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Plant Issue

* Browns Ferry Unit 1 restarted in June 2007

« Steam path was optimized for 20% EPU

* Licensing approval of EPU has been delayed
* Unit currently operates at 105% OLTP

* Unit generating 14 MWe less than expected

* Need to make a full accounting of the
difference
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Background Info

« U1 started commercial operation in 1973

*Unit is an 1800-RPM tandem-compound
design

* Double-flow HP section w/ six (6) stages

* Six-flow LP section w/ eight (8) stages (43"
LSB)

*Five (5) stages of Feedwater Heating

* Cycle Is non-reheat (moisture separators
only)
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Background Info
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Background Info

« Steam supplied by Boiling Water Reactor
(BWR)

* Operates with four (four control valves (full
arc)

* No precision testing performed following
Restart

* No vendor balances at current 105% OLTP
* U1 generating 38 MWe less than U2 & U3
* EPU delays - TVA exploring recovery options
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Theories

* Feedwater flowrate reading higher than reality

* HP turbine was less efficient than thermal kit
data

» EXxcessive control valve throttling as a result of:
- Significant flow margin at this power level
and/or
- Physical configuration (poor manufacturing)

* Other possible plant losses (e.g., cycle
Isolation)
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Evaluation

 PMAX was used to gather plant and
calculated data from its own historian

 PEPSE was used to validate the
generation based on this data.
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R*TIME Data Yiewer - [HPTUR.DIS]
File Edit Wiew Display Wiewer Security ‘Window Help

24-mar-1i0  Ba:[ 10 Health HP TURBINE l GROSS POWER (MWE) 1104.0
15:31:44 wM:| 5 o THERMAL POWER (MWT) 3455.0

B N — 1
.

GOV HP TURB EXHAUST STM TO
MOIST SEP A1, B2, & C1

Pressure (PSIA) 205.7

Flow (LB/HR) 6606894
“ Enthalpy (Btu/LB) 1097.3

.
MW | STEAMCHESTSTEAM

Pressure (PSIA) 9987
UTIL | MS Flow (LB/HR) 14095380
MS Moisture (%) | o.507
caLc | Enthalpy (BTULB) 1189.7
MS Flow to RFPT A I T
L om
man | M8 Flow to RFPT B
MS Flow to RFPT C I T

MS Bypass to Cond A (LE/HR) NG
MS Bypass to Cond B (LB/HR) NG
MS Bypass to Cond C (LB/HR) INGT

Efficiency (%)  Power (KW)
HP GOV Stage 1.2 53471
HP 1 80.0 137041

PREVIOUS | Overall 78.7 190466

PMAX CYCLE ONLINE DAS UPDATING

GEN HP TURB EXHAUST STM TO
MOIST SEP A2, B1, & C2

Pressure (PS1A) 210.3

Flow (LB/HR) 6606674

Enthalpy (Btu/LB) 1098.6
[MSMWEFFECTS |
Pressure 0.0

RFPT A Flow
RFPT B Flow
RFPT C Flow
Cond A Bypass
Conhd B Bypass
Cond C Bypass

o 2 2 2 2 2
2 2 2 @ =2 2

Efficiency (%)  Power (KW)

HP GEN Stage 7.2 53471
HP 1 80.9 134338
Overall 78.6 187935

|Paint: bfn1:PNOD427 Description: U1 MAIN STEAM BYPASS TO COND B Units: LB/HR

|UsER: R*e [$SERVER: bfn1 |
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*+TIME Data ¥iewer - [LOSS-MW1.DIS]

File Edit View Display Viewsr Security ‘Window Help -5 x|
2| &| & mie 0[0|6[6] Of fosswwi <] BN foerns |
“MAR_ BAD: Health i
24-MAR-10 10 PMAX Lost MW Adviseor Instantaneous PMAX CYCLE ONLINE DAS UPDATING
15:36:42 w5
- ACTUAL OUTPUT (MWe) 1102.0  Known MW Meter Dev [IINON08  1102.0  Gorrected MW Meter Output
a¥ ACTUAL OUTPUT CORRECTED FOR MW EFFECTS (MWe) 1114.7
BASELINE FOR THERM PERFORMANCE MODEL (MWe) 1117.0 3 Circ Pumps in Service
DESIGN OUTPUT TAKING MW EFFECTS INTO ACCOUNT (MWe) 1105.3
OUTPUT RATIO: ACTUAL OUTPUT \ DESIGN OUTPUT (%) 98.75
ACCOUNTED MW DEVIATIONS (-LOSS +GAINS) MW EFFECTS ESTIMATED
“ ACTUAL DESIGN i) LT )
. TREHDS Control Rod Drive Flow 35482 |BHR 50000 0.2 7.0
LP Turbine Relief VYalve Flow 0 LB/HR 0 0.0 0.0
Condenser Cleanliness Factor 0.63 FRAC 0.90 -6.1 -194.1
WY i
RIS T Condenser c_lrc Temp 52.7 DEGF 65 4.8 152.5
FWH Off-Design -2.0 -64._4
UTIL FWH Dump Flows -0.0 -0.8
FWH Shell Relief Yalve Flow 89858 LB/HR 0 -5.9 -189.5
MUPLOT Moisture Separator Dump Flows 0 LBHR 0 0.0 0.0
CALC MS to RFPT & Bypass to Cond 0 LBHR 0 0.0 0.0
POD MW Conhdensate Depression 5.16 DEGF 0 -0.8 -25.0
MAN Other Equipment Out of Service | -0.57 -16.0
Generator Power Factor 0.997 FRAC 1.0 0.1 2.6
TR T Generator Hydrogen Press 75.90 PSIA 89.7
/.f Generater Hydrogen Purity k. 100 0.0 0.0
"""" Power Level 100.10 % 3461.0 MWTH 3458 -1.1 -35.1
Recirc Pump Heat Addition 6.9 MWTH 8 -0.4 -13.2
Reactor Water Clean Up Loss -4.4 MWTH 4.4 0.0 0.5
Other Reactor Loss MWTH -1.1 0.0 0.0
TOTAL ACCOUNTED MW DEVIATIONS -11.7 -375. 6
UNACCOUNTED MW DEVIATIONS -2.3 -72.4
AUXILIARY LOAD {MWY) 26.0 BEST ACHIEYABLE HEAT RATE (BTU/KWH)
DESIGN GROSS HEAT RATE (BTU/KWH) 10694.8 ACT. ADJ. GROSS HEAT RATE (BTU/KWH) 10741.2
NET CYCLE HEAT RATE (BTU/KWH) 10948.4 THERMAL PERFORMANCE INDICATOR 0.9841

|usER: R*x

[§SERVER: bifnl | um)
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Evaluation - Data

 An hour of data was collected on
3/24/2010 from 15:00:00 to 16:00:00

* An average of this data was then used In
the predictive heat balance software.
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Results — Case Studies

1 BASE MODEL 1130.935
2 [3/24/2010 ACTUAL PLANT DATA BOUNDARY CONDITIONS| 1130.786
3 ALL ACTUAL CONDITIONS W/O TURBINE EFFICIENCIES 1133.428
4 LP TURBINE EFFICIENCIES INCLUDED 1120.019
5 | ACTUALTHROTTLE VALVE OUTLET PRESSURE INCLUDED 1111.576
6 HP TURBINE EFFICIENCIES INCLUDED 1107.888
7 HP TURBINE DEGRADED TO MATCH GENERATION 1103.024
8 |NEW HP TURBINE & THROTTLING CONDITIONS INCLUDED| 1157.679
9 NEW HP TURBINE WITH 4.15% THROTTLED PRESS DIFF 1150.361
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Results - MW Losses

* With the plant data from 3/24/2010 without
turbine efficiencies, the generation should be
2.642 MWe higher than design conditions

* With LP Efficiencies - 13.409 MWe drop

* With throttle valve pressure reduced to 704.5
from 738.9 psia (4.15% drop) — 8.443 MWe
drop

* With HP Efficiencies based on design
expansion line and actual plant pressures —
3.688 MWe /

CURTISS
WRIGHT

WA @Flow Control Company
SCIENTECH




Results — MW Losses

* About 5 MWe short of actual measured output

—Instrument Error (HP exhaust 11 psia low;
worth 3 MWe)

—Other cycle losses (valve leaks, feed flow
error, etc.)

—HP turbine not expanding on design
expansion line

 New HP efficiencies if the 5 MWe due to HP
turbine

HP Stage

Governing 85.10% 84.41% 0.69%
W 1% Stage 82.20% 80.30% 1.90%  _)Flow Control Company
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Results — New HP Turbine

* New HP turbine and throttling conditions —
1157.679 MWe — 54.655 MWe galin

e If 5 MWe of unaccounted is not HP turbine
related — 49.791 MWe

* If the throttle valve outlet pressure is 4.15%
less as it Is currently, the gain is only 42.473
MWe

* The vendor suggests that the gain will be at
least 27.5 MWe
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Conclusion

* Throttling loss Is a large contributor to
underproduction

* Turbine efficiency contributes a large
portion of loss as well

 The HP turbine modifications have the
ability to supply the vendor suggested 27.5
MWe to as much as 50 MWe.
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Future Plans

» Continue to operate at 105% OLTP

* Replace first 4 stages of HP Tur

pine (Fall 2010)

15t Stage P Tap being reinstalled (Fall 2010)

* Pre and Post Test Evaluation wi

| be performed

* Recover Minimum 27.5 MWe (Vendor Predicted)
up to Maximum 50 MWe (Based on Analysis)

M
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Future Plans

ST
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Highlighted First 4 Stages Buckets/Diaphragms To Be Replaced
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Questions or Comments
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