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ABSTRACT

The study described in this Paper is an important part of a Tennessee Valley Authority (WA) system-
wide Boiler Assessment and Upgrade Program.' The purpose of this TVA program is to develop the most
practical and economical solutions for problems identified through a systematic process. The TVA
program is implemented by establishing Short, Intermediate, and Long Term Plans combined with a
Preventive Maintenance Plan.

TVA has established six (6) specific goals for the Assessment and Upgrade Program:
• Reduce forced outages
• Increase boiler efficiency
• Increase boiler steaming rate
• Evaluate future load cycling capabilities
• Improve operability & maintainability
• Evaluate compliance with the 1990 Clean Air Act Amendment

Utilizing the stated goals as the basis, a engineering study format was developed by both TVA and Riley
Stoker Corporation in the Fall and Winter of 1992/1993 for the Allen Steam Station, Units 1, 2 and 3.

The study format encompasses a structured, systematic approach to:
• Identify mechanical and operational problem areas (Problem Identification/Subproblem

List).
• Address possible solutions for the individual problem areas.

The study also evaluated state of the art designs and operating philosophies including European
experience based on the Riley/Deutsche Babcock alliance. The results from this study were utilized by
WA to develop the Short, Intermediate, and Long Term Plans, and development of the Preventive
Maintenance Program.
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BACKGROUND

The Allen Station Units 1, 2 and 3 are identical
Babcock and Wilcox boilers built in 1956 and
are located in Memphis, Tennessee. The boilers
were originally designed to operate at a
continuous main steam flow and pressure of 2,
000,000 lbs/hr and 2475 psig with superheat
and reheat steam temperatures of 1053/1053
°F. The units are naturally circulated and are
equipped with seven (7) cyclone combustion
burners designed to fire coal and natural gas.
The boiler arrangement has a split parallel
convection pass of primary superheat and
reheat surface. The units were originally
designed with gas recirculation for flue gas
tempering and reheat temperature control. The
cross section of the boilers is shown in Figure
1.

Currently the units have a relatively high
forced outage rate. In an effort to improve
reliability and availability the final steam
temperatures as well as unit capacity have
previously been derated. Due to high
maintenance and fan vibration problems, the
tempering flue gas recirculation system was
previously removed from service. The boilers
were recently converted to balanced draft
operation.

STUDY APPROACH

The engineering study utilized the following
structured, systematic approach:

First Establish the past boiler operating
problems, including both
performance and mechanical
reliability problems. This step is
referred to as the "Historical
Review".

Second Establish the current unit performance
and identify performance
deficiencies.

This step is referred to as "
Performance Evaluation
Testing".

Third Establish a Computer Heat Transfer
Model of the boiler to be used
to predict the unit performance
when evaluating alternatives to
meet the six goals of the
program.

Fourth Evaluate options to address
the program goals.

HISTORICAL REVIEW

A "Historical Review" of past boiler operating
problems was performed which included
summaries of both performance problems and
mechanical reliability problems. The Historical
Review was achieved by thoroughly
researching available plant records, TVA
central records, and interviewing plant
management personnel. The findings of the
Historical Review were separated into three
reports: Mechanical Problems, Tube Failures,
and Personnel Interviews.

Mechanical Problems
This report summarizes by component
approximately 200 occurrences consisting
mostly of mechanical problems. Included with
each occurrence is the "Problem Category", e.
g., pressure parts (P), cycling/performance (C),
structures and seals (S), other (0). The report
lists the following information.

- Subproblem Number
- Component I.D.
- Subproblem Description
- Boiler Number
- Year Of Occurrence
- Number of Occurrences
- Current Situation
- Reference Documents
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An example of this report is shown in Figure
2.

Tube Failures
This report is a chronological summary of 580
tube failures that occurred from 1968 through
1992. This study utilized the TVA company-
wide boiler tube failure report program (BTF)1.
The summary lists the following information.

- Year Of Occurrence -
Subproblem Number -
Component I.D.
- Subproblem Description -
 Failure Cause
- Boiler Number
- Reference Document

An example of this report summary is shown
in Figure 3 and the a copy of a BTF report is
shown in Figure 4.

Personnel Interviews

This report summarized each interview with
the plant management personnel. The purpose
of these interviews is to record the individual's
experiences, comments, and opinions
concerning problem areas. This information is
in-turn added to the evaluation of problem
areas. An example of this report is shown in
Figure 5.

All documents were organized, cataloged, and
stored for future reference.

PERFORMANCE TESTING

Extensive Performance Evaluation Testing was
performed to collect current operating and
performance data. The testing was performed
on Unit 2, which was fully instrumented during
a scheduled outage. Local calibrated test
instrumentation was installed to ensure data

accuracy and to verify the accuracy of the
control room instrumentation. Test conditions
were as follows:

Peak 106% Load @ normal
excess air
Peak 106% Load @ high excess air
Full 100% Load @ normal excess air
Full 100% Load @ high excess air
75% Load @ normal excess air 75%
Load @ high excess air
54% Load @ normal excess air
54% Load @ high excess air
47% Load @ normal excess air
45% Load @ high excess air
98% Load, #8 FW Htr. Out @ normal
excess air
Load Ramp Test, 50 - 100% Load @
1.5% per min.

The test results were compared to the original
design predictions and original commissioning
test data. Based on this analysis, performance
deficiencies/problems were identified. This
data was also used as the basis for additional
engineering evaluations which included tube
metal studies and analysis of auxiliary
equipment. A complete test report was
developed which summarized test results.

An example of the data summary sheets and
the testing report findings are shown in
Figures 6 and 7, respectively.

COMPUTER HEAT TRANSFER
MODELLING

Computer modelling is a powerful tool used to
predict unit performance when evaluating
alternatives to meet specified objectives.
Typical evaluation objectives encompass
improved boiler efficiency, improving steam
temperature control, firing alternative fuels,
increasing steam generation, new steam
conditions and performance changes with flue
gas recirculation.
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Background: computer heat transfer
modelling is a mathematical
representation of the heat transfer
process in the boiler. The model
evaluates the heat transfer process on a
theoretical basis and can be
calibrated with actual data. The
calibration includes actual surface
effectiveness factors which take into
account actual surface configurations
and gas flow stratification. The benefit
of utilizing actual data to calibrate the
model as compared to a strictly
theoretical model, is the increased
accuracy of the model predictions.

The TVA study utilized computer modelling,
calibrated with actual testing data, to predict
performance at the following operating
conditions:

when operating with SH/RH steam
temperatures at 1053/1053 °F.
when operating with tempering flue
gas recirculation.
when firing natural gas.
when adding new high efficiency air
heaters.
when increasing the boiler steaming
capacity to 115% of MCR

An example of the computer modelling
summaries is shown in Figure 8.

SUB-STUDIES

Based on the WA program goals and utilizing
the Historical Review, Performance Evaluation
Testing, and Computer Modelling, stand-alone
reports were written on the following:

Boiler Tube Metals Evaluation
The tube metals were evaluated based
on the ASME stress limitations (which
determined tube wall thickness),
oxidation temperature guidelines, and
historical analysis of tube failures.

The majority of past forced outages
were a result of tube failures. The tube
metal studies were based on the actual
field data and/or computer modelling
data. The following conditions were
considered: operating at 1053 °F
SH/RH final steam temperatures,
operating with the tempering FGR
system, operating at 115% of MCR,
and firing natural gas.

The results of the tube metal study were
used as a guide to establish temperature
monitoring locations, alarm setpoints,
and material upgrades.

Tempering Flue Gas Recirculation
Study (FGR)
Boiler performance was evaluated with
the tempering FGR system in operation.
The report also reviewed improved
methods and arrangements for the
reinstallation of the tempering FGR
system to eliminate mechanical
problems associated with the original
system.

The tempering FGR system was
removed from service in 1981 due to
high maintenance and fan vibration
problems. Based on the boiler
performance since 1981, the
deactivation of the tempering FGR
system was considered by TVA to have
been the cause for numerous unit
operational and reliability problems
which included:

• Increased fouling and slagging
• Sootbiower overheating
• Long and short term tube

overheating
Reduced steam temperature
control
Increased tube corrosion
Unbalanced flue gas flow to the
SH/RH passes

4



The majority of these problems were
attributed to the increase of the furnace
exit gas temperatures (FEGT) with the
tempering FGR system out of service.

The FGR study concluded that the
tempering FGR system should be
reactivated. This will reduce the FELT
by approximately 200 to 300 °F,
decrease fouling above the FGR
nozzles and tube bundles, reduce high
temperature corrosion of the
superheater, improve reheater steam
temperature control, and reduce
sootblower overheating. To reduce the
mechanical problems, upgrading the
fan design/ arrangement and adding a
dust collector upstream of the fans was
recommended.

An alternate FGR system arrangement
was investigated which utilized the ID
fans to supply the FGR through ducts
to the furnace. The advantages of this
arrangement are reduced power
requirements, lower FGR temperature,
and less equipment is required (
separate FGR and dust collectors are
not required). The disadvantage is that
the boiler efficiency would decrease by
approximately 1.5% due to the increase
in the stack temperature. Because of
this, this alternate arrangement was not
recommended.

Air Heater Evaluation
Alternative air heater designs were
reviewed and evaluated as a means of
reducing air heater leakage and
pluggage problems while also
improving the air heater's performance
and reliability.

The existing boilers equipped with
regenerative air heaters, have had a
history of pluggage problems, high

rates of air leakage, and low thermal
performance. Options evaluated
included:

1. Rebuilding the existing air
h e a t e r s  with d e s i g n
improvements.

2. New, upgraded Ljungstrom
airheater.

3. Tubular air heaters.
4. Plate type air heaters.
5. Heat Pipe air heaters.

The results indicated that the options 1,
2, and 4 are the most feasible both
economically and physically. TVA is
further investigating these options.

Boiler Circulation Study
The existing boiler circulation system
was reviewed utilizing actual operating
data from downcomer subcooling and
furnace heat flux profiles.

Circulation was analyzed at several
load conditions including:

• 100% load (baseline).
• Top feedwater heater out of

service at 100% load.
• Original peak of 106% load.
• New peak of 115% load with

all feedwater heaters in service.

The study concluded that circulation is
adequate at the evaluated boiler loads.
These units have adequate circulation
margin due the extensive use of rifled
tubing in the high heat flux zones and
because of the large unit height (
pumping head). Areas of concern
recommended for additional study are
drum internal performance with
possible carryunder at overload
conditions and the effects of overfiring
during load ramping.
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Cyclone Operation Review and
Refractory Inspection
The operation of the cyclones and
possible methods to improve cyclone
refractory performance were reviewed.

The existing cyclones have had a
history of mechanical problems
associated mainly with the refractory.
There have also been performance
problems caused by the control of air
and fuel to the cyclones.

The recommendations concerning the
cyclone refractory included:

• Develop improved installation,
monitoring, and inspection
procedures.

• Investigate the use of new
types of refractory (crystolon
silicon carbide).

• Develop water side curing
procedures.

The recommendations concerning the
cyclone operation included:

Improve the metering and
measurement of coal to each
cyclone.
Maintain the cyclone air
venturi and maintenance.
Investigate the installation of 02
probes directly above each
cyclone.
Investigate the cause of the
high flyash flows, which can
contribute to the fouling and
tube erosion problems.

Natural Gas Firing Performance TVA
is considering firing natural gas in the
future. The boiler performance when
firing natural gas was predicted and
the tube metals were evaluated. The
analysis was performed at 50%, 75%,
100% and 115% load conditions.

The results of the theoretical
performance and metals study indicate
that natural gas firing will not have a
detrimental effect on boiler
performance and the tube metals are
within the ASME stress/temperature
limits.
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SUMMARY

Pertaining to the six TVA Goals for Boiler Condition Assessments and Upgrades Programs and based
on the analysis from this study, a formal summary was established. Examples of the summary which
includes Findings, Conclusions, and Recommendations, are shown the following Figures.

- Figure 9, REDUCED FORCED OUTAGES
- Figure 10, INCREASE BOILER EFFICIENCY (INCLUDING UNIT HEAT RATE) -
Figure 11, INCREASE BOILER STEAMING CAPACITY
- Figure 12, EVALUATE FUTURE LOAD CYCLING CAPABILITIES -
Figure 13, IMPROVE OPERABILITY AND MAINTAINABILITY

CONCLUSION

The engineering study as reviewed in this paper demonstrates a structured, systematic approach for
the identification of mechanical and operational problems and the evaluation of possible solutions.
This approach, as demonstrated at TVA, can easily be applied to other units.

References

1. Chang, P.S., 1993, "TVA Boiler Assessments and Upgrades Program," Joint Power
Conference, Kansas City, Missouri.
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TVA
PERSONNEL INTERVIEWS

I. DANNY PLUMLEE - I&C SUPERVISOR - ALLEN PLANT

1. Boiler building is extremely hot due to a poor insulation job done in the
past. The cyclone furnaces were enclosed in a vestibule instead of being
insulated and lagged separately. Unit #1 is better due to balanced draft.
(Fran Dominioni has data showing boiler skin temperatures).

2. Casing leaks are still a problem. Unit No. 3 casing was replaced, but now
still leaks. May need to measure skin temperatures again.

3. Furnace H.V.T. probe data was taken by Diamond Power approximately
5 years ago to resolve sootblower overheating problem. This data is
available.

Economizer failures are increasing. Old field welds on screen tubes, etc.
are showing up.

5. New S.H. outlet headers, new PSH outlet headers, new RH outlet headers
are planned.

6. Tube leaks at tube stub welds at lower ring header feeding cyclone
furnace. (Phil Katz to investigate).

7. Upper & lower bifurcates eroding and cracking. They are being replaced.

8. Some waterwall failures. One above economizer. Isolated case?

9. G.R. fans taken out of service due to maintenance, vibration, gas leaks,
wheel erosion. Advantages when fans were in service were: less slagging,
better R.H. temperature control, less sootblower lance problems. If
maintenance problems on G.R. fans could be eliminated boiler
performance would improve.

10. Original steam temperatures were:

S.H. - 1050 1st derate S.H. - 1050 Present S.H. - 1025
R.H. - 1050 R.H. - 1025 R.H. -1000
Temperature derates due to cracks in RH outlet header ligament

11. Next weak link - Economizer, lower ring header.

Example: Personnel Interviews
Figure 5









REDUCE FORCED OUTAGES
Findings
The majority of forced outages were a result of tube failures. Tube failures leading to forced outages since 1968 on Units 1, 2, and 3
have been:

Superheater Tubes (164).
The principal causes of SH tube failure were by liquid-phase corrosion (52 failures, occurring during the time span of 1977 to
1986), and fyash erosion (19 failures, occurring during the time span of 1975 to 1966).
Cyclone Furnace Tube Failures (158).
The principal causes of cyclone tube failure were coal particle erosion (97 failures, occurring during the time span of 1968 to
1988), and short term overheating (36 failures, occurring during the time span of 1969 to 1981).
Waterwall Tube Failures (117).
The principal causes of WW tube failures were short term overheating (25 occurring during the time span of 1969 to 1972), and
floor tube slag erosion (22 occurring during the time span of 1970 to 1979).
Reheater Tube Failures (97)
The principal causes of RH tube failure were fiyash erasion (29 occurring during the time span of 1968 to 1988), and sootblower
erosion (19 occurring during the time span of 1972 to 1988).
Note: Although the failure rate has reduced since 1988, metallurgical analyses of non failed tubes and of failed tubes have

indicated erosion/corrosion (RH), thermal fatigue (RH), mechanical stress, high temperature creep, and liquid ash
corrosion.

Conclusions

Since 1988 the principal causes of tube failures have greatly decreased. This is attributable to: •
Change in coal source
• Increase in spacing of RH lower tube bank from 4W to 9°.
• Tube shielding.
• Upgrading of Secondary SH, 1st stage from Tl l to T22 material.
• Upgrading of secondary SH, 2nd stage tubing from T22 to stainless steel.
• Reducing SH/RH final steam temperatures to 1025/1000°F.
Removing the gas recirculation system from service in 1980 caused sootblower overheating problems, may have accelerated

liquid-phase corrosion attacks due to additional slag buildup, and increased furnace exit gas temperature. Recommendations

Reinstate the FGR system:
• Lower the furnace exit gas temperature to reduce slagging, fouling, and coal ash corrosion.
• Reduces tube bundle slag and fouling build-up which, in turn, reduces flue gas laning and erosion.
• Overall gas velocities will increase, but not exceed design velocities. Increased tube erosion is not expected.
• Improved sootblower performance due to lower operating temperature. This results in less fouling of the tube surfaces.

Improve cyclone furnace performance to reduce erosive flyash carryover entering the tube bundles.
• Crush coal to smaller size

Improve refractory in cyclone furnace barrel. Refer to Book 3, Section 9, 'Cyclone Refractory Industry.
Conduct testing to determine the amount of fyash flow to the precipitator. This data will aid in estimating the cause of
fyash erosion and be used as baseline data to evaluate improvements in the future.

Balance cyclone furnace firing rate and air/coal ratio, especially at lower loads, to reduce flue gas temperature stratifications and
laning.
• Monitor superheater and reheater outlet header tube temperatures in the control room, and use as a guide to balanced

leftto-right firing.
• Install 02 probes above each cyclone burner and use as a guide to balance air/coal.
• Change pneumatic controls to electronic controls for faster and more accurate control of burners.

Observe tube temperature limitations recommended by Riley.
• Inlet tubes to Primary Superheater Intermediate Header should be monitored in the control room, and set to alarm at 860°F.
• Before SH Spray thermowell temperatures should be monitored is the control room, and set to alarm at 990°F.

Inlet tubes to the Secondary Superheater Intermediate Header should be monitored in the control room, and set to alarm
at 975°F. All thermocouples should be repaired or replaced.
Final superheater tube temperatures should be monitored in the control room, and set to alarm at 1105°F.
Final reheater tube temperatures should be monitored in the control room, and set to alarm at 1135°F. If Riley's recom-

mendation in paragraph 1.3.5 is implemented, the alarm limit can be increased to 1165°F.

Extend the stainless steel tubing in the reheater from Station #10 to Station #4. Refer to Book 2, Section 5, Figure 49.

Evaluate tubing materials which are resist to ash corrosion.

REDUCE FORCED OUTAGES
EXAMPLE OF EXECUTIVE SUMMARY

FIGURE 9



INCREASE BOILER EFFICIENCY (INCLUDING BOILER HEAT RATE)

Findings

Boiler Efficiency

• The boiler efficiency at MCR, as tested by Riley Stoker on Unit No. 2 in August 1992, is 90.64%.

The boiler efficiency of 90.64% Is close to the 1960 B&W boiler acceptance test efficiency of 90.62%, but is 1.3% less than the
predicted efficiency by B&W design.

Boiler Heat Rate

Air Heater leakage increases FD fan power requirements.

Increased air heater draft loss increases FD fan power requirements.

Feedwater heaters are delivering water to the boiler at a temperature of approximately 17°F below design.

Excess air is higher than design.

Steam temperature control range is less than design. The design steam temperature control range is from 100% down to 60%
of MCR. The actual steam temperature control range is from 100% down to approximately 80% of MCA.

The ash loss of ignition (LOl) is 1.95% as compared to the original design of 1.05% LOI resulting in a boiler efficiency unburned
carbon loss of 0.1% higher than design.

Conclusions

Boiler efficiency was less than design because:
• Stack temperature is approximately 50°F higher than design.
• Excess air is approximately 4% higher than design.
• Unburned carbon loss is higher than design because of cyclone furnace performance.

Boiler heat rate items were less than design because:
• Poor air heater performance (increased draft loss & leakage).
• Poor feedwater heater performance (decreased FW temperature).
• The removal of the FOR system (causing lower steam temperature control range).
• Poor cyclone furnace performance (causing increased unburned carbon loss).

Recommendations

Repair or replace the air heaters to lower the stack temperature and reduce the draft losses.

Improve cyclone burner performance to reduce excess air operation and to improve the unburned carbon losses. Refer to
recommendations In 1.3.2.

Reinstate the FOR system to improve the steam temperature control range.

Investigate the cause for the low feedwater temperature entering the boiler.

INCREASE BOILER EFFICIENCY (INCLUDING BOILER HEAT RATE)
EXAMPLE OF EXECUTIVE SUMMARY

FIGURE 10



INCREASE BOILER STEAMING CAPACITY

Findings

The current estimated capacity of the No. 2 Unit (pressurized) is limited to 107% of MCR due the FD fan capacity.

The current SH spray nozzle capacity will limit the load increase to 112% of MCR with FOR and 1063/1053 °F SH/RH final steam
temperatures.

The current Primary SH, 1st stage metals will limit the load increase to 106% of MCR with FOR and 1053/1053 T. final steam
temperatures. Refer to Book 2, Report 5, Figure 6,7,10 and 11.

The current reheater exceeds the oxidation temperature guidelines by 25 °F at loads above 100% with FOR and 1053/1053 °F
SH/RH steam temperatures.

All other SH/RH/Econ (SRE) tube bundles are within acceptable limits for the ASME Code and oxidation temperatures up to and
including 115% boiler load.

Boiler water wall Circulation is adequate up to and including 115% boiler load.

Conclusions

The FD fan capacity is limited due to excessive air heater leakage and draft loss.

The spray capacity is limited by the superheater spray nozzle orifice setting.

The primary superheater, 1st stage tube metal (SA-210A1 material in the lower half of the bundle) is not adequate per the ASME
Code for boiler loads above 106% of MCR.

The August 1992 testing indicated that the reheater tube metal oxidation temperature guideline is exceeded due to a large tube-to-
tube temperature unbalance caused by a steam side flow unbalance.

Recommendations

Repair or replace the airheaters.

Increase the superheater spray capacity by:
• Increasing the nozzle orifice size.
• Throttling the FW control valve.

Decrease the superheater spray flow requirements by throttling the SH control dampers. Note: this is only an option if RH spray
flow is acceptable and RH gas pass erosion is no longer a problem.

Upgrade the primary SH, 1st stage SA-210A1 material in the lower half of the bundle. Refer to Book, Section 5, Figure 1.

Installing an intermediate header could be considered to improve reheater steam temperature distribution. However, before
doing this, or any other alteration, further RH outlet temperature testing and evaluation would be required on Units 1 and 3 to
confirm the tube temperature pattern.

Riley recommends investigating the capacity of equipment that was not reviewed in this report which include, but are not limited to,
the following: safety valve capacity, cyclone burner capacity, emissions, ash removal system, coal feed system, feedwater
pumping system, etc.

INCREASE BOILER STEAMING CAPACITY
EXAMPLE OF EXECUTIVE SUMMARY

FIGURE 11



EVALUATE FUTURE LOAD CYCUNG CAPABILITIES

Findinas
Testing was conducted in August 1902 at load cycling rates of 1.5% of MCR.

During the 1.5% cycling test, the final SH temperatures momentarily went as high as 1075 °F Note, these temperature excursions
occurred several times during the test. Refer to Book 1, Section 3, Figure 51.

The cycling rate was limited by:
• Firing rate and time required to place cyclone burners in service.
• Time necessary to place the auxiliary FD fan in service.
• Control of the steam temperatures.

Recommendations
Review possible methods to reduce the time required to start the a cyclone furnace and the auxiliary FD fan during load cycling.

Review control system modifications to improve the firing rate and steam temperature control during load cycling. Review

and establish the header temperature limitations.

Riley recommends that the boiler be limited to a cycling rate of 1.5% until the design cycling criteria has been defined.

EVALUATE FUTURE LOAD CYCLING CAPABILITIES
EXAMPLE OF EXECUTIVE SUMMARY

FIGURE 12



IMPROVE OPERABILITY AND MAINTAINABILITY

Finding and Conclusions

Operability

Steam temperature control range is less than design. The design steam temperature control range is from 100% down to 60% of
MCR. The actual steam temperature control range is from 100% down to approximately 80% of MCR.

The sootblowers require more frequency of blowing, more time of blowing, and do not survive long at higher flue gas
temperatures.

The air heater has pluggage problems and has increased leakage.

Unit 2 has pneumatic controls that limit the speed and accuracy of controlling and monitoring variables to maximize boiler
efficiency and minimize heat rate and emissions.
At low loads, tube-to-tube steam temperature maldistribution occurred

Control room flow indications need calibration

• The accuracy for measuring the cyclone airflow is not reliable
• Control room air flow indications do not agree with calculated air flow at lower loads
• Control room steam flow indications do not agree with the calculated flows at low loads

Maintainability

Cyclone burner refractory wear.

Excessive flue gas leakage from boiler casing at cyclone furnace elevation.

Recommendations

Reinstate the FOR system to increase the steam temperature control range.

Reinstate the FOR system to reduce the flue gas temperatures at the sootblowers.

Implement an air heater option to reduce air heater pluggage and leakage. Refer to Book 3, Section 7 Convert

the pneumatic controls to electronic controls for better control and monitoring of operating variables. At low load

operation the cyclone furnace firing arrangement and coal flows should be balanced.

• Calibrate control room indicators.
• The cyclone air flow venturis must be maintained, calibrated, and sensing lines purged on a scheduled basis.
• Calibrate the control room air flow venturis. Refer to Book 1, Section 3, page 29.
• Calibrate the control room steam flow indication. Refer Book 1, Section 3, page 30.

Investigate improved cyclone furnace refractory materials, installation, curing and operation. Refer to Book 3, Section 9.

Repair casing leaks at the cyclone furnace elevation.

IMPROVE OPERABILITY AND MAINTAINABILITY
EXAMPLE OF EXECUTIVE SUMMARY

FIGURE 13
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