’. with surfactantas, non-foaming,
biodegradable. 'completély, mirmcible in cooling water
with pH.ranging from 6.5 to 8.0, énvironmentally safe
‘based on NPC and/or EPA atandards and  compatible in
combination with other wiatep treatment chemicals
(scale/corroaion inhibitor &« microbliocide) and lime,-
when roacuired.: ' s S

.3 o'l retionide,  wroad Aapestrim biocide for effective.
©21lrol of reslstant algae, funed  and alime, ' with.
Poivmethylene ddichloride . or * carbonate: éompounds.'o#
benzallionium chloridea, tributly tin oxide and anti-~
foam agents a3 active ingredients, liquid form,
biodegradable, -completely  moluble  in cooling water
with pH - ranging from 6.5 . to ,HJO.-.environmentally-
acceptable: bazed ‘on NI'CC &nd/or  EPA atandards ' and
compatihle in combhination. with other water ‘treatment
chemicals (scale/corrosion inhihitor.& . biodispersant)
and lime, when required. ' :

T

(&%}
<o

GUNE W7 Rego e ENT'S
In d3ivion to the above arneric srecificationa for watérfl
traa wrd cherdeonls. the reneral requirements below shall Ybe

b

TEEToArt ol the procuremnent. desumenta. ag arplicable:

requalificatior of Sugirlinea/Contrhctors

N A LAY Sauppriera/cortiractors whosn water .treatment
cherical  »polucts arae proven effective'.based‘ on
pProvious  lant exporiecnce shall be “considered
automatical 1y Precualified  to Participate in
bicdiings for chemical waterp treatment programs.

Prerious anppliers/son.ractors, whose | water
treatment chomjeal Produects failed and,/or were not
ouceeaslul based on Plant experience But Mreviously:
rassed  NI'C*s prequalification. requirements ' shall.
furnish to the NI'C the below submittals subject to
NI'C aceoptonce before being allowed teo Jarticipate
in- the YLidding for chemical water  treatment
prosrams: ‘ e R “

b.1 Comprehonsive writlen report on  theip atudy
and * analyses of the Tailure root causze of
their  previous water’ treatment | . programs’
applicd to NI'C geotherinal rlants. - - v
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Iny rovemhont s to be  undertaken  to- ..ensure
uczrsa and prechide recurrcnce of failure . of
their . water - treatment program  previously
arrlicd. to N?C aeccthermal Plants,.” | et

b,

h

after applying Item b.2. . e,

c. Hew suppllers/contrectora shall only be ‘allowed to
rarticipate in bidding for chemical water treatment
rrograms subject to the following: I
c.1l' Com»liance to NI'C accrcdibdtion .and " pre-

qualification requirements. . ' . :

.2 Satiafactory results of their laboratory scale

teating of their water treatment chemicals.

Note: Laboratbry scale teabing of prbsﬁectfve ‘bidder -
shall be closely convdinated with "the -of ‘the-.

concerned plant. ) ‘
g I P“ﬂqrnlifled,Supplinr/Uonhrnctor Submittaia

Pirequalified snppiidrs/cbntractors as weil As those
allowed to participate in biddings for water . treatment
Profgrams in accordance with Item .1 abowve shall'subnit
the following: ' ' b : .

a. Didders Peroaalgproviding o comprlete  description
of" thelir water treatment Frogram in accordance with
Itemn.3.3. - . : . '

b.* Cortification of Repgistration nnd'-Clearance'.frdm
Nztional I'¢llutlon Control Commission -(NPCC) .of
their chemical preducts. In caasc. ‘of -propriectary
chemicale, f{hey shoulc have the . corresponding
ervircnmental approval. frem the: country of origin,
e.1., EPA (Fnvironmental I'motecticn Ageney). - .

c. O:s8iminal (from manufacturer) litcraturea/bfochubedy'

bulletina specifying the important . physical and
chemicel " properties of Ltheir rroducts 'as. ‘well as

effcctive dosages.

d. Liat of active ingredienta  of :cach bf --tﬁcir

proposed water treatment chemicals together - with -

representative samples (in = 1-liter : plastic

.3 Results  of thgﬁr " labératory 'éqalgvftesting‘

their base components and corresrponding recommended-

L

\7}
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3.1

centalner)  forp mirposea - of © conformity -checking”
" agninat manufactureyr Jjtcrature/brbchure/bulletinsZ

apecified phynical/chemical -rroperties. - and

reference during receipt,iﬁspectidn.' vt o

Tn.addition to the above, the bidder shall require itg

rrincipal manufacturer to submit directly to'NPC on .op
before the bidding date, an authenticated certificate’

of exclusivity. for the  bidder to repreasent’ . the

ranufacturoer and/or distribute dta pﬁoduct,.in 'the
Fhilippines . c L. T

Water Treatmant Program'ProvosaJs

For rurpases of detormining the completencass ‘of . bidder

submittod- Swater  treatmens Pronram ° proposals, .- the

£2]lewing ahald be connidered, as apbiicable:u' -

a. FLidders zhall provide .an their offer the Quantity
ond  typos of ¢hemicals tn be  used under . their
Frorosals ag  wel) NS Lemized cast hnd"list-.pf
conzumables, equipment, rentals and services to be
supplied at . rlant.  =jite. 1f rre-treatment . is
necessary, the bidder shall alao provide . separate.
and itemized ‘cosl, fop 2uch for the duration . of
theip Proposal. . . SR

b. Treatment’ rrogram proposals  shall include .Pre=
" treatment (as.necessary) and maintenance treatment
a3 a package and chall sufficiently detail
recommendsd | achedulen and  dozapes considering
actual €ooling  cyaten desinn peculiarities.
operating dAata  aned control 'parnmeters to- ‘be
nadrtaine!. T o '
The  tre: tment Frogram  propomal ' shall "provide
térgets  n o terms of corrosion rate, L0lsal growsh
Aart omiercorganiam cenindl, (both nlgal-_ana fungi)
ecnsidoritrg the baseline data bétabliahed}"by the
Plant., - cooe : e ST
d.  Bidder . shall state 17 their -proposal whether . the
© chemival  to - he Fupplicd are  pre-mixed by, - their.
principal.'mnnufapturmr'or repacknd/foqmulated"or,
mixed . by the bidder itself. "In-all - there . cases,

the . bidder shall indicate the active zinsredientaar

Potential pollutants iénd. solvents gqea; if‘anxq.r-
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- e. Water treatnent rroposals shall alsoe deaeribe the

method of application (fecding aystem) for - each
chemical to be used under Lhe program and  include
arpropriate implementing procedures to he adopted.
to ensure control and effective bealization;.of'
rrofgram targets.. . T
Whon  required Lo b nzed with lime, bidder "water
Lrantmmt pregean rropasala shall * also conzider
thadr o compatibility  and suitabllity -with. the
Mlant. s lime treatment Program, St

“he  preposal  ahall Frovide  for installation of
corrosicn rack in accordance .with .the requirements .
-0f NACE TPC Publicazions No. 1. Corrosion racks to
be installed in connection with the 'water treatment
pProgram  shall have a rortion with K clear ,glaas/”_
plastic  to azcure that the zides of the coupon do".
not touch  the pipe during  installation .and -for
monitorine of corrosion couron condition.

. Water t.reatment Cproposalss . shall,-‘.consider,
hrovision?avai]nhiljty T for adequate Prersonnel ..
{rreferably | chemiceal enpineer)  having . , ~Tull
ackground and know]adneuble.on the water .treatment
0 be applied for the duration of the contract’ to:

h.l Maiirtain chemical inapection equipment
.2 Perferm chemical charging functions
h.3 Colicet water zamples for analvsis

h.4 Analyze/rescive waﬁer.tredtment.problgms

h.b TIerform related. fanctions in connection with
thelr water treatment *proarams ag  may 'b&
required by the rlant o .

;3.4 }yater Treatmeqt Progr§m Implementing.Guide]iqgsd. a

.a&. Frior ¢to implementing a wator treatment . program,-
the concerned plant shall established baseline data
for. each of theipr operating units. Iuring baseline
data pathering, the 2ooldng water of -the unit ‘under..
considerstion shall only be treated with caustic -
coda, or--where lime Lreatment “haa .been Proven.
eucceasful,” with' lime. Az a ‘minimum, opérating
rorameters/conditions to b maintained/monttored
durifng boseline data nathoring shull_bc-hs.follows:
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Froquency of Analysig/-
) Honitoring

“aramcter:./ Tind b
+ Cerditlon-
1. il at 25 -
2. WMkallnity

6.5-7.5

A Recorded

Every 2 hra,
 Every Shift

A, Eardneas 10 ppe(max. ) Daily -
4. (Mloride - A3 Recerded ~-do- *
9. Milfata 100 ppe(maz.) -do-
6. Total Iron 5 rmitmax.) - '-do-;
7. K25 . A3 Recorded ~do-
-8, Siliea -ilo- -do-. -
9. Total Solida “00 pratmas, ) Weekly
J0. Electrical ' - <L
" Conductivity 00 unho(may:. ) Every 2 hrs.. -
11. Temperature As Recorded : -do+. -
12. Flow Rate(racks) -8 fi. Zsee. - Every Shift

‘ . (5-7 gpm)
13. Kicrohiolosies] - . e
"Count : As recorded C Weekly .

Joampling Foints. shall be at discharge. (hot
and 2ald mjdes) of corrosion yacka, Period ‘of
baseline  data natharing should be 3n . daya, .
Asids © Crom 200l ing water., ph and " steam
auality of  ateam condensate shall alao be
rathornd., . ' — T

Noter:

gathering  shall also - inelude .

b. Daneliné.  data
reference. informatjon fich as frequency of cleaning
of  suction pit atraineras/hydrogen coolers/cooling
tow2r  distribution bazinz and . other © ‘system:

 conmonenta directly in-contact with treated ‘‘water, "
temseratura differentials  of heat exchangers, unit
Torced outage/dorahing due to relateod oprerational
cauvses, visibvle algal . arewth and extept, ete. .. L

. Mnzpecified watep treatment rarameters/limits. shal)
he  amreed uon by.tho.p]nnt and the supplier/
conLractor prier to the start of the treatment.’
These  fnelude amon- others corrogsion rates, algae
r'voath rates, base) ine cavatie soda conaumption -and -
IntoaviLy e taonath oL waodd maturiala'of'the,qooling
Lewss oo . : ' e, : S

ﬂhﬂll.be.ﬁ"et§ngatqdhmpnjoﬁ ‘to

EERCRYE ¥ THE v by

e gertesien noupons,
ins:allation In Lhe corrasion racks.. The coupons.
Fhalil be  jointly wealed . for asecurity purposes.
Also, prior to inata]lahion_of the coundons; - the. .

-

v
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cooling Twater 20 pate thru the corrosion racks
chall he adjusted between _3-5  ft/sce  (5-7 gom).
while the cooling water pil shall - be maintained
within €.5 o 7.5, ‘ S . .

ie. -Availability of necessary water troatment pProgram’
resources’  (chemicals, equipment, reracnnel,. etc.)

and compliance to .schedules, dosages: and £frequency

of dosing, sampling and analyais shall be " observed -
at all times for the duration' of the. treatment

. program.  Alzo, suppliod feeding and monitoring
instruments shall be adoquate and calibrated. ..

. Merovioienicnl count  (bacterial & fungal count)
vaing ‘dipslides -and alpae rrowth monitoring by .
Vicual o ipapection ard rhotographing ahall be . done'.

crepularle and compe ped arainst bLaseline . data/.
refavemes informationg, . oo,
£. Wooden ;tructures, levvers, end walls 'and'_obher

' rorts  of the coaling towap vhich do .. not. receive -

sufficient Lioclde . .restment shall be ‘periodically

c¢..eaned. . e

h., Ty case of Plant,/unit interruption,. .corrosion.
coupena  shall be asoured in submerged . state ‘thru
izmolation - of corresrending -valves. . ~Installed'
coupons are considerced  wvalid - subject to. ‘"the
folliowing Qonditions:‘ ’ - .

h,1 . Cumnulative Miankunit interruption during the
treatment period doesn net exceed | three (3)
dzys or seveniy- twa (722) hours. 1In sueh case, ,
the interruptien could be considered part: of -
.the ' wateyr treatment | program period. -
Commnlalive interruptions baeyond such period:
ahall  require the waler treatment Program to'
bo rectarted adew. : . L

.
.

h.2  Coupons that have been exposed to a minimum of

: twenty-Live (25) continusun rlant/unit

operating davis  including - any . allowable

, interruption cited -in Item i can"a;ready ‘be -
S ‘retriéved.for corrosion rate Jdetermination. .

‘prezcleaningm“qtagg- of

. the water treatment program ahall not be limited. to

dosing into. the system. Applicable methoda such as

spraying  when" deemod’ necessary’ must also  be
utilized. = - i o T

‘1. Biocide :agpplication duping'
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’Ij; Minor_ _ changen dn 1nh1bitor/diqursant/bldcidéj
. treatment (frequency nnd,qudntity/amount),.may'{be'
allowed during .the implementation .atage of the
water - treatment: program. Such changes . ‘shall. be -
requestad in writine. by the supb14er/contractorafon
-evaluation and approval by the plant rrior ‘to
Implemeritation. L . oL

Xk." Except for minor chanrea allowed and approved * by

plant. recommanded_ﬂmsnﬂeﬁyutg '(ppc-t%entmgnt and

‘nalntenance) of  the waterp treatment ' proarams a8 .

provided  for in the orisinal Irropozals/brochuresn

-shall beoatrletly followed at all timen, o

. .

LA

Lviduation of VWater Trantment, Prosgrams

The enoling watopr treatment, prosram shall be decmed a

failure  or’ dneffective jf any o ef the  fallowing

conditicns or combinations thercofl exinot: :

&. Corrozion rate based on Leost coupons exposed for at

' Jeagt  twonty-five (20) days continuous oreration

- vroxiheter baseline data or execeds 15 'mpy. withu
accompanying pitting ccrybaion. : : .

. “Total .mierobiolomical ecunt (bacteria, fungi and
Alpae) reveatedly caneoadns JOD,DOD'orgnnjsmrper nl
nf . cooline water curinge any phase  of the, water
Lreatmers program’ impdementa tion. For this
ivrpose,  micreldolerdcal  count before . and  after
npplicatl ‘en of bBioaide =hall be condusted to verify
roductic in mierabiologsical arovth and improvement:
by the Giceide treatmont. ; :

c. Any chemieal under the water - treatment. program

: expires during fmploementation phagze, o,

d. - The chemical’s efflucnt resulta, to visible death ‘of
marine. " life at the discharse of treated water, an
indication that such contain toxic: chemicals . or
heavy metal in excess of NPCC limitgs, ' Y

‘€. The water trecatment rragram reaults. to " Pprolpnged.

: “ (more than one weelk) uncontrollable heavy ‘growth.of

filamentoua  alpow innpite continuous .use of-.
biocide. For purposes of comparlson, the scrape and
w2igh method shall bLe used in cvaluating the, degree
¢f -micrcvbinlogicnl growth on  wooden astructure.-
[lco, tle treatment Program results’ to . excessive
c¢ccumaladion aof micrabicnlogical organic-'subsqancca
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cuch  as dust, si1lt, scale Lragaents, corrogsion by
rroducts and-othep debri at the cooling tower basin
cauzing  uneven distribution of conling water flow
md  elopping  of meLiering orifices, ‘Pletures. of
rlant Fosiliapies $hall be taken before and after
Freatm nt periods Lo provide additional information -
Inmirpaet Lo viseal Inapeect.jon and cvaluation of
the watps troatmant Proaram,” . ' .

L. The application or th-trmntment.proqrnm results to.

rlant orerational/maintenance constraints - that
eonnequently  affocts” unit/plant reliabllity” -as
follows: - . K R

f.1 Heat transfer and fouling'probJems on heat °
exchanpgers either short-term (4-& hours after .

chemical aMlication) op long-term ‘' (several .

days  or weeks). Fouling tondencies shall ‘te
cvaluated by tcmporature.chanﬁe .or.."pressure
drop  acress zueh heat exchangers. . :

F.00 Ziainer clonping.,

'3 Lo ConconEor vae qun.

1.4 Ol tovwer sitracture detmriorationg.

R chemical  freatment aprlication ‘results  to
cnecesnsive foaming a the cooling ‘tower - and
aendoense p affretine  unit operation or:. causing

TRIUrrert  unit  protective device . falae “alarm- -
nnnuncjrtion/indicution or causing the unit -to -,

trip. : .

The "water treatm-nt rogram results in " éxcessive

caustic acda contunption above 0% of establisheﬁf,

bane line data,

"he | contract duration faor wvater  treatment Programs -

“Mall be Lhree” (U) montha oxcluding plant outages.
<

thd contract. -

I'elivery of water treatmont chemjbala'to the concerned
Flant  3hall be done on a monthly . basis at * quantities'.

corresponding - to ' - the cutimated ‘one -. (1) - month

consumption. Additinnnl)y. a stock good  for another
one (1) month conzumiLion shall be-maintained .at. -any.

Larcing ‘date ahall be two (2) wbeks after aigning. of

Ty

i
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tine ‘and :"y,fur delivery to the plant to 'ﬁreqlﬁde?
treatment interrupticn:. The contractor‘shall, closely "

encdinnte with the Plant with regarda to the quantity.

to | be  dclivered. taring  into aceéount fortheoming

uchndulcd,'plan@ outages as well as other. relevant'

0 R . « .

S aynont . éhall be done on monthly basis in° the faﬁouht

correaponding to ‘the actual .quantity: of "chemicals
consumed op delivered, whichever ia .leager: provided

Lthat the treatfent- proasram is ‘conzidered successful.
In case that the program laa been declared a failure.or
- conaidered ineffective based on Item 3.5 ' alLove, only
- 50% of the actual coat of chemicals uzed shall be paid.

The contradtob/ﬁuppller'shall exerclise .due ‘diiféenge
during the Implementedion of their watar 'tregtment
#roprams. . It shall | also be responzible ‘for - the'

rlfertive lrplementation of theip rrogram . within the

*)

muntls of NPC requirementz and Protocols.

“rerational upsets caused by NI which ‘result .to:
witltional  inerease in ¢homical conaumption shall - be
tharaed to NPC. On the oter hand, operatiohal , upsets:

due. to the contractor shall be for their account.

STV

PI'C has the option to terminate or gyescind its contract
with  the supplier/contiactor if it deems . :the
furtherance of the Lroatmoent prporam ia daetrimental and.

disadvantageous to its own interecats as'dctermined-from‘5
. Ttem 3.5. : . o P

annnn:tibn. with the above. all previously d.Esued )

“directires that are “rzonnistent with this memorandum are deemed
suporee jed. ‘ : - o .o

Pl aze be puided Aareardinaly .

ce~-President
Operations .

: '/ o e

. N . . .o
cc': 9. M. Cruz, QAD-Optne. -
P. J. Benavid&z;.R & DD



APPENDIX E

Definitions of Outage Categories from the .
North American Electrical Rellability Councll’s (NERC)
Generating Availablility Data System (GADS) Data

Evaluation of Powsr Piant Operations
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Unit States

“’.’lﬂg.

Allowable Event Type Changes

Appendix A

FROM YOl e |uz2 | us | sr [ mo | Po | su | ms
U1 - Immediate YES NO NO | YES | YES | YES | NO | YES
U2 - Delayed YES | NO | NO | YES | YES | YES | NO | YES
U3 - Postponed YES | NO | NO | YES | YES | YES | NO | ES

SF - Startup Failure

YES | NO NO | YES | YES | YES | NO | YES

MO - Maintenance

YES | NO | NO | YES | YES | YES | YES | YES

PO - Planned

YES | NO [ NO | YES | NO | YES | YES | YES

SE - Extension

YES | NO | NO | YES | NO | NO [ YES | YES

RS - Reserve Shutdown

YES | NO | NO | YES | YES' | YES | NO | YES

D1 - immediate

02 - Delayed

D3 - Postponed

D4 - Maintenance

PD - Planned

DE - Extension

IEEE Standard 762 does not recognize transition to/of
deratings from/to other event types except as shown.

NO
NO
NO
YES
YES
YEO

Possible transitions between event types (available or unavailable unit states) are shown
The left-hand column lists the possible event types before a
transition and the top row lists the event types to which a unit may change. A “yes" or
"no" defines the ability to make a transition. All of the event types listed above, with the
exception of Scheduled Outage Extensions (SE), can be initiated from the in-service state;
therefore, the In-service category is not shown on the matrix. An acceptable transition
would be from a RS to a MO event type, but not from a RS to a U2. The RS to U2
transition is not permissible since a U2 can only be initiated when a unit is in service and
operating at some power level.

in the matrix above.



Definitions

Operation and Outage States

Actual Unit Starts
Number of times the unit was actually synchro-
nized.

Age
The number of years the unit(s) has been in
~ commercial service.

Attempted Unit Starts

Number of attempts to synchronize the unit after
being shut down. Repeated failures to start for the
same cause, without attempting corrective action,
.are considered a single attempt.

Available .

State in which a unit is capable of providing
service, whether or not it is actually in service,
regardiess of the capacity level that can be
provided.

Forced Derating (D1, D2, D3)

An unplanned component failure (immediate,
delayed, postponed) or other condition that
requires the load on the unit be reduced immedi-
ately or before the next weekend.

Forced Outage (U1, U2, U3, SF)

An unplanned component failure (immediate,
delayed, postponed, startup failure) or other
condition that requires the unit be removed from
service immediately or before the next weekend.

Maintenance Derating (D4)

The removal of a component for scheduled repairs
that can be deferred beyond the end of the next
weekend, .but requires a reduction of capacity
before the next planned outage. .

Maintenance Outage (MO)

The removal of a unit from service to perform
work on specific components that can be deferred
beyond the end of the next weekend, but requires
the unit be removed from service before the next
planned outage. Typically, MOs may occur any
time during the year, have flexible start dates, and
may or may not have predetermined durations.

Appendix B

Maintenance Outage Extension

(SE of MO)
The extension of 8 Maintenance Outage (MO).

Planned Derating (PD)

The removal of a component for repairs that is
scheduled well in advance and has & predetermined
duration.

Planned Outage (PO)

The removal of a unit from service to perform
work on specific components that is scheduled well
in advance and has a predetermined duration (e.g.,
annual overhaul, inspections, testing).’

Planned OQutage Extension

(SE of PO)
The extension of a Planned Outage (PO).

Reserve Shutdown (RS)
A state in which a unit is available but not in
service for economic reasons.

Scheduled Deratings (D4, PD)
A combination of maintenance and planned
deratings.

Scheduled Derating Extension (DE)
The extension of a maintenance or planned
derating.

Scheduled Outages (MO. PO)

A combination of maintenance and planned outages.

Scheduled Outage Extension (SE)
The extension of a maintenance or planned
outage,

Unavailable

State in which a unit is not capable of operation
because of the failure of a component, external
restriction, testing, work being performed, or some
adverse condition.

135 \\)\()
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Definitions

Time

Available Hours (AH)

Sum of all Service Hours (SH), Reserve Shutdown
Hours (RSH), Pumping Hours, and Synchronous
Condensing Hours, or; '

Period Hours (PH) less Planned Outage Hours
(POH), Forced Outage Hours (FOH), and Mainte-
nance Outage Hours (MOH).

Equivalent Forced Derated Hours
(EFDH)*

The product of the Forced Derated Hours (FDH)
and the Size of Reduction, divided by the Net
Maximum Capacity (NMC).

Equivalent Forced Derated Hours -
During Reserve Shutdowns
(EFDHRS)*

The product of the Forced Derated Hours (FDH)
(during Reserve Shutdowns (RS) only) and the Size
of Reduction, divided by the Net Maximum
Capacity (NMC). '

Equivalent Planned Derated Hours
(EPDH)*

The product of the Planned Derated Hours (PDH)
and the Size of Reduction, divided by the Net
Maximum Capacity (NMC).

Equivalent Scheduled Derated Hours
(ESDH)*

The product of the Scheduled Derated Hours (SDH)
and the Size of Reduction, divided by the Net
Maximum Capacity (NMC).

Equivalent Seasonal Derated Hours
(ESEDH)*

Net Maximum Capacity (NMC) less the Net
Dependable Capacity (NDC), multiplied by the
Available Hours (AH) and divided by the Net
Maximum Capacity (NMC).

Appendix B (cont)

Equivalent Unplanned Derated Hours
(EUDH)*

The product of the Unplanned Derated Hours
(UDH) and the Size of Reduction, divided by the
Net Maximum Capacity (NMC).

Forced Derated Hours (FDH)
Sum of all hours experienced during Forced
Deratings (D1, D2, D3).

Forced Outage Hours (FOH)
Sum of all hours experieaced during Forced
Outages (U1, U2, U3, SF). '

Maintenance Derated Hours (MDH)
Sum of all hours experienced during Maintenance
Deratings (D4) and Scheduled Derating Extensions
(DE) of any Maintenance Deratings (D4).

Maintenance Outage Hours (MOH)
Sum of all hours experienced during Maintenance
Outages (MO) and Maintenance Outage Extensions
(SE of MO).

Period Hours (PH)

Number of hours a unit was in the active state.

Planned Derated Hours (PDH)

Sum of all hours experienced during Planned
Deratings (PD) and Scheduled Derating Extensions
(DE) of any Planned Deratings (PD).

Planned Outage Hours (POH)

Sum of all hours experienced during Planned
Outages (PO) and Planned Qutage Extensions (SE
of PO).

Pumping Hours

The total number of hours a turbine/generator unit
was operated as a pump/motor set (for hydro and
pumped storage units only). :

* Equivalent hours are computed for each derating and then summed.
Size of Reduction is determined by subtracting the Net Available Capacity (NAC) from the Net Dependable
Capacity (NDC). In cases of multiple deratings, the Size of Reduction of each derating is the difference in
the Net Available Capacity of the unit prior to the initiation of the derating and the reported Net Available

Capacity as a result of the derating.



Definitions

Time (cont)

Reserve Shutdown Hours (REH)
Sum of all hours experienced during Reserve
Shutdowns (RS).

Some classes of units, such as gas turbines and jet
engines, are not required to report Reserve
Shutdown (RS) events. Reserve Shutdown Hours
(RSH) for these units may be computed by
subtracting the reported Service Hours (SH), Pump-
ing Hours, Synchronous Condensing Hours, and all
the outage hours from the Period Hours (PH).

Scheduled Derated Hours (SDH)

Sum of all hours experienced during Planned
Deratings (PD), Maintenance Deratings (D4) and
Scheduled Derating Extensions (DE) of any
Maintenance Deratings (D4) and Planned Deratings
(PD).

Scheduled Outage Extension Hours

(SOEH)

gum of all hours experienced during Scheduled
utage Extensions (SE) of any Maintenance

Outages (MO) and Planned Outages (PO).

Scheduled Outage Hours (SOH)

Sum of all hours experienced during Planned
Outages (PO), Maintenance Outages (MO), and
Scheduled Outage Extensions (SE) of any Mainte-
nance Outages (MO) and Planned Outages (PO).

Service Hours (SH)
Total number of hours a unit was electrically
connected to the system.

Synchronous Condensing Hours
Total number of hours a unit was operated in the
synchronous condensing mode.

Unavailable Hours (UH)

Sum of all Forced Outage Hours (FOH), Mainte-
nance Outage Hours (MOH), and Planned Outage
Hours (POH).

Unplanned Derated Hours (UDH)

Sum of all hours experienced during Forced
Deratings (D1, D2, D3), Maintenance Deratings
}D4), and Scheduled Derating Extensions (DE) of
any Maintenance Deratings (D4).

Appendix B (cont)

Unplanned Outage Hours (UOH)

Sum of all hours experienced during Forced
Outages (U1, U2, U3, SF), Maintenance Outages
(MO), and Scheduled Outage Extensions (SE) of
any Maintenance Outages (MO).

Capacity and Energy

Gross Actual Generation (MWh)
(GAG)

Actual number of electrical megawatthours gener-
ated by the unit during the period being considered.

Gross Available Capacity (GAC)
Greatest capacity at which a unit can operate with a
reduction imposed by a derating.

Gross Dependable Capacity (GDC)
GMC modified for seasonal limitations over a
specified period of time.

Gross Maximum Capacity (GMC)
Maximum capacity a unit can sustain over a
specified period of time when not restricted by
seasonal or other deratings.

Net Actual Generation (MWh) (NAG)

Actual number of electrical megawatthours gener-
ated by the unit during the period being considered
less any generation (MWh) utilized for that unit's
station service or auxiliaries.

Net Availability Capacity (NAC)
GAC less the unit capacity utilized for that unit’s
station service or auxiliaries.

Net Dependabie Capacity (NDC)
GDC less the unit capacity utilized for that unit's
station service or auxiliaries.

Net Maximum Capacity (NMC)

GMC less the unit capacity utilized for that unit’s
station service or auxiliaries.
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Equations Appendix C

Age Gross Capacity Factor (GCF)
[Years in commerical service/Number of units) (GAG/(PH x GMC)) x 100 (%)
Availability Factor (AF) Gross Output Factor (GOF)
{AH/PH] x 100 (%) {GAG/(SH x GMC)] x 100 (%)
Average Run Time (ART) Net Capacity Factor (NCF)
{SH/Actual Unit Starts) INAG/(PH x NMC)) x 100 (%)
Equivalent Availability Factor (EAF) Net Output Factor (NOF)
{(AH - (EUDH + EPDH + ESEDH))/PH) x 100 (%) INAG/(SH x NMC)) x 100 (%)
Equivalent Forced Outage Rate (EFOR) Scheduled Outage Factor (SOF)
[(FOH + EFDH)/(FOH + SH + EFDHRS)) x 100 (%) [SOH/PH)] x 100 (%)
Forced Outage Factor (FOF) Service Factor (SF)
_[FOH/PH] x 100 (%) [SH/PH] x 100 (%)
Forced Outage Rate (FOR) Starting Reliability (SR)
[FOH/(FOH + SH)) x 100 (%) [Actua! Unit Starts/

Attempted Unit Starts) x 100 (%)

Average Number of Occurrences Per Unit-Year

AVG NO
OCC PER =
UNIT-YR

Average MWh Per Unit-Year

AVG MWh
PER =
UNIT-YR

Average MWh Per Outage

AVG MWh , .
PER - 22 Hours for Each © \utage and/or Derating Type x NMC (MW)

OUTAGE Occurences

nd/or Deratin r
Unit-Years

rs for n rati M
Unit-Years.

Average Hours Per Unit-Year

AVG HRS
PER -

UNIT-YR Unit-Years

Average Equivalent Hours Per Unit-Year

Computed as shown in the equation for Average Hours Per Unit-Year above, except the deratings are
converted to equivalent full outage hours. Equivalent hours are computed for each derating event experienced
by each individual unit. These equivalent hours are then summarized and used in the numerator of the Average
Hours Per Unit-Year equation.



Equations | Appendix C (cont)

Computation Method
Each of the statistics presented is computed from summaries of the basic data terms required in each equation.

Each term is totaled and then divided by the number of unit-years in that data sample. This unit-year averaged
term is then used in computing the statistics shown. Examples of these computations are shown below:

FOH + EFDH x 100 (%)
FOH + SH + EFDHRS

EFOR =

Where: FOH = ¥ FOH, SH= ¥ SH,
L.'_L.N_.._ L.'._'IT_
N N
EFDH = p EFDH, EFDHRS = > EFDHRS,
i=1 i=1
N N
IFOF = [FOH/PH] x 100 (%)I
N N
Where: FOH = ¥ FOH, PH= ¥ PH,
i= 1 i=
N N
NCF = NAG x 100 (%)l - Net Energy Produced x 100 (%)
PH x NMC Maximum Potential Energy (MPE)
N N
Where: NAG = ¥  NAG, MPE= 3  (PHx NMC),
. i -y =1
N N

i = individual unit in any individua! year
k = individual derating occurrence
N = unit-years
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