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ABSTRACT

The condensers on B. L. England Units 1&2 do not presently operate at
their original level of performance. This is due to both chemical treatment
for corrosion, which impedes heat transfer, and a change in material from the
original Aluminum-brass to 90-10 copper-nickel in the late 1960s due to
corrosion problems. The current condenser cleanliness factor is less than 60
percent for each unit.

The PEPSE heat balance program was used to model the performance of B. L.
England Unit 1 with the proposed titanium condenser design. It was found that
the new design would yield an improvement of approximately 0.7 percent in both
heat rate and generating capability over that of the current condenser.
Because Units 1&2 are similar in both design and heat rate, the results would

also apply to B. L. England Unit 2.



Introduction

The original condenser for B. L. England Units 1 and 2 used aluminum-brass
tubes, which were installed in the early 1960s. Due to their salt water
service, corrosion and erosion were problems and resulting tube failures were
common. In 1971, the original aluminum - brass tubes were replaced with 90-10
copper nickel tubes; these are 7 percent less effective than the original
aluminum-brass. Also, even the original design was marginal considering the
consistently high circulating water inlet temperatures the plant must tolerate
in the summer menths. These temperatures average 79°F, 19°F higher than
original condenser design from June to September. Summer inlet temperatures
even higher than 90°F have also been recorded for extended time periods. With
the change to 90-10 copper-nickel tubes, any existing margin was eliminated so
that the condenser cannot now meet the original performance expectations.

A current operating cleanliness factor of 60 percent has been determined
through testing and trend data., Currently, there is a reluctance to raise the
cleanliness factor by cleaning the condenser to achieve an expected operating
cleanliness factor of 85 percent. This is because stripping the tubes of any
coating created Ey chemical water treatment is undersireable although it doces
maintain the extra level of corrosion protection.

This PEPSE study investigated whether tube replacement can be justified by
the performance gains only. Previous studies concerning replacement due to
expected tube failure rates had indicated that replacement could not be cost
justified at a 1.5 million dollar expenditure per condenser. But based on
this PEPSE Performance Study, the expenditure for replacement can be

justified.
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PEPSE Modeling

The modeling was rather simple. An HEI condenser was modeled for the base
case, and this was used for the subsequent upgrade cases. In the model,
maximum continuous rating (MCR) steam flow to the turbine was used to evaluate
conditions when maximum load is required. The circulating water temperature
(for technical data and model see Appendix I1), tube material, surface areas,
and cleanliness were changed to come up with the upgraded condenser.

The unit was modeled to reflect the current tested heat rate and MW hour
output. This was done by reducing the benchmark turbine efficiencies by about
3.12 percent. Since good extraction test data was not available, using a
constant reduction produced a heat rate and MW hour output equivalent to the
most current test.

Performance Analysis

The following runs were modeled for the performance evaluation.

Clean- Circulating TUBE  TUBE Circulating Surface
Run liness Water Temps DIA MAT'l Water Pump Flow Area BWG
1 607 40-90°F by 5°F 7/8" 90-10 Lo-sp Hi- sp Original 18
on
o . 0 e or two pumps
2 90-100Z 80-90°F Two pumps, Hi-sp 18
3 607% 80~90°F " " " Lo-sp Hi-sp Original 18
Two pumps
4 907 80-90°F " 7/8" TI Lo-sp Hi-sp Original 27
Two pumps
5 907 80-90°F " " " Lo-sp Hi-sp Original 25
Two pumps
6 907 80-90°F " " " Lo-sp Hi-sp Original 20
Two pumps
7 907 40-90°F " 3/4" TI Lo-sp Hi-sp Upgraded 25
Two pumps By 27%
8 907% 40-60°F " " " Lo-sp Hi-sp Upgraded 25
One pumps By 27%

Titanium tubes were chosen for all upgrades because of inherent resistance

to both erosion and corrosion.
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The first run was to obtain a current 90-10 condenser benchmark for heat
rates and output to compare them to any upgrades. The second gave a set of
heat rates as a goal when changing the material to titanium. Since a
7 percent degradation in performance occurred from the change from
aluminimum-brass to 90-10, the cleanliness rate for the 90-10 would have to be
higher than 92 percent to be equivalent to the original condensers. The same
or improved performance over the original aluminum-brass design was desired;
therefore, the 90 percent, 95 percent and 100 percent cleanliness factors were
run to give targets for initial comparisons.

The most cost effective option would be replacement of the 90-10 with the
same size diameter titanium tubes. Therefore, PEPSE runs four through six,
with the 7/8"0D TI tubes, were completed using different tube gauges and a $0
percent cleanliness factor (standard for TI condensers). It was found that
improvement over the current 90-10 condenser at 60 percent cleanliness could
be achieved, but it would still be worse than a 90-10 condenser at 90 percent
cleanliness, even using the thin walled 27 BWG tubes for optimum heat transfer
rates. Also, it was found that changing from 25 BWG tubes to 27 BWG tubes,
resulted in only an insignificant the incremental decrease in heat rate.
Therefore, the more common 25 BWG tube gauge will be used for subsquent
upgrade cases.

The next option was to increase surface area by using to the next smaller
tube diameter of 3/4". To maintain a constant velocity through the tubes,
the cross sectional area available for water flow of the 3/4" diameter tubes
was made equivalent to that same area for the 7/8" diameter tubes. Doing this
should also yield similar condenser tubeside pressure drops between the

current and upgraded versions. The effect is to increase the condenser
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surface by 27 percent and the number of tubes by 40 percent. It was found
that with this upgrade, using 25 BWG tubes yielded a unit heat rate
performance better than the 90-10 at the 100 percent cleanliness factor.

The 27 percent increase in surface area yielded a 0.7 percent decrease in
annualized heat rate and a 0.7 percent increase in annualized maximum output
for Unit 1. Similar performance results are expected for Unit 2. The
estimated payback from the predicted improvements would be eight and five
years, respectively (See Report, Appendix I). These condensers are in the

budget for replacement within the next two years.
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APPENDIX 1



MEMORANDUM

February 12, 1990

TO: J.C. McCullough
FROM: L.M. Svensen

SUBJECT: Condenser Performance B.L. England Units 1&2

The condensers on B.L. England Units 1&2 are not operating at their
original level of performance. This is due to both chemical treatment for
corrosion, which impedes heat transfer, and a change in material from the
original Al-bronze to 90-10 copper-nickel in the late 60s. The current
condenser cleanliness factor is less than 60 % on both Units.

A study was completed in 1986 (the Delta T Study, report #86-39) which
proposed retubing the condensers with titanium tubes and tubesheets. Because
the heat transfer coefficient of titanium is less than that of 90-10 copper
nickel, a 27 percent increase in condenser surface area was also recommended.
Condenser cleanliness factors of 907 are predicted with this configuration.

The enclosed analysis has been completed to determine the effect of these
proposed condenser modifications on unit performance.

The PEPSE heat balance program was used to model the performance of B.L.
England Unit 1 with the proposed titanium condenser design. It was found that
the new design would yield an improvement of approximately 0.7 percent in both
heat rate and generating capability. Changes in circulating water temperature
Delta T are also indicated, and may be greater or less than current depending
on CW pumping mode. However, all should remain within current constraints.

Because Units 1&2 are similar in design the results would also apply to B.L.
England Unit 2.

The estimated cost of the condenser modifications is $1,500,000 for each
unit. PROMOD III was run to determine the fuel and interchange savings that
would result from the predicted performance improvements. The PROMOD study
shows that the payback period would be five years for retubing Unit 2 and
eight years for Unit 1. An additional savings of up to $80,000 per year is
possible if credit is taken for added installed capacity. If both condensers

are modified as proposed, the summer installed capacity of B.L. England
Station should increase by approximately 2 MW.

The tables and memorandum that follow summarize the results of this study.

) _/jj//7l::jﬁzﬁja
/ /C:\/cf//{ 4{/;//7/
. o ////é/ﬁ. Svensen
jnk ~ g




B.L. ENGLARD UNIT #1

CIRCULATIRG WATER TEMPERATURES WHEN OPTIMIZING
PERFORMANCE OF 90-10 COPPER RICKEL VS. TITARIUN.

90-10 COPPER RICKEL

PASSES 404 PUNPS FLO¥  CWO DELTA-T
SINGLE 40  2-10 SP 88000 54.3
SINGLE 45 2-LO SP 88000 59.4
SINGLE 50  2-LO SP 88000 64.4
SINGLE 55 2-L0 SP 88000 69.4
SINGLE . 60 2-LO SP 088000 74.4
SINGLE 65  2-HI SP 104000 77.2
SINGLE 70 2-HI SP 104000 82.3
SINGLE 75  2-HI SP 104000 87.3
SINGLE 80  2-HI SP 104000 92.4
SINGLE 85  2-HI SP 104000 97.5
SINGLE 90  2-BI SP 104000 102.5

TITANIUN

2-L0 SP

44000
52000
88000
88000
88000
88000
88000
88000

2-HI SP 104000
2-HI SP 104000
2-RI SP 104000

NOTE: THIS TABLE SHOWS THAT THE KEW DELTA 'S VITH THE TITANIUM CORDENSER WILL
BE VITHIN THE ALLOVABLE ENVIRONMENTAL LIMITS (IE. 16 SUMMER 35 VIKTER),

DURRING BOTH SUMMER ARD WINTER OPERATION.



B.L. ENGLAND UNIT 41

PERFORMANCE COMPARISION BETWEEN

90-10 COPPER NICKEL AND TITANIUN COMDERSER TUBES
WHEN VARYING CICULATING WATER FLOV 10 OPTINIZE
PERFORAMHCE.

NSHR:NET STATION HEAT RATE

CWO: CIRCULATING WATER OUTLET TEMPERATURE
C¥I: CIRCULATING VATER INLET TEMPERATURE
ABS:CONDERSER ABSOLUTE IN INCHES OF HG.

90-10 COPPER NICKEL TITARIUN DIFFERANCE
PASSES C¥I PUMPS  FLOW ABS KMV NSHR PUMPS  FLOW ABS NMW  NSHR ABS NHW  NSHR
SINGLE 40  2-LO SP 88000 1.33 132.33 9776 1-10 SP 44000 1.49 132,41 9771 0.2  0.085 -5.047
SIRGLE 45  2-LO SP 88000 1.40 132.36 9780 1-HI SP 52000 1.26 132.35 9775 -0.1  -0.006 -4.648
SINGLE 50 2-L0 SP 88000 1.50 132.20 9787 2-L0 SP 88000 1,00 132.30 9779 -0.5  0.104 -7.831
SIRGLE 55  2-L0 SP 88000 1.65 132.01 9801 2-10 SP 88000 1,13 132,32 9777 -0.5  0.320 -23.53
SINGLE 60  2-L0 SP 88000 1.82 131.70 9823 2-10 SP 88000 1.28 132.33 9776 -0.5  0.643 -47.08
SINGLE 65  2-HI SP 104000 1.83 131.30 9854 2-10 SP 88000 1.47 132,23 9784 -0.4 0,936 -69.70
SIRGLE 70  2-HI SP 104000 2.07 130.79 9892 2-L0 SP 88000 1.68 131.95 9805 -0.4 1,168 -86.97
SINGLE 75 2-HI SP 104000 2.36 129.98 9954 2-L0 SP 88000 1,93 131.47 9840 -0.4  1.488 -113.4
SINGLE 80  2-HI SP 104000 2.71 129.24 10038 2-HI SP 104000 2,06 130.80 9890 -0.7  1.565 -147.1
SIRGLE 85  2-HI SP 104000 3.11 127.48 10149 2-HI SP 104000 2.38 129,92 9958 -0.7  2.443 -191.1
SINGLE 90  2-HI SP 104000 3.57 125.87 10278 2-HI SP 104000 2.75 128.75 10048 -0.8  2.878 -229.6

ROTE: THIS TABLE SHOWS A COMPARISOR BETWEER BEST CASE OPERATIONS FOR A GIVEN
CIRCULATING WATER INLET TENPERATURE. IN OUR FIRARCIAL ARALYSIS WE HAVE TAKEN
CREDIT FOR BOTH AR INPROVEMENT IN EFFICIENCY AND AR INCREASE IN RET GERERATION.



B.L. ENGLAKD UNIT $1
CALCULATION OF PERCENT IMPROVENENT IN HEAT RATE WITH TITANIUM CONDERSER TUBES

FIVE YEAR MONTHLY GEN.
FIVE YEAR CIRCULATING DELTA H.R. AVG, MONTHLY I OF ANNUAL IMPROVENERT

NORTH AVG CWI  FLOW IN GPM INY GERERATION  GENERATIOR 1

1 43 44000 -0.04 74752 10.29 0.00
2 9 52000 -0.03 68529 9.44 0.00
3 49 88000 -0.07 58676 8.08 0.01
4 58 88000 -0.38 45593 6.28 0.02
5 65 88000 -0.70 49423 6.81 0.05
6 76 88000 -1.20 56955 7.84 0.09
7 81 104000 -1.38 73595 10.14 0.16
8 82 104000 -1.66 74644 10.28 0.17
9 m 88000 -1.26 54366 7.49 0.09
10 63 88000 -0.61 55401 7.63 0.05
11 56 88000 -0.29 53749 7.40 0.02
12 48 88000 -0.06 60433 8.32 0.00
S 726117 100.00 0.7

NOTE: THE IMPROVEMENT IN PERFORMANCE WITH TITANIUM CONDENSER TUBES VWILL
VARY DEPENDING ON THE COOLING WATER TEMPRATURE. THIS TABLE PREDICTS THE
NOKTHLY PERFORMANCE IMPROVEMERT BASED ON THE EXPECTED GENERATION AND AVERAGE
CIRCULATING WATER INLET TEMPERATURE FOR EACH MONTH.



B.L. ENGLAND UNIT ¢l

PERFORMBNCE COXPARISION BETVWEZER
99-10 COPPER RICKEL AND TITANIUM CORDENSER TUBES
¥ITH CONSTANT CIRCULATING WATER FLOV.

RSHR:NET STATION KEAT RATE
C¥I: CIRCULATING WATER INLET TEMPERATURE
ABS:CORDENSER ABSOLUTE 1N INCHES OF HG.

90-10 COPPER KICKEL TITANIUN DELTA

PASSES Nl PUYPS  FLOW  A3S. KW  RSHR PU®PS  FLOW kBS. K¥E  NSHR k35, WKW NSER

SINGLE 40 1-10 SP 44000 2.92 128.78 10046 1-10 5P 44000 1.49 132,41 4771 -1.423 3,63 -275
SINGLE 45 1-10 SP 44000 -2.54 128.72 10052 1-L0 P 44000 1.60 132.28 9780 -1.335 .86 -2t
SINGLE 50 1-10 P 44000  3.03 128.38 10078 1-L0 52 44000 1.74 132.65 9797 -1.288 .67 -281
SINGLE 55 1-L0 SP 44000  3.23 127.67 10133 1-L0 SP 44000 1.63 131.65 9824 -1.298 4.01  -308
SINGLE 60 1-10 SP 440090 2,16 131,15 9884

SIRGLE 40 i1-81 &P 52000 2.35 130,50 9914 1-RI §P 52000 1.26 132,35 9775 -1.090 1.85  -139
SINGLE 45 1-EI SP 52000 2.37 130.37 9924 1-H1 P 52000 1.36 132,33 9775 -1.011 1,96 -1

SINGLE 50  1-EI SP 52000 2.47 130.04 €948 i-EI 8P 52000 1.48 132.23 9784 -0.987 2,18 -164
SINGLE 55 1-RHI SP 52000 2.65 129.46 9993 1-HI SP 52000 1.65 132.01 9800 -0.999 2,55 -194
SINGLE 60 1-H1 SP 52000 1,85 131.65 9827

SINGLE 65 1-HI SP 52000 2,09 131.12 9867

SINGLE 40  2-LO SP 88000 1.33 132.32 9776 2-10 SP 88000 0.81 132.29 9780 -0.517  -0.04 4
SINGLE 45  2-LO SP 88000 1.40 132.36 9780 2-L0 SP 88000 0.90 132.33 9777 -0.504  -0.03 -2
SINGLE 50  2-L0 SP 88008 1.50 132.19 9787 2-L0 SP 88000 1.00 132.30 9779 -0.502 0.10 -8
SINGLE 55 2-L0 SP 88000 1.65 132.00 9801 2-10 SP 88000 1.13 132.32 9777 -0.515 0.32 -2
SINGLE 60  2-L0 SP 88000 1.82 131.69 9823 2-L0 SP 88000 1.28 132.33 9776 -0.539 0.6¢  -47
SIRGLE 65  2-L0 SP 88000 2.04 131.23 9838 2-L0 SP 88000 1.47 132.23 9784 -0.574 1.00 75
SINGLE 70 2-LO SP 88000 2.30 130.56 9909 2-L0 SP 88000 1.68 131.95 9805 -0.621 1.39 -105
SINGLE 75  2-10 SP 88000  2.62 129.54 9987 2-10 SP 68000 1,93 131.47 9640 -0.688 1,93 -147
SINGLE 80  2-LO SP 88000 3.00 128.27 10085 2-10 SP 88000 2.23 130.75 9895 -0.768 2.48  -190
SINGLE 85  2-10 SP 88000  3.45 126.69 10211 2-10 5P 88000 2.58 129.68 9976 -0.871 .00 -235
SIKGLE 90  2-LO0 SP 88000 3.95 125.01 10349 2-10 SP 68000 2.97 128.38 10077 -0.979 .37 22
SINGLE 40 2-F1 SP 104000 1.15 131.93 9805 2-31 SP 104000 0.73 131.93 5805 -0.427 0.00 0
SINGLE 45 2-HI SP 104000 1.23 131,94 9805 2-HI SP 104000 0.81 131.90 9809 -0.419  -0.05 4
SINGLE 50  2-EI SP 104000 1.33 131.94 9805 2-R1 SP 104000 0.61 131.94 9305 -0.419 0.00 -0
SINGLE 55  2-BI SP 104000 1.46 131.84 9813 2-KEI SP 104000 1.03 131.91 9808 -0.429 0.06 -5
SINGLE 60  2-HI SP 104000 1.63 131.64 ©827 2-41 SP 104000 1.17 131.94 9805 -0.454 0.30 -2
SINGLE 65  2-HI SP 104000 1.83 131.29 9854 2-BI SP 104000 1.34 131.93 9806 -0.484 0.64 -47
SINGLE 70 2-kI SP 104000 2.07 130.78 9892 2-H1 SP 104000 1.54 131,75 9819 -0.523 0.97 -N2
SINGLE 75 2-EI SP 104000 2.36 129.98 9954 2-HI SP 1064000 1.78 131.38 9847 -0.560 1.40  -107
SINGLE 80  2-EI SP 104000 2.71 129.23 10038 2-HI 5P 104000 2,06 130.80 9690 -0.651 1.5 -147
SINGLE 85  2-EI SP 104000 3.11 127.48 10149 2-R1 SP 104000 2.38 129.92 9958 -0.734 2.44  -191
SINGLE 90  2-HI SP 104000  3.57 125.87 10278 2-H1 SP 104000 2.75 128.75 10048 -0.828 2.88 -230



. INGLAXD URIT #1

TiR:G6R0SS TURBIKE HEAT RATE CWI: CIRCULATING WATER INLET TEWPERATURE
STATION HEAT RATE CWO: CIRCULATING WATER OUTLET TENPERATURE

EANLINESS FACTOR IN PERCERT COND ABS:CONDENSER ABSOLUTE IK INCHES OF HG.

53¢

“¥PRRING CURRENT PERFORNMANCE WITH TI CONDERSER. OPERATING
4Z USIT AT THE SAME GMY AS CURRERT PERFORMANCE INDICATES.

GTHR REDUCTION HEAT RATE
-cur TUOW RUMBER OF BWG  MAT'L  FLOK  CLY CWI  COND  GMW  CURRENT  AUX  N¥W  NSER PREDICTED DELTA 1IN DELTA IMPROVEMEN
P TUBES ABS CORDITIONS ¥¥ C¥0 TEXP. + R - F :
20,00 9182 18 90-10 88000 0.6 70 2.30 138.17 8240 7.610 130.56 9909 85 14.5
L0 9152 18 90-10 #8000 0.6 75 2.62 137.15 8301 7.610 129.54 9987 80 14.6
“i.0 9182 18 90-10 BE00% 0.6 80 3.00 135.68 8378 7.610 128.27 10085 95 147
130,00 Si82 18 90-10 ggeed G5 85 3.45 124.30 8476 7.€:0 126.69 10211 00 5.0
10,0 9152 18 90-10 88000 0.6 90 3.95 132.63 8584 7.610 125.02 10349 105 15.0
e 9152 19 60-10 104000 0.6 70 2.07 138.79 8203 8.000 130.79 9892 82 12.3
0.0 9152 18 90-10 104000 0.6 75 2.36 137.98 §251 B8.000 129.98 9934 87 12.3
(28,0 9152 18 90-10 104000 0.6 B0 2.71 137.24 8318 8.000 129.24 10038 92 124
100.0 9152 18 90-10 104000 0.6 85 3.11 135.48 8403 8.000 127.48 10149 97 12.5
100.0 9152 18 90-10 104000 0.6 90 3.57 133.87 8504 8.000 125.87 10278 103 12.5
98.8 13558 25 71 88000 0.9 70 1.66 138.18 8156 7.610 130.57 9808 84 14.3 0.3 1.03
28.3 13558 25 T 88000 0.9 75 1.91 137.15 8183 7.610 129.54 9846 89 14.3 0.4 1.43
97.8 13538 25 71 8BOGO 0.9 B0 2,20 135.B9 8227 7.610 128.28 9903 94 14.3 0.5 1.84
97.3 13558 25 T 88000 0.9 85 2.54 134.31 8290 7.610 126.70 9987 99 4.3 0.7 2.24
97.0 13558 25 71 88000 0.9 90 2.92 132.63 8372 7.610 125.02 10092 104 143 0.6 2.5¢
99.1 13558 25 71 104000 0.9 70 1.54 138.79 8144 8.000 130.79 9821 82 12.1 0.2 0.72
©8.7 13558 25 TL 104000 0.9 75 1.77 137.98 8166 8.000 129.98 9851 87 121 0.2 1.05
€8.6 13558 25 T1 104000 0.9 80 2.04 137.23 8201 8.000 129.23 9896 92 1.1 0.3 1.43
7.8 13558 ~25 11 104000 0.9 B85 2.3 135.49 8253 8.000 127.49 9967 97 12.1 0.4 1.82
¢7.4 13558 25 T le4000 0.9 90 2,71 133.87 8325 8.000 125.87 100€2 102 12.1 0.4 a1
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