Heat Rate KPI

A trend only heat rate KPI has been created for 2009 with the intent of having a pay heat rate
KPI in 2010. Table 2 shows the actual performance of the plant through April.

Table 2. Heat Rate KPI
Plant | 2009 Actual Threshold Target Stretch
Sioux 9715 9705 9624 9591

Action Items

e Performance Engineering to work with the plant to determine the accuracy of the cold
end metal temperature and the need of steam air preheaters during the summer.

e Performance Cngineering to provide heat rate reports weekly (or possibly daily) for
the plant.

¢ Performance Engineering will develop unit heat rate estimates based on coal HHV and
coal feed rate.

¢ Performance Engineering will develop and execute a plan to collect and analyze
turbine performance data.
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Unit 1

The following observations were made regarding Unit I operation and performance:

e The heat rate for Unit | is down 198 Btu/kwhr from May 2008
o Turbine heat rate was down 104 Btwkwhr
o Anincrease in boiler efficicncy resulted in an decrease of 42 Btu/kwhr

The steam coil air heaters running at half capacity provided enough heat for the cold end
metal tempcrature (CEMT) to operate around 222F for May 2009, with steam flows of around
50klb/hr. The table below shows the average temperatures and flow rates for all operational
loads (not just full load conditions).

L U1 GEN GROSS MW | Ambient Air | Cold End Metal Temp | Steam Flow | Air Temp Rise Due to Coil
MW F F kib/hr F
Dec-08 420.3 31.6 2113 86.3 67.7
Jan-09 4283 256 212.8 105.8 73.5
Feb-09 4241 36.4 233.8 111.4 87.3
Mar-09 391.9 46.9 238.3 107.0 89.1
Apr-09 3861 548 217.8 60.4 553
May-09 379.9 67.0 2229 50.7 48.0

Steam flow rates were lower for the prior year. The table below shows the average
temperatures and flow rates for the entire month (not just full load conditions). The steam air
heater was needed to maintain CEMT of 205F last year.

U1 GEN GROSS MW | Ambient Air | Cold End Metal Temp | Steam Flow | Air Temp Rise Due to Coll
MW F F kib/hr F
Apr-08 434.5 53.9 204.0 557 36.8
May-08 403.4 62.8 2054 46.5 33.9
Jun-08 419.9 76.8 208.1 26.7 23.4
Jul-08 4149 78.7 207.3 215 21.0
Aug-08 418.8 75.2 205.9 26.0 23.5
Sep-08 407.5 £69.5 2081 376 30.6

Page 5 of §



Summary of Performance Report for:

Plant
Unit
Period

Full Load Performance
Hours of Data (Gross load>450 MW)

GENERATOR MEGAWATTS
AUX POWER

Net Unit Heat Rate Actual (GPHI)
Boiler Efficiency Actual
CONTROL VALVE POSITION LVDT
FEEDWATER TEMP TO ECON
FEEDWATER TEMP TO HTR 1
HP Turbine Efficiency Actual

IP Turbine Efficiency Corrected
Condenser Pressure

AIRHTR-A GAS OUTLET TEMP
AIRHTR-B GAS OUTLET TEMP
AMBIENT AIR TEMP

River Temperature

FWH 1 Temperature Rise

Net Load

Average Exit Gas Temperature
Aux Power

Gross Unit Heat Rate

Gross Turbine Heat Rate
Feedwater Flow

Sioux
1
5/1/09 to 6/1/09
May-09
65
Averages
MW 458.1
MW 26.1
BTU/KW-
HR 9512.0
% 87.1
% 26.9
degF 468.1
degF 400.8
% 819
% 96.2
inHga 1.8
degF 312.6
degF 312.8
degF 78.0
degF 65.8
degF 67.4
MW 432.0
degF 312.7
% 5.7
BTU/KW-
HR 8970.3
BTU/KW-
HR 7814.0
KPPH 2894 .0
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Apr-09
139

May-08
235

Averages Averages

4646
26.6

9431.7
87.0
28.1

468.3
400.5
81.9
96.0
1.3
309.5
309.2
63.3
54.2
67.8
438.0
309.3
5.7

8890.9

7738.8
29220

4581
27.3

9709.7
86.7
29.2

468.8
402.2
82.0
93.2
2
2957
299.3
67.5
61.1
66.5
430.8
297.5
6.0

91301

7918.8



Unit 2
The following observations were made regarding Unit 2 operation and performance:

e The heat rate for Unit 2 is up 392 Btw/kWhr from the prior year.

o Increasc in total turbine heat rate resulted in a increase of 278 Btu/kWhr

o Condenser pressure 1s a major contributor to this, approximately 97 Btu/kWhr
increase in heat rate due to the incrcased backpressure.

© A portion of this increase can be attributed to higher Aux load, approximately
40 Btw/kWhr.

o The decrease in boiler efficiency resulted in a 22 Btu/kWhr increasc in heat
rate.

Performance Enginecring inspected feed water recirculation valves FIC 2-1418-V1, FIC 2-
1418-V2 using a temperature gun. There was concemn that leakage of these valves was
causing error in the feed water flow measurement. Valve inlet temperatures, valve outlet
temperatures, recirc DA inlet temperatures, recirc line inlet temperatures, air temperatures
around the valves were measurcd. Valve outlet temperatures were well below recire line
ternps and within 10F of ambient air tempcratures. No significant leakage was found.

The steam coil air heaters running at half capacity provided enough heat for the cold end
metal temperature (CEMT) to operate around 219F for May 2009, with steam flows of around
60klb/hr. The table below shows the average temperatures and flow rates for all operational
loads (not just full load conditions).

U2 GEN GROSS MW | Ambient Air | Cold End Metal Temp | Steam Flow | Air Temp Rise Due to Coil
MW F F kibfhr F
Dec-08 429.9 342 203.8 62.5 40.5
Jan-09 431.4 299 204.8 71.7 45.7
Feb-09 4239 40.0 2086.9 66.5 432
Mar-09 3939 49 4 210.6 66.9 46.2
Apr-09 3781 55.8 209.9 58.0 429
May-09 386.1 69.0 219.8 60.2 42.4

Steam flow rates were lower for the prior year. The table below shows the average
tempcratures and flow rates for the entire month (not just full load conditions). The steam air
heater was needed to maintain CEMT of 205F last year.

U2 GEN GROSS MW | Ambient Air | Cold End Metal Temp | Steam Flow | Air Temp Rise Due to Coil
MW F F kib/hr F
Apr-08 4408 55.1 205.4 53.3 346
May-08 406.3 649 207.7 37.8 251
Jun-08 419.5 78.4 219.8 32.8 20.5
Jut-08 4215 81.1 219.9 320 19.3
Aug-08 422.5 78.6 214.8 29.0 17.5
Sep-08 404.6 721 2125 376 259
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Summary of Performance Report for:

Plant
Unit
Period

Full Load Performance
Hours of Data {Gross load>450 MW)

GENERATOR MEGAWATTS
AUX POWER

Net Unit Heat Rate Actual (GPHI}
Boiler Efficiency Actual
CONTROL VALVE POSITION LVDT
FEEDWATER TEMP TO ECON
FEEDWATER TEMP TO HTR 1
HP Turbine Efficiency Actual

IP Turbine Efficiency Corrected
Condenser Pressure

AIRHTR-A GAS OUTLET TEMP
AIRHTR-B GAS CUTLET TEMP
AMBIENT AIR TEMP

River Temperature

FWH 1 Temperature Rise

Net Load

Average Exit Gas Temperature
Aux Power

Gross Unit Heat Rate

Gross Turbine Heat Rate

Sioux
2
5/1/09 1o

Mw

MW
BTUMW-
HR

%

%

degF
degF

Yo

%

inHga
degF
degF
degF
degF
degF
Mw/
degF

%
BTUMKW-
HR
BTU/KW-
HR
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6/1/09

May-09
175

Averages
459.5
26.7

10077.3
87.0
27.0

470.8
4051
82.3
92.3
2.3
314.7
344.7
74.4
727
65.7
432.8
329.7
58

9492.5

8258.4

Apr-09
96

May-08
260

Averages Averages

461.1
27.2

9974.4
86.7
26.5

469.9
404 .2
81.7
92.3
1.7
307.0
332.1
549
58.7
65.8
433.9
319.6
59

9386.5

8140.4

458.0
250

96856
87.2
265

467.2
400.6
82.1
925
1.8
303.1
306.6
66.3
60.4
66.7
433.0
304.9
55

9156.8

7980.5



May 9, 2009

To: Karl Blank

From: Scott Hixson

Cc: Bob Meiners, Keith Stuckmeyer, Harry Benhardt, John Romano, Pat Weir, Greg
Gilbertsen, David Azar, Mark Selvog, Steve Garner, Scott McCormack, Lisa Meyer, Ken
Stuckmeyer, Don Clayton, Joe Sind, Jim Barnett, Glenn Tiffin, Matt Wallace, Jeff Shelton

Subject: Sioux April 2009 Performance Report

Executive Summary

The most notable items regarding Sioux unit performance were:

* Total plant heat rate for 2009 has remained nearly constant.

e Feed water flow indicators are showing internal unit differences of 1.2% and 3.3% for
Unit | and Unit 2 respectively. Differences in feedwater flow are directly proportional
to heat rate. The larger percent difference on Unit 2 could be attributable to a leaking
main boiler feedpump recirculation valve.

e  Twop spikes in Unit | condenser pressure occurred.

Table I shows the known instrument deficiencies for both units.
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Table 1. Instrumentation Issues

Carryover
Tag Unit Issue Resolution | or New
SX1BFW-FWHTR7A-0001-PI | Unit Bad since the out Carrvover
(7A Extraction Pressure) 1 48 l0¢C the outage arryover
SX1BFW-FWHTR7A-0001-TI | Unit T T C y
(7A Extraction Temperalure) I Ang term 155U arryover
SX1BFW-FWHTR6A-0001-TI | Unit L Term iss L Camrvover
(6A Extraction Temperature) ] Gl term 155y anyo
SX1BFW-FWHTR4B-0001-PI | ., l
(4B Extraction Pressure) | Bad since mid-December Carryover
SX1BFW-FWHTR2-0001-P1 | Unit | Bad since the outage Carryover
(2 Extraction Pressure) | g IR to be arry
SX1AHS-AHNGASIN-0002-Pt | Unit : ) submitted !
(Air Heater Gas In Pressure) | Bad since the outage by G.J.G. Carryover
. 7B Extracti -
SX2BFW-FWHTR78-0001-PI | Unit | =" g.‘c on pff”reg B
(7B Extraction Pressure) 2 ot red migos(;gc us- 7 Ve
SX2BFW-FWHTR7ADRN- . - N
0001-TI Unic 7A Drain é(?mp Not Carryover
{7A Drain Temperature) 2 reading
SX2AHS-STMCOILAHADRNS- Unit
278-TI 5 Reads -4500F consistently Carryover
(Unit 2 Stm Coil Line Temp 5) o
SX2TRB-LPBACKPRESSNW- | (5o Reads lower than the other
0001-PI 5 3 LP backpressure New
{LP Back Press North West) indications

A monthly summary of each Unit’s heat rate for operation above 450 MW is shown in Fig. |.
Note that the rolling average for Unit | continues to decrease while the rolling average for
Unit 2 continues to climb. Unit 1 verse Unit 2 heat rates are showing some mirror qualities,
since Unit I's outage. As Unit | heat rate decreases Unit 2’s will increase by a similar
amount. It is also suspicious that Unit |'s heat rate has decrease as ambient/river
temperatures have risen.
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Sioux Plant - Net Unit Heat Rate (Only Includes Data Above 450MW Gross Load)
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Fig. | Individual Unit Heat Rates

Plant total heat rate has remained relatively constant since November 2008.

Sloux Plant - Net Plant Heat Rate (Only Includes Data Above 450MW Gross Load)
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Heat Rate KPI

A trend only heat rate KPI has been created for 2009 with the intent of having a pay heat rate
KPI in 2010. Table 2 shows the actual performance of the plant through April.

Table 2. Heat Rate KPI
Plant —l 2009 Actual Threshold | Target Stretch
Sioux | 9696 9705 | 9624 9591

Action Items

e Performance Engineering will check the EtaPro heat rate calculations to ensure they
are as accurate as possible. This will include a review of the available feedwater flow
indications on each unit. Also the mirror trending of Ul verse U2 heat rates, ie as Ul
increases U2 decrease, will be closely examined.

¢ Performance Engineering will inspect feed water recirculation valves FIC 2-14]8-V1,
FIC 2-1418-V2 to verify they are not leaking and affecting feed water flow rate
measurements.

¢ Performance Engineering will develop and execute a plan to collect and analyze
turbine performance data.
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Unit 1
The following observations were made reguarding Unit 1 operation and performance:

¢ The heat rate for Unit 1 1s generally down from the prior year. For example, Unit I’s
heat rate in April 2008 was almost 220 Btu/kWhr higher than in April 2009. This can
be partial attributed to shifting of aux. loads from Unit | to Unit 2. Performance
engineering will develop a method to conduct periodic turbine performance tests, for
evaluation of HP/IP efficiencies.

¢ The steam coil air heaters running at half capacity provided enough heat for the cold
end metal temperature {(CEMT) to operate around 220F for April 2009, with steam
flows of around 50klIb/hr.

e There was a pair of spikes in condenser pressure. The second spike was due to
clogged basket strainer on vacuum pump C, condenser pressure quickly dropped once
D pump was engaged. No change in vacuum pump operation or air in leakage was
seen near the time of the first spike.
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Summary of Performance Report for:

Plant
Unit
IPeriod

Full Load Performance

‘Hours of Data (Gross load>450 MW)

GENERATOR
AUXPOWER
‘Net Unit Heat Rate Actual (GPHI)
‘Boiler Efficiency Actual

MEGAWATTS

CONTROL YALVE POSITION LVDT

FEEDWATER TEMP TO ECON
FEEDWATER TEMP TO HTR 1
HP Turbine Efficiency Actual

iP Turbine Efficiency Corrected
Condenser Pressure
AIRHTR-A GAS  OUTLET TEMP
IAIRHTR-8 GAS  OUTLET TEMP
AMBIENT AIR TEMP

River Temperature

FWH 1 Temperature Rise

Met Load

Average Exit Gas Temperature
Aux Power

Gross Unit Heat Rate

Gross Turbine Heat Rate
Feedwater Flow

Sloux
1
4/1/09

VY

AWy
BTUAMY-HR
%

%

degF

degF

%

%

inHga

degF

degF

degF

degF

degF

MWW

degF

%
BTU/KW-HR
BTUWKW-HR
KPPH
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5/1/09
Apr-03 har-09
139 187
Averages
464 6 467 .5
266 269
94317 9461 8
87.0 87.3
281 28.5
468.3 463.5
4005 401.6
319 82.2
9.0 960
T23: 11
3095 316.9
309.2 320.0
633 456
5472 44.b
67.8 67.0
438.0 440.7
3093 318 4
57 57
8690.9 8918 3
7738.8 77858
29220 29411

Apr08
365

467 5
278
9654 .9
86.5
29.7
469 5
4029
62.4
9313
08
2967
302 2
fb.b
52.4
66.6
439.7
299.4
B0
9050.4
78548



Sioux Unit 1 - Condenser Actual Pressures

| o NW W NE . SW = SL

3.0

2.5 -

CND Pressure (in. Hg)
= - no
o 13 o

o
&)

0.0
3/28/09  4/2/09 H47/09  4M12/09 417/09  4/22/09  4/27/09  5/2/09 5/7/09

The second spike is a result of clogging of the I C strainer basket, see JRO7279. The pressure
dropped quickly once the |D pump was engaged.
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Unit 2

The following observations were made regarding Unit 2 operation and performance:

The heat rate for Unit 2 is generally up from the prior year. For example, Unit 2°s heat
rate in April 2009 was almost 360 Btu/kWhr higher than in April 2008. Performance
engineering has action to investigate further and determine the cause of the incrcasing
trend in heat rate on the unit. In comparing the parameters from the table below, one
can note some differences that would lead to a higher heat rate (Boiler efficiency is
down 0.7%, AH gas outlet temperature is up by 24F, and Aux. load is up 0.5%).
Performance engineering will investigate these changes and determine if there are any
actionable items. The investigation into this will also include the development of a
method to conduct periodic turbine performance tests.

The two plots below show the percent difference between the feed water flow
elements upstream and down stream of the MBFP. The work performed on Unit 1's
BFP system during its MBO, is also scheduled to be performed on Unit 2 during its
2010 outage. This work should reduce the percent difference from the current 3.3% to
near 1%. Performance engineering will work with plant engineering to identify the
cause of the 3.3% difference and determine which flow indication to use for heat rate

calculations.
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.Summary of Performance Report for:

Plant
Unit
‘Period

Eull Load Performance

Hours of Data (Gross load>450 MW)

GENERATOR
AUX POWER
Nel Unit Heat Rate Actual (GFHI)
Boiler Efficiency Actual

MEGAWATTS

CONTROL VALVE POSITION LvDT

FEEDWATER TEMP TO ECON
FEEDWATER TEMP TO HTR 1
HP Turbine Efficiency Actual

P Turbine Efficiency Corrected
Candenser Pressure

AIRHTR-A GAS OQUTLET TEMP
AIRHTR-B GAS OUTLET TEMP
AMBIENT AIR TEMP

River Terparature

FiH 1 Terperature Rise

Net Load

Average Exit Gas Temperature
Aux Power

Grass Unit Heat Rate

Gross Turbine Heat Rate

Sioux

2
41109 to

MWy
felvy

BTU/KW-HR

Y
%
degF
degF
%
Yo

|hHga

degF
degF
degF
degF
degF
MY
degF
%

BTU/KW-HR
BTU/W-HR
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5109

Apr-09
9B

' Averages

4611
272
9974 4
86.7
265
469.9
404 2
817
92.3
1.7
307.0
3321
549
587
B5 8
4339
3196
59
9386.5
5140.4

Mar-09

148

Apr-08
369

tAverages Averages

467 1
272
9920.3
6.7
27.0
470.1
4022
g2 4
92 3
15
307 4
316.3
447
27.9
67 B
439.9
3118
5.8
53432
B104 2

455 7
25.2
9G15.4
67 4
27.2
469 4
4037
2.9
325
0.7
296.7
2935
547
50.2
B5.6
441 5
295 1
5.4
9096.0
79495
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April 9, 2009

To: Karl Blank

From: Jeff Shelton

Cc: Bob Meiners, Keith Stuckmeyer, Harry Benhardt, John Romano, Pat Weir, Greg
Gilbertsen, David Azar, Mark Selvog, Steve Garner, Scott McCormack, Lisa Meyer, Ken
Stuckmeyer, Don Clayton, Joe Sind, Jim Barnett, Glenn Tiffin, Matt Wallace, Scott
Hixson

Subject: Sioux March 2009 Performance Report

Executive Summary

The most notable items regarding Sioux unit performance were:

® There is a large difference in feedwater flow between the available flow indications on
both units. Performance Engineering will work with the plant to determine the most
accurate estimate of feedwater flow. On Unit 2, the difference could be attributable 10
a leaking main boiler feedpump recirculation vaive.

* A meeting on feedwater heater venting was held on April 7 at the plant. The plant will
investigate and vent the minimum amount in order to maintain adequate feedwater
heater performance.

¢ A performance test on the new stcam coil air heater on Unit | shows that the coils are
providing the outlet air temperatures guaranteed by the vendor. A final performance
report will be issued in a separate fetter. The plant is currentty operating with only one
of two rows in service and this operation has cut the heat rate impact due to excessive
air heater inlet air temperature by over half.

The following table shows the known instrument deficiencies for both units. It appears

numerous instruments on the LP heaters on Unit | went bad at the same time on Unit |
(around 11:30 pm on April 6, 2009).
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Carryover or

Tag Unit [ssue Resolution New
SX1BFW-FWHTR7A-0001-PI . .
l’)
(7A Extraction Pressure) Umt_l 1 Bad since the outage ] Carfyover B
SX1BFW-FWHTR7A-0001-TI ; . 9 ;
(7A Extraction Temperature) Unit 1 Long term issue : Carryover
SX1BFW-FWHTR7ADRN-0001-TI . I 5
(7A Drain Temperature) Unit | Long ter m issue ! Carryover
SX1BFW-FWHTR6A-0001-TI ; ; n ]
(6A Extraction Temperature) Unit | Long term issue : Carryover
SX1BFW-FWHTR4B-0001-PI
(4B Extraction Pressure) Unit | Bad since mid-December ? Carryover
SX1BFW-FWHTR2-0001-Pi . . n .
(2 Extraction Pressure) Unit 1 Bad since the outage ! Carryover
SX1BFW-FWHTRS5B-0001-PI ; ‘ . 9
(8B Extraction Pressure) Unit 1 I Bad_saTe April 6, 2009 o fﬁ:w_’
SX1BFW-FWHTRS5B-0001-TI . s ; 9
(5B Extraction Temperature) Unit] Bad since April 6, 2009 ] New
SX1BFW-FWHTR48-0001-TI - . : 9
(4B Extraction Temperature) Unit | Bad since April 6, 2009 . New
SX1BFW-FWHTR4BLVLCTRL-
505V1-Zi Unit 1 Bad since April 6, 2009 ? New
(4B Level control valve 505V1 pos)
SX1AHS-AHNGASIN-0002-PI . . n ’
(Air Heater Gas In Pressure) Unit 1 Bad since the outage | ! New
SX2BFW-FWHTR7B-0001-PI . 7B Extraction pressure - Not n
(7B Extraction Pressure) Unit 2 reading since Au&‘), 2008 { Carryover
SX2BFW-FWHTR7ADRN-0001-TI . . . n )
(7A Drain Temperalure) Unit 2 7A Drain temp - Not reading / Carryover
SX2AHS-STMCOILAHADRN5-278- Long-term issue — reads -
Tl Unit 2 4500F at various times over ? Carryover
{Unit 2 Stm Coil Line Temp 5? the last year ]
SX2TRB-LPBACKPRESSNW- he
0001-P Unit 2 Reads lower than the other 3 9 New

(LP Back Press North West)

LP backpressure indications
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A monthly summary of each Unit’s heat rate for operation above 450 MW is included on the
following plot. Note that the rolling average for Unit | continues to decrease while the rolling
average for Unit 2 continues to climb.

Sioux Piant - Net Unlt Heat Rate {Only Includes Data Above 450MW Gross Load)

¢ Unit 1 ®iUnit2 o Unit 1 Roliing Avg, ©1Uni 2 Rolling Avg.
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9000 T o 1
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Heat Rate KPI

A trend only heat rate KP] has been created for 2009 with the intent of having a pay heat rate
KPIin 2010. Below is a table showing the actual performance of the plant through March.

Plant 2009 Actual Threshold Target Strelch
Sioux 9693 9705 9624 9591

A separate e-mail was sent to the plant describing how the trend only KPI targets were
derived for 2009. Performance engineering intends to do more work in this area and present
the proposcd methodology for the heat rate KPI at our quarterly heat rate meeting in the
summer (to be scheduled).

Action ltems
¢ Performance Engineering will JR the above noted instrument deficiencies.
e Pcrformance Engineering needs to develop and execute a plan to collect and analyze
turbine performance data.
® Performance Engineering will check the EtaPro heat rate calculations to ensure they
are as accurate as possible. This will include a review of the available feedwater flow
indications on each unit
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Unit 1
The following observations were made regarding Unit 1 operation and performance:

* A performance test on the new steam coii air heater was performed on 2/20/09. The
results show that new coils are meeting outlet temperature guarantee provided by the
vendor. A detailed report has been issued that provides the full results of the test.

e Due to the minimum required pressure of the steam inlet header to these coils, the coil
outlet air temperature is much higher than that required to meet the desired cold end
metal temperature (CEMT). A plot of the CEMT for March shows that the unit is
operating with a CEMT much above the 205F setpoint. With the ambient tempcrature
on the rise, this problem will only grow during the spring months. As part of the
February performance test, a one-row configuration was tested on the unit (the system
has 12 coils total on the unit, 2 rows of 3 coils in each duct). In other words, half of the
coils were removed from service to determine if one row of coils would provide
adequate outlet air temperature to satisfy the CEMT requirements. The preliminary
results show that this configuration could provide a 205 CEMT down to an ambient
temperature of approximately 20F. Operation in this mode was commenced on April
1. As shown in the plot on page 5, reducing the number of coils has cut the heat rate
cost of the excess air heater inlet air temperature by more than half. It is recommended
that this strategy be used in the spring and fall to minimize the loss associated with
excessive inlet air inlet temperatures. Another means of lowering the inlet air
temperature even further would be to lower the inlet header pressure from the current
setting of 25 psig down to 15 psig (the vendor recommended minimum). If this is
attempted, it 1s recommended that the pressure be lowered manually by siowly closing
the control valves in the system. Once the desired inlet pressure has been reached and
is stable, the pegging pressure setpoint can be changed to the new value and the
system can be put in automatic control. This method is recommended due to some
control problems observed during the performance test in February. Further detail on
these issues will be provided in the detailed SCAH performance test. Finally, as
summer approaches, thought should also be given to shutting down the air preheat
system entirely.
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Summary of Performance Report for:

Plant
Unit
Period

Full Load Perdformance

Hours of Data (Gross load>450 MW)

GENERATOR MEGAWATTS
AUX POWER
Met Unit Heat Rate Actual (GPHI)

Boiler Efficiency Actual

CONTROL WALVE POSITION LVDT

FEEDWATER TEMP TO ECON
FEEDWATER TEMP TO HTR 1
HP Turbine Efficiency Actual

IP Turbine Efficiency Corrected
Condenser Pressure

AIRHTR-A GAS  OUTLET TEMP
AIRHTR-B GAS OUTLET TEMP
AMBIENT AR TEMP

River Temperature

FWH 1 Temperaitre Rise

Net Load

Average Exit Gas Temperature
Aux Power

Gross Unit Heat Rate

Gross Turbine Heat Rate
Feedwater Flow

Siaux
1
31108

WY

MWW
BTUMKWY-HR
%o

%

gegF

degF

%

Yo
inHga

degF

degF

degF

degF

degF

hl'1 W

degF

Yo
BTU/KW-HR
BTUAYW-HR
KPPH

Mar-09
187

Averages
467 5
26.9

9461.8
87 3
285
468 5
401 6
82.2
96.0

1.1

3169
320.0
456
446
67.0
4407
318.4

57

B918.3
7785.6
2941 1

Page 5 of 10

41109

Feb-09  Mar08

375 238
Averages Averages
4719 460.8
271 268.0
94747 96841
871 g6
29.0 283
469 3 4681
4022 401.6
826 a18
56.0 933
1.0 06
3141 297 .5
3159 2968
356 46.3
355 42 4
B7.1 BE.5
444 8 432.8
315.0 2971
B 6.1
59305 90956
7780362 78727

Net unit heat rate
18 about 220
Btu/kWhr lower

than last year.
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As shown above, the average CEMT for the menth of March was approximately 240F (yellow
and blue lines). The excess inlet air heater air temperature was costing approximately $14/hr/side
(red and green lines). Following the change to one row operation, the CEMT has dropped to
around 220F and the cost associated with the excess nlet air heater air temperature is below
$5/hr/side.
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Unit 2
The following observations were made regarding Unit 2 operation and performance:

® The heat rate for Unit 2 is generally up from the prior year. For example, Unit 2°s heat
rate in January 2009 was almost 250 Btu/kWhr higher than in March 2008.
Performance engineering has action to investigate further and defermine the cause of
the increasing trend in heat rate on the units. In comparing the parameters from the
table below, one can note some differences that would lead to a higher heat rate
(Boiler efficiency is down, AH gas outlet temperature is up, and Aux. load is up).
Performance engineering will investigate these changes and determine if there are any
actionable items. The investigation into this will also include the development of a
method to conduct periodic turbine performance csts.

* To review the calculated heat ratc in EtaPro, the available feedwater flow indications
were compared on the unit. The main comparison was between the feedwater flow
element and the main boiler feed pump suction flow clement. From the beginning of
the year, the flow indicated by the suction element (aftcr subtracting off reheat spray
flow) was 4 to 5% higher than that indicated by the feedwater flow element
downstream of the pump. After an SBO in March in which it is believed some boiler
feedpump recirculation valve work was performed, this difference has decreased by
about one percent. It is noted that on Unit |, the feedwater element typically indicates
higher than the suction element by 0-3%. Prior to the MBO on Unit I, the feedwater
element indicated between 10-15% lower than the suction element. Performance
Engineering has action to review these flow indications and determine which element
provides the most accurate indication of flow. In addition, the potential for leaking
recirculation valves will be investigated, specifically on Unit 2, in which the suction
flow element indicates higher flow than the element downstream of the pump.

¢ There was a period of about 5 days in March in which the #2 feedwater heater was
taken out of service as indicated by no extraction flow and no temperaturc rise across
the heater. The plant was contacted to determine the reason for this operation as no log
entry was found regarding the heater during the time period of interest. The plant
indicated that the extraction valve was found closed but did know the reasen for why.
For future reference, operation in this lineup costs about 30 Btw/kWhr in heat rate (or
about $25/hour assuming a fuel cost of $2/hr and an average load of 400MW3) and
about 1.5 MWs in gross generation.
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Summary of Performance Report for:

Plant
Unit
Period

Full Load Pedormance

Hours of Data {Gross load>450 MW)

GEMERATOR MEGAWATTS
AUX POWER
Net Unit Heal Rate Actual (GPHI)

Boiler Eficiency Actual

CONTROL YALVE POSITION LVOT

FEEDWATER TEMFP TO ECON
FEEDWATER TEMP TO HTR 1
HP Turbine Efficiency Actual

IP Turbine Efficiency Correctad
Condenser Pressure

AIRHTR-A GAS  QUTLET TEMP
AIRHTR-B GAS QUTLET TEMP
AMBIENT AIR TEMP

River Temperature

{FWH 1 Temperature Rise

Met Load

Average Exit Gas Temperature
Aux Power

Gross Unit Heat Rate

Gross Turbine Heat Rate
Feedwater Flow

Sioux
2
3/1/09

MY

MY

BTU/KW-HR

%

%

degF

degF

Yo

%

inHga

degF

degF

degF

degF

degF

WY

degF

Yo |

BTUMAW-HR

BTU/MW-HR
KPPH

to 441703

Mar-09
148

Averages
467 .1
272

9920 3
86.7
270
4701
402.2
a92.4
923

15

307 .4
3163
44.7
279
67.8
4399
3N.g

5.8

93432

8104.2

3092.314
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Feb-03  Mar03
370 356
Averages Averages
4725 458 1
27.2 252
9896.4 96772
86.6 871
279 265
471.0 468.5
405 2 402.8
63.3 82.3
£ Py 925
1.4 06
3051 2996
306.1 298.4
353 46 &
337 37 4
65.9 65.9
4453 4339
3056 2980
5.8 55
93264 91463
B080.8  7969.5

Most parameters
in March were
very consistent
with the vaiues
from February.
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Feedwater Flow (KPPH)

Feedwaler FLow (KPPH)

These two
plots show the
difference
between the
feedwater flow
as estimated by
flow elements
upstream and
downstream of
the MBFP.
Unit |
agreement has
improved
greatly
following the
MBO. The unit
2 suction
element
indicates more
flow than the
element
downstream of
the pump. This
could be an
indication of a
leaking
recirculation
valve or
valves.
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Sioux Unit 2 - FWH 1 Temp Rise

e Inlet Temp = Outlet Temp |

3/13/09

3/18/09  3/23/09

3/28/09

¢ Temp Rise Actual = Temp Rise Expected

3/8/09

3/13/09

3/18/09  3/23/09
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3/28/09

4/2/09

4/2/09

4/7/09

4/7/09

These two
plots show the
time period in
March in
which the #2
heater was
00S (no
temperature
rise for the #2
heater with a
corresponding
large
temperature
rise over the #|
heater).




March 19, 2009

To: Karl Blank
From: Jeff Shelton

Cc: Bob Meiners, Keith Stuckmeyer, Harry Benhardt, John Romano, Pat Weir, Greg
Gilbertsen, David Azar, Mark Selvog, Steve Garner, Scott McCormack, Lisa Meyer, Ken
Stuckmeyer, Don Clayton, Joe Sind, Jim Bamnett, Glenn Tiffin, Matt Wallace, Scott

Hixson

Subject: Sioux February 2009 Performance Report

Executive Summary

The most notable items regarding Sioux unit performance were:
® The performance of the 6B FWH on both units has improved and stabilized since
continuous venting was initiated at the end of February. A meeting in April will be
held at the plant to discuss the chemical ramifications of this continuous venting.
* There appears to be high air inleakage or an underperforming condenser vacuum

pump on Unit 2.

* A performance test on the new steam coil air heater on Unit | shows that the coils are
providing the outlet air temperatures guaranteed by the vendor.

The following table shows the known instrument deficiencies for both units:

{Unit 2 Stm Coil Line Temp &)

Carryover or
Tag Unit Issue Resolution New
SX1BFW-FWHTR7A-0001-PI . . 9
{7A Exiraction Pressure) Unit | Bad since the outage : Carryover
SX1BFW-FWHTR7A-0001-TI - )
. 9 o
{7A Extraction Temperature) Unit I Long term issue ! Carryover B
SX1BFW-FWHTR7ADRN-0001-TI Wit 1 Long term issue —read higher than % AT
{7A Drain Temperature) extraction steam temperature ' Y
SX1BFW-FWHTR6A-0001-TI . ]
~ 5 ‘7
(6A Exiraction Temperature) Unit | Long term issue ] Carryover
SX1BFW-FWHTR4B-0001-PI
(4B Extraction Pressure) Unit | Bad since mid-December b Carryover
SX1BFW-FWHTR2-0001-PI ; . ]
. . 7 o
(2 Extraction Pressure) Unit ] Bad since the outage : Carryover
SX2BFW-FWHTR7B-0001-PI Unit 2 7B Extraction pressure - Not 5 Carrvover
(7B Extraction Pressure) reading since Aug, 9, 2008 - Jovel
SX2BFW-FWHTR7ADRN-0001-TI . . : g ]
(7A Drain Temperature) Unit 2 7A Drain temp - Not reading ] Carryover
SX2AHS-STMCOILAHADRNS- cerm ivene — reads 4
578-TI Unit 2 Long-term issue — reads -4500F at 9 New

various times over the last year




A monthly summary of each Unit’s heat rate for operation above 450 MW is included on the

following plot.

Sioux Plant - Nel Unit Heat Rate (Only Includes Data Above 450MW Gross Load)
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Note the increase in heat rate in both units around the May/June time frame of last year. This
corresponds to the increasc in river temperature and condenser backpressure. However, the
heat rate did not come back down in the winter on Unit 2 as the river temperature and
condenser backpressure dropped.

Heat Rate KPI

A trend only heat rate KPI has been created for 2009 with the intent of having a pay heat rate
KPIin 2010. Below is a table showing the actual performance of the plant through February.

Plant

2009 Actual

Threshold

Targel

Stretch

Sioux

9694

9705

]

9624

9591

A separate e-mail was sent to the plant describing how the trend only KPI targets were
derived for 2009. Performance engineering intends to do more work in this area and present
the proposed methodology for the heat rate KPI at our quarterly heat rate meeting in the
summer (to be scheduled).



Action Items:

Sioux should JR the above instrument deficiencies if they are not currently in the
system.

Sioux should test the performance of each vacuum pump on Unit 2 by running them
one at a time. If the test results indicate high air inleakage, a scarch for the source(s)
should be conducted. In addition, the air removal rate of the vacuum pumps should be
brought online as currently available on Unit 1.

Performance Enginecring needs to develop and execute a plan to collect and analyze
turbine performance data.

Performance Engineering will check the EtaPro heat rate calculations to ensure they
are as accurite as possible.

Performance Engineering will develop a “best-achievable™ heal rate for each unit to
determine the potential improvement available on each unit. This will also be used in
the determination of the heat rate KPI for the plant.

Performance Engineering will develop plans and help conduct a cycle isolation check
on all four units in 2009/2010. The intent is to have a Coop student in Performance
Engineering perform this task on the entire UE fleet. To start this process,
Pcrformance engineering requests that the plant provide any current cycle isolation
checklists that are performed on the units (Post-startup valve lineup checklists, etc).
Performance Engineering will be phasing out the use of OPM.



Unit 1
The following observations were made regarding Unit | operation and performance:

* Performance of the 6B heater looks much improved now that the heater is being
vented to the condenser. A plot below shows the temperature rise of the 6A and 6B
heater on Unit | since Feb. |. 2009. As shown, the temperature rise of the 6B was at
times very low. Since cracking open the vent to the condenser on the #6 heaters, the
performance of the A and B side has been good. It is noted that this could posc a
chemistry concern. The plant has setup a meeting in April to discuss the ramifications
of operating with these vents open.

e A performance test on the new steam coil air heater was performed on 2/20/09. The
preliminary results show that new coils are meeting outlet temperature guarantee
provided by the vendor. A detailed report will be issued that provides the full results
of the test.

*  Due to the minimum required pressure of the steam inlet header to these coils, the coll
outlet air temperature is much higher than that required to meet the desired cold end
metal temperature (CEMT). A plot of the CEMT for February shows that the Unit is
operating with a CEMT much above the 205F setpoint. With the ambient temperature
on the rise, this problem will only grow during the spring months. As part of the
February performance test, a one-row configuration was tested on the unit (the system
has 12 coils total on the unit, 2 rows of 3 ¢oils in each duct). In other words, half of the
coils were removed from scrvice to determine if one row of coils would provide
adequate outlet air temperature to satisfy the CEMT requirements. The preliminary
results show that this configuration could provide a 205 CEMT down to an ambient
temperature of approximately 20F. Operation in this configuration will be discussed
with the plant at the heat rate meeting next week. The plant has raised some concerns
with operation in this configuration and in shutting the system down the system
entirely in the summer (pressure control concerns on the 150 Ib aux steam header).



Summary of Performance Report for:

Plant
Unit
Period

Full Load Performance

Hours of Data (Gross load>450 MW)

GENERATOR MEGAWATTS
AUX POYWER
Net Unit Heat Rate Actual (GPHI)

\Boiler Efficiency Actual

CONTROL WALVE POSITION LVDT

FEEDWATER TEMP TO ECON
FEEDWATER TEMP TO HTR 1
HP Turbine Efficiency Actual

IP Turbine Efficiency Corrected
Condenser Pressure

AIRHTR-A GAS  OUTLET TEMP
AIRHTR-B GAS  OUTLET TEMP
AMBIENT AIR TEMP

River Temperature

FWWH 1 Temperature Rise

Net Load

Average Exit Gas Temperature
Aux Power

Gross Unit Heat Rate

Gross Turbine Heat Rale

Sioux
1
2/1/09

MY
IMWY
BTUAKW-HR
%
%
'degF
degF
%
Yo
tinHga
degF
degF
degF
degF
.degF
Ry
degF
%
BTU/KW-HR
BETUAKW-HR

3109

Feh-09
375

Averages
471.9
271
94747
87 1
29.0
489 3
402 2
826
96.0
1.0
3141
3159
386
355
67.1
4448
3150
<H
8930 5
7780.4

!Averages Averages

4761
2772
9507.0
B6.6
301
469 4
402 3
g33
961
08
306.9
308.9
2545
Jd2
B7.1
4439
307 9
5.7
8964.2
7759.6

467 2
292
9500 2
86 4
287
469.6
402 4
826
93.1
04
298.0
2947
32.7
34.4
g7.2
438.0
296.4
63
9167 .4
7940.4

Net unit heat rate
15 about 300
BwwkWhr lower
than last year. IP
efficiency took u
step change up
following the
outage. This is
most likely an
instrumentation
issue and will be
investigated as
part of the
turbine
performance
monitoring
effort,




L R

EEEEEROLIL ab T Q- -«

ol i AB | | Tl Py - (b sy Alwmy 0 @ P RAE LN ] Fwerakd e | Peerkac - |

. Apvdy Changes

Het ol Trema! e Lo L

W s O, Fdm S e ors T Ll Tarm Frame
W -t ci
 cg [P
T3 ivm
R Boser
BB 5 teaters
i T
W

1w Sy

Ameren Sioux

LR
L B U EF
-
-
Birr e
L LGt A
T - k i
B st s 6 m b Al |n-1__|1 1
& e s | |
‘ MR FORTPRET '
- L
B i saiw
A e
M rw R
& v e
& e oot
& D s

| | A

T A A e Ir PP e R

¥ 1 i
| 1 ! Y i'y | Vi

2. R
| 20 ptant arens st Update: A1 1(ZIUP 13509 30
Sioux Unit1 - CEMT
. ¢ AH N Awg Cold End Temp Actual m AH Avwg Cold End Temp Design
AH S Awg Cold End Temp Actual = AH Avg Cold End Temp Design
270 i e
\
|
250 |
@ 230 —
g
2
8 210 -
@
=3
5
- 190 —r —
170 b ——— e e — = - = s
|
150 | —a S e s i e - — - _—
1/27/09 2/1/09 2/6/09 2/11/09 2/16/09 2/21/09 2/26/09

alil] x|

Unit 1

el cre o Tieord

This plot shows
the temperature
rise across the
6A (yellow lineg)
and 6B (blue
line) FWHSs. As
shown, the
temperature rise
of the 6A heater
no longer has
periods in which
it drops off
significantly in
COmparison to
the 6A FWH.
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3/3/09

At the end of
February, the
typical CEMT of
the unit was
above 230F. The
unit is using
more steam than
required to meet
the minimum
CEMT setpoint.
The performance
test did not
indicate any
issues with
operating in a
one-row
configuration
and it is
recommended
that the coils be
transferred into a
one-row
configuration.




Unit 2
The following observations were made regarding Unit 2 operation and performance:

® The heat rate for Unit 2 is generally up from the prior year. For example, Unit 2's heat
rate in January 2009 was almost 170 Btu/kWhr higher than in January 2008.
Performance engineering has action to investigate further and determine the cause of
the increasing trend in heat rate on the units. In comparing the parameters from the
table below, one can note some differences that would lead to a higher heat rate
(Boiler efficiency is down, IP efficiency is down, AH gas outlet temperature is up, and
Aux. load is up). Performance engineering will investigate these changes and
determine if there are any actionable items. The investigation into this will also
include the devclopment of a method to conduct periodic turbine performance tests.

e At first glance, it appeared that the condenser backpressure was up by about 0.9 in Hg
from the prior year. Further investigation showed that the units for Pl tag
S52.Q.JPO.001.A and $2.Q.JPO.000.A are reversed. The February 2008 report was
generated using the S2.Q.IPO.000.A tag which is incorrectly labeled with in. HgA
units (in reality, the pressure is in psia for this tag). The February 2009 report was
generated using the S2.Q.IPO.001.A tag which provides the condenser pressure 1n 1n.
HgA (although the Pi tag gives the units as psia). The process to makce corrections of
this nature (including who should make the changes and who will be notified of
changes) will be discussed with the plant at the next quarterly meeting. This same
issue exists on Unit |. The change in tags was made last June.

® The performance of the 6B heater has improved and stabilized since continuous
venting waus initiated at the end of February. A plot below shows the performance of
the 6B heater to be consistent with the 6A heater since the end of February. As
discussed under Unit I, a meeting will be held at the plant to discuss the ramifications
of operating with a continuous vent on the #6 FWHs.

® Near the end of February, condenser pressure took a step change up (from about 1.5
in. HgA to about 2.0 in. HgA) and stayed elevated for approximately 2 days. The
cause for the increased backpressure was the removal of a vacuum pump from service
(see plot below). Note that the heat rate on the unit went up about 100 Btu/kWhr
during this time period. Hotwell DO also had a step increase upon turning off the C
vacuum pump and a step decrease upon turning the C vacuum pump back on. Due to
no online indication of air leakage, the actual level of inleakage cannot be monitored
easily on this unit. It would appear that either the leakage is above the level at which
onc pump can handle or the D vacuum pump is underperforming. This could be tested
by removing one vacuum pump from service at a ttme and watching the condenscr
backpressure. If the condenser backpressure climbs in both cases, air inleakage is the
likely problem. If the condenser backpressure only climbs when the C pump is off, the
D vacuum pump has a problem. In either event, it is recommended that the online air
removal indication be made functional on Unit 2. If high inleakage is found, a leakage
survey should be conducted on the unit 2 condenser.



‘Summary of Performance Report for:

Piant Sioux
Unit J
Period 21109 to 34109
Full Load Performance Feb-03 Jan-09 Feb-08
Hours of Data {Gross load>450 MW) 370 410 323
Averages Averages Averages
 GEMERATOR MEGAWATTS MY 472.5 477 6 468 6 Most parameters
LAUX POWER MY 272 7.2 256 in February were
‘Net Unit Heat Rate Actual (GPHI) ETU/MKW-HR 9896.4 93921 97208 very consistent
Boiler Efficiency Actual % ge6.5 g6.4 87 1 with the values
CONTROL WVALVE POSITION LMDT % 274 287 271 from January.
FEEDWATER TEMP TO ECON degF 4710 471.7 470.7
FEEDWATER TEMP TO HTR 1 degF 405 2 4057 404 4
HPF Turbine Efficiency Actual %o 63.3 938 8285
IP Turbine Efficiency Corected % 9272 923 926
Condenser Pressure inHga 1.4 13 0s
AIRHTR-A GAS  OUTLET TEMP degF 3051 308.7 2969
AIRHTR-B GAS OUTLET TEMP degF 306.1 3096 301.1
AMBIENT AIR TEMP degF 35.3 268 321
River Temperature degF 337 320 32.0
FWH 1 Temperature Rise .degF B65.9 B6.1 BE 3
Met Load TMVY 445.3 4503 443.0
Average Exit Gas Temperature idegh 305.6 J039.2 2930
Aux Power 1% 5.8 57 55
Gross idnit Heat Rale BTU/KW-HR 9326.4 9335.0 91907

Gross Turhine Heat Rate BTUACW-HR 8080 8 a061.7 003 9
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This plot
shows the
temperature
rise across the
6A (yellow
line} and 6B
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FWHs. As
shown, the
temperature
rise of the 6A
no longer has
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which it drops
off
significantly in
comparison to
the 6A FWH.




CND Pressure (In. Hg)

CND Pressure {In. Hg)

Sioux Unit 2 - Condenser Pressure/Vac Pump Status/Hotwell DO
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The top plot shows
condenser pressure
aver the month of
February along with
the status of the
condenser vacuum
pumps (a state of 10
is on and a state of
20 15 off). As shown,
the condenscer
pressure took a step
change up upon
turning off the C
vacuum pump. The
top plot also shows
DO taking a step
change up when the
vacuum pump was
removed. The
bottom plot shows
the heat rate of the
unit along with the
condenser pressure.
As shown, the heat
rate was impacted by
this operation at
elevated
backpressure.




February 26, 2009

To: Karl Blank
From: Jeff Shelion

Cc: Bob Meciners, Keith Stuckmeyer, Harry Benhardt, John Romano, Pat Weir, Greg
Gilbertsen, David Azar, Mark Selvog, Steve Garner, Scott McCormack, Lisa Meyer. Ken

Stuckmeyer, Don Clayton, Joe Sind, Jim Barnett, Glenn Tiffin, Matt Wallace, Scott

Hixson

Subject: Sioux January 2009 Performance Report

Executive Summary

The most notable items regarding Sioux unit performance were:
e Unit | heat rate appears to be about 250-300 Btu/kWhr better than last year following

the 2008 MBO

e Unit 2 heat rate is about 190 Btu/kWhr higher in January 2009 than in January 2008
e  Unit 2 6B FWH may have air in-leakage issues

The following table shows the known instrument deficienctes for both units:

{7A Drain Temperature}

Carryover or
Tag Unit Issue _ Resolution New
SX1BFW-FWHTR7A-0001-P! . : 5
e o !
(7A Extraction Pressure) Unit | Bad since the outage . Carryovel
SX1BFW-FWHTR7A-0001-Ti . : 5
(7A Extraction Temperature) Unit | Long teT 1_ssue ! Carryover
SX1BFW-FWHTR7ADRN-0001-T1 | ;. Long term issue —read higher than 9 SR
| (7A Drain Temperature) | extraction steam temperature ] y
SX1BFW-FWHTR6EA-0001-TI 3 i
g ; ?
(6A Extraction Temperature) Unit 1 Long term issue . Carryover
SX1BFW-FWHTR4B-0001-PI
(4B Extraction Pressure) Unit | Bad since mid-December ? Carryover
SX1BFW-FWHTR2-0001-PI . . -
: = 5
(2 Extraction Pressure) Unit | Bad since the outage . Carryover
SX2BFW-FWHTR7B-0001-PI Unit 2 7B Extraction pressure - Not 3 Carryover
—— (EREREmo be, . ) | __reading since Aug. 9, 2008 ; S
SX2BFW-FWHTR7ADRN-0001-TI Unit 2 7A Drain temp - Not reading 9 Carryover




A monthly summury of each Unit’s heat rate for operation above 450 MW is included on the
following plot.

Sioux Plant - Net Unit Heat Rate (Only Includes Data Above 450MW Gross Load)
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Note the increase in heat rate in both units around the May/June time frame of last year. This
corresponds to the increase in river temperature and condenser backpressure. However, the
heat rate did not come back down in the wintcr on Unit 2 as the river temperature and
condenser backpressure dropped.

Action Items:

e JR the above instrument deficiencies

e Investigate air leakage sources for Unit 2 6B feedwater heater

® Check air inleakage amount on Unit 2 and get online indication of air removal rate
functioning on the unit

* Performance Engineering needs to develop and execute a plan to collect and analyze
turbine performance data and determine causes of increased heat rate on Unit 2

* Performance Engineering will check the EtaPro heat rate calculations to ensure they
are as accurate as possible.

* Performance Engineering will develop a “best-achievable™ heat rate for each unit to
determine the potential improvement in heat rate available on each unit.

* Performance Engineering will develop plans and help conduct a cycle isolation check
on both untts in 2009. The intent is to have a Coop student in Performance
Engineering perform this task on the entire UE fleet.



Unit 1
The following observations were made regarding Unit | operation and performance:

e The condenser air in-leakage monitor was restored in mid-December. Air in-lcakage
was first observed to be about 80 SCFM and has drifted down to just above 60 scfm at
the end of January. Does Sioux have a value to which they try to maintain condenser
air in-teakage? HEI recommends a value of less than 2 SCFM per [00MWs,

¢ A full load run was made on both units on January 15. During this test run, the control
valves on Unit | indicate going fully open 3 separate times. HP efficiency as well as
first stage pressure both increased at the same time indicating that the valves did
indeed go more open. Further data, along with several questions, was sent to the plant
regarding the behavior of the control valves on Unit [ during this full load test. This
operation will be investigated further with the plant.



Summary of Performance Report for:

Plant
Unit
Period

Full Load Performance

Hours of Data (Gross load>450 MW)

GENERATOR
ALK POWER
Met Unit Heat Rate Actual (GPHI)
Boiler Efficiency Actual

CONTROL VALVE POSITION LvDT
FEEDWATER TEMP TG ECON
FEEDWATER TEMP TC HTR 1

HP Turbine Efficiency Actual

IP Turhine Efficiency Corrected
Condenser Pressure i
AIRHTR-A GAS  OUTLET TEMP
AIRHTR-B GAS OUTLET TEMP
AMBIENT AIR TEMP

River Temperature

F\WH 1 Temperature Rise

Net Load

Average Exit Gas Tempersture

Aux Power

'Gross Unit Heat Rate

Gross Turbine Heat Rate

MEGAWATTS

Sioux
1
1/1/09

| VIV
Iy
BTU/KW-HR
1%

%

degF

degF

Y

%

inHga

degF

degF

degF

degF

degF

MY

degF

%
BTU/KW-HR
BTU/KW-HR

to

211/09

Jan-09

350

Averages
476.1
272

9507.0
g6.6
301
463.4
402 3
83.3
96.1

0.8

306.9
3039
255
3372
67.1
4439
307 9
87

8964 2

77596

Dec-08

277

Jan-08
428

Averages Averages

474 3
26.9
94732
BG.7
295
469 6
402.4
83.0
96.3
10
3016
301 1
333
352
67.2
447 4
301.3
57
A935.1
7745.2

4733
287
9612 4
96.4
291
470.8
035
B4.0
932
07
296.0
288.6
292
34.5
67.3
444 6
292 3
6.1
9215 4
7962 2

Net unit heat rate
is about 300
Btu/kWhr lower
than last year. 1P
efficiency took a
step change up
following the
outage. This is
most likely an
instrumentation
1ssue and will be
investigated as
part of the
turbine
performance
monitoring
effort.
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Unit 2
The following observations were made regarding Unit 2 operation and performance:

¢ The heat rate for Unit 2 is generally up from the prior year. For example, Unit 2’s heat
rate in January 2009 was almost 190 Btu/kWhr higher than in January 2008.
Performance engineering has action to investigate further and determine the cause of
the increasing trend in heat rate on the units. In comparing the parameters from the
table below, one can note some differences that would lead to a higher heat rate
(Boiler efficiency is down, IP efficiency is down, AH gas outlet temperature is up, and
Aux. load is up). Performance engineering will investigate these changes and
determine if there are any actionable items. The investigation into this will also
include the development of a method to conduct periodic turbine performance tests.

* At first glance, it appeared that the condenser backpressure was up by about 0.8 in Hg
from the prior year. Further investigation showed that the units for PI tag
S52.Q.IPO.001. A and $2.Q.IPO.000.A are reversed. The January 2008 report was
generated using the $2.Q.IP0O.000.A tag which is incorrectly labeled with in. HgA
units (in reality, the pressure is in psia for this tag). The January 2009 report was
generated using the $2.Q.1PO.001. A tag which provides the condenser pressure in in.
HgA (although the Pi tag gives the units as psia). The process to make corrections of
this nature (including who should make the changes and who will be notified of
changes) will be discussed with the plant at the next quarterly meeting.

¢ There 1s a possible air in-Jcakage issue with the 6B FWH. Dunng load drops, the
temperature risc across the heater significantly decreases and it takes 8-10 hours to
recover after coming back up on load. In some cases, the FWH provided no
tempcrature rise for several days in January when the load was held relatively low.
The expected cause ts air in leakage due to the shell side pressure dropping below
atmospheric pressure on load drops. The low temperature rise across the 6B heater
causes extraction steam to the 5B heater to almost double in some cases as compared
to the SA. This operation is estimated to cost the unit | MW in load and 20 Buu/kWhr
($15,000/month in fuel costs) in heat rate. It is noted that this appears to have been
going on for at least a year. A similar issue is seen on the 6A FWH but on a less
frequent basis,



‘Summary of Performance Report for:

Plant
iUnil
‘Period

Full Load Peformance

Hours of Data (Gross load>450 MW)

SENERATOR MEGAWATTS
AUX POWER
Net Unit Heat Rate Actual (GPHI)

Boiler Efficiency Actual

CONTROL YALVE POSITION LVDT

FEEDVWATER TEMP TO ECON
FEEDWATER TEMP TO HTR 1
'HP Turbine Efficiency Actual

{IP Turbine Efficiency Corrected
.Condenser Pressure

AIRHTR-A GAS  OUTLET TEMP
AIRHTR-E GAS OUTLET TEMF
AMBIENT AIR TEMP

'River Temperature

IFYWH 1 Temperature Rise

‘Net Load

Average Exit Gas Temperature
Aux Power
'Grass Unit Heat Rate

Gross Turbing Heat Rate

Sloux
2
11109

Ry
Y
BTU/KW-HR
%

%o
degF
degF
%o

%
inHya
degF
degF
degF

.degF

deqgF

MY

degf
BTU/KWY-HR
BTUAO-HR

211109

Jan-09
410

Averages
477 B
27 2

9899.1
86 4
287
4717
405.7
83.8
JLd

1.3

308 7
3056
266
320
b6 1
450 3
309.2

57
93535.0
8081 7

Cec-08 Jan-08
447 489

Averages Averages

4735 4790
27 .2 257
99142 9708 1
86.2 869
27.9 278
471.3 472.7
4051 406.1
3.3 835
92,2 926
1.2 05
308.7 2995
3083 3038
323 30.1
335 326
BR.2 B6.6
446.3 4533
309.0 3016
58 5.4

3344.1 9186.5
a0s7 2 79906



Temperature (F)

Temperature (F)

Sioux Unit 2 - FWH 6A Temp Rise

+ Temp Rise Actual = Temp Rise Expecled
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Sioux Unit 2 - FWH 6B Temp Rise

| « Temp Rise Actual = Temp Rise Expected
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The two plots
show a
comparison of
the
temperature
rise across the
6A and 6B
FWH on Unit
2. As shown,
the actual
temperature
rise across the
6B suffers as
compared to
the
performance of
the 6A FWH
(although the
6A also had
periods of
reduced
temperature
rise in
January).
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January 8, 2009

To: Karl Blank

From: Jcff Shelton

Ce: Keith Stuckmeyer, Harry Benhardt, John Romano, Pat Weir, Greg Gilbertsen, David
Azar, Mark Selvog, Steve Gamer, Scott McCormack, Lisa Meyer, Ken Stuckmeyer, Don
Clayton, Joe Sind, Jim Barnett, Glenn Tiffen, Matt Wallace

Subject: Sioux November and December Performance Report

Executive Summary

The most notable items regarding Sioux umt performance were:
e Unit ] heat ratc appears to be about 280 Btu/kWhr better than last year following the
2008 MBO
¢ Unit 2 heat rate is about 260 Btu/kWhr higher in December 2008 than in Deccmber
2007
e Unit 2 6B FWH may have air in-leakage issues

The following table shows the known instrument deficiencies for both units:

Tag L Unit j [ssue
SX1BFW-FWHTR7A-0001-PI Unit 1 Bad since the outage
| SX1BFW-FWHTR7A-0001-Tl Unit1 | Longtermissue
SX1BFW-FWHTR7ADRN-0001-TI Unit | Long term issue
SX1BFW-FWHTR6A-0001-TI Unit 1 Long term issue
i SX1BFW-FWHTR4B-0001-PI Unit 1 Bad since mid-December
SX1BFW-FWHTR2-0001-PI Unit Bad since the outage
SX2BFW-FWHTR7B-0001-P| Unit2 | ¥ pasien pressurc - Not
reading since Aug. 9, 2008
SX2BFW-FWHTR7ADRN-0001-T! Unit 2 7A Drain temp - Not reading

Action Items:
* JR the above instrument deficiencies
e Investigate air leakage sources for Unit 2 6B feedwater heater
¢ Performance Engincering needs to develop and exccute a plan to collect and analyze
turbine performance data and determine causes of incrcased heat rate on Unit 2

A monthly summary of each Unit’s heat ratc for operation above 450 MW is included on the
following plot.



Sioux Plant - Net Unit Heat Rate (Only Includes Data Above 450MW Gross Load)
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Unit 1
The following observations were made regarding Unit | operation and performance:

e The condenser air in-leakage monitor was restored in mid-December. Air in-leakage
was observed to be about 80 SCFM. Does Sioux have a value to which they try to
maintain condenser air in-leakage? HEI recommends a value of less than 2 SCFM per
[OOMWs.

e After some initial complications, the 7B feedwater heater is currently working
(although therc are still level indication and control issues?)




Summary of Performance Report for:

Plant Sioux
Unit 1
Period 12/1/08

Full Load Performance o
Hours of Data (Gross load>450 MW)

GENERATOR MEGAWATTS MW

AUX POWER . MW
Net Unit Heat Rate Actual (GPHI) BTU/KW-HR
Boiler Efficiency Actual 1%
CONTROL YALVE POSITION LVDT %
IFEEDWATER TEMP TO ECON ldegF
IFEEDWATER TEMP TO HTR 1 degF

HP Turhine Efficiency Actual %o

IP Turbine Efficiency Corrected %
Condenser Pressure 'inHga

AIRHTR-A GAS OQUTLET TEMP degF

AIRHTR-B GAS OQUTLETTEMP  'degF

AMBIENT AIR TEMP 'degF

River Temperature ‘degF

FWH 1 Temperature Rise degF

Net Load MY
Average Exit Gas Temperature degF

|Aux Power %

Gross Unit Heat Rale | BTU/KW-HR
|Gross Turbine Heat Rate BTUW/KW-HR

to

11409

Dec-08
277

Averages
474.3
268
9473.2
86.7
295
469 6
402.4
83.0
96.3
10
3016
301.1
333
352
672
447 4
301.3
57
B935.1
77452

Now0B = Dec-07

18 280
| Averages Averages
476.5 467.7
2.7 _ 280
9513.1 97503
873 86.7
293 289
469.9 468.0
402.7 402.2
839 829
965 93.2
09 1.0
| 3053 | 2928
Joie 2877
39.8 37.3
38.0 372
67.2 65.8
449.7 439.6
303.4 290.3
56 6.0

89732 91656
78345 79425

Net unit heat rate
is almost 300
Btw/kWhr lower
than last year. IP
cthiciency took a
step change up
following the
outage. This is
most likely an
instrumentation
issue and will be
investigated as
part of
development the
turbine
performance
monitoring
effort.
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As shown,
the
temperature
rise over the
7B heater
went from
about 10-20F
to the
expected
range of 30-
40F in mid-
December.




NUHR {Btu/kWhr}

Unit 2

The following obscrvations were made regarding Unit 2 operation and performance:

The heat rate for Unit 2 is generally up from the prior year. For example, Unit 2’s heat
rate in December 2008 was almost 260 Btw/kWhr higher than in December 2007.
Performance engineering has action to investigate further and determine the cause of
the increasing trend in heat rate on the units. In comparing the parameters from the
table below, one can note some differences that would lead to a higher heat rate
(Boiler efficiency is down, IP efficiency is down, AH gas outlet temperature 1s up,
condcnser pressurc is up, and Aux. load is up). Performance engineering will
investigate these changes and determine if there are any actionable items. The
investigation into this will also include the development of a method to conduct

9400

9200

9000

300

periodic turbine performance tests.

e There is a possible air in-leakage issuc with the 6B FWH. During load drops, the
temperature rise across the heater significantly decreases and it takes 8-10 hours to

recover after coming back up on load. In some cases, the FWH provided no

temperature rise for scveral days in December when the load was held relatively low.
The expected cause is air in leakage due to the shell side pressure dropping below
atmospheric pressure on load drops. The low temperature rise across the 6B heater
causes extraction steam to the 5B heater to almost double in some cases as compared
to the SA. This operation is estimated to cost the unit | MW in load and 20 Btw/kWhr
($15,000/month in fuel costs) in heat rate. It is noted that this appears to have been

going on for at least a year.

Sioux Unit 2 Net Unit Heat Rate (Dec. 2007 and Dec. 2008}

#Dec 2007 m Dec. 2008 |

500

480

400 440 460

Gross Load (MW)

320 40 380 420

This plot
compares the
Net Unit Heat
Rate on Unit 2
from December
2007 and
December 2008,
As shown, the
heat rate over the
entire load range
was 2 t0 4%
higher in 2008 as
compared to
2007.




‘Summary of Performance Report for:

(Plant Sioux
|Unit 2
(Peried 1241708

\Eull Load Performance
Hours of Data (Gross lcad>450 MW)

GENERATOR ~ MEGAWATTS MWy

AUX POWER MVY

Net Unit Heat Rate Actual (GPHI) BTUKW-HR
Boiler Efficiency Actual %
CONTROL VALVE POSITION LVDT %
FEEDWATER TEMP TO ECON |degF
FEEDWATER TEMP TO HTR 1 degF

HP Turbine Efficiency Actual %

IP Turbine Efficiency Carrected %
Condenser Prassure linHga

AIRHTR-A GAS OUTLETTEMP  degF
AIRHTR-B GAS OUTLETTEMP  !degF

AMBIENT AIR TEMP 'degF

River Temperature degF

FWH 1 Temperature Rise degF

Net Load MW
Average Exit Gas Temperature |degF

Aux Pawer %

Gross Unit Heat Rate IBTU/KWW-HR
Gross Turbine Heat Rate IBTUAW-HR

1/1/09

Dec-08
408

Averages

4735
272
9914.2
86.2

79

4713

4051

83.3
92.2
13
308.7
3093
2.3
335
B6.2
4463
309.0
_ 58
9344 1
BO57 2

Naov-08 Dec-07

447 489
I Averages |Averages
472.5 4709
k5 259
98618 | 9653.0
86.1 g7.0
277 272
4711 4703
4050 4040
632 834
82.1 927
14 1.0
319.3 299.7
320.0 304.4
47 1 362
456 34.1
66.1 66.3
446.0 4450
3187 302.0
56 55

93091 | 91229
8011.2 79335




Sioux Unit 2 - FWH 6A Temp Rise

[o Temp Rise Actual m Temp Rise Expected ‘
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As shown,
the
temperature
risc (yellow
line) of the
6B heater
drops off
significantly
when the
pressure (red
line) goes
below 0
inHgg. At the
end of the
month, when
load (blue
line) was low
most of the
day, the
FWH
provided
almost no
temperature
rise.




November 26, 2008

To: Karl Blank

From: Jeff Shelton

Cc: Keith Stuckmeyer, Harry Benhardt, Pat Weir, Greg Gilbersten, Mark Selvog, Steve
Garner, Scott McCormack, Lisa Meyer, Ken Stuckineyer, Joe Sind, Matt Wallace

Subject: Sioux October Performance Report

This is the first regular report following the initial demonstration in July’s performancc
meeting. The report should not be considered in its final form for regular publication. Please
advise on anything you think would be an improvement: presentation, content (additionat
content needed or content that is of little use), format, etc. Attempts will be made to improve
the report until all recipients are satisfied.

Executive Summary

The most notable itcms regarding Sioux unit performance were:
e Unit | offline for MBO
e Unit 2 6B FWH may have air in-leakage issues

The controllable loss parameters were updated per the discussions held at the heat ratc
performance meeting held in July and will be reviewed again at the beginning of 2009.

The following table shows the known instrument deficiencies for Unit 2:

Tag | Unit | Issue
SX2AHS-STMCOILAHADRN5-278-T! Unitz | Steam Coil AH A Drain Line 3
Temp not reading
SX2BFW-FWHTR7B-0001-P! Unit 2 7B I—?xtraflsnon pressure - Not
- = | reading since Aug. 9, 2008
SX2BFW-FWHTR7ADRN-0001-TI Unit 2 7A Drain temp - Not reading

Action Items:
¢ JR the above instrument deficiencies
e Investigate air leakage sources for Unit 2 6B feedwater heater

Detailed Observations

Actual data and graphs for the month’s performance are at the end of this report. Observations
concerning the data, the unit’s operation and performance in general are as follows:

e The first general observation is that the heat rate on both units, especially Unit 2, is
generally trending up. For example, Unit 2°s heat rate in October 2008 was almost 400
Btu/kWhr higher than in October 2007. Some of this difference is attributable to



carrying the entire plant auxiliary load this fall and not in 2007. However, this would
account for only about 70 BtwkWhr of the difference.

e Summary data of unit performance 1s given in the back of the report. This summary
includes the current month’s performance, the prior month’s performance, and the
performance from the same month in the prior year.

Sioux Plant - Net Unit Heat Rate {Only Includes Data Above 450MW Gross Load)
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Unit 1

The following obscrvations were made regarding Unit | operation and performance:
» The unit did not operate in October due to the MBO.

Unit 2

The following observations were made regarding Unit 2 operation and performance:

e The heat rate for Unit 2 1s generally trending up. For example, Unit 2’s heat rate in
October 2008 was almost 400 Btu/kWhr higher than in October 2007. Some of this
difference is attributable to carrying the entire plant auxiliary load this fall and would
account for about 70 Btuw/kWhr of the difference. AH gas outlet temperatures were
10F higher this October compared to last October and would attribute about 30
Btu/kWhr to the increased heat rate. 1 will note that the average load for the unit was
about 2% lower this October than last October. In looking at feedwater flow on the




unit, the feedwater flow for these two months for loads above 450 MWs was almost
identical which indicates that the difference is due to a performance issue and not
lower load demand on the unit. Performance engineering has action to investigate
further and determine the causc of the increasing trend in heat rate on the units.

There 15 a possible air in-leakage issue with the 6B FWH. During load drops, the
temperature rise across the heater significantly decrcases and it takes 8-10 hours to
recover after coming back up on load. The expected cause 1s air in leakage duc to the
shell side pressure dropping below atmospheric pressure on load drops. The low
temperature rise across the 6B heater causes extraction steam to the 5B heater to
almost double in some cases as compared to the SA. This operation 1s estimated to
cost the unit 1 MW 1n load and 20 Btu/kWhr ($15,000/month in fuel costs) in heat
rate. It is noted that this appears to have been going on for at least a ycar.

Steam coils remained in service on both units throughout the summer. It is judged that
the system could be shutdown at least part of the summer while still maintaining cold
end metal temperatures. Per the performance monitors, having a high atr inlet
temperature s costing approximately 40 Btu/kWhr during the summer months. This
equates to about $30,000 per month in fuel costs. In addition, the source steam for the
steamn coils 1s the aux. steam header which 1s supplied by cold reheat. In June, the
steam flow to Unit 2 was approximately 33,000 tbs/hr. Taking this stcam flow from
cold reheat will reduce the unit load by approximately 4 MWs. Taking the system out
of service each summer would also providc a time to do preventative maintenance on
the system, particularly the stcam traps, to ensure they maintain acceptable
performance. This should be considered for next summcr.




Plant
Unit
Period

Full Load Performance

Hours of Data {(Gross load>450 MW)

GENERATOR MEGAWATTS
AUX POWER
Net Unit Heat Rate Actual (GPHI)

Boiler Efficiency Actual

CONTROL VALVE POSITION LVDT

FEEDWATER TEMP TO ECON
FEEDWATER TEMP TO HTR 1
HP Turbine Efficiency Actual

IP Turbine Efficiency Corrected
Condenser Pressure

AIRHTR-A GAS OUTLET TEMP
AIRHTR-B GAS OQUTLET TEMP
AMBIENT AIR TEMP

River Temperature

FWH 1 Temperature Rise

Net Load

Average Exit Gas Temperature
Aux Power

Gross Unit Heal Rate

Gross Turbine Heat Rate

Sioux
2
10/1/08
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M
BTU/KW-HR
Yo

%o

degF
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inHga
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degF

%
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11/1/08

Oct-08
231

Averages
467.0
26.8
9894 .4
86.5
27.2
471.3
405.2
82.9
92.2
1.9
315.2
315.7
61.1
60.7
66.0
440.2
3155
5.7
9326.7
8067.9

Sep-08 Oct-07
213 433

Averages Averages
462.3 4748

251 235
9924.2 9536 .6
86.9 87.2
275 28.0

471.9 473.2
405.8 407.0

82.9 83.7
92.3 92.4
25 2.0

3123 305.2
3209 304.6

76.0 66.8
71.7 62.5
66.1 66.2

437.2 451.3
3166 304.9
54 5.0
9385.3 9064.3
8158.7 7902.8




Temperature (F)

Temperature (F)

Sioux Unit 2 - FWH 6A Temp Rise

* T;mp Rise Actual = Temp Rise Expected
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Sioux Unit 2 - FWH 6B Temp Rise

¢ Temp Rise Actua! m Temp Rise Expected
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Summary of Performance Report for:
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Sioux Unit 1 Rollup, June 2008

Notable Deviatiens in Plan1 Performance Data / Discussion Topics, etc.

The controllable loss parameter larget valies need to updated 1o reflect current planit operalion The 1arget values for all controllable loss

parameters have oeen reviewed using actual 2007 unit data.

2. AH Air inlel 1emipetature loss higher in the summer. Why don't we siep steam llow (o the coils m summer?

Top Priarity Engineering Action ltems JR# Priority | Resp Py
Top Insirumentaiion Deficencies Pont 1D Actual | Expected JR# Priorty | Resp Piy
SXIBFW-FWHTRBA-000: Tl reading 0

Top Pnonty QPM/ELaPTo Action llems Prionty | Resp Piy
Updato targol values with agreed upon largel values/curves 1 JDS
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Sioux Unit 1 Rollup, June 2008
June-08

Overall Heat Rale & Losses Summary

1. The controllable loss parameter target values need 1o be updated to reflect current plant operation.
2. Why isn't steam flow Lo the preheat coils stopped in summer?

Steam Generator Performance Summary:

Na items noted

Steam Turbine Performance Summary:

No items noted

Condenser Performance Summary:

1. Why 1s the B604 valve cycling while the AB02 valve remains in a constan! position?

Feedwater Heater Perlormance Summary:

1. FWH 7B heater getting less exlraction {low {calculated) than 7A with corresponding decrease in delta T. Venting issue?

2. FWH 6B heater has large swings in TTD with a drop in delta T at low loads. Air inleakage since heater is at negaltive
pressure at low loads?

3. FWH 2 temp nse s 10F lower than expected. FWH 1 temp nise :s 5F lower than expecled.

Recommended Actions:

Instrumentation or calculation related Issues:

The EtaPro target values need 1o be updated to reflect current plant operation.

Changes made to the system that affects this month’s report:




Summary of Performance Reportf for:
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Swux Uit 2 Rollup, June 2008

Notable Deviations = Fuant Farlormance Data ! Discussan Topics, #lc

1 Tne gonmrgliasie ioss carameler larget values need 0 updatad 1o reflect curreni plant ops
parameiers have bean raviewnd usmg actual 2007 urd data.

pn. The larget values lor all convalabla

Top Prierily Engineanng Action llems JRH Prianty | Resp Piy
Foni D | Acwal NGY) Priorty | R Py |

Top Prionty OPME@Pro Acton llems Priority | Hasg Fiy |

Update targe! vaues wilh agieed upon largel values/icurves 1 JOS




Sloux Unit 2 Monthily Controllable Losses Trend
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Sioux Unit 2 Rollup, June 2008
June-08

Overall Heat Rate & Losses Summary

1. The controllable loss parameter target values need {o updated to reflect current plant operation.
2. Why isn't steam flow o the preheat coils stopped in summer?

Steam Generator Performance Summary:

No items noted

Steam Turbine Performance Summary:

No items noted

Condenser Performance Summary:

No items noted

Feedwater Heater Performance Summary:

1. FWH 7A has a high DCA compared to 7B.
2. FWH 1 & 2 have lower temperature rises than expected.

Recommended Actions:

Instrumentation or calculation related issues:

The EtaPro target values need to be updated to reflect current plant operation.

Changes made to the system that affects this month’s report:




