Boiler Test Comparisons with PEPSE®
William C. Kettenacker
Central & South West Services
Gustavo A. Leal

Central Power & Light Company



BOILER TEST COMPARISONS WITH PEPSE

Introduction

In October 1987 Central Power and Light Company (CPL), an operating company of
the Central and South West Corporation, performed several boiler optimization
tests on their J. L. Bates Unit 2 boiler. These tests, conducted jointly by
CPL and Babcock & Wilcox (B&W) personnel, were undertaken to find ways to
reduce reheat attemperation spray flow. Two methods were found effective in
reducing or eliminating the need for reheat spray flow (Reference 1). One
method was burner arrangement. The other method was primary superheat (PSH)
damper biasing.

Burner arrangement significantly affects the reheat temperature at Bates
because of the split backpass in the boiler. One side of the backpass
contains the primary superheat tubes and the other the primary reheat tubes.
The burner arrangement affects the temperature profile in the boiler and hence
the temperature profile in the backpass. Reheat attemperation flow is
affected correspondingly.

The primary superheat backpass damper position controls the split of gas flow
over the primary superheat and primary reheat sides of the backpass. This
impacts the amount of required reheat attemperation by increasing or
decreasing the total gas flow (and thus heat transfer) over the primary reheat
tubes.

Concurrent with the boiler testing, a model of the Bates boiler and turbine
cycle was developed using the PEPSE computer program (Reference 2). This model
was developed to verify the test results and to serve as a tool with which to
make future performance predictions. The development of this PEPSE model was
a joint effort of CPL and Central and South West Services (CSWS).

Background Information

Bates Unit 2 is a steam turbine unit powered by a gas-fired boiler. The unit
was built in the late 1950's. It is located in Mission, Texas, in the south
Rio Grande Valley, several miles from the Mexican border.

Bates Unit 2 boiler is a Riley Stoker with radiant reheat designed for
pressured operation and outdoor installation. It has a design drum pressure
of 1750 psig and will produce 725,000 lbm/hr (continuous rating) of steam at
1575 psig and 1005 F/1005 F when supplied with feedwater at 450 F. The
furnace volume is 34,400 cubic feet. Figure 1 shows the vendor boiler
schematic of this unit.
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The turbine-generator is a Westinghouse tandem compound unit with a single
flow HP and IP turbine, and a double flow LP turbine. The unit is rated at
100 MW. Inlet steam conditions are 1000 F/1000 F with a throttle pressure of
1450 psig. The design throttle flow is 673,000 lbm/hr. Figure 2 shows the
vendor turbine cycle schematic.

The boiler was designed to operate without reheat spray flow. Reheat
temperature was to be controlled by varying the amount of gas passing over the
primary superheater surface and primary reheater surface, each equipped with a
set of gas flow control dampers. At low loads the reheat damper would be wide
open and the superheat damper would be in a partially closed position. As
load increased, the superheat damper would open, allowing more flow to pass
over the primary superheat section and reducing the amount of flow passing
over the primary reheat section. When the superheat damper reached a wide open
position, temperature was controlled by throttling the reheat damper.

This temperature control scheme was used for several years, but by 1965 it
became apparent that the reheat temperature was not being adequately
controlled. Above 60 MW, the reheat and superheat dampers were not able
to properly control the reheat temperature. To remedy the situation,

the reheat damper was fixed in the wide open position, the superheat
damper was allowed to throttle with load, and reheat attemperation spray
was added to control the reheat temperature above 60 MW.

Recently a test was performed by Babcock and Wilcox and Central Power and
Light personnel to maximize the performance of the Bates Unit 2 boiler. In an
effort to reduce or eliminate reheat spray flow, various burner patterns and
reheat damper positions were tested. Results showed that reheat spray flow
could be eliminated with proper burner patterns and primary superheat backpass
damper positions.

PEPSE Model Development

The PEPSE boiler model schematic appears in Figure 3, and the PEPSE turbine
cycle schematic is shown in Figure 4. This is a combined boiler/turbine cycle
model, not two stand-alone models. The apparent split is for drafting and
illustrative convenience and is not intended to suggest two separate models.
Interface components and streams connecting the boiler with the turbine cycle
are shown in the two figures.

Combustion air enters through a demand source component (300). The air
proceeds through the forced draft fan (305) and the air preheater (310) to the
boiler (320) where it mixes with natural gas from a source component (315).
Hot furnace exhaust gases exit the furnace and pass over the secondary
superheater (330) and secondary reheater (335) before splitting (through
splitter 350) into the two sides of the backpass. The superheat side of the
backpass has the flue gas flowing over the first primary superheat component
(390), a component representing the backpass waterwalls (395), and then over
the second primary superheater component (400). The gas then passes over two
stages of economizer (405 and 410) before mixing with flue gas from the other
side of the backpass (415). On the reheat side of the backpass, the flue gas
passes over the first primary reheat component (365), a component representing
the backpass water walls on the reheat side (370), and then over the second
primary reheater component (375). Then, after passing over two stages of
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economizer (380 and 385), the flue gas mixes with the superheat pass flue gas
in a mixer component (415). The combined flue gas passes through the air
preheater (310) and exits through the stack (425).

On the H20 side of the boiler, feedwater enters the boiler from a double-ended
sink component (240) and proceeds through four stages of the economizer (405,
380, 410, and 385). Exiting the economizer, the water enters the boiler
waterwalls (325) by mixing with the drum downcomer in a mixer component (455).
The water may go directly to the boiler waterwalls (325) or be diverted to the
backpass waterwalls (370 and 395) through a splitter component (460). Through
either path, the fluid eventually enters the drum (450). Steam exits the drum
and goes to the primary superheat components (400 and 390). It then mixes
with superheat attemperation flow, if present, from a component in the turbine
cycle (229) through a mixer component (355). Finally the steam is heated in
the secondary superheater (330) and enters the turbine cycle through a
double-ended source component (5).

Cold reheat steam enters the boiler from the turbine cycle at a mixer
component (435). This mixer combines the cold reheat with the reheat
attemperation flow, if present, from a turbine cycle feedwater train
component (228). The cold reheat (and reheat attemperation flow, if
present) is then heated in the primary reheater components (375 and 365)
and the secondary reheater component (335) before returning to the IP
turbine through the intercept valve component (85).

Main steam is introduced into the turbine cycle through a double-ended source
component (5). The steam then enters the high pressure (HP) turbine through
the throttle valve component (10). After passing through various valve stem
leakage splitters (15, 20, and 25), the steam enters the governing stage (30).
The steam then passes through a splitter (35) representing the N2 packing
leakage and enters the HP turbine stage component (40). After exiting the HP
turbine, the steam passes through several shaft splitters (45, 50, and 55) and
is mixed with various valve packing leakages through mixer components (60, 65,
and 70). A portion of the steam is then extracted for feedwater heating
through a splitter component (75). The resulting steam (cold reheat) is
returned to the boiler for heating. Upon returning from the boiler, the steam
passes through the intercept valve (85), is mixed with the N2 packing leakage
through a mixer component (105), and then passes through the intermediate
pressure (IP) turbine stages (110, 115, 120). Between the IP turbine exhaust
and the low pressure (LP) turbine inlet, packing steam is leaked through two
splitters (125 and 130). Sealing steam from the HP exhaust is introduced
through a splitter (135) prior to entering the parallel LP turbine stages
(145, 150, 165, and 170). The steam exits the LP turbine and enters the
condenser (175). After the condenser, the condensed steam (condensate)
travels through the feedwater heaters (200, 215, 220, 230, and 235) and back
to the boiler through a sink component (240).

All of the boiler components were modeled in the design mode. This mode,
although more complicated to set-up than the performance mode, provides
greater modeling flexibility. This flexibility was needed for this study
which centered on the boiler. In addition, a larger set of parametric studies
may be made using design boiler components. The turbine cycle components were
modeled in the performance mode. They were modeled this way because the
modeling flexibility of the design mode was not required for the turbine cycle
in this study.
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Appendix A contains the PEPSE input listing file for the Bates Unit 2 model.
Input data for constructing the model were obtained from information supplied
by the boiler and turbine manufacturer. For the boiler, data from drawings,
operations manuals, and the contract manual were helpful. For the turbine,
data from the vendor thermal kit, especially the heat balance diagrams, were
useful in constructing the model.
Originally the boiler and turbine cycle were modeled separately to make
debugging and checkout simpler. The turbine cycle model was verified by
comparing it to the turbine manufacturers guarantee heat balance. Key
parameters which were checked included:

(1) Turbine extraction and exhaust pressures,

(2) Turbine extraction and exhaust enthalpies,

(3) Extraction flows,

(4) Leakage flows, and

(5) Condensate/feedwater temperatures.
Boiler parameters which were used for model verification included:

(1) Main steam temperature,

(2) Hot reheat temperature,

(3) Air preheater flue side and air side inlet and outlet
temperatures,

(4) Furnace exit temperature,

(5) Stack temperature,

(6) Water wall outlet quality entering drum, and
(7) Drum outlet quality to superheaters.

The boiler model and turbine cycle model were combined after they were
independently checked. The combined model was then verified against the
same parameters.

Boiler modeling is more complicated and more time consuming than turbine
cycle modeling for several reasons. One reason is that the information
required for the boiler model is not as readily available as is the turbine
cycle information. Nearly all of the turbine cycle data can be taken from a
single heat balance diagram. The boiler information must be obtained from
several sources. In addition, the boiler is usually modeled in the design
mode whereas the turbine cycle is usually modeled in the performance mode.
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Design mode models are more complicated to set up and debug than performance
mode models. Finally, the counterflow nature of the boiler (i.e. flue gas
moving counter to the steam path) makes tuning and convergence more difficult.
These and other boiler modeling considerations have been reported in a paper
presented at the 1987 Performance Software User's Group Meeting (Reference 3).

Calculations and Results

A series of PEPSE cases were performed for loads ranging from 60 MW to 117 MW.
First a series of cases with reheat spray flow were performed. Reheat spray
flow values from the boiler test were used in these cases. In the PEPSE model,
the main steam flow was adjusted to achieve the desired load, followed by an
adjustment of the fuel and excess air flow to achieve superheat and reheat
temperatures around 1000 F. When the superheat and reheat temperatures were
within 10 degrees F to 15 degrees F of 1000 F, final adjustment was
accomplished using damper biasing. This was done by varying the flow split in
splitter component 350. For this method to work successfully, the superheat
temperature and reheat temperature had to be on opposite sides of 1000 F by
approximately the same amount.

A similar series of PEPSE cases were then performed, but without reheat spray
flow. Tuning of the model to achieve superheat and reheat temperatures of
1000 F was done in the same way as with reheat spray flow.

Figure 5 presents the savings calculated by PEPSE by eliminating reheat spray
flow and controlling superheat and reheat temperatures using backpass damper
biasing. This figure also shows the test results. Comparing the PEPSE
results with the test results shows that the PEPSE results are conservative.
However, the heat rate savings trends are the same. It should be noted that
PEPSE does not have a feature which allows different burner positions. If it
had this feature, the PEPSE results would probably match the test results more
closely.

Conclusions

A PEPSE model of a complete cycle can be very useful in verifying test data
and making future performance predictions. A model that is properly
constructed and checked will trend cycle response with a certain degree of
accuracy. This adds credibility that the model is able to reliably predict
future performance.

The results of this study were not unexpected. Reducing or eliminating reheat
spray flow will always reduce heat rate and improve efficiency. Although the
PEPSE results did not match the test results exactly, the conservative nature
of the PEPSE results provide confidence that any predictions that are made
with the program will not overpredict performance.
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FIGURE 1 - VENDOR BOILER SCHEMATIC, J. L. BATES UNIT 2
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APPENDIX A

J. L. Bates Unit 2 PEPSE Input Listing
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FILE: BATES2CD PEPSE A CENTRAL & SOUTH WEST -~ DALLAS, TX

704150 50
704250 30

704350 50 1

704450 50

704500 62 1.0

704550 50 1

104600 63 0.0 0.25

* PERFORMANCE TYPE PRESSURE DROPS

703356 .0l6 % REHEATER

703656 .016 * REHEATER

703756 .016 * REHEATER

703306 .016 * SUPERHEATER

703906 .016  * SUPERHEATER

704006 .016_ * SUPERHEATER

705806 .0027 * ECONOMIZER

703856 .0027 * ECONOMIZER

704056 .00.7 * ECONGMIZER

704106 .0027 * ECONOMIZER

*x QUICK FIX FOR DRUM

502530 451y Uy 450, 1

502820 445, Uy 451y I

704510 31 .20 1750. 5047800.% (7 X MAIN STEAM FLOW) — SHAF (GUESS)
7064510 31 .20 1550. 5C47600.* (7 X MAIN STEAM FLOW) - SHAF (GUESS)
* SOURCE/SINK ENVELOPE SPECIFICATION

700052 10 1

701742 0 1

702402 1 * OUTPUT COMPONENT

703002 0 2

703152 0 2

104512 10 2

* CALCULATE GAS DENSITY, HEATING VALUE, MASS FLOW RATE

**$870010 0.08071 * DENSITY GF AIR, LBM/FT3

*x%870020 0,60 *x SPECIFIC GRAVITY OF NATURAL GAS

*%¥%370030 993630, * NATURAL GAS FLOW RATE, FI3/HR

*¥¥370040 1040. * NATURAL GAS HEATING VALUE, BTU/FT3

432530010 UPVB: 1,MUL,OPVEs240P V8410 * GAS DENSITY, LBM/FT3
#5%33G020 OPVB14sDIV,0PVE,10,0PVBy 11 * GAS HEATING VALUE, BTU/LBM
*+%880030 OPV3js3sMUL,0PV3,10,WhVSE,315, * GAS FLOW RATE, LBM/HR

*
* CALCULATE BOILER EFFICIENCY

*

870110 22500. * DESIGN GAS HEATING VALUE, BTU/LBM
830040 WWVSCs315,MUL,0PVB,1140PVB,12, _ * HEAT IN FROM FUEL
880050 BBSTRM,218,AD0,835TRM,220,0PVE,13

880060 OPVBy13y5UB,BB8TRM,258,0PVB,13

630070 OPVB,13,5UB,855TRM,268,0PVB,13

880030 OPVEBs13,5UB,BBSTRM,266,CPVB13

880090 OPVBy13,5UB,BBSTRM,276,0PVE,13

830100 OPVBy13,DIV,0PVBy1090PVByl4, * BOILER EFFICIENCY
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FILE: BATESZ2CD PEPSE A CENTRAL & SOUTH WEST -~ DALLAS, TX

5 CALCULATE BACK PASS AIR SPLIT
280110 WWy2244DIVyWW,216,0PVB, 15
: CALCULATE CIRCULATION LOOP FLOW
* CONSTANT

®
-
(5]
[«
w
Q
-l
[ J
o

870060 6.0 * RECIRCULATION LOOP FLOW RATIO
830130 WWVSCy5sMULyOPVB 6 sWHFI XB 450 * CIRCULATION LOOP FLOW
880140 WHVSC15 MULsOPVBs5sWHVS CyaS1

880150 WWVSC,451,SUB,WH, 276, WHVSC, 451 * SPECIAL SOURCE FLOW
* CALCULATE IP BOWL FLOW FACTOR

870510 0.5 % CONSTANT

870520 46385. * IP BOWL FLOW FACTOR — DESIGN
880210 PPeS4yDIVeVV54,0PV3,53

880220 OPVE,53,TO,0PVE351,0PV3 ,53

830230 WwW,54,01v,0PV8,53,00V8, 53

* CALCULATE CYCLE HEAT RATE

87¢540 1C00. % CONSTANT

880240 BKGROS,0sMUL,OPVEy5%,0P V3,55

360250 OPVB,12,0IV,0PVBys55,0PVB,55, % GROSS PLANT HR
880260 BKGROS,d,sud,orvd,6d,0pPV3,56

860270 OPVB5bsMUL,OPVBy 54y OPVE, 56

850280 OPVS,12,DIV,0PVB,56,0PV5,56 * NET PLANT HR
* OUTPUT VARIABLES

890010 *BOILER EFFICIENCY!

390011 OPVB,14

890020 VMAIN STEAM TEMPERATURE - F°*

390021 TT,218

890030 OMAIN STEAM PRESSURE - PSIA®

890031 PP,218

390040 YHOT REHEAT TEMPERATURE ~ F

890041 TT,220

890050 *HIT REHEAT PRESSURE - PSIA®

890051 PP,220 ] i

890060 *FURNACE INLET AIR TEMPERATURE - F!

890061 TT,204

390070 YFURNACE EXIT TEMPERATURE - F°

390071 TT,212

890080 °*STACK TEMPERATURE ~ F?

896081 TT,248

893090 °*DRUM OUTLET QUALILTY!

890091 XX»254

890100 YBACK PASS AIR SPLIT, RH/TOTAL?

890101 O0OPV3,15

890110 SSUPERHEAT ATTEMP FLOW - LBM/HR®

890111 WW,276

890120 SREHEAT ATTEMP FLOW = LBM/HRY
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DALLAS, TIX

CENTRAL & SOUTH WEST

A

BATES2CD PEPSE

FILE:
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DALLAS, TX

CENTRAL & SOUTH WEST

A

BATES2CD PEPSE

FILE:

LBM/HR?®

ATION FLOW,

F?

ERATUREy
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