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TR ,/
. M H Ps Mitsubishi Hitachi Power Systems

Scope of Replacement:

B Upgraded 40” LP Last Stage Blades will be provided along
with long term monitoring.

B No change in exit conditions from 450MW exit conditions
per RFP.

Scope of replacement

Bartow LP Turbine
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CONFIDENTIAL

Agenda

1
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5
6

. Executive summary

. RCA Summary of 40” L-0 Blade

. Design Description of Upgraded 40” L-0 Blade

. Tolerance and Quality control of Shroud and Stub Gap
. Verification Test and Long-term Monitoring

. Future Schedule
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1. Executive Summary

CONFIDENTIAL

Root Cause of High Vibration

@® Low Mechanical Damping due to small contact

area of integral shroud
@ Higher Dynamic Load to cause unstable

aerodynamic damping

3 Bypass Operation in a specific condition to

increase the blade response

@® Small contact area

Vibratory Stress

Without bypass Loading 15000~ @
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Output [MW]
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Load Cond, Vacuum
Vibratory Stress
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Mechanical Damping

Upgraded BladeVDesign _

a) High Mechanical Damping Large Contact Area of

shroud for higher mechanical damping

b) Lower Dynamic Response Robust Structure of
Vane, Integral Shroud and Mid Span Stub to endure
the higher dynamic load

c) Blade Vibration Monitoring to ensure no high
blade response exists under any operating condition.
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2. RCA Summary
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Damage Mechanism

Ca
Blade damage occurs when : Stress > Material Capability ‘.,,' Integral Shroud (Z-Lock)

= Stress comes from Dynamic Loads superimposed on the steady Vane
state loads (Centrifugal + Steam Bending Loads).

G- Mid Span Snubber (Stub)

* Limiting stress locations for 40" L-0 Blade : S
1) Mid Span Snubber
2) Integral Shroud
3) Vane HCF

= Dynamic Stresses are controlled by avoiding resonant operating
conditions where the blade response frequency matches frequency
of the stimulus, and ensuring adequate damping.

Root Cause Analysis has identified all blade damage from Periodl thru Period5 as Dynamic Loads
from Non-Synchronous Self Excited Vibration. (Flutter)

DEF-19FL-FUEL-002387
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Influencing Factor of Flutter

> Vibratory stress caused by Flutter would be defined by Dynamic Load, Aerodynamic Damping
and Mechanical Damping.

- Dynamic  Aerodynamic  Mechanical |
Blade Response Fn Load 3 Damping » Damping

Analytical results of damping below show trends, but the magnitude of blade response is established
empirically from the telemetry test conducted at the start of period 3

ra T, ™ -
{ Aerodynamic Damping \ f/ Aerodynamic Damping A4 Mechanical Damping I
E as Fn of LP End Loading as Fn of Vacuum as Fn of Contact Area and Vibratory stress
G N ("'ﬁ) Vibratory Stress vs Mechanical Logarithmic Damping (16ND)
: _ 4 e cad | ———
< | E Mach # %
e i g 0.6 E s Full Cantact .
£ o g : 4 ]
* % ; £ f £ #'armatry Tas
e i R ARE - Y
Negative | p End Loading (Ib/hr - ft2) Negative &40 684 ™ % e = e i
Vacuum (mm.Hg) z ;
= Aerodynamic damping * Minimum aerodynamic Vibratory Stress (16 Nodiai Diameter)
decreases with higher LP damping at Mach# = 0.6 = Mechanical damping decreases with
di smaller contact area
\_ End Loading J ) K J
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Stress Summary

Stresses at Shroud, Midspan Stub and Vane

HVOF Capability
Fretting Fatigue Limit

PRI B A e
Crack initiation

Goodman

HVOF Capability
Fretting Fatlgue

Fatigue Limit
o - .
l‘imit %
e
Crack Initiation |
Fretting Fal
I 1 I

Midspan Stub

Crack Initiation
Fretting Fatigue

Dynamic Stress Capability

Shroud Vane

Period 1
® Period 2

@ Period 3
® Period 4

= Period 5

= Period 1 — Mid Span Stub Cracking
High LP Loading but increased mechanical damping
from Type 1 blade over baseline telemetry test

= Period 2 — No Major Damage

Reduced LP Loading over Period 1, reduced bypass
operation loading over period 5, light wear observed on
shroud

= Period 3 — Shroud Cracking
High LP Loading identified in Telemetry Test. Mid Span
Stub protected by HVOF

= Period 4 - Vane Cracking

Reduced Loading. Application of HVOF reduces
mechanical damping increasing amplitude of response.
With HVOF protecting Shroud and Stub, the limiting
location becomes the Vane

= Period 5 - Mid Span Stub Cracking
Reduced Loading with longer periods of bypass
operation at High Mach Number over Period 2. No
HVOF Protection

Damage observed in all 5 Periods of operation is consistent Blade Response vs Capability Model

DEF-19FL-FUEL-002389
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RCA Summary

ZiRaRo s Wt high Operation beyond design limit of

Type 1 loading Baseline Baseline 3 .
Period 1 2009 - 2012 (No Response Response .15'000#/ hr.{:tf\z.tMg:ha:cal ek ed
HVOF) High Load Bypass Assumed Assumed S e i o s e g o
Operation (4th GT) time reducing rate of damage.
Type 1 ~1hr with high loading Baseline Baseline
Period 2 2012 - 2014 (No < Response Response No significant damage observed
HVOF) g'gh L?ad Bypass Assumed Assumed
peration (4th GT)
HVOF :\?zi:;:c%pze;:gon o : ; Operation 169 hrs in avoidance zone
Period 3 Dec 2014 - Midspan Baseline Baseline 3 o
Apr 2016 Type 3 High Load Bypass Response Response Mid Span protected by HVOF resulting in
Operation (4t GT) no Damage from Bypass Operation
HVOF Low mechanical damping from
Midspan 69 min Operation in HVOF reduces application of HVOF increased magnitude
Jun 2016 - + avoidance zone Baseline contact area of blade response above telemetry test
Period 4 Oct 2016 HVOF Response and reduces levels.
Shroud High Load Bypass Assumed mechanical
Type 3 Operation (4t GT) damping No Bypass Operation at high loading /
Mach #
No operation in Blending GT C or D as 4% GT at high load
avoidance zone.
4on1 Configuration is creating higher
Dec 2016 - Type 1 Increased time with High Baseline Baseline blade loading than fleet experience
Period 5 Feb 2017 (No Load Bypass Operation Response Response
HVOF) (4th GT) Assumed Assumed Vibration events from the bypass are not

showing a blade response. Impact of
water hammer event on blade is not
confirmed.

Bypass Water Hammer
Event

E 3

Based on the root cause summary described in previous pages, MHPS would propose
adoption of “Upgraded 40inch L-0 blade” which has features shown in the next page.

3 Thiz

-
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Impact of Hood Sprays

Does flashing of water droplets from hood sprays or curtain sprays within the steam
path or exhaust produce a forced response on the blades?

=  Telemetry Test does not show evidence of forced vibration. Blade response is self excited vibration

= Vaporization of attemperation steam droplets has not been identified as a potential source of pressure
stimulus to the blades as flashing only occurs when spray water temperature is above saturation
temperature (108F @ 2.4in Hg) . Larger droplet evaporate more slowly due to lower surface area.

Dynamic pressure identified associated with Hood Sprays :

tIcax 28 » = ‘s @ Tabas niaeR ¥a=

Pressure fluctuations did not have high frequency content, and identified pressure rising from 2.5” Hg to
atmospheric pressure. No corresponding blade response identified during telemetry test.

Hood Sprays were not identified as causing blade stimulus

eaiialictimatens Tas dastiant or afeiasisacamaat bare i

1hishi Hitachi Power Systems, Ltd. All Rights Reserved
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2. Design Description of Upgraded 40” L-0 Blade

DEF-1 QFL:FUEL-002392




CONFIDENTIAL

Features of Upgraded 40” L-0 blade

1) Improvement of mechanical damping

Improvement of mechanical damping would achieve

reduction of vibratory stress, even if large excitation force

works on the blade.

2) Improvement of fretting strength

Based on development material testing as part of RCA,

Fretting Design Criteria is updated.
Improvement of fretting strength would be achieved due

to upgraded shroud and stub geometry.

3) No need to replace rotor and inner casing

Since upgraded 40” blades could be designed with same

height, count, root and groove geometry as original 40”
blades, less replacement work is required.

2>

Adjustment of the angle of shroud contact
surface would improve mechanical damping

Shroud contact surface (T.E.)

Y A A
N

=

Original Upgraded Original Upgraded
Shroud Stub

v 4 -
Scope of replacement

Bartow LP Turbine

DEF-19FL-FUEL-002393
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Specification of Upgraded 40” L-0 blade

|
40" L-0 (Original) Upgraded 40" L-0 S Shroud \!
- |
Blade Height 1016 mm Same 5
Base Dia. 1440 mm Same S
Stub Height 635 mm 620 mm ©
Annulus Area 7.8 mZ Same :
Root Width 292 mm Same Flow
2 Direction
Blade count 64 Same S
Side Entry f
Root Type (Axial) Same s
Material 17-4PH Steel Same N £
- Upgraded geometry (9]
Shroud (Base) - Angle adjustment of contact ﬁ
Geometry surface =
Stub :
Geometry (Base) Upgraded geometry
Profile ) :
EhSmetty (Base) Increase of thickness B )
: 23.8 kg 53
visight €22 X9 (+1.6kg) i3 29b.0
|

Eiaprieteny end Costdenial e maiioa. TEIS dodimant ol intomialan sannat be faprsgused fronsmitad Grd Solosad Grbaut paoweilen consent of LUz ubisa: Hitechd Bowes Seatems | 1o

© 2048 Mitsubishi Hitachi Power Systems, Lid. All Rights Reserved,
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Comparison of Shroud Geometry between Original and Upgraded 40” L-0 blade

LE

TE

40" L-0 Original
(Type 1, 3)

Upgraded 40" L-0

L.E. :Leading Edge

DEF-19FL-FUEL-002395
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Modification of Shroud Geometry

» Upgrade the stiffness of shroud to improve the fretting fatigue strength.
<Comparison of Original and Upgraded 40” L-0 blade>

Shroud top Shroud contact face
(\J,/ L.E. T.E.
PN >
L
40" L-0 }
(Original) /
/
/' <Length Ratio> | _
& Upgraded Blade| Normal Joangle aclustment
“\ Original Blade Blend R
N
R13
______ = 1.6
Upgraded
40" L-0

/ g Ellipse
. Blend R
A R30x15
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Comparison of Stub Geometry between Original and Upgraded 40” L-0 blade

> Upgrade the stiffness of stub to improve the fretting fatigue strength.

<Length Ratio>
Upgraded Blade
Original Blade

=1.4

40" L-0
(Original)

b

<Thickness Ratio>
Upgraded Blade
Original Blade

=1.4

Upgraded 40" L-
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Profile of Upgraded 40” L-0 blade to reduce dynamic response

> Increase the thickness of blade profile with the increase in the centrifugal force of
shroud and stub.

— 40" L-0 (Original)
— Upgraded 40” L-0

Mean Profile

Base Profile

" DEF-19FL-FUEL-002398
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Criterion for Fretting Fatigue of Shrouds and Stubs

Former criterion

® Limits the contact pressure only, based on the fretting fatigue map.

® This criteria is interpreted as the prevention of crack initiation, but small cracks were

observed on the contact surface even in unbroken specimens (below the fatigue limit).

New criterion

® Assuming a crack on the contact surface, and the criterion is for the prevention of growth

of the crack.
® Allowable vibrating stress given by the criteria varies according to contact pressure.

® The allowable stress also changes with the shape and dimension of shroud and stub.

ehi Banar feuetame i Al et
ACREEOWET DYSISIIS TG SRl RIS
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Enlargement of Shroud Contact Area

To Increase the mechanical damping

> Adjust the angle of the shroud contact surface to enlarge contact area by using
the latest non-linear numerical analysis method (FEM).

> Optimum Shroud and Stub gaps are designed to control the contact speed and
reaction force.

Partial contact

Before
adjustment

Shroud contact surface
(T.E.) After
adjustment

Numerical analysis result of shroud contact condition

DEF-19FL-FUEL-002400
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Shroud Contact Condition as a function of Rotational Speed

40" L-0 (Original) | Upgraded 40" L-0 | < Original Blade>
LE. TE LE. TE. > Partial contact is observed at all
rotational speed.
<Upgraded Blade>
> Location of shroud contact area is inner
2600rpm side of contact face at 2400rpm.
» Full contact at 3600 rpm.
2800rpm . - * \liew of each contact face is shown below.
‘Q Contact Face of T.E.
3200rpm - -
%
3400rpm - - Contact Face of L.E.
* Color shows contact pressure as the picture below.
, ot
3600rpm . - Low High

FUEL-002401
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Prediction of Mechanical Damping

> Analysis of mechanical damping of 40” Original blade is performed with the method
described in the previous page.
> Analysis result is almost same as measured mechanical damping.

Calculated

8 damping

4

o

.

0o Shroud Contact
£ - Area
£

©

o

©

4

c

S i ; Calculated

] G . damping

-

40" L-0 (Original)

Vibratory Stress (Vane)

Mechanical damping reduces blade vibratory stress for given load
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Improvement of Shroud Contact Condition in Existing L-0 Blade

» Shroud contact coﬁdition of éxiting blades with and without angle adestnﬁént ‘were
verified after high speed balance test was performed in MHPS shop.

> Improvement of shroud contact condition was observed due to adjustment of
shroud contact surface.

<Result of angle adjustment>
> Existing L-0 blade

No Adjustment | After Adjustment
Ly
\ Analysis
Copy of shroud contact Result f
face by replica |
Partial Contact Uniformed Contact
e
Actual Y
Contact E
Condition : i
(replica) !

F-19FL-FUEL-002403
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Experience of Reducing the Non-Synchronous Vibratory Stress

» MHPS has the experience of reducing non-synchronous vibratory stress due to
increase in shroud contact area in an actual 50Hz unit.

“Small” contact area Non-synchronous vibratory stress “Large” contact area Non-synchronous vibration\ was NOT observed
Cond. Vacuum \ - Cond. Vacuum
; s
‘ : g :
# z 2 -
§ : £ §
Time Time
(Ma=0.27) (Ma=0.39) (Ma=0.59) (Ma=0.27) (Ma=0.39) (Ma=0.59)
£ (Ma=0.87) :g > % -(Ma=087)
£ £ L )J
= — : i'i i fer .
g g /AR, e
8 é r }.7"0. . /’ /
> >
o ° /
& c
)
o 3 // /
Load [MW] Load [MW]
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Reduced centrifugal static stress on the blade tip

» Static stress on the blade tip is reduced by optimizing the profile stacking and

shroud blend R design.
LE

T.E. - T.E. Tk LE,

High

Convex Side Concave Side Convex Side Concave Side

Original Upgraded Blade =t

DEF-19FL-FUEL-002405
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Vibratory Stress Evaluation of Upgraded Blade

> Upgraded 40” L-0 blade will achieve higher mechanical damplng than the original
blade due to increase of shroud contact area.

> Furthermore, shroud and stub stress additionally decrease due to geometry
upgrade. Shroud Contact Area

— T Vane shroud + [L_Stub
ity O1-vane & e R
T a o = i g
' g £ 5 1
- % g 'l s
Upgraded 40” L-0|/40” L-0 (Original) 3 g's R A
Y 1 5 L5 o mE
2 w o 1 e ]
s f '
i
1
= |
2
©
= i o | L .
e 40" -0 Upgraded 40" -0 Upgraded 40"L-0 Upgraded
‘a Original 40" L-0 Original 40" L-0 Original ~ 40" L-0
E 59% reduction 79% reduction 85% reduction
= at vane at shroud at stub
i Effect of
- - : 5
L I it e tTrEeEe——— - - kel ol N RY
-: ' o == 1
o v j !
% : e : Vibratory stress working
; PP ! on shroud and stub would >
- - | reduced further due to
,» , . upgraded geometry
O2-vane 01 -vidne

Original Upgraded

Vibratory Stress (Vane)
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Vibratory Stress Evaluation

> Vibréfory stress on vane, shroud and stub of Upgraded 40" L-0 would be below the
criterion of fretting fatigue limit. (Dashed red line shown in the graph)
> High loading operation (450MW) is acceptable.

Dynamic Stress Capability

Periodl m Period2 = Period3

Crack Initiation

Fretting Fatigue
Limit

Crack Initiation
Fretting Fatigue
Limit

%2

Vane

% Period4 m Period5 ® Upgrade 40" L-0

HVOF Capability 1
Fretting Fatigue
Gmit

Crack Initiation

Fretting Fatigue
umit %2

Upgrade 40" L-0

%1 : Dashed green line show fretting
fatigue limit of stub with HVOF
coating. (HVOF coating on stub
contact surface is applied in Period 3
and 4.)

%2 : Since operation load was restricted
under 420MW, stress in Period2 is
under limit.

DEF-19FL-FUEL-002407
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No Operation Restriction

1) No Need of an Avoidance Zone

Avoidance Zone Eliminated

High loading operation can be P T
acceptable due to the : i .
improvement of mechanical ; o
damping and upgraded stub and N ;
shroud geometry. . o
2b .
; | i &
: -~ - = - 0 Aty Const

Output power [MW]

L-0 Loading Constant
2) Bypass Operation Telemetry Test in Dec, 2014
The upgraded blades have been ,

. . Bypass Connection Locations
designed so that there are no operating e
restriction to achieve operation for the g =

: : ADremnes T1 7T (e tepee
all GT blend in/out for 4 on 1 Combined PRI iy e Sy T
Cycle Configuration. The validation will NP - , T |-
be confirmed by Blade Vibration 4Crrmmes — g R R
Monitoring. —_ I e

T
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Campbell Diagrams of Upgraded 40” L-0 blade

- » 10Hz resonance avoidance is maintained for
each mode at the rated operation speed.

' T T 7
......... : 40” L-0 (original)
— : Upgraded 40" L-0

[ feer d Mode

> Rotational speed of shroud and stub contact

increase due to upgrade.
ode  : Shroud contact speed increase by 31%

from original blade.
V¥ : Stub contact speed increase by 12%

from original blade.

» Warm up speed, which is shown as * in the
graph, needed to be increased by 200rpm

from current speed.

Frequency[Hz]

ode

DEF-19FL-FUEL-002409
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Impact of blade weight increase

No Change in turbine start and stop count

» Since root and groove peak stress is almost same as original 40” L-0 blade,
restriction of turbine start and stop count is not necessary.
> This was achieved by optimization of blade stacking and root/platform position.

High .E. High
| LE. LE. T.E :

L.E.
40" L-0 TE == L.E. E

LL:E: TE I:ow
Upgraded T.E L.E.

Convex side Concave side Convex side Concave side

Blade Root Stress Rotor Groove Stress

v' Increase of blade weight : +1.6kg/blade Total +204.8kg/rotor
v" No affection on bearing stress and rotor’s critical speed

DEF-19FL-FUEL-002410
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3. Tolerance and Quality control of Shroud and Stub Gap
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Shroud and Stub Gap Management Procedure

> Shroud and stub gap would be managed by following procedure.
<Individual blade measurement>

1. Gap measurement with Box Gauge 2. 3D Scan
- Shroud and stub gap have to be within new - 3D Scan would be conducted on all 128 upgraded
allowable range. (Green line) blades to evaluate manufacturing variation.

- Inclination of shroud contact face is also evaluated
- from 3D scan data, and check whether it is

S A o : Original blade manufactured accurately.
o 4el_—T— Gap Tolerance range
04 4 (:ho.8/:t0.8) Al = +1.2 A2 = +1.3

0.2 4

-

Gap Tolerance range

-4o —G"l -Otﬁ -0.4 O.ZnOD 02 04 0.'6 Ovh 10 Upgraded blade

Stub Gap Tolerance [mm]

— Un-acceptable gap range

Shroud Gap Tolerance [mm]

3D scan of shroud contact face

<Gap measurement at assembly>

- Since individual blade measurement would be conducted strictly, gap measurement record of blade assembly
would be treated as reference.

DEF-19FL-FUEL-002412




Summary of Shroud and Stub Gap Tolerance

I

Measurement Method

Measurement
Point
Stroud Tolerance
Gap
Parallelism
Measurement
Point
Stub Tolerance
Gap
Parallelism

40" L-0

Typel

Box Gauge
1 point
+0.8 mm
No criterion
2 point
+0.8 mm

No criterion

¥ Shroud gap measurement point

iahte B
A RGNS REsEiVED

CONFIDENTIAL

Replacement
in Dec.,2014

40" L-0
Type3

Box Gauge
4 point*
+0.8 mm
+0.3 mm

4 point

+0.8 mm

No criterion

)

Upgra dé,d
40" L-0

Box Gauge
3D Scan

4 point*

New Range

Evaluation
of 3D scan data

4 point

New Range

Evaluation
of 3D scan data

\4

>

No need to change

New tolerance range witt be
applied.

» Parallelism will be evaluated

from 3D scan data.
No need to change

New tolerance range will be
applied.

Parallelism will be evaluated
from 3D scan data.

DEF-19FL-FUEL-002413
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New Tolerance of shroud and stub gap

» Shroud and stub gap tolerance of upgraded blade would be set as shown below to
avoid high contact pressure which is seen at large shroud gap and small stub gap.

New Gap Tolerance range

prm e OB - fomm e //
Shroud/Stub gap = -0.8/+0.6mm £ - s — Shroud/Stub gap = +0.8/+0.6mm
E.. 04 4 Nominal
(O]
O -
c 0.2 A
E
@ i i ; _ry: ' . . :
|2 40 08 06 04 02 0P 02 04 06 08 10
Q ! 02 }
(‘B f (Preliminary line) ., €—1+—
a -0.4 N s
3 . | Shroud/Stub gap = +0.8/-0.3mm
a i
Shroud/Stub gap = +0.8/-0.6mm

Shroud/Stub gap = -0.8/-0.6mm

/Shroud Gap Tolerance [mm] \\

Original blade Gap Tolerance range
(Shroud/Stub = +£0.8/£0.8)

Shroud/Stub gap = +0.4/-0.6mm
*Contact Pressure Contour

Low High

il Power Systems, Lid, All Rights Resepied
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Verification Test and Long-term Monitoring
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Verification Test and Long-term Monitoring

>
>

>

>

© 2048 Mitsukishi Hitachi Power Systems, Ltd. All Rights Reserved

Verification Test for Upgraded 40” L-0 blade is planned as follows:
Verification Test at Shop

- Both frequency and response at harmonic resonance for RH upgraded 40” L-0 blade will
be measured by air excitation. -

« Mechanical damping for 1st Mode/high nodal diameter will be measured by
electromagnetic excitation. Measured mechanical damping will certify reliability for non
synchronous vibration.

- BVM data will be calibrated using telemetry strain gauge data during shop testing.
Field Validation Testing

Vibratory amplitude during actual operation will be measured by BVM including Bypass
Operation.

Long-Term Monitoring
We will keep monitoring long-term by BVM.

Period 3 40" L-0 Upgraded 40" L-0
- i Air Excitation & Electromagnetic
Verification Test at Alr Excitation Excitation
Sho
7 Strain Gauge (Telemetry) Strain Gauge (Telemetry) & BVM
Field Validation Testing Telemetry Test BVM
Long-Term Monitoring None BVM

I EAd crd salasedwilalt BRomerc  Concear el stbIngl Stz Chi Bower Bysiates 114
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Electromagnetic Vibration Test

> To certify reliability for non synchronous vibration, mechanical damping of high
nodal diameter shall be measured by electromagnetic vibration test.

500% 16ND Blade Profile
{ j"
450, — o
! Suction Power o Magnetic Flux
[
400/
Coll {Turrent Flows)
350+
’ iron Core
_, 300! Vibrator (AC) suctions blade by Magnetic Filed
£ |
% 550l Electromagnetic exciter can excite any high nodal diameter
s mode at rated rotational speed.
o
e
uw

200+
3ND°
Blade frequencies and responses of harmonic resonance is
measured by Air jet test

SN NN SUUE” PRSI SS0 SN: VS SN UMl S-S WU SNUNE WU S, N T |

0o 1000 2000 3000 4000
Rotational Speed [rpm]

e
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Electromagnetic Vibration Test

> MHPS has upgraded the electromagnetic exciting test facilities and verified to excite the
actual blade at high nodal diameter of 1st mode family at rated speed.

> Several electromagnetic exciters are located in circumferential direction and exciting force,
frequency and phase of each exciter is controlled.

CONFIDENTIAL

| > Blade response will be measured with both strain gauge telemetry and BVM.

Electromagnetic Exciter

Electromagnetic Exciter

‘ DEF-1 9FL-FUEL-002418
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Electromagnetlc Vibration Test

» MHPS measured mechanlcal damping for 48" L-0 (scaled 40” L-0 (or|g|nal)) by electromagnetic
exciting test in Sep 2017. Measured damping was well consistent with expectation.

> The electromagnetic exciting test facilities would be more upgraded in 2018 for larger
excitation enough to verify the 450MW operation.

O : Measured damping
of original blade

Mechanical Damping (16ND)

o caP 5P o

sl

Calculated
<-—| damping

Upgraded 40" L-0 |

.

e

Calculated
damping

/ Vibratory Stress (Vane)

Sep./2017

- fv;/
i

EERE LEddad ks

40" L-0 (original]

Nov./2018

Shroud Contact
Area

48" L-0 (original)

Test facilities upgrade

-

@

Upgraded 40" L-0

Upgraded 40” L-0 manufacturing

»
>

Ship to site
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Field Validation Testing and Long-Term Monitoring

> Blade Vibration Monitoring (BVM) is a method for vibration measurement of rotating blades
using non-contacting sensors that is mounted on stationary parts.

> BVM shall be calibrated during the factory verification testing when it was conducted in
conjunction with telemetry testing. A

» MHPS shall verify the vibratory amplitude (blade stress) in the actual operation including GT
4C and 4D blending and also 4A and/or 4B blending.

Measure the vibration
amplitude of blade tip by BVM

mm L

Ly
:ﬁi‘«ﬁ % i‘
i

e

Vibratory stress distribution of 1st-
mode 16ND.

Relation between the vibratory
stress at each point of the

blade is calculated by FEM and
verified by telemetry testing at
shop test.

niFower Systems. Lia. All Rights kesery
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Field Validation Testing and Long-Term Monitoring

» 5 BVM sensors would be mounted in the circumferential direction on the both side of the flow
guide.

» BVM system can measure the amplitude of the high nodal diameter vibration with high
accuracy.

> BVM probes would be installed as a permanent monitoring system by modifying the original
flow guide for long term monitoring.

Location of BVM sensors
Electromagnetic vibration test in Sep 2017.

Nodal Diameter Determination
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Example of monitoring by BVM

» BVM system can analyze measured data by single-blade spectral analysis (SBFFT).
» MONITOR software then picks the peak (within a frequency band) of the mode, and tracks
amplitude and frequency over long period of time.

> BVM system can output analog signals to interface with the plant DCS in real time by
augment with analog output module.

= LAY Darsit Vaw mL W

" 'Frequency band argund peak

p
! ' - e —
roolinc+ @@

Amplitude {mm]
T T T
1

Aliased frequency (Hzl Preve ..‘m‘fﬂ'; #ioge; :.:..aau;fm-ﬂ oo rnbee e : Aﬂrtimk.wu ' _srn u?ue-a‘x i ul- il
single-blade spectral analysis (SBFFT) single-blade spectral analysis (SBFFT)
A
©
© 20mA
EEmeBEEm® - R 2 9 ‘
VOLTAGE - " n :
PRERRREE § @ oo E i
i ‘M“uz‘\ At , 26 QuIRLT mtamg; g— AmA 'E

Vibration amplitude
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Development history and measurement experience of BVM

> BVM probe mounted in the wet steam condition has been developed and applied
to MHPS Takasago in-house plant (T-Point) from 2016. MHPS has verified the
long-term reliability of BVM measurement in actual steam condition.

» MHPS will carry out telemetry and BVM test at a unit that has 40” LO with Loading
up to 15000Ib/ft~2/h in 2018.

» Hood Technology, manufacturer of BVM system, has multiple measurement
experiences of actual unit.

Development BVM in the wet steam condition
| D
Verification of BVM at MHPS Takasago in-house plant

- - b R e A R R e e R

Actual unit measurement

(L-1 blade) Actual unit measurement
BRI (40” LO with 150001b/ft~2/h)
e R o S e e
Bartow upgraded 40"

MitsubishiHitachi Power Systems, Lid Al Rights Resetved.
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Long-term Monitoring

>

The blade vibration condition (amplitude, frequency, phase etc.) of LSB is measured by the
BVM system and measured data is saved on the Hard Disk of the MONITOR computer which
will be placed at Bartow site.

During commissioning period, MONITOR computer placed in the STG Electrical Room is
operated by MHPS engineers at site.

After the commissioning period, MONITOR computer is remote operated by MHPS. Measured
data can be downloaded from the MONITOR computer through-the internet.

1 Preamp BVSI
|\ sensor PXI DAC Plant DCS
5 b Co . .
g MONITOR
% ) , Data products
\A - - Blade Plant Local | - status message
»Area Network - data files
(LAN)
- Hood Tech
Gateway
Internet .-
Remote —~
connection
MHPS

Customer
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Long Term Monitoring

> BVM system componehts will be placed beside the LP outer casing and in the STG electrical
room.
> Wiring that connect these BVM system components shall be necessary.

| Inside of Beside of STG Electrical Room
outer casing ~ outer casing
Mww'*:’ e - Preamp L BVSI )
. BwM | PXI DAC Plant DCS
i Sensor DC Power | —
; Supply
; MONITOR
i Plant Local e %
Blade Ares Network Gateway Internet
_(LAN) " ‘ e Hood Tech
Customer .~ T 7T T " MHPS

» MHPS shall verify the amplitude of upgraded 40” L-0 blades by BVM
during commissioning period with high load and GT blending
operation as a part of field validation testing.

> The long-term monitoring will keep track of the reliability of

raded 40" blades.

et
.
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Future Schedule
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Schedule

> Upgraded 40" blades will be ready for the next ovérhaul at Bartow site
with verification testing completed at MHPS factory.

« The Bartow production blade non-synchronous response will be factory tested in
Nov. 2018 with electromagnetic excitation simultaneously with both telemetry
testing and BVM to confirm the targeted reduction in blade response.

« This test will also be used to calibrate the BVM system which will be installed for
validation testing and long term monitoring at Bartow.

2018 2019
Verification Test
) Manufacturing ~ at MHPS Shop
Manufacturing (~End of Oct.)  (Nov.)
~
" « \1/ Installation of Upgraded blade
Shipping —\/
v

BVM at site (Eb_)
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Conclusion

® MHPS has worked very closely with Bartow team and has put enormous
effort in RCA to understand blade failures mechanism.

® A robust blade design is proposed that addresses issues observed by 40”
LO blades and guarantee 450MW operation without any avoidance zone
including:
® High load operation
® GT blending operation

® Our knowledge developed at the Bartow site and recent testing
experience at the factory and multiple sites provide us high degree of
confidence in our upgrade blade design.
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Additional Question from Duke - Feb 20t 2018
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Duke Questions

1. Duke is requesting a sanitized copy of our presentation.
[Answer] Please see slides 1-47.

2. Can Duke have copies of the old/new blade design models for the purposes of "show and
tell" with our Duke mgmt. and key project stakeholders?
[Answer] Blade models are not available. The detailed shroud and stub shape comparison
can be found on slides 14 -16.

3. 1Is there any significance regarding the CFD model output for the L-0 exit flows and how they
interact with the Bartow Condenser?
[Answer] The purpose of the CFD analysis performed was to understand the interaction of L-
0 blades with Bartow Condenser. Please see slides 52-53. Slide 53 results were presented
during RCA review meeting. No significant difference between old and upgrade blade is
observed.

4. The % damping vs blade motion chart may not be 100% accurate, but does the graph
(attached) show the concept that Mr. Tochitani was trying to present?
[Answer] Yes it does.

a. 40” redesign shows calculated promise of more damping possible? Than even was
experienced with the 48” 50 hz blade?
[Answer] Yes, 40” redesign will have more damping than 40" Type3 blade and 48" 50hz
blade.
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Duke Questions

b. The shop test data (blue dots) was most likely taken before the blade was installed in
the field to the right? Yes/no
[Answer] Yes.

C. We assume the blue dots only went so far to the right because of magnet force limits?
[Answer] Yes.

d. Is the left axis intercept just the internal blade material damping value less than 2% ?
[Answer] Please see slide 21. It would not be found from electromagnetic excitation test
whether the left axis intercept is equal to the blade material damping.

€. The right sketch of BVM plot and load vs time showed greatly reduced blade tip motion
for the same blade excitation forces, most likely cause was better damping from better
contact?
[Answer] Yes.

f. Were type 3 or 48" 50hz type 3 blades ever tested in the shop test rig for damping? To
double validate the calculation methods and analysis?
[Answer] 48" 50hz blade, whose shroud contact area was point contacted, was tested in
Sep. 2017. The calculation method and analysis were validated.

g. If not tested where would MHI predict they would test?
[Answer] Please see above response “f”. Also please see side 7.
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Duke Questions

5. Have the previously run Bartow period 3 or 4 blades been considered for test in this shop
damping test? If Not what was logic for not doing so?
[Answer] Since the test method was not established at that time, Bartow blades in Period3
or 4 were not considered for damping test. Also due to coating applied at stub and shroud,
period 3 or 4 blades damping can not be compared with upgrade blade.

6. As a listening check is there anything we have misunderstood in re -presenting back to MHI
what was presented to Duke 2/13/18?
[Answer] Your understanding is correct. In below image, on two plots on right side, the data
is not from BVM, it was taken using strain gauges.

MHiI Blade Damping %
Vs ed i S4 w02
Blade Motion testing : bk g
Multi Magnet shop test ¢ 4 Pox pes
procedure i

9% System

p g o
y Y . g
e 4 / & o wews cagfe on

o - /
/ (4] P 7
y @ /
/ o ( 48" S0e Not
L W o Were Typ 3, 0rfivOr () welded {Brazed not
coated blades tested? Typd) SHOP test
Where would M dny
predict they would test if
not tested?
Blade Miotion
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Aero Dynamic Damping Analysis

v" Model : From L-0 inlet to diffuser
v' Calculation Type : Unsteady Moving Blade Calculation

v' Output : Aero Dynamic Damping

1.000 {m}
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Bibb and Associates — Progress Energy Bartow Repowering Project
4x1 F-Class Combined Cycle

Estimated Performance -- Revision 8
Model Revision: GC561-091106-8 BJScrivner

1997 Steam Tables
Case Name Case 1 ase 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case © Case 10 Case 11 Case 12 Case 13 Case 14 Case 15
4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG 4x100% PAG | 4x100%PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG
Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired Unfired Unfired Unfired Unfired Unfired
Gas Fusl Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fusl Gas Fuel Gas Fuel Gas Fusl Gas Fuel
35F 45F SOF TAF OF 95F 50 F/EC On 74 FEC On S0 F/ECOn 95 F/EC On 35F 45F SOF TAF QF
'EaleCyl:le Model ID 8BARTO 8BARTO 8BARTO 8BARTO 8BARTO 8BARTO 8BARTO 8BARTO 8BARTO 8BARTO 8BARTO 8BARTO 8BARTO 8BART2 8BART2
GateCycle Case ID B8-1 B8-2 B8-3 B8-4 B8-5 B8-6 B8-7 B8-8 B8-9 B8-10 B8-11 B8-12 B8-13 B8-14X B8-15
JAmbient Temperature 35 F/60%RH 45 F/60%RH 59 F/60%RH 74 FIT9%RH 90 F/55%RH 95 F/44%RH 69 FI60%RH 74 FIT9%RH 90 F/56%RH 95 FI44%RH 35 FI60%RH 45 FIG0%RH 59 F/60%RH 74 FIT9%RH 90 F/56%RH
[ Atmospheric Pressure 14.600 psia 14,690 psia 14.690 psia 14.690 psia 14.690 psia 14.690 psia 14.600 psia 14.690 psia 14,690 psia 14,690 psia 14.690 psia 14.690 psia 14.690 psia 14.690 psia 14.690 psia
[Number of CTG/HRSG Uniits Operating @ 4@100%% 4@ 4@ 4@ 4@100% 4@100%!: @ 4@ “@ 4@ 4@100%/augm | 4@100%/augm | 4@100%/augm | 4@100%/augm
[CTG Inlet Air Cooler Cooler Off Cooler Off Cooler Off Cooler Off Cooler Off Cooler Off Cooler On Cooler On Cooler On Cooler On Cooler Off Cooler Off Cooler Off Cooler Off Cooler Off
[Fuel T) Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas
HRSG Firing/DB Exit Temperature Fired/1017 F Fired/1023 F Fired/1034 F Fired/1046 F Fired/1062 F Fired/1068 F Fired/1027 F Fired/1041 F Fired/1050 F Fired/1051 F Unfired Unfired Unfired Unfired Unfired
[CTG Model $5000F $5000F '$5000F 85000F S5000F '$5000F S5000F $5000F $5000F '$5000F $5000F $5000F $5000F $5000F 85000F
ICTG Performance Reference Siemens 12-May-06 | Siemens 12-May-06 ratio ratio ratio ratio Siemens 12-May-06 | Siemens 12-Mey-06 | Siemens 12-May-06 | Siemens 12-May-06 | Siemens 12-May-08 | Siemans 12-May-06 ratio ratio ratio
[HRSG Performance Reference Vogt 717106 Vogt 747106 Vogt 7117106 Vogt 717106 Vogt 717106 Vogt 717106 Vogt 717106 Vogt 77106 Vogt 77106 Vogt 7/17108 Vogt 7H7106 Vogt 7117106 Vogt 717106 Vogt 7117106 Vogt 717106
STG Output 406.2 MW 409.3 MW 409.2 MW 408.1 MW 406.4 MW 408.4 MW 409.2 MW 408.4 MW 406.7 MW 406.0 MW 369.7 MW 3713 MW 370.1 MW 3648 MW 364.5 MW
STG Performance Reference MHI MHI MHI MHI MHI MHI MHI MHI MHI MHI MHI MHI MHI MHI MHI
STG Throttie Conditions, psia/f 2,260p/992F 2,270p/997F 2,270p/1,007F 2,268p/1,019F 2,268p/1,031F 2,268p/1,035F 2,268p/1,002F 2,269p/1,016F 2,267p/1,023F 2,269p/1,023F 2,024p/1,015F 2,018p/1,021F 2,010p/1,032F 1,964p/1,048F 1,876p/1,060F
ISTG Cold Reheat Conditions, psia/F 561p/632F 561p/636F 660p/644F 559p/653F 660p/664F 564p/669F 560p/640F 559p/650F 558p/657F 559p/65TF 502p/654F 500p/659F 497p/668F 494p/687F 488p/696F
Cold Reheat Conditions after Conditioning, psia/F 561p/632F 561p/636F 560p/544F 550p/653F 500p/664F 564p/B6OF S60p/640F 559p/650F 558p/6STF S50p/B5TF 502p/654F 500p/650F 497pl666F 494p/68TF 488p/B96F
STG Hot Reheat Conditions, psia/F 498p/1,015F 497p/1,020F 496p/1,029F 495p/1,041F 496p/1,060F 501p/1,050F 497p/1,026F 496p/1,037F 495p/1,044F 495p/1,045F 446p/1,027F 443p/1,032F 441p/1,042F 440p/1,050F 438p/1,050F
[Condenser Pressure 1.69 in HgA 1.90 in HgA 1.88in HgA 291inHgA 3.30 in HgA 3.32in HgA 1.89in HgA 292inHgA 3.31inHgA 3.31in HgA 1.46 in HgA 1.76 in HgA 1.74in HgA 2.71in HoA 3.08 in HgA
[Stack Temperature 219F 219F 217F 220F 218F 216F 218F 221F 221F 221F 224F 225F 222F 226F 224F
[Run Date 7-Sep-06 7-Sep-06 7-Sep-06 7-Sep-06 8-Sep-06 8-Sep-06 7-Sep-06 7-Sep-06 7-Sep-06 7-Sep-06 7-Sep-06 7-Sep-06 7-Sep-06 7-Sep-06 8-Sep-06
Performance Summary
[Number of CTG/HRSG Units Operating 4 4 4 4 4 4 4 4 4 P Z P 4 4 4
[Gross CTG Output (each) KW 228,024 222,820 212810 200.507 186,378 181.934 217952 203,867 196.207 195,542 228,024 222,620 212,810 200,507 186,378
[Gross CTG Output (total) [ 915,696 891.280 851238 802,027 745,512 727.734 871,808 815,466 784628 782,168 915,696 891,280 851,238 802,027 745,512
[Gross CTG Heat Rate (LHV) BUAWh 8,762 8810 8925 9.077 9.269 9320 8864 9,031 9,136 9,145 8,762 8810 8925 9,077 9,260
[Gross CTG Heat Rate (HHV) BWWh 9,507 9,649 8,775 9942 10.152 10218 9.709 10,016 10,006 10,016 9,597 9,649 9.775 9942 10,152
Fuel Gas Temperaturs to CTG. F 60 80 8 & 60 0 60 60 ) & 60 & 60 & 60
Fusl Gas Temperature to Site. 60 60 & 60 8 60 &0 & 0 60 & & 60 80 60
TG Heat Input (LHV) (total) MMBtuh 8,023.33 7.852.18 7.597.28 7.280.05 6.910.17 6.789.16 7.721.71 7.364.49 7.170.19 7.152.98 802333 7.852.18 7,597.28 7.280.05 6.910.17
TG Heat Input (HHV) (total) MMBlu/h 8.787.74 860020 832110 7.973.65 7.568.53 7.436.99 8,463.96 8,167.65 7.853.32 7.834.42 8.787.74 8.600.29 8321.10 7.973.65 7.568.63
[Duct Burner Heat Input (LHV) (each) MMBtu/h 7200 7400 76.00 7800 87.00 96.00 7300 76.00 7800 79.00 000 0.00 0.00 0.00 000
IDuct Burner Heat Input (HHV) (each) MMBtum 7886 8105 8324 8543 9529 10515 7996 84.29 85.43 86,53 000 0.00 0.00 000 0.00
[Duct Burner Heat Input (LHV) (total) MMBtuh 288.00 296,00 30400 312.00 348.00 384.00 292.00 304.00 312.00 316,00 0.00 000 000 000 0.00
IDuct Burner Heat input (HHV) (total) MMBHu 31544 32420 332.96 34173 38116 420.50 319.82 337.15 34173 346.11 0.00 0.00 000 000 000
[Gross STG Output KW 406,210 409,330 409,220 408,000 406,420 408,380 409,170 408,430 405,700 405,990 360,680 371,290 370110 364.770 354,500
STG Output. perent of CTG Output 444% 459% 481% 509% 54.5% 56.1% 46.9% 50.1% 51.7% 51.9% 404% N.T% 435% 45.5% 47.5%
[Gross Plant Output KW 1,321,906 1,300,610 1.260.458 1.210,117 1,151,832 1,136,114 1.260.978 1,223,698 1,190,528 1,188,158 1,285,376 1,262,570 1,221,348 1,166,797 1.100.012
[Gross Cyclo Heat Rate (LHV) BWKWh 6287 6.265 6,269 6.274 8301 6314 6261 6,266 6285 6,286 6,242 6.219 8,220 6230 6.282
[Gross Cycle Heat Rate (HHV) BUkWh 6.886 6.862 6,806 6872 6901 6915 6,857 6.949 6.684 6,885 6.837 6.812 6.813 6,834 6,880
Plant Heat Input (LHY) MMBtumh 8311.33 8.148.18 7.901.28 7.562.05 7.258.17 7.473.16 8.019.71 7.668.49 7.482.19 7.468.93 8.023.33 7.852.18 7.507.28 7.280.05 6810.17
Plant Heat Input (HHV) MMBtuh 9,103.18 8,924.49 8.654.06 831538 7.949.68 7.856.58 8.783.78 8.504.81 819505 5.180.52 8.787.74 8.600.20 8,321.10 7.973.66 7.668.63
{Calculations Based on High-Side of Generator Step-Up Transformers
[Total Ausiliary Power/Losses KW 31,400 31230 31,010 30,640 30320 30260 31120 30,720 30610 30,500 30,340 30.160 20920 29,450 28.960
otal Auil percent of gross 238% 240% 246% 253% 263% 266% 243% 261% 256% 2.57% 236% 239% 2.45% 2.52% 263%
[Net Plant Output w/ Step-Up Ximr Losses [ 1,290,506 1.269.380 1,229,448 1,178,477 1,121,612 1,105,854 1,249,858 1,193,178 1160018 1,157,658 1.255,036 1,232,410 1,191,428 1.137.347 1,071,052
[Not Plant Heat Rate (LHV) w/ Step-Up Xfmr Losses. BlukWh 6,440 6419 6,427 6.437 6471 6,487 6416 6.427 6,450 6452 6393 6371 8377 6.401 6,452
ot Plant Heat Rate (HHV) w/ Step-Up Ximr Losses BlukWh 7.054 7,031 7.039 7.050 7.088 7.105 7.028 7128 7,065 7.066 7,002 6.978 6.984 7.011 7.086
Revision History:
Rev. 8, 8/11/06 — GateCycle mode revised to incorporate Vogt HRSG proposal, additional MHI STG heat balance information. HP/CRH/HRH pipe calculations. and modified pumps; model usos same condenser as Rev. 7.
Combustion Turbine Generator (each)
Ambient Conditions Pressure, psia 14,690 14,690 14,690 14.690 14.690 14,690 14,690 14690 14.690 14.690 14,690 14,690 14,690 14.690 14.690
Temperature, F 350 450 500 740 900 950 20 740 2.0 950 360 450 50 740 90.0
Relative Humidity 60.1% 509% 50.7% 785% 548% 438% 9.7% 78.5% 548% 438% 60.1% 59.9% 50.7% 78.5% 548%
WBT.F 209 393 514 69.1 766 766 514 69.1 766 766 209 393 514 69.1 766
Jcompressor Inlet Conditions Temperature, F 360 450 5.0 740 900 950 526 698 785 793 360 450 5.0 740 9.0
Relative Humidity 60.1% 50.9% 50.7% 78.5% 548% 438% 928% 96.5% 91.4% 88.4% 60.1% 50.9% 50.7% T8.5% 548%
inlet Air Gooler Status Caoler Off Cooler Off Cooler Off Cooler Off Cooler Off Cooler Off Cooler On Cooler On Cooler On Cooler On Cooler Off Cooler Off Cooler Off Cooler Off Cooler Off
Saturation Efficiency 00% 0.0% 0.0% 0.0% 0.0% 0.0% 85.0% 850% 850% 850% 00% 0.0% 00% 00% 00%
Water Evaporation Rate Flow, Ibh 0 [ 0 [ [ o 5833 3,605 9622 13,110 [ 0 o [ o
Fuel Flow Fuel Type Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Ges Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Ges Natural Gas
HC. MMBtuh (LHV) 20058 1.963.0 1,899.3 18200 1727.5 1,697.3 19319 18411 17925 17882 20068 1,963.0 16993 18200 17275
Flow, Ibh 94,794 9277 89,760 86,012 81,642 80212 91301 88,105 84714 84510 94,794 8277 89,760 86,012 81,642
[Fuel LHV Bb 21,160 21,160 21,160 21,160 21160 21,160 21,160 20,807 21,160 21,160 21,160 21,160 21,160 21,160 21,160
Fuel Gas Temperature Temperature. F & ) ) & 80 ) ) 60 & & ) 60 60 80 &0
att Detailed Bartow HBs Rev Detailed HB p. 2 of 120

7/22/2019
DEF-19FL-FUEL-002437




MODEL: 8BARTO
CASE: B8

POWER  639.34
HR 326563
EFF: 104.48
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Mitsubishi Hitachi Power Systems

Power for a Brighter Future
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Bypass Operation Analysis

Does Bypass Operation Provide Stimulus to the blades?

Pressure

Pressure distribution
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* Increased blade response (1.5X Increase from C or D Bypass) was quantified through Telemetry Testing (Blade response was
recorded and shown to be Non-Synchronous Self Excited Vibration (Flutter))
* Aand B Bypass operation do not show increased blade response which is consistent with other 2on1 bypass configuration

telemetry Tests.

* Bypass configuration within the condenser is unique to Bartow with C and D bypasses located close to the exhaust.

Condenser heat load at 420MW is at the limit of the condenser specification. High velocities during 3 to 4 GT Bypass Operation

v" Model

v Calculation Type

v" Output

: From L-0 exit to condenser
: Steady Calculation
: Steady Condition of L-0 exit
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4x1 F-Class Combined Cycle

|Estimated Performance -- Revision 8
Model Revision: GC561-091106-8 BJScrivner
1997 Steam Tables

Bibb and Associates - Progress Energy Bartow Repowering Project

712212019

Case Name Case 1 Case 2 Case 3 Case 4 Case 5§ Case 6 Case 7 Case 8 Case 9 Case 10 Case 11 Case 12 Case 13 Case 14 Case 15
4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG
Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired Unfired Unfired Unfired Unfired Unfired
Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fusl Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel
35F 45F 50F 74F 0F 95F 59 F/EC On 74FECOn 90 F/EC On 95F/ECOn 35F 45F 50F 74F %0F
Cold Reheat Steam to CTG Power Augmentation Flow, Ibh 124,773 121,813 117,266 111,747 105,370 103,283 119,672 113,262 109,865 109,586 122,502 119,634 115,120 109,150 102,998
Pressure, psia 5248 52468 5235 5223 5238 5283 5239 5232 s22.1 5225 4602 7.7 4652 4638 4502
Temperature, F 625.7 6208 6378 8473 658.0 68629 6339 6443 650.5 650.6 6487 6536 862.7 682.1 6915
Enthalpy. Btu/ib 13122 1.314.7 1.319.5 1,325.2 1.3314 13340 13172 13234 1,327.1 13272 1.320.8 1,332.7 1.338.1 1.349.1 1.354.7
Desuperheating Flow for PAG Steam (from IP FW ) Flow, b/ 8,597 9,602 9,936 10,164 10.281 10,363 9,837 10,085 10,220 10,199 1778 1871 12,072 12,761 12,6683
T at F 358.7 3583 356.5 366.1 354.7 354.3 357.5 356.9 356.1 356.0 3573 356.8 354.8 354.6 3536
[Steam Injection for Power Augmentation Flow, Ib/h 134,370 131,506 127,192 121,910 115651 113,646 120,409 123,337 120,085 119,785 134,370 131,806 127,192 115,651
Pressure, psia 350.0 350.0 350.0 350.0 350.0 350.0 350.0 350.0 3500 350.0 350.0 350.0 350.0 350.0 350.0
Temperature, F 485.0 4850 485.0 485.0 485.0 485.0 485.0 485.0 4850 485.0 485.0 485.0 485.0 485.0 485.0
Enthalpy. Btu/lb 12422 1.242.2 1,2422 12422 12422 12422 12422 12422 12422 12422 1.242.2 12422 1.2422 1,2422 12422
ater Injection (NOx Control on Oil Fuel) Flow, Ibm 0 0 o ) 0 ) 0 ] 0 ) [) 0 0 ) o
TG Exhaust Flow Flow, Ibh 4,342,432 4,265,107 4,124,936 3,967,726 3794773 3.747.463 4,194,884 4,003,209 3,890,405 3,892,326 4,342,432 4,266,107 4,124,836 3,794,773
Pressure, in. H20 2137 20.75 %71 18.45 17.16 16.77 2023 18.79 1802 17.96 2137 20.76 1971 1716
Temperature, F 1,0736 1.0799 1.0926 1.107.5 1,121.7 1,126.7 1.086.4 1,103.4 11128 11134 1.073.6 1.079.9 1.0926
TG Load % of Base Load 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
eneralor Gross Oulput W 228924 222.820 212,810 200,507 186,378 181034 217,052 203,867 196,207 195,542 228,024 222,820 212810 J 200507 186,378
ross Heat Rate BtwkWh (LHV) 8,762 8,810 8,926 9,077 9,269 9,328 8,864 9,031 9,136 9.145 8,762 8.810 8,926 9,077 9.268
att Detailed Bartow HBs Rev Detailed HB p.30f 120
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CONFIDENTIAL

Bibb and Associates -- Progress Energy Bartow Repowering Project
4x1 F-Class Combined Cycle
Estimated Performance -- Revision 8
Model Revision: GC561-001106-8 BJScrivner
1997 Steam Tables
Case Name Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9 Case 10 Case 11 Case 12 Case 13 Case 14 Case 15
4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG
Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired Unfired Unfired Unfired Unfired Unfired
Gas Fuel Gas Fual Gas Fusl Gas Fusl Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel
36F 45F soF 74F 0F o5 F 50F/ECOn 74 FEC On 90 F/EC On 95F/ECOn 38F 45F s9F T4F 0F
Heat Recovery Steam Generator (each)
JHRSG HP Steam Flow, Ibh 569,500 568,157 665,221 561,518 558,105 557,152 566,113 562,716 560,266 660,734 498.863 495,841 491,362 473,269 452,863
(at HRSG terminal point) Pressure, psia 23140 23148 23147 23130 23127 23133 23125 23137 23122 23145 20646 2,058.1 2,050.5 1.893.0 18132
Temperature, F 996.3 1,001.2 10111 10226 1,0345 1,038.2 1.006.1 10188 10263 10266 10189 10246 1,0355 1,051.1 1.083.3
Enthalpy. Btulb 1.462.0 1.465.3 14718 1.479.6 1.487.3 1.489.7 1.468.6 1.477.0 1,482.0 1,482.1 1,4849 1.488.7 1,495.9 1.507.5 15111
dP from HP drum to HRSG terminal point psi 683.2 63.1 629 626 82.7 62.5 628 626 625 625 57.5 572 568 55.1 510
[HP SH #1 Steam Outiet Temperature. F 996.9 1.001.8 1.011.7 10232 1,035.1 1.038.8 1,006.8 1.019.4 1,027.0 1,027.2 1.019.4 10251 1.036.0 10516 1,063.8
@ #2 Steam Outlet Temperature Temperaturs, F 9115 915.1 9220 929.9 9395 942.7 918.2 926.7 9322 932.3 939.7 9442 952.3 964.0 9428
HP Steam Desuperheating Flow Flow, b/ 0 o 0 o o o 0 o o [ o o [] [ 17,021
(from HP Feedwater) Temperature, F 366.9 366.6 384.7 364.4 363.0 3826 3658 3852 384.4 3643 366.5 366.0 364.1 3842 3636
% of inlet steam 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 3.9%
Final Superheat, F 150.1 1523 156.3 161.0 168.9 1730 153.7 158.4 162.0 1621 177.7. 180.8 1855 185.0 166.2
HP SH #3/4 Steam Outlet Temperature, F 809.8 8122 816.2 820.7 8286 8328 8134 818.1 821.7 8219 821.1 8236 827.9 8333 837.2
[HP Evaporator #1 Exit Flow, Ib/h 81,681 82,150 82,829 83,303 84,641 85343 82,078 82,823 83274 83,487 66,984 66,976 67.081 64,266 58,900
Pressure, psia 23772 2,3780 23775 23755 23753 23757 23755 23763 23747 23768 21221 21163 21073 20482 19642
Temperature, F 660.8 660.8 660.8 860.7 6606 660.7 660.7 660.7 660.6 660.7 644.3 6438 68433 639.2 6333
Enthalpy, Blulb 1,104 1,104.0 1,104.1 1,104.3 1,104.3 1,104.3 1,1043 1,104.2 1,104.4 1,104.1 1.1269 1,127.5 1.128.1 11328 1.139.2
JHP Evaporator #1 Blowdown Flow, Ib/h 0 0 0 0 9 9 0 0 0 0 0 0 0 0 0
HP Evaporator #1 Pinch {3 3200 3344 3439 3549 3693 3745 337.8 350.5 358.2 350.1 302.7 306.6 3140 3155 306.5
HP Evaporator #1 Approach Temperature, F 18 124 134 147 162 16.7 127 142 151 152 48 50 56 49 3.0
[HP Evaporator #2/3/4/5 Exit Flow, Ib/h 487819 485,998 482304 478215 473,471 471,807 484,036 479,893 476,992 477,248 431878 428,666 424,282 409,001 376,933
Pressure, psia 23772 23780 23776 23755 23753 2375.7 23755 23763 23747 23769 21221 21153 21073 20482 10642
Temperature, F 660.8 660.8 660.8 660.7 6506 660.7 660.7 660.7 660.6 660.7 6443 6438 8433 639.2 633.3
Enthalpy, Btuib 1,104.1 1,104.0 1.104.1 1.1043 11043 1.104.3 1,104.3 1,1042 1,104.4 1,104.1 1,126.8 1,127.5 1.128.1 1.1328 1,138.2
JHP Evaporator #2/3/4/5 Blowdown Flow. Ib/h 0 ] S 0 0 ] 9 0 0 0 0 0 0 ) ]
HP Evaporator #2/3/4/5 Pinch Temperature, F 164 163 16.2 162 168 156 164 163 162 162 170 169 168 16.7 158
HP Evaporator #2/3/4/5 Approach Temperature, F 18 124 134 14.7 162 167 12.7 142 151 152 46 50 56 49 30
HP Ecanomizer #1/2/3 Outlet. Flow, Io/h 569,500 568,157 565,223 561,518 568,112 557,150 566,115 562,715 560,268 560,734 498,863 495,841 491,363 473,267 435,842
Temperature, F 649.0 6484 6474 846.0 644.4 6439 648.0 646.5 6455 845.5 639.7 638.9 837.7 6343 630.3
HP Economizer #4/5 Outlet F 571.7. 569.9 566.6 562.7 558.3 557.1 568.6 564.1 5614 561.2 576.2 574.7 572.0 569.9 570.4
[HP Economizer #6/7 Outlet Temperature. Temperature, F 4813 480.0 4775 4750 472.2 4718 479.0 476.1 4742 4741 481.5 480.3 4778 4768 4774
JHP Economizer #8 Outlet Tem| re, F 4213 4201 4173 415.2 412.3 M7 419.0 4164 4146 4144 425.7 4245 4217 4215 4233
[Feadwater to HP Economizer #8 Flow, Ib/h 569,500 568,157 566,223 561,518 558,112 567,150 566,115 562,716 680,266 560,734 498,863 495,841 491,363 473,267 435,842
Pressure, psia 247903 247986 24781 24748 24735 24736 24764 2476.0 24735 24760 22006 21828 21835 21180 20244
Temperature, F 3669 366.6 3647 3644 363.0 3626 365.8 385.2 3644 3643 366.5 366.0 364.1 3642 3636
Enthalpy, Btulb 3431 3427 3408 3405 339.0 3386 3418 3412 3404 340.3 3422 341.7 339.7 339.7 3388
EPFW Temperature Increase Across BFP. F 109 108 108 110 110 10 109 10 110 10 18 120 121 124 128
[Duct Burner HC, MMBtu/h (LHV) 7200 7400 7600 78.00 87.00 96.00 73.00 76.00 78.00 79.00 0.00 0.00 0.00 0.00 0.00
HC, MMBtuh (HHV) 7886 8105 8324 8543 9529 105.15 79.96 8420 8543 86.53 0.00 0.00 0.00 0.00 0.00
Inlet Temperature Temperature, F 961.2 964.8 9721 980.7 986.6 883.5 968.6 978.2 9836 9838 9716 9756 083.4 9812 965.7
Exit Temperature Tem) ture, F 1,017.1 1.023.2 1.033.8 1,048.2 1,082.5 1.068.4 1,0269 1.041.2 1,049.8 1,061.0 9716 9756 983.4 981.2 965.7
[HRSG Hot Reheat Steam Flow, I/ 514215 513,168 510252 507,042 506,750 511,574 511,530 508,492 506171 506,532 457,066 454,672 450,575 w4BaTT 444,588
(at HRSG terminal point) Pressure, psia 509.1 5089 5078 506.6 508.0 5128 508.2 5075 506.5 506.9 455.1 4536 4512 450.2 4462
Temperature, F 10175 10222 10318 1,0430 1,052.4 1,0524 1.027.1 1,030.7 10468 1.047.1 10289 1,034.1 1.044.5 10524 1.052.3
Enthalpy, Btu/lb 1.530.1 1,832.7 1,538.0 1.544.1 1,549.1 1,549.0 1,536.4 15422 1,546.1 1,546.3 1,537.8 1.540.7 1,546.4 1.550.6 1,560.7
HRSG RH dP — terminal pt. to terminal pt. psi 158 15.7 15.7 15.7 168 157 157 15.7 15.7 157 14.1 141 140 136 130
[RHTR #1/2 Steam Outlet Tem ure, F 1,017.7 10224 1.032.0 10432 1,0528 105268 1.027.3 1,039.9 1,047.0 1.047.3 1,029.1 1.034.3 1.044.7 1.052.6 1.0525
[RHTR #3 Steam Outlet Temperature Temperature, F 937.0 9403 947.0 954.7 958.5 951.8 943.6 9522 957.2 9574 949.6 953.3 960.6 949.8 926.1
[Raheat Steam Desuperheating Flow Flow, b/ [ [} [) o 2521 8,368 [} [ 0 ] [ ] [} 13,583 25399
(from IP Feedwater) Temperature, F 3587 358.3 356.5 356.1 354.7 3543 3575 3569 356.1 356.0 3573 356.8 3548 3546 353.6
% of inlet steam 0.0% 0.0% 0.0% 0.0% 0.5% 1.7% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 31% 8.1%
Final Superheat, F 339.0 341.7 347.0 3529 349.7 3285 3439 3506 354.7 355.0 3415 344.0 3488 2008 2325
MR #4 Steam Outlet Temperature Temperature, F 8103 8130 818.0 8238 8308 8334 8150 8216 825.5 8259 801.3 803.5 807.7 810.2 803.7
[Cold Reheat Steam from HP Bypass Flow, Ibh o o o o o o o o o 0 o o o 0 0
Pressure, psia 350.0 350.0 350.0 350.0 350.0 350.0 350.0 350.0 350.0 350.0 350.0 350.0 350.0 350.0 350.0
Temperature, F 881.0 8372 899.6 8140 928.7 9332 803.5 909.3 018.7 9188 9242 9314 9448 966.6 9735
Enthalpy, Btu/lb 1,462.0 1,465.3 1,471.9 1,479.5 14873 1.,489.7 1,468.6 1,477.0 1,482.0 1,482.1 1,484.9 1,488.7 1.4959 1,507.6 15111
ICold Reheat Steam from STG to HRSG Flow, Ib/h 437,108 438,742 440,392 442,245 445243 446,363 438,968 441,923 442,890 443,630 369,502 369,470 369,556 357,665 343,649
(at HRSG terminal point) Pressure, psia 524.8 5246 5235 5223 5236 5283 5239 523.2 5221 8225 469.2 467.7 485.2 4638 459.2
Temperature, F 625.7 6208 6837.8 647.3 858.0 8629 833.9 6443 650.5 650.6 648.7 653.6 862.7 6821 6015
Enthalpy. Btu/ib 13122 1.314.7 1,319.5 1.325.2 1.331.4 1.334.0 13172 1.323.4 1.327.1 1327.2 13298 13327 1.338.1 1,349.1 1,354.7
Cold Reheat Steam, % of HP Steam 76.75% 77.22% 77981% 78.76% 79.78% 80.12% 77.54% 78.53% 79.05% 79.12% 7407% 74.51% 7521% 75.57% 75.88%
HP Steam - Cold Reheat Steam Flow, lb/h 132,392 120,415 124,829 119,273 112,862 110,758 127,158 120,792 117,376 117,104 129,361 126,370 121,806 115,604 109.213
att Detailed Bartow HBs Rev Detailed HB p.40of120 7/22/2019
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CONFIDENTIAL

4x1 F-Class Combined Cycle

Estimated Performance — Revision 8
Modal Revision: GC561-001106-8 BJScrivner

Bibb and Associates — Progress Energy Bartow Repowering Project

1997 Steam Tables
(Case Name Case 1 Case 2 Case 3 Case 4 Case § Case 6 Case 7 Case 8 Case 0 Case 10 Case 11 Case 12 Case 13 Case 14 Case 15
4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100%PAG | 4x100%PAG | 4x100%PAG | 4x100% PAG | 4x100% PAG | 4x100%PAG | 4x100% PAG | 4x100% PAG 4x100% PAG
Fired Fired Firad Fired Fired Fired Fired Fired Fired Fired Unfired Unfired Unfired Unfired Unfired
Gos Fuel Gas Fue) Gex Fual Gas Fuel Gew Fuel Ges Fuol Gos Fusl Ges Fusl Ges Fusl Gas Fue! Gas Fuel Gas Fuel Ges Fuat Gas Fual Gas Fusl
38F 45F 2F 7F WF 13 59 FEC On 7AF/EC On $0F/EC On S5FECOn 35F s SF 74E %0F
IP Stoam (at HRSG terminal point) Fiow, Ibh 77,108 74427 80,860 84797 68,988 6,813 7267 66,568 83,281 2002 87556 86202 81,021 7230 76.5%
Preasure, peia 6248 w248 5235 223 s22.8 5282 5228 5232 s22.1 s228 4602 w817 4652 38 4502
Tomperature, F 8at4 8428 8445 6487 8494 68508 0432 8459 847.3 e47.7 6224 8229 8239 8218 616.6
Enthalgy, Bluib 1.321.8 13223 13235 1.324.9 1.326.4 1.326.7 13227 1,324.4 13263 13254 13145 13148 13157 13148 13118
P Eveporator Drum Exit Flow, I/ 72.108 78427 0,080 64797 50,088 56,813 72575 60,668 6281 2,902 7,566 05,202 81,024 7.2 76,529
Preasure, poia 5418 8405 &78 545 8237 578 5390 5360 5238 5340 493 4005 4860 4828 are
Temperaiure, F 475.4 4751 4749 4740 4738 4746 4749 4743 4738 4730 466.6 4851 484.1 4635 4623
Enthalpy, Buub 12048 1.204.7 12047 1,204.7 1.2047 1,204.7 1,204.7 1.204.7 1.204.7 1.204.7 1,205.1 12064 1,208 1.205.1 1,205.1
P Evaporator Blowdown Flow. Ibh o [ 0 [ 0 o [ [ [ ) o [ ) [} [}
1P Pinch 3 251 245 23 221 206 197, 241 28 218 27 27 2.1 %2 274, 272
1P Approach 3 208 211 220 26 27 244 214 21 28 228 147 148 154 160 138
IP FW to [P Evaporator (after IPCV) Flow, It 77.108 74427 60,860 84797 1968 88,813 72575 6,568 63,281 62902 €7.55% 85,202 81.021 71290 755%
Prossure, pala 8418 805 78 845 837 7.8 5300 5380 88 540 633 0.5 4080 828 4778
Temparaturs, F 4540 4840 4526 461.5 450.1 4502 4534 4521 451.2 4511 4509 4503 4487 “85 4485
Enthalpy, Btuib 4364 4348 401 <18 420.4 4305 481 427 4318 2.5 413 4305 288 4285 4285
% Steam in Fesdwator 00% 0.0% 0.0% 00% 00% 0.0% 9.0% 0.0% 00% 00% 0.0% 00% 0.0% 0.0% 0.0%
‘oadwater (o 1P Economizer Flow, Ib 77.108 74427 0,860 64,797 50,088 56813 72575 60,508 63,281 a2.9002 87,55 86,202 81,021 7230 76.530
(preasure is proliminary) Pressuro, peia %900 6854 5772 68,0 621 630 .7 5720 5663 5602 8652 5492 802 a2 5230
Tomperature, F 603 3500 3671 %668 3654 2860 3602 3676 3568 8.7 2580 3675 2865 3664 9544
Enthaipy, Biwlb, 3022 310 3208 3208 2281 2277 2311 330.4 3208 3204 3308 3003 3282 280 3270
P W Across BFP 3 3a 23 33 34 34 34 33 24 34 34 35 35 35 36 38
LP Stoam (at HRSG terminal point) Flow, Ibh 61,160 60,433 58,634 8,167 s2.581 072 s,888 57624 56,081 56,766 314 68,618 66,008 65027 68971
Pressure, psia 1274 1369 1343 1338 319 1817 1368 1949 137 133.6 1828 118 —207 1284 126.6
Temperature, F 8638 63,7 8848 663.7 8844 866.0 684.0 6833 6633 863.5 645.2 6445 8450 8400 633.7
Enthalpy, Bub 1,350.2 13591 12598 1,360 1,358.7 1:360.1 1.358.3 13500 1.950.1 13502 13500 13407 1,350.1 13477 13448
LP Evaporstor Steam Exit Flow, Ibh 61,160 60,433 56,804 50,167 62,581 0,72 58,888 57624 56,051 66,756 ) 618 65,098 66,027 Qo7
Prassuro, psia 1454 1447 1214 140.8 1381 1975 1433 1424 140.8 140.5 1427 1418 138.2 1378 1381
Temperaiure, F 3560 3666 2608 63,5 3620 3617 3649 3642 363.4 3533 2546 2841 3620 519 3508
Enthaipy, Bulb 19940 11830 11935 11636 1,193.1 1,193.1 11837 11936 1,183.4 11934 1.183.7 11938 1,198.9 1,483.1 11829
L Evaporator Water Exit 10 BFPs Flow, i 856,202 652,200 645,021 636,486 20904 832,608 848,624 630,966 e3a.771 633,836 568,202 52915 684,469 670,834 666,461
Pressurs, psla 1454 1447 1414 1408 1301 75 1433 1421 1408 1405 427 s 1082 179 136.1
Temperaturo, F 2600 2858 3628 2535 3620 1.7 549 2542 a53.4 3633 9646 3641 2820 518 3508
. Enithalpy. Btub 3281 3277 3258 254 2289 3235 268 262 3254 3283 3208 328 3239 287 327
[Botier Feed Pumps Fiow Detait:
1P FW ta HRSG IP Econamizer Flow, b 77,108 T2t 0,880 B4757 5,088 56813 72576 o0.568 83281 62002 87,556 85202 81021 77290 75,5%
1PFW 1o HRSG RH Desuperheater Fiow, Ibh o ° o ° 2521 8368 ° [ ° ° [ [ [ 13,58 26399
HP FW 10 HRSG HP Economizer #8 Flow, Ibh 569,500 568,167 365,223 661,518 58,112 557,150 568,115 882,715 560,266 660,734 498,863 495,841 491,263 A73.267 435842
HP FW 1o HRSG HP Desuperhoater Flow, Ibh 0 ° [ o ° o [ 0 ° [ [ ° o [ 170z
1P FW to PAG Steam Desuperhestor Fiow, Ibh 2507 9,602 9936 10,164 10,281 10,363 o837 10,085 10220 10,169 "7m 187t 12072 12,761 1285
1P FW 10 Cold Roheat Steam Desuperhaater Flow, I/ ° ° [} ] o 0 4 0 ° 0 [ o ° [ 0
HP FW 1o HP4o-GRH Bypass Flow, It [ 9 [ ) 0 9 [} [ 9 [ 9 [ [ [ [
LP Pinch 3 208 2 197 190 183 18.1 20 193 189 198 211 208 203 189 198
LP Approach Tompersture, 148 138 150 114 118 129 144 109 103 104 85 72 a3 50 47
fcondensate Recirculated Flow, b 136,813 15,696 116,603 64,433 49,208 9477 1594 64,005 46,736 48,778 132,234 112,261 112,903 65,023 50,913
Temporsture, F 218 3420 3303 426 3408 3.9 413 2438 a5 33 £ 3473 3442 172 464
% of Total LP Economizer Flow 6% 14%, 14% % % 7% 14% 8% % a3 7% 5% 15% % %
fcondensate from LP Economizar Flow, I 864,144 828,347 818,284 757,023 Ta1.684 732.638 823,410 761,138 738,406 738,428 790,704 17,785 762,450 08,904 681,306
Temporaturs, F 2410 3418 85 auta 399 8.4 240.5 3.0 428 26 458 ) 436 E us7
Enthaipy, Btub 3128 35 3101 2135 e 3100 3121 3148 3148 3143 anrz 3185, 2153 3185 ez
fcondensete to LP Economizer Flow, (b 854,144 828,347 218284 757,023 7a1.854 732,538 828,410 761,136 738406 736,420 700,794 773,785 762,460 706,904 681,308
Tamperaure, F 1350 1360 1250 1350 1380 1350 1360 1350 1380 1360 1350 1360 1360 1350 1350
Enthaipy. Biui 104.1 104.4 1042 1042 1042 1042 1040 1042 1042 04.2 1042 1042 1042 1042 1042
fcondensate from Recirculation Flow, b 128,813 115,506 116,608 64433 49.208 490,177 15041 84,086 49,7 46.778 132,234 12.201 12,903 05023 50913
F 418 428 383 425 3408 201 3413 28 3435 3433 2488 473 3842 ur2 3464
Jcondensats Bypassing LP Economizer Flow, b 0] [ ° ) ] o ] ] ] o ) ) ° [ [
% of Total Condensate Flow 0.0% 0.0% 00% oo o0% 0.0% 0o% 0.0% 00% oo% 00% 0o% 0.0% 00% 0.0%
£ 848 100.7 100.4 1153 1189 120.1 100.8 1166 120.0 1200 023 583 880 1131 178
fcandeasate 1o HRSG Flow, Ibh 717.301 HaTe2 01682 802,600 692,409 662,301 707.460 607,051 680,756 680,653 667,500 601,620 849,547 851,862 30,304
Pressure, paia 4672 4608 4704 4722 an2o 4884 4603 4705 4705 a783 4701 4817 19 4838
Tompersturs. £ 100.7 100.4 1163 1199 1201 1008 158 1200 1200 823 283 980 IER) 178
Stack Exit Flow, ibh 4246834 4.268,604 4,128,528 3,961,411 3,788,884 3,762,000 4,198,334 4,006,938 3,903,001 4,896,060 4342432 4205107 4124838 3.087.726 3794773
Tempersiure, £ 2188 2195 2187 2198 2180 2164 2184 22089 208 208 2240 250 2223 2254 242
.
att Detalled Bartow HBs Rev Detalled HB p-5cf120 7i2212010
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CONFIDENTIAL

Bibb and Associates - Progress Energy Bartow Repowering Project
l4x1 F-Class Combined Cycle

|Estimated Performance -- Revision 8

Model Revision: GC561-091106-8 BJScrivner

1997 Steam Tables
Case Name Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9 Case 10 Case 11 Case 12 Case 13 Case 14 Case 15
4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100%PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100%PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG
Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired Unfired Unfired Unfired Unfired Unfired
Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fusl Ges Fuel Gas Fuel Gas Fuel Gas Fusl
35F 45F F 74F 9F 95F 50 F/EC On 74 F/EC On 0 FECOn 95 F/EC On 36F 45F S9F 74F 90F
Steam Turbine Generator
e @ 1 Shaft Power KW 8.625 8,646 8,603 8741 8,783 8,801 8,662 8.723 8.755 8,761 7.831 7.830 7.844 7.676 7.372
e Remainder Shaft Power kw 88,901 89,197 89.777 90,340 90,738 90,447 80.372 90,112 90,489 90,587 80,677 80,670 80,801 78,079 73,696
IP Turbine Shaft Power W 108,057 108,315 108,927 109,183 110.323 111,639 108.547 109,063 109,312 109.462 95,402 95331 95.576 95,664 94,888
[LP Turbine Shaft Power W 206,723 208,302 207,959 205,944 202.675 203616 208,726 206,652 203,236 203,276 191,451 193,153 191.465 188,974 184,059
Total Shaft Power w 403,681 406,814 406,663 405,466 403,737 405,702 406,644 405,827 403.036 403,323 367,530 369,153 367,942 362,717 352,644
JSTG Throttie Steam Flow, Ib/h 2277908 2272628 2,260,885 2,246,071 2,232,419 2.228,607 2,264,454 2,250,862 2,241,086 2242837 1,995,450 1,983,363 1,865,447 1,893,076 1,811,450
Pressure, psia (MAX 2270 psia) 2,260.0 22698 22606 2,268.0 2,267.7 22683 22676 2.268.7 2,267.2 2.269.4 20243 20179 20105 19542 18759
Temperature, F 9925 097.4 1.007.4 1,0188 1.030.8 10346 1,002.4 10161 10227 1,0228 10163 1,021.0 1,0320 1,047.7 1,080.0
Enthalpy. Btu/lb 1.461.0 1,464.3 1,470.8 1.478.5 1,486.3 1,488.7 1,467.6 1,476.0 1.481.0 1,481.1 1,483.9 1,487.7 1,494.9 1,506.6 1.510.1
[THV Pressure Loss. psi 454 454 454 454 454 454 454 454 454 454 405 404 402 390 374
200% 200% 200% 2.00% 200% 200% 200% 200% 200% 200% 2.00% 200% 200% 200% 2.00%
Leak 1 Loakage Flow to HRH Flow. I 28618 28,566 28,405 28215 28045 28,003 28,451 28,281 28,152 28179 25073 24,920 24,604 23,801 22,789
P Turbine Exit Flow. Ib/h 2,249,378 2,244,073 2232471 2217856 2,204,357 2,200,601 2235907 2,222,581 2212013 2214757 1,970,378 1,958,438 1,940,748 1,869,283 1,788,663
Pressure. psia 561.0 5609 550.8 558.6 550.8 5643 560.1 550.4 558.4 5589 5015 499.9 4973 4944 4879
Tempersture, F (MAX 840 F) 6320 636.0 8440 653.3 6638 ©38.8 640.1 650.4 656.5 656.6 654.3 6502 668.2 687.2 696.3
Enthalpy. Btu/ib 13132 13157 1.320.5 1.326.2 13324 1,3360 13182 13244 1.328.1 13282 1,330.8 1.333.7 13391 1,350.1 13587
Efficiency (THV inlet to HPT ext) 86.00% 86.00% 86.00% 86.00% 85.90% 85.90% 86.00% 86.00% 86.00% 86.00% 85.90% 85.99% 85.90% 8597% 85.94%
Efficiency (THV exit to HPT exit) 8706% 87.06% 8706% 8706% 87.05% 8706% 87.06% 87.06% 8706% 8706% 87.06% 8706% 8706% 8706% 8705%
Leaks 385 Leakage Flow 1o SSR Flow, Ib/h 1813 1,808 1,796 1,782 1,774 1,784 1.801 1,788 1.778 1779 1,562 1,582 1,565 1.539 1,511
CRH Steam to Steam Seals Flow, Ib/h 36 a7 81 107 126 107 84 82 114 113 412 431 Aan 505 550
fCold Reheat Flow at STG Terminal Point Flow, Ibh 2247.528 2242217 2,230,505 2216967 2202,456 298,710 2,234,131 2,220,701 2,211,021 2.212.866 1968375 1,056,425 1,938,712 1,867,239 1,786,602
Pressure, psia 561.0 560.9 5608 558.6 5508 564.3 560.1 559.4 568.4 5589 501.6 4099 4973 4944 4879
Temperature, F 632.0 636.0 6440 653.3 6638 668.8 640.1 650.4 666.5 656.6 6543 650.2 668.2 687.2 696.3
Enthalpy, Blulb 13132 1.316.7 13206 1,326.2 1.3324 1,335.0 1.318.2 13244 1.328.1 1.328.2 1.330.8 1,333.7 1.330.1 1.350.1 1.355.7
|Cold Reheat Steam Desuperheating Fiow Flow. Ibh o o 0 o o o 0 o o o o o o 0 o
F 358.7 358.3 3565 356.1 354.7 3543 3675 356.8 356.1 366.0 367.3 356.8 3548 3546 3536
Final Cold Reheat Steam after Conditioning Flow, ib/h 2,247,528 2242217 2,230,505 2215067 2,202,456 2,198,710 2234131 2,220,701 2211,021 2,212,866 1,968,375 1,966,426 1,938,712 1.867.239 1,786,602
Pressure, psia 561.0 560.8 550.8 5586 550.8 5643 560.1 550.4 568.4 5589 501.5 499.9 4973 4944 4878
Temperaturs, F (MAX 760 F) 6320 6360 6440 6533 6639 668.8 6401 660.4 656.5 6566 6543 650.2 668.2 687.2 6963
Enthalpy, Btu/b 13132 13157 1,320.6 1,326.2 1,332.4 1,335.0 1.318.2 13244 1,328.1 1,328.2 1,330.8 1,333.7 1,339.1 1,350.1 1,366.7
[Hot Reheat Flow minus Cold Reheat Flow Flow, Ib/h ~190,670 -189,544 -189.586 -187.798 -175.457 -152,412 -188,011 -186,735 -186.336 -186.739 ~140.141 -137,738 -136.411 -73.331 -8.251

[Reheat System dP psi 635 635 835 835 63.4 633 634 635 634 63.5 568 566 564 544 519
11.33%

Reheat Systom dP 11.32% 11.32% 11.35% 11.36% 11.22% 1133% 1135% 11.36% 1136% 1132% 11.32% 11.34% 1101% 10.64%
[Hot Reheat Flow Flow, Io/h 2,056,858 2,052,673 2,041,009 2,028,169 2,026,999 2,046,297 2,046,120 2,033,967 2,024,685 2,026,127 1,828,234 1,818,686 1,802.301 1,793,908 1,778,350
Pressure, psia (MAX 584 psia) 497.5 497.4 496.2 495.1 496.4 501.0 496.6 496.0 4950 4954 4448 4433 440.9 4400 436.0
Temperaturs, F 10150 10198 1,020.4 1,040.6 1,050.0 1,050.0 1,024.7 1,037.3 1,044.4 1,044.7 1,0266 10318 10422 1.080.0 1,050.0
Differential to HP Temperature  dT, F (MAX +/- 50 F) 25 223 220 217 192 155 223 222 207 218 12 107 101 23 00
Enthalpy, Buib 1.529.1 1,5817 1.537.0 1.543.1 1,548.1 1.548.0 1,534.4 1.5412 1,545.1 1,545.3 1,536.8 1,589.7 1,545.4 1,549.6 1,549.7
INTV Pressure Loss. psi 99 99 99 99 99 100 99 99 9.9 99 89 89 88 88 8.7
2.00% 2.00% 2.00% 200% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 200% 2.00% 2.00%
IP Turbine Exit Flow, b/ 2,085,477 2,081,229 2,089,413 2,056,385 2,055044 2,074,300 2,074,571 2,062,247 2,052,837 2,054,308 1,853,308 1,843,607 1,826,995 1,817,709 1,801,138
Pressure, psia 195 193 183 179 175 1180 1188 1184 179 179 1100 100.5 1083 108.0 108.9
Temperaturs, 646.0 649.6 6559 664.9 6710 670.0 6530 6628 668.0 668.1 8629 667.0 6741 680.7 680.5
Enthalpy, Btulb 1,351.2 1,383.0 1,3563 1,360.8 1,363.9 1,383.4 1,354.8 1.360.7 1,362.4 1.362.4 1,3603 13624 1,366.0 13693 13803
Efficincy (INTV inlet to IPT exit) 90.80% 90.80% 9081% 90.81% 9081% 90.82% 9081% 9081% 90.81% 90.81% 90.78% 90.78% 20.78% 90.78% 90.78%
Efficiency (INTV exit o IPT exit) 9191% 9191% 9191% 9191% 9191% 9191% 9191% 9191% 91.91% 9191% 9191% 9191% 91.91% 91.91% 9191%
Leaks 486 Leakage Flow to SSR Flow. Ib/h 1,750 1,744 1.724 1.712 1,700 1,709 1734 1.720 1,708 1,709 1,507 1,587 1,564 1,565 1,539
LP Steam Admitted to STG (total) Flow, Ibm 244,641 241,732 226,535 224,669 210,323 202,888 236,663 230,494 224,206 223,025 277,265 274,472 260,392 260,107 256,883
(upstream of LP admission CV) Pressure, psia (MIN 78.2 psia) 1229 1227 1216 1213 1208 1213 1222 1218 1212 1212 1131 1126 113 114 1009
Temperature, 660.2 660.0 8613 6602 661.1 661.8 660.4 8508 6509 660.1 640.8 6402 6409 6359 6296
Enthalpy, Buib 1,368.2 1,381 1,358.8 1,3583 1.358.7 1,350.1 1.358.3 1,368.0 1.358.1 1,3582 1.349.0 1,348.7 1,349.1 1,346.7 1,343.6
LP Steam Temperature Mismatch to IPT Exhaust T, F(MAX 108 F) 138 101 50 5.1 103 86 71 3.4 85 84 224 272 336 452 513
LP Admission CV Pressure Loss % loss 28% 28% 2.8% 2.7% 2.7% 27% 28% 28% 2.7% 2.8% 2.7% 2.7% 2.7% 28% 2.7%
LP Turbine Inlet Steam Flow, Ib/h 2,328,367 2321217 2204225 2279342 2,263,668 2275.480 2,308,380 2,201,021 2275334 2276623 2,128,064 2,116,492 2,085,823 2,076,262 2,055,482
Pressure, psia 177 175 1165 1162 157 1162 174 167 161 116.1 1083 1078 106.6 106.4 1053
Temperaturs, F 8472 6504 6562 664.2 669.9 669.1 8535 8622 666.9 667.1 6598 6633 669.7 6749 673.9
Enthalpy, Buib 1.352.0 1,3536 1,356.5 1,360.6 1.363.4 1,363.0 1,355.1 1,350.5 1.362.0 1,3620 1,356.8 1,360.6 1.363.9 1.366.5 1,366.1
LP Turbine Exit Flow, Ib/h 2,328,368 2321214 2,204,221 2.279,344 2,263,668 2,275,482 2,308,387 2291,019 2276337 2275618 2,128,963 2,116,498 2,085,830 2,076,261 2,065,482
Pressure, psia 0.780 0.832 0.924 1.428 1622 1.628 0928 1.433 1.627 1.627 on7 0.862 0853 1.333 1513
Pressure, in. HgA 1587 1.898 1.880 25907 3.302 3316 1.890 2917 3313 3313 1.460 1785 1.736 2713 3.081
Temperature, 935 9.4 9.0 139 118.4 1186 %92 1140 1185 1185 908 968 96.4 115 1159
ELEP Enthalpy, Btulb 10116 10180 1019.4 10422 1,050.0 1,049.7 10188 10416 1,040.2 1.049.3 10149 1,022.1 1,023.7 1,046.3 10529
UEEP Enthalpy, Btuib 1.049.0 1,0459 1,047.3 1,082.3 1,088.0 1,087.7 1,046.6 10618 1.057.2 1,067.2 1,0520 1,049.2 1,080.7 1,0859 1,060.6
Exhaust Loss Blulb 374 279 278 104 78 79 278 102 80 80 374 274 270 96 76
Moisture @ UEEP (MIN 1.7%) 508% 564% 550% 567% 532% 5.35% 557% 573% 5.40% 5.40% 4.68% 521% 5.05% 521% 496%
LSB, in. a0 'Y 0 a0 % 40 40 40 £ 40 40 40 a0 a0 40
#ends 2 2 2 2 £ 2 2 2 2 2 2 2 2 2 2
Annulus Area fi2jend 844 844 844 844 844 844 844 844 844 84.4 844 84.4 844 844 844
LPT Efficiency to ELEP 90.01% 90.14% 90.20% 90.62% 90.80% 90.79% 90.17% 90.60% 90.76% 90.76% 90.18% 90.31% 90.38% 90.77% 90.88%
LPT Efficiency to UEEP 80.11% 8265% 82.76% 87.74% £8.50% 88.48% 82.70% 87.70% 88.46% 88.46% 80.45% 8307% 8321% 88.04% 88.66%
Annulus Velosity fi/s 1,398.0 12481 1.246.4 8353 740.1 741.0 12473 8363 7414 7412 1,308.0 12319 1,2288 8163 720.5
Volumetric Flow 1000 ft&/min per end 7.767 6,504 6,494 4274 3,778 3.782 6,500 4279 3.783 3.783 7714 6.414 6396 4174 3677
[ross Generator Output KW 406,211 409,328 409,224 408,089 406,422 408,362 409,175 408,427 406,702 405,992 369,684 371,289 370,105 364,770 354.501
Generator MVA 4478 4478 4478 447.8 430.5 430.5 447.8 4478 4305 4305 4478 4478 4478 4478 430.5
Closed Cycle Cooling Water E 100.0 1000 1000 100.0 1050 . 1050 100.0 100.0 1050 1050 100.0 100.0 100.0 1000 1050
Generator pf 0.807 0914 0914 0911 0044 0.949 0914 0912 0.942 0.043 0.900 0.900 0.900 0.900 0.900
Generalor Efficiency 98.52% 98.52% 98.52% 98.52% 98.52% 98.52% 98.52% 98.52% 98.52% 98.52% 98.49% 98.49% 98.49% 98.48% 98.47%
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CONFIDENTIAL

Bibb and Associates — Progress Energy Bartow Repowering Project

jax1 F-Class Combined Cycle
Estimated Performance -- Revision 8
Model Revision: GC561-091106-8 BJScrivner
1997 Steam Tables
Case Name Case 1 Case 2 Case 3 Case 4 Case § Case 8 Case 7 Case 8 Case & Case 10 Case 11 Case 12 Case 13 Case 14 Case 15
4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG { 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100%PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG
Fired Fired Fired Fired Fired Fired Fired Fired Flrad Fired Unfired Unfired Unfired Unfired Unfired
Ges Fuel Ges Fuel Gas Fuel Gos Fuel Ges Fuel Gas Fual Ges Fus! Gas Fual Gas Fuel Gas Fusl Gea Fuel Gos Fuel Gas Fuel Ges Fusl Ges Fuel
5F 45F 55 F T4F S0 F 95F 59 FEC On 74 FEC On S0 F/EC On 98 FAC On 33 48F soF 74F W F
— —— — — ——— — e
[Condenser/Circulating Water
jCondenser Duty MMBtuh 22881 22684 22085 21930 21793 2190.2 22481 22024 21878 21881 2,105.6 2078 20482 2008.8 1.688.7
jCondenser Surface Area L3 137.97% 137,975 137.876 137.875 137.975 137,976 137,975 137976 137.975 137,675 137,676 137,075 137,975 137.875 137,975
ICondenser Cleaniiness 0% 0% %% 0% 0% 0% 0% 20% 0% 0% %0% 0% 0% % 0%
JTube Velocity L' 1000 10.00 10.00 1000 10.00 10.00 10.00 1000 1000 1000 10.00 1000 1000 1000 10.00
INumber of Passes L) 1 1 1 1 1 1 1 1 1 1 1 3 1 1
Jcondenser TT0 FMNSF) 210 189 188 165 185 185 188 169 185 165 193 174 172 168 150
LP Turbine Exit Staam to Condenser Flow, o 2,328,368 231,214 2204221 2279344 223,688 2275482 2,308,287 2,201,019 2216387 2276619 2.128.963 2,116,408 2,085,630 2078201 2,065,482
Pressure, peia 0.780 0.882 o524 1.428 1622 1628 0928 1409 1827 1827 onz 0.862 0.853 1333 1613
Pressurs, in. HgA 1587 1.808 1.880 2007 2302 ane 1,890 2017 333 2313 1.460 1786 1.708 2713 2081
Tempereture, F 85 w04 ®0 1129 184 188 w2 140 1185 185 w8 %08 %4 ms 1159
Enthalpy, Biulb 1,049.0 10469 10473 10623 1,080 10677 10488 10518 1,057.2 1,067.2 10620 10492 1,060.7 10550 10608
hisceilanaous STG Leaks to Condenver Fiow, lbh 1,800 1,800 1,600 1,800 1.800 1,600 1,800 1,800 1,800 4,800 1,800 1.800 1,800 1,800 1,800
Enthalpy, Btuib 1,331.7 13338 1.337.7 1.342.7 13473 1,248.5 1,335.8 13413 1.3444 1.344.4 13439 1,346.3 13508 1,358.4 13818
JGSC Deain 1o Condenser Flow, lbh 1,800 1,800 1800 1,800 1,800 1,800 1,800 1,800 1.800 1.800 1.800 1,800 1,800 1,800 1,800
Enthaipy, Boufb 179.5 1795 1795 7.5 1795 1795 1788 A70.5 179.5 1705 1795 1796 178.5 1795
[Makeup Water to Condenser Flow, b 837,375 628,175 508,838 487,433 454,384 517,886 402,570 480.118 479374 537,680 626,010 508,774 467,604 462,45
Enthalpy, Bluflb 381 381 381 381 381 381 381 381 a8 384 381 .1 381 384
JHot Reheat Steam Bypessed to Condenser Flow, I ° ° ] [} ] [ ° [] ] ° ° [] 3 [
(total. both units) Entheipy, Buulb, 1,630.1 16027 16380 16441 1,540 1,549.0 16354 1.542.2 1,648.1 15463 18078 1,540.7 1.548.4 1,560.6 1,850.7
P Stoam Bypassed to Condensar Flow, I [ o o [ ° ] o o [] ] ° o o ] ]
(iotel. both units Enthelpy, Biuftb, 1.3592 1,360 1.350.8 13693 1,350.7 1.360.1 13503 13580 1,350.1 1,350 1,350.0 1,348.7 13504 1.347.7 13448
P Turbine Exhausst Hood Spray 1o Condenser Fiow, Ibh ° [3 ° [ o [ [] [ o [ ° [ ] [ ]
Entholpy. Btufto 28] 70 %7 848 80 803 09 847 802 892 818 878 a3 824 850,
fcondanser Curtain Spray to Condensar Fiow, Ibh ) ] o o [ ° ° [ ) [ ° [] ° o °
Enthaipy, Bul 841 700 07 846 8.1 3 09 847 02 892 818 818 873, 824 869
Jcondenser Exit Flow, ibh 2860343 2,850,089 2,806,650 2770,377 2720801 2.733.468 2,620,853 2.780,180 2,760,052 2,758,503 2,670,222 2.040.108 2,608.204 2,507,825 2,621,877
Prossure, pela 0780 0.802 0924 1,428 1622 1628 0628 1433 1827 1627 onz 0.602 0853 1.389 1613
Presaure, i HoA (MIN 1.0 in, HA) 1.567 1898 1881 2007 3308 aste 1800 26017 3313 a3 1460 1785 1.738 273 2.081
Temperaturs, F s %04 2] 128 184 188 w2 140 185 1856 w08 %68 084 118 158
Enthelpy, Biuflb 816 674 [.1Z] 818 884 88 672 820 85 885 ] 848 845 795 840
fCondansate Pump Discharge Flow, lbh 2800349 2,850,989 2,806,668 2770377 2720801 2,733,468 2820853 2,786,189 2,750,052 2,756,583 267,222 2,646,108 2508204 2,507,525 25821577
Prossure, paia 4667 4672 4608 4704 an22 420 4685 4603 47058 a8 4783 a7 817 a9 4838
Tempereture. F %4, 1000 .7 1148 181 193 %2 14y 1192 192 s 78 972 123 1188
Enthelpy, Biulb 634 23 0 &8 84 85 .1 59 884 884 9 -1} 865 s 80
fcondansate after GSC Flow, toh 2,860,343 2,850,080 2,806,050 2.770.377 2.720.801 2733488 2.820.88 2786,180 2.760,062 2760503 2,670,222 2.646,108 2,508,204 2,607,525 2,621,577
E (Y1) 100.7 100.4 1163 1198 120.1 100.6 1156 1200 1200 23 083 880 1435 176
[Condansate after GSC, after Hood/Curtain Sprays Flow, foh 2.860.324 2,851,000 2.806,727 270,350 2,728,795 2733442 2,820,877 2,788.208 2760038 2788612 2,870,240 2,646,004 2,508,188 2,567,526 2,521,674
Tem) 048 100.7 100.4 1153 1198 120.4 1008 186 1200 1200 823 %83 %0 13,1 176
frotal Circulating Water Fiow, b 160,697,952 199,501,072 199,501,072 196,678,498 108,800,008 198,800,000 99601072 198,978,496 196,800,000 196,800,008 199,007,052 199,501,072 196,601,072 198,076,406 198,800,000
Flow, gpm 360,859 389785 360,785 389,606 89,682 360,682 369,785 289,008 260,082 389,682 380,853 380.785 29,785 300,606 360,852
Salinity, por mille %2 22 %2 22 202 22 »2 22 »2 202 22 »2 %2 »2 22
F 80 680 880 89 %0 209 0 850 200 %00 200 680 80 850 200
[Circulating Water 1o Condenser Flow, Ibvh 192,013,604 191,816,624 191.816.624 161,284,048 191,116,880 191,115,680 191,818,624 191,204,048 191,115880 181,115,680 192.013.504 191.818,624 194,818,624 191.284.048 191,115,080
Flow, gpm 374819 374.741 374.741 74010 374.563 374,503 374741 874818 374,503 374,563 74819 374,741 374741 374,818 374,503
(alter CWP) Pressure, psla 7 w47 w“r 447 %7 “r “r “z 4“7 w“r “r %7 %7 “r
3 8.1 8.1 881 84 0.1 0.1 8.1 851 2] 90.1 0.4 8.1 . 851 9.4
[cirouleting Water from Condenser Flow, Ibh 192,013,504 191,818,624 191,816,624 191,204,048 191,116,880 191,115,680 191,816,626 161,204,048 191,116.680 191,115,880 192,013,504 191,616,624 161,816,624 161,204,048 191,415,680
E ns 804 802 970 1020 1020 803 or.1 1020 1029 715 3 ™2 960 100.9
[Total Cirautating Water Discharge Fiow, Ibh 190,697,952 199,501,072 199,501,072 198,078,406 198,600,008 198,800,006 199,501,072 108,678,496 199.800,090 198,800,008 199,807,952 199,801,072 160,501,072 198,078,496 198,800,006
Temporature, F 75 204 802 970 1020 1020 803 071 1020 1020 e X3 3 9.1 101.0
[Ciroulating W ater dLF 1251 128 1224 1204 1197 1203 12.30 1208 1202 1202 1188 1130 128 11.08 10.98
fcirculating Weter to Aux Cooling Water HX Flow, lbM 7,684,427 7.684.420 7,684,420 7,684,426 7,684,427 7,684.427 7,684,426 7.684.426 7.084,427 7.084427 7.864,427 7,684,426 7,684,426 7,684,426 7,884,427
Flow, gom 15,000 16013 15013 15,040 15,082 15062 15013 16,049 16062 16,062 165,000 15018 16013 16,040 15,062
Temperaturs, F 60.1 881 8.1 8.1 0.1 0.1 8.1 86.1 .1 0.1 %] %) 881 85.1 0.1
[Circuleting W ater from Aux Cooling Waler HX Flow, I 7.684,427 7,884,426 7,684,426 7,084,426 7,684,427 7,084,427 7,884,428 7.684,426 7.684.427 7,684,427 7,684,427 7,084,428 7,684,426 7,684,426 7,884,427
Tomperature, F 73 203 03 973 1023 1023 803 873 1023 1023 723 803 803 973 1023
Jaux Cooling Water HX Duty w00 %00 200 %00 ®0.0 200 200 00 0.0 000 @0 200 %00 %0 00
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CONFIDENTIAL

|4x1 F-Class Combined Cycle
Estimated Performance - Revision 8
Model Revision: GC561-091106-8 BJScrivner

Bibb and Associates — Progress Energy Bartow Repowering Project

1997 Steam Tables
Case Name Case 1 Case 2 Case 4 Case 5 Case 6 Case 7 Case 8 Case © Case 10 Case 11 Case 12 Case 13 Case 14 Case 15
4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG
Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired Unfired Unfired Unfired Unfired Unfired
> Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fusl Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel
35F 45F 59 F 74F S0 F s5F 59 FECOn 74F/ECOn 90 F/EC On 96 F/EC On 35F 45F 5OF 74F 0 F
Miscellaneous (Blowdown, Boller Feed Pumps)
[HP Evap #1 Blowdown (each Flow, Ib/h [ ] [ [ 0 9 [ [ 0 ] 0 [ ) 1 )
HP Evap #2/3/ (sach) Fiow, Ib/h [) [ [ [ ) 0 [ [ 0 ) [ 0 0 [ 0
iP Evaporator Blowdown (each) Flow, Ib/h o ) o [ 0 [ o o ) 0 [ 0 0 [ 0
[Total Makeup Fiow Flow, Ibm 537,375 526,175 508,838 487,433 462.533 454,384 517.866 493,570 480,115 479,374 537,660 526,010 508,774 487.064 462,495
Temperaturs, F 700 700 0 700 700 700 700 700 700 700 0 00 700 700 700
Boiler Feed Pump Suction Flow, Ibh 656,202 652260 645,021 636,480 629,004 632,608 848,524 639,365 633,771 633,836 598,202 502,915 584,453 576834 566,461
Pressure, psia 147.7 1470 1437 1431 140.4 139.8 1456 144.4 1429 1428 1450 144.4 1405 1402
Temperature, F 3560 3556 3638 3635 3520 3516 3549 3542 363.4 3583 3545 3540 3520 %19
Enthalpy, Btullb 3281 3277 3258 3254 3239 3235 3269 3262 3254 3253 3266 3261 3239 323.7
P Blead (bsfora CV) Flow, Ibh 86,702 84,111 79,798 74968 7782 76,548 82400 76,649 73,505 73,102 99,339 97,073 93,090 103,567
Pressure, psia 10347 10368 10306 10446 10471 1,045.1 1,038.4 10435 1,046.1 10469 1.067.3 1,069.6 10720 10766
Temperature, F 368.7 3683 3565 366.1 364.7 3543 3575 356.9 356.1 3560 357.3 3668 3548 3546
Enthalpy. Btulb 3322 B19 3209 3296 328.1 3277 3311 330.4 3205 3294 3308 3303 328.2 3280
IP FW Control Valve Exit Pressure Pressure, psia 500.0 5854 5772 508.6 s62.1 563.9 5817 5720 566.3 5662 5562 549.2 5392 1.2
CV dP. psi 4447 4514 462.4 4760 4850 4812 456.7 4715 4798 479.7 5121 5204 5328 5445
Boiler Feed Pump Discharge (before CV) Pressure, psia 3,380.3 33842 33930 34018 34099 3.400.4 3.389.1 33983 34045 3.404.1 34715 3.477.0 3,486.2 35027
CV.dP. psi 900.9 2046 9149 9270 936.4 9358 9127 9222 831.0 9281 1.270.8 1.284.1 1,302.7 1.383.8
Boiler Feed Pump Discharge (after CV) Fiow, Ib/h 569,500 568,157 565,223 561,618 568,112 657,150 506,115 862,715 560,266 560,734 498,863 496,841 491,363 473267
Pressure, psia 24793 24796 2478 24748 24735 24736 24764 24760 24735 24760 22008 21929 21835 21190
Temperature, F 3669 3666 3647 3644 3630 3626 3658 3652 364.4 3643 3665 366.0 364.1 3642
Enthalpy. Blullb 343.4 342.7 340.8 3405 339.0 3386 3419 3412 340.4 340.3 3422 3417 339.7 307
STG Bypass System
[Total HP Steam per HRSG Unit Flow, Ibh 569,500 568,157 566,221 61,518 568,105 67,162 566,113 562.715 560,266 560,734 498,863 495,841 491,362 473,269 452,863
Pressure, psia 23140 23149 23147 23130 23127 23133 23126 23137 23122 23145 20646 2,088.1 20505 19930 19132
Temperature, F 9063 1,001.2 10114 10226 10345 10382 1,008.1 10188 10263 10266 10189 10246 10955 10814 1,083
Enthalpy, Btullb 1.4620 14653 14719 1.479.5 1,487.3 1.489.7 1,468 14770 1.482.0 14824 1,484 1,488.7 14959 1.607.5 15111
[HRSG HP Steam Bypassed — CV inlet Flow, Ibh 0 [ 0 ] 0 0 0 [ [) o o 0 ] [ ]
Pressure, psia 23140 23149 23147 23130 23127 23133 23125 23137 23122 23145 20646 2088.1 2,050.5 19930 19132
Temperature, F 9963 10012 10111 10226 10345 1,038.2 1,008.1 10188 10263 10266 10189 10246 1,065 10511 10533
Enthelpy, Btulb 1.4620 1,4653 14719 14795 1.487.3 1.489.7 1,468.6 1,477.0 1,4820 1,482 1,484.9 1.488.7 1,4959 1.807.5 15111
|HP Bypass Steam Desuperheating Flow Flow, Ibh o ) o 0 ) [) o o o [ o 0 o 0 0
{from HP BFP) F 3669 366.6 3647 3644 363.0 362.6 3658 3652 3844 3643 366.5 366.0 364.1 364.2 3636
HP Steam Bypassed to Cold Reheat - CV Exit Flow, Ibh [ [ 0 ° 0 ] [ [ ) ) o o 0 ] o
(per HRSG unit) Pressura, psia 350.0 3500 3500 3500 3500 3500 3500 350.0 3500 350.0 360.0 3500 3500 3500 3500
Temperature, F 1.0 72 899.6 9140 928.7 9332 8935 909.3 9187 9188 9242 914 0449 966.6 9735
Enthalpy, Btullb 1,4620 1.4653 1.471.9 1.479.5 14873 1,489.7 1,468.6 1.477.0 1,4820 14821 14849 1.488.7 14959 1.807.5 15111
JHP Bypass Control Valve Los: dP. psi #NA HNIA #NIA H#NIA #NIA #NIA #N/A #NIA HNIA #NA WA #NIA HNIA #NIA #NIA
[Total HRH Steam per HRSG Unit Flow, Ib/h 514,215 513,168 510,252 507,042 506,750 511,674 511,530 508,492 506,171 506,532 457,058 454,672 450,575 448,477 444,588
Pressure, psia 509.1 5089 507.8 506.6 508.0 5126 s08.2 075 506.5 5069 4551 450.6 4512 4502 446.2
Temperature, F 10175 10222 10318 10430 10524 10524 1027 1.030.7 10468 1.047.1 10289 10341 10445 10524 10523
Enthalpy, Btulb 16301 1.592.7 1,538.0 1,644.1 1,549.1 1,549.0 1,5354 15422 1.546.1 1,546.3 1,537.8 1,540.7 1,546.4 1,550.6 1,850.7
[HRSG HRH Steam Bypassad ~ CV Inlet Flow, Ib/h 0 0 ] ) o [ [ [ [ 0 ] ] o [ 0
Pressure, psia 509.1 5089 507.8 506.6 5080 5126 5082 507.5 506.5 5069 486.1 4536 451.2 4502 4462
Temperature, F 10175 10222 10318 10430 10524 10524 10274 1,039.7 10468 1,047.1 10289 1,034 10445 10524 10523
Enthalpy, Btullb 16301 16927 1.538.0 1,644.1 1,549.1 1,549.0 1,535.4 1,542.2 1.546.1 1.546.3 1,587.6 1,540.7 1.546.4 1.650.6 1,650.7
JHRH Bypass Steam Desuperheating Flow Flow, Ibh o o o ] o o ) ) o o ) ] ] o [
(from F %8 100.7 1004 1153 1199 120.1 1006 1155 120.0 1200 923 93 98.0 1134 176
[HRH Steam Bypassed to Condenser - CV Exit Flow, Ibh [ ] o o ) ) o o ) o [ [ o 0 [
(per HRSG unit) Pressure, psia 2000 2000 200.0 2000 200.0 2000 2000 2000 200.0 2000 2000 200.0 2000 2000 2000
Temperature, F 1,001.2 1.008.4 1.016.4 10276 10372 10370 10112 1,0242 10315 10319 10168 10212 10320 1,040.1 10402
Enthelpy. Btub 1,500.1 1,502.7 1,508.0 1.544.1 1.549.1 15490 1,5364 1.5422 1.546.1 15463 1,537.8 1,540.7 1.546.4 1.550.6 1,550.7
HRH Bypass Control Valve L dP. psi HNA ANIA #NIA H#NIA #N/A HN/A HNIA HNIA #NIA HNIA #NIA #NIA HNIA HNIA HNIA
[HRH BYP Condenser Sparger Pipe Pressurs Loss dP. psi #NIA #NIA #NIA #NIA #N/A #NIA #NA #NIA #NIA #NIA #NA #NIA #NIA #NIA #NIA
HRH Bypass Steam Diverted to GSC Fiow, I [ o ) [ 0 [ o o ) [ 0 [ [ [ [
[Total LP Steam per HRSG Unit Flow, I/ 61,160 60,433 66,634 56,167 62,581 50,722 68,888 57,624 56,051 5,756 69,314 68,618 65.008 65027 63971
Pressure, psia 137.4 1369 1343 1338 1319 1317 1358 1349 183.7 1336 1323 1316 1287 128.4 1268
Temperature, F 6639 663.7 664.8 663.7 6844 665.0 664.0 663.3 663.3 8635 6452 6445 6450 640.0 8337
Enthalpy. Blullb 1.359.2 1,350.1 1.350.8 1.350.3 1.350.7 1,360.1 13693 13800 13591 1,350.2 1.350.0 1,349.7 1,350.1 1.347.7 1,346
JHRSG LP Steam Bypassed - CV Inlet Flow, Ib/h [ 0 [ [ ° 0 [ [ ) 0 [ 0 0 ] [
Pressure, psia 137.4 1369 1343 1338 1319 131.7 1358 1349 133.7 1336 1323 1316 1287 128.4 1268
Temperature, F 863.9 6637 664.8 663.7 6644 6650 6640 6633 863.3 663.5 6452 6445 8450 6400 633.7
Enthalpy, Bl 1.350.2 1,359.1 1.350.8 13503 1,359.7 1,360.1 13693 1.350.0 1.350.1 1,359.2 13500 13497 1,350.1 1.347.7 13446
JLP Bypass Steam Desuperheating Flow Flow, Ioh ) [ ] [ [ ° 3 ] 0 0 [ o 0 o ]
(from 3 %48 1007 1004 1153 1199 120.1 1006 1155 1200 1200 923 983 980 131 176
LP Steam Bypassed to Condenser - CV Exit Flow, Ibh 0 0 ] [ [ [ [ o [ 0 [ o o ° 0
(per HRSG unit) Pressure, psia 1374 1369 1343 1338 1318 1817 1368 1349 183.7 1336 1323 1316 126.7 128.4 1268
Temperature, F 663.9 863.7 6648 663.7 864.4 6650 664.0 6633 8633 6635 8452 6445 8450 840.0 630.7
Enthalpy, Btub 13502 13501 1.359.8 13603 1.350.7 1.360.1 13593 1.359.0 1.350.1 1.350.2 1,350.0 1.349.7 1,950.1 1.347.7 13446
LP Bypass Control Valve Pressure Loss P, psi ENIA #NIA HNIA #N/A #NIA #NA #NA #NIA #N/A #NIA #NIA #NIA #NIA ENIA #NA
[LP BYP Condenser Sparger Pipe Pressure Loss P, psi #NIA #NIA ENA #NIA #NIA #NIA #NIA #NIA #NIA #NIA #NIA #NIA #NIA #N/A #NIA
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CONFIDENTIAL

Bibb and Associates — Progress Energy Bartow Repowering Project
4x1 F-Class Combined Cycle
Estimated Performance -- Revision 8

Model Revision: GC561-091106-8 BJScrivner

1997 Steam Tables 35 a5 59 74 20 o 5 74 % 95
[Case Name Case 16 Case 17 Case 18 Case 19 Case 20 Case 151 Case 152 Case 153 Case 154 Case 155 Case 156 Case 157 Case 158 Case 159 Case 160
4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100%
Unfired Unfired Unfired Unfired Unfired Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired
Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Ges Fuel Gas Fusl Ges Fuel Gas Fuel Gas Fuel Ges Fuel Gas Fusl Gas Fuel
S5F 59 F/EC On 74 F/EC On 90 F/EC On S5F/EC On 35F 45F SOF 74F NF 95F 50 F/EC On 74 F/EC On 90 F/EC On 95 F/EC On
E;leCycle Model ID 8BART2 8BART2 8BARTO 8BART2 8BARTO 8BART2 8BART2 8BART2 8BART2 B8BART2 8BART2 8BART2 8BART2 8BART2 8BART2
GateCycle Case ID B8-16 B8-17 B8-18 B8-19 B8-20 B8-151 B8-152 B8-153 B8-154 B8-155 B8-156 B8-157 B8-158 B8-150 B8-160
JAmbient Temperature 95 F/44%RH 59 FI60%RH 74 FIT9%RH 90 F/66%RH 95 F/44%RH 35 FI60%RH 45 FI60%RH 59 F/60%RH 74 FIT9%RH 90 F/56%RH 95 FI44%RH 59 FIB0%RH 74 FIT9%RH 90 FI55%RH 95 Fl44%RH
[Atmospheric Pressure 14.690 psia 14.690 psia 14,690 psia 14,690 psia 14.690 psia 14,690 psia 14,690 psia 14.690 psia 14.690 psia 14.690 psia 14.690 psia 14.690 psia 14.690 psia 14.690 psia 14,690 psia
[Number of CTG/HRSG Uniits Operating 4@100%/augm | 4@100%/augm | 4@100%/augm | 4@100%/augm | 4@100%/augm 4@100% 4@100% 4@100% 4@100% 4@100% 4@100% 4@100% 4@100% 4@100% 4@100%
[CTG Inlet Air Cooler Cooler Off Cooler On Cooler On On Cooler On Cooler Off Cooler Off Cooler Off Cooler Off Cooler Off Cooler Off Cooler On Cooler On Cooler On Cooler On
[Fuel Type Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas
HRSG Firing/DB Exit Temperature Unfired Unfired Unfired Unfired Unfired Fired/1001 F Fired/1003 F Fired/1014 F Fired/1030 F Fired/1050 F Fired/1063 F Fired/1007 F Fired/1026 F Fired/1038 F Fired/1038 F
[CTG Model $5000F '$5000F $5000F $5000F S5000F $5000F '$5000F $5000F $5000F '85000F '85000F S5000F $5000F S5000F $5000F
CTG Performance Reference ratio Siemens 12-May-06 | Siemens 12-May-06 | Siemens 12-May-06 | Siemens 12-May-06 | Siemens 6-Jun-06 | Siemens 6-Jun-08 | Siemens 6~Jun-06 | Siemens 6~Jun-06 | Siemens 6~Jun-06 | Siemens 6~Jun-06 | Siemens 2-Mar-06 | Siemens 2-Mar-06 | Siemens 2-Mar-08 | Siemens 2-Mar-06
HRSG Performance Reference Vogt 717/06 Vogt 7/17/06 Vogt 717/06 Vogt 7/17/06 Vogt 7117/06 Vogt 717/06 Vogl 7/17/06 Vogt 7/17/06 Vogt 7/17/06 Vogt 7117/06 Vogt 7/17/06 Vogt 717/06 Vogt 717/06 Vogt 7117/06 Vogt 7/17/06
STG Output 351.7 MW 371.6 MW 368.5 MW 360.6 MW 360.2 MW 4200 MW 4200 MW 4200 MW 4200 MW 4200 MW 4200 MW 4200 MW 4200 MW 4200 MW 4200 MW
[STG Performance Reference MHI MHI MHI MHI MHI MHI MHI MHI MHI MHI MHI MHI MHI MHI MHI
ISTG Throttle Conditions, psia/F 1,854p/1,050F 2,019p/1,026F 2,004p/1,041F 1,926p/1,050F 1,923p/1,050F 2,060p/1,007F 2,046p/1,014F 2,054p/1,022F 2,071p/1,034F 2,089p/1,045F 2,079p/1,049F 2,048p/1,019F 2,067p/1,032F 2,000p/1,037F 2,001p/1,038F
STG Cold Reheat Conditions, psia/f 485p/698F 500p/663F 497pl676F 494p/693F 494p/693F 607p/687F 601p/692F 600p/697F 600p/706F 603p/714F 605p/719F 600p/696F 600p/704F 603p/707F 603p/708F
Cold Reheat Conditions after Conditioning, psia/f 4850/608F 500p/B63F 497p/6TEF 494p/693F 494p/699F 607p/G87F 601pi692F 600p/6O7F 600p/706F 603p/714F 605p/719F 600p/606F 800p/704F 603p/707F 603p/708F
[STG Hot Reheat Conditions, psia/F 434p/1,050F 443p/1,037F 441p/1,050F 440p/1,050F 440p/1,060F 548p/1,015F 543p/1,021F 542p/1,020F 541p/1,042F 544p/1,050F 546p/1,060F 542p/1,026F 541p/1,039F 544p/1,046F 543p/1,047F
|Condenser Pressure 3.07 in HgA 1.76in HgA 2.72inHgA 3.11inHgA 3.10in HoA 1.77inHgA 2,08in HgA 2.06 in HgA 3.15in HgA 3.58 in HgA 3.58 in HgA 2,07 in HgA 3.16in HgA 3.69in HogA 3.59in HgA
[Stack Temperature 223F 224F 227F 226F 226F 226F 227F 224F 227F 224F 222F 226F 228F 227F 227F
[Run Date 8-Sep-06 7-Sep-06 7-Sep-06 7-Sep-06 7-Sep-06 9-Sep-06 9-Sep-06 9-Sep-06 9-Sep-06 9-Sep-06 9-Sep-06 9-Sep-06 9-Sep-06 9-Sep-06 9-Sep-06
Performance Summary
[Number of CTG/HRSG Units Operating 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
[Gross CTG Output (each) KW 181,934 217,952 203,867 196.207 195,542 207423 201614 192,471 181,068 168,633 164,881 197.137 184,220 177.293 176696
[Gross CTG Output (total) KW 727,734 871,808 815,468 784,828 782,168 826,492 806,456 769,884 724272 674,532 650,524 788,548 736916 709,172 706.784.
[Gross CTG Heat Rate (LHV) BlkWh 9,320 8864 9,031 9,136 9,145 8071 9124 9,237 9414 9613 9671 9.184 9372 9,486 9,494
[Gross CTG Heat Rate (HHV) BUWAWh 10.218 9,709 10,016 10,006 10,016 10,060 9.993 10.117 10311 10.520 10,582 10,186 10.394 10521 10,520
Fuel Gas Temperature to CTG. F & & & 8 60 60 80 60 60 ) 6 80 60 8 60
Fuel Gas Temperature lo Site, F 60 & 60 & 60 60 80 0 80 60 8 60 60 0 60
[CTG Heat Input (LHV) (total) MMBtu 6,789.16 7.721.71 7.364.49 7.170.19 7.152.93 7.515.25 7.358.11 7.111.42 6.818.30 6.484.28 6.378.26 7.242.02 6.906.38 6.727.21 6.710.21
[CTG Heat Input (HHV) (total) MMBtumh 743599 8.453.96 8.167.65 7,853.32 7.834.42 8.334.86 8.059.14 7.788.95 7.467.90 7.102.06 6.985.94 8,031.83 7.650.58 7.460.87 7.442.01
[Duct Burner Heat Input (LHV) (each) MMBtuh 0.00 000 0.00 000 0.00 50.60 47.50 5140 57.10 73.40 79.80 46.70 53.60 61.70 61.70
[Duct Burner Heat Input (HHV) (each) MMBluh 0.00 0.00 0.00 000 0.00 66.12 5203 56.30 62.54 8039 8740 51.79 50.45 68.43 68.43
uct Burner Heat Input (LHV) (tolal) MMBtuh 0.00 000 0.00 000 0.00 202.40 190.00 20560 228.40 293.60 31920 186.80 214.40 246.80 24680
[Duct Burner Heat Input (HHV) (total) MMBtuM 0.00 0.00 0.00 000 0.00 224.47 208.10 22519 250.16 321.67 349.61 20747 2778 273.72 273.72
[Gross STG Output KW 361.730 371.640 368,470 360.550 360.200 420,000 419,960 420,020 420,020 420,030 419.980 420,010 420,010 420,020 419.980
STG Output. percent of CTG Output 483% 426% 452% 459% 46.1% 0.7% 521% 546% 58.0% 623% 63.7% 53.3% 57.0% 592% 50.4%
{Gross Plant Output KW 1,079,464 1,243,448 1.183.938 1,145,378 1,142,368 1,248,492 1,226,416 1,189,904 1,144,202 1,004,562 1.079.504 1,208,568 1,156,926 1,129,162 1,126,764
|Gross Cycle Heat Rate (LHV) Bu/kWh 6.289 6215 6220 6.260 6261 6.182 6,155 6,149 6.158 8,192 6204 6.147 6165 6.176 6.174
Gross Cycls Heat Rate (HHV) BwAWh 6,889 6.807 6899 6.857 6,858 6,856 8741 6,735 6.745 6.782 6.795 6817 6,826 6,850 6.848
Plant Heat Input (LHV) MMBtuh 6.789.16 7.727.74 7.364.49 7.170.19 7.152.93 7.717.65 7.548.11 7.317.02 7.046.70 6.777.68 6.697.46 7.428.62 7.120.78 697401 6.957.01
& (HHY) MMBHuh 7.435.99 8.463.96 816765 7,853.32 7.834.42 8,560.33 8.267.24 8014.14 7.718.08 7.423.63 7.395.55 8.239.00 7.897.36 7.734.58 7.715.73
[Caloulations Based on High-Side of Generator Stop-Up Transformers
[Total Audliary o KW 26,620 30,060 29,640 29.260 29,260 30,090 29.900 29,740 29,500 29310 20220 29810 29,540 29,460 29,450
Total Auwsiliary Power/Losses, percent of gross 267% 242% 250% 256% 2.56% 241% 244% 250% 2.58% 268% 271% 247% 2565% 261% 261%
INet Plant Output w/ Step-Up Xfmr Losses. KW 1,050.644 1.213,368 1,164,208 1,116,098 1,113,108 1.218.402 1,196,516 1.160.164 1.114.792 1,065,262 1,050,284 1,178,748 1,127,386 1,000,732 1,097,314
[Net Plant Heat Rate (LHV) w/ Step-Up Xmr Losses BU/KWh 6,462 6,369 6.380 6.424 6.426 6.334 6308 6307 6321 6.363 6377 6302 6316 6.342 6,340
[Net Plant Heat Rate (HHV) w/ Step-Up Ximr Losses BAWh 7,078 6.975 7.076 7.036 7,038 7.025 6.909 6.908 6.923 6.969 6.984 6.990 7.005 7,033 7.031
Revision History:
Rev. 8. 9/11/06 — GateCycle model revised to incorporate Vogt HRSG proposal, additional MHI STG heat
Combustion Turbine Generator (each)
[Ambient Conditions Pressure, psia 14,690 14.690 14,690 14690 14.690 14,600 14690 14.690 14,690 14.690 14,690 14.690 14,690 14690 14.680
Temperature, F 950 50 740 200 950 380 450 500 740 %00 950 590 740 %00 950
Relative Humidity 438% 50.7% 785% 548% 438% 60.1% 509% 50.7% 78.5% 548% 438% 0.7% 78.5% 548% Q8%
WBT, F 768 514 601 766 766 09 303 514 9.1 766 766 514 68.1 766 766
|Compressor Inlet Conditions. Temperature, F 950 526 698 785 73 350 450 5.0 740 9.0 950 526 698 785 793
Relative Humidity 438% 928% 96.5% 914% 884% 80.1% 50.9% 59.7% 78.5% 54.8% 288% 928% 96.5% 91.4% 88.4%
inlet Air Cooler Status Cooler Off Cooler On Cooler On Cooler On Cooler On Cooler Off Cooler Off Cooler Off Caoler Off Cooler Off Cooler Off Cooler On Cooler On Cooler On Cooler On
Saturation Efficiency 0.0% 850% 850% 850% 850% 00% 00% 0.0% 00% 00% 00% 850% 850% 85.0% 850%
Water Evaporation Rate Flow. Ib/h [ 5,833 3,605 9,622 13110 [ [ [ [ [ 0 5831 3,606 9622 13.119
IFusl Flow Fuel Type Naturel Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Ges Natural Gas Netural Gas
HC. MMBtwh (LHV) 16973 19019 18414 17925 1.788.2 18788 18395 17779 17046 16211 15046 1,810.5 17266 1,681.8 16776
Flow, Ibh 80212 91301 88,105 84,714 84510 89,908 86934 84020 80,556 76,610 75,3857 86,640 82,624 80,481 80277
[Fuel LUV Bulb 21,160 21,160 20,897 21,160 21,160 20,897 21,160 21,160 21,160 21,160 21,160 20,897 20.897 20,897 20897
fFusl Gas Temperature, 0 & 0 -] ) & & 8 8 & & & 8 8 80
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CONFIDENTIAL

[4x1 F-Class Combined Cycle
Estimated Performance -- Revision 8
Model Revision: GC561-091106-8 BJScrivner

Bibb and Associates -- Progress Energy Bartow Repowering Project

1997 Steam Tables 35 45 £ 74 20 95 5 74 %0 95
Case Name Case 16 Case 17 Case 18 Case 10 Case 151 Case 152 Case 153 Case 154 Case 155 Case 156 Case 157 Case 158 Case 159 Case 160
4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100%
Unfired Unfired Unfired Unfired Unfired Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired
Gas Fuel Gas Fusl Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel
95F 59 F/EC On 74 F/EC On 90 F/EC On SSF/EC On 38F 45F SOF 74F 0F S5F 50 F/EC On 74 FEC On 90 F/EC On 95 F/EC On
Cold Reheat Steam to CTG Power Augmentation Flow, Ibh 101,112 117,457 11114 107,194 106.912 0 [ [ o ) [ [ o 0 ]
Pressure, psia 456.9 4678 465.1 464.1 463.8 578.7 5732 5715 5708 5744 5759 5724 sM12 5737 5735
Temperature, F 693.2 6578 670.9 687.5 677 618 687.2 6928 700.7 9.6 749 6910 699.2 7024 7034
Enthalpy, Bib 1,3558 1.335.1 1.342.7 1,352.1 13523 13417 13452 13486 1.353.2 13681 13610 1.347.5 1,9523 13540 13544
Desuperheating Flow for PAG Steam (from IP FW) Flow, Ibh 12,534 11,052 12.223 12,692 12,873 o 0 o 0 o o [] [ o o
Temperature, F 353.0 3560 3550 3548 3547 3663 3656 3639 363.0 314 3609 3648 363.7 3629 3628
fsteam Injection for Power Augmentation Flow, Ibh 113,646 129,409 123,337 120,085 119,785 0 0 ) o o ] ° 0 [ ]
Pressure, psia 3500 3500 3500 3500 3500 3500 350.0 3600 3500 3500 3500 350.0 3500 3500 3500
Temperature, F 4850 4850 4850 4850 4850 6556 662.1 6683 676.7 6859 6913 6662 6752 6783 6790
Enthalpy. Btuflb 1.2422 12422 12422 1.242:2 12422 13417 1,3452 1,348.6 1.353.2 1.358.1 13610 13475 1.3523 1.354.0 13544
ater Injection (NOx Control on Oil Fuel) Flow, Ib/h [ [ [ 0 [ [ [ [ o [ [ ) [) [ [
ICTG Exhaust Flow. Flow, I 2,747,463 4,104,884 4,003,209 3,699,405 3,802.326 4,201,488 4.127,390 4,009,011 3,838,934 3,674,902 3,630,488 4,089,590 3,875,006 3,776,067 2,768,327
Pressure, in. H20 1677 2023 18.79 18.02 17.96 19.73 1947 1828 17.08 1590 1656 18.69 17.39 16.60 16.50
F 11257 1,086.4 1.103.4 11128 1,134 10729 1,079.8 1.090.9 1.108.0 1.123.4 1.127.2 1.087.0 1.1050 11150 11160
JCTG Load % of Base Load 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
[Generator Gross Output [ 181,934 217,952 203,867 196,207 195,542 207.123 201,614 192,471 181,068 168,633 164,881 197,137 184.229 177,203 176,696
[ross Heat Rats BUWKWh (LHV) 9320 8854 9031 9,136 9145 9071 9124 9237 9414 9613 9671 9,184 9372 9.486 9.494
att Detailed Bartow HBs Rev Detailed HB p. 100f 120
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CONFIDENTIAL

4x1 F-Class Combined Cycle

1997 Steam Tables

Estimated Performance -- Revision 8
Model Revision: GC561-001106-8 BJScrivner

Bibb and Associates -- Progress Energy Bartow Repowering Project

35 as 50 74 20 95 5 74 90 95
(Case Name Case 16 Case 17 Case 18 Case 19 Case 20 Case 151 Case 152 Case 153 Case 154 Case 155 Case 156 Case 157 Case 158 Case 159 Case 160
4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100%
Unfired Unfired Unfired Unfired Unfired Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired
Gas Fuel Gas Fuel Gas Fusl Gas Fuel Gas Fusl Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fus! Ges Fuel
95F 50 F/EC On 74 FEC On 90 F/EC On 95 F/EC On 35F 45F 50 F 74F 90F 95F 50 F/EC On 74 F/EC On 90 F/EC On 95 F/EC On
Ll . S S e S —
Heat Recovery Steam Generator (each)
IHRSG HP Steam Flow, Ibh 447.205 494915 487,645 465,673 464,894 507,796 502563 502.787 504,523 506,342 502,891 501,973 503,983 508.675 508,514
(at HRSG terminal point) Pressure, psia 1,890.6 2.089.1 20439 1.964.5 19617 21002 2,086.1 20043 21120 21209 21203 2088.4 21078 21815 21317
Temperature, F 1,053.3 10296 10443 1,083.4 10834 10108 10176 10258 1.037.5 10486 10626 10226 1,095.1 10408 1.041.6
Enthalpy. Blu/lb 15118 1.491.9 1.501.7 1.509.7 1.509.8 1.478.6 14833 1,488.4 14954 15018 1.504.7 1,486.5 1.493.9 1,496.9 1.497.4
dP from HP drum to HRSG terminal point psi 495 57.1 565 58 536 8.1 577 57.7 579 580 578 577 57.8 582 582
IHP SH #1 Steam Outlet Temperature, F 1.053.8 10301 1,0448 1,053.9 1,053.9 1,011.4 10181 1,0263 1,038.1 1.049.1 1,053.2 10232 1,035.6 1.041.4 1,042.2
[HP SH #2 Steam Outlet Temperature Temperaturs, F 9350 947.3 958.1 959.6 956.6 930.4 935.7 941.3 948.4 956.1 959.5 938.4 946.2 9493 049.8
JHP Steam Desuperheating Flow Flow, Ibh 22214 [ o 4385 5,221 o o ° [ o o o o o °
(from HP Feedwater) Temperature, F 3631 3653 3644 3646 3645 3755 74.8 3731 a2 3705 370 3740 ar28 ar20 arns
% of inlet steam 52% 0.0% 00% 1.0% 11% 00% 00% 00% 0.0% 0.0% 0.0% 00% 0.0% 0.0% 00%
Final Superheat, F 1423 181.9 188.4 1853 1833 1789 1825 1856 1884 1952 2002 18258 1863 1872 1874
JHP SH #3/4 Steam Outlet Temperature Tomperature, F £38.3 8248 830.3 834.1 8343 8247 827.3 8309 8349 8430 847.3 827.8 8325 8351 8363 |
JHP Evaporator #1 Exit Flow, Ibm 57.483 67.078 86,762 62,230 62,037 69,448 68,950 69,940 7377 73579 73,516 69,015 70675 72,454 72,497
Pressure, psia 19401 21162 21003 20183 20153 21583 21438 21520 21699 21880 21781 21461 21655 21897 21190.0
Temperature, F 6316 8439 6428 6370 6369 646.7 6458 6463 6475 648.7 648.1 8459 6472 6488 6488
Enthalpy. Btu/lb 1.140.9 11274 1.128.7 1.135.1 1.1353 11239 1.125.1 11244 11229 11214 11223 11248 11233 1121.3 11212
|HP Evaporator #1 Blowdown Flow. I/ [ [ [ [ 0 0 [ [ [ [ [ 0 [ 0 ]

HP Evaporator #1 Pinch Temperature, 3041 3100 3190 3120 3116 3272 330.4 339.4 3526 360.1 ar2.4 3336 3481 358.5 359.1
HP Evaporator #1 Approach Temperature, F 25 53 60 42 41 55 56 67 84 104 10.5 60 79 94 9.5
[P Evaporator #2/3/4/5 Exit Flow, Ibh 367,514 427,836 420,885 399,063 397,636 438,348 433,605 432,849 433,146 432,760 429,374 432,958 433,308 436,221 436,019

Pressure, psia 1.940.1 21162 21003 20183 20153 21583 21438 21520 21699 21880 24781 2.146.1 21655 2.189.7 2.190.0
Temperature, F 6316 6439 6428 637.1 636.9 646.7 6458 6463 6475 648.7 648.1 6459 847.2 648.8 6488
Enthalpy, Btu/lb 1.1409 1.127.4 1.128.7 11351 1.135.3 11239 1,125 11244 11229 11214 11223 11249 11233 11213 11212
IHP Evaporator #2/3/4/5 Blowdown Fiow. b/l [ [ [ [ [ 0 [ o 0 [ [ [ [ [ [
HP Evaporator #2/3/4/5 Pinch Temperature. 157 17.0 169 166 185 180 180 178 178 17.4 172 18.0 179 178 178
HP Evaporator #2/3/4/5 Approach Temporaturs, F 25 53 80 42 41 55 58 67 84 104 10.5 60 79 94 95
[HP Economizer #1/2/3 Outlet Flow, Ibh - 424,997 494,915 487,647 461.292 459,673 507,796 502,664 502,788 504,523 506,339 502,891 501,973 503,083 508,675 508,516
Temporature, F 620.1 6386 636.8 6330 6328 641.2 840.1 639.7 6391 6383 637.5 6399 6393 639.4 639.4
[HP Economizer #4/5 Outiet Temperature F 570.4 5735 570.0 570.3 5703 576.8 5763 5726 5686 564.1 563.3 5742 550.8 567.0 566.8
HP Economizer #6/7 Outlet Temperature Temperature, F 4772 479.4 4766 477.5 4715 493.4 4920 489.6 486.6 4836 483.2 4910 487.6 4856 4855
|HP Economizer #8 Outiet F 4236 4233 4208 422.6 422.7 4344 4332 4304 4272 4236 423.1 4320 4283 4259 4258
Fosdwater to HP Economizer #8 Flow. Ib/h 424,997 494,915 487,647 461,292 459,673 507,796 502,564 502,788 504,523 506,339 502,891 501673 503,083 508,675 508,516
Pressure, psia 19973 21936 21755 20857 2082.1 22307 22235 22018 22602 22688 22578 22266 2245.7 22714 22156
Temperaturs, F 363.1 3653 364.4 3646 3645 3755 3748 ara. an22 3705 370.1 3740 3728 ar20 are
Enthalpy, Btu/lb 338.4 3409 3400 3400 340.0 351.6 350.9 3492 3482 3465 3460 350.1 3489 3480 347.9
HP FW increase Actoss BFP F 129 120 12.4 125 125 18 120 120 19 1.9 19 120 120 1.9 19
Duct Burner HC. MMBtwh (LHV) 0.00 0.00 0.00 0.00 0.00 50.60 47.50 5140 57.10 7340 79.80 46.70 53.60 61.70 61.70
HC. MMBtuh (HHV) 0.00 0.00 000 0.00 0.00 56.12 5203 56.30 6254 8039 87.40 51.79 5045 68.43 68.43
Temperature, F 9616 979.4 9885 9753 974.7 956.8 963.3 969.6 9789 9816 9778 7.3 9772 982.1 9827
Temperature, F 916 979.4 9885 9753 974.7 1.000.6 1.0032 10139 10209 1.0498 10529 1,007.0 10245 1,087.7 1,038.4
[HRSG Hot Reheat Steam Flow, Ibh 442,432 453,079 449,338 449,073 448,815 568,610 561,994 558,662 665,359 557,441 560,226 559,860 566,273 557,344 556,957
(at HRSG terminal point) Pressure, psia 4440 453.7 4512 450.7 4504 561.1 5857 5642 5535 7.1 658.8 5547 5539 5563 556.1
Temperature, F 10523 1.039.1 1,0523 10523 10523 10174 10232 1.031.7 10442 1,052.5 10525 10286 1,041.8 1,048.5 10483
Enthalpy, Btullb 1,6508 1.543.4 1,550.6 1.550.6 15506 16286 16320 1.536.6 1,543.5 1.547.9 15478 1,5349 1.542.2 15458 1,546.2
HRSG RH dP — terminal pt. lo terminal pt. psi 129 141 139 134 133 7.6 174 17.4 173 173 7.4 174 173 174 17.4
(TR #1/2 Steam Outlet Temperature Temperaturs, F 10625 10393 10625 10525 1.052.5 1.0174 1.023.4 1,031.9 1.044.4 1.052.7 1,052.7 10288 1,042.1 1.048.7 1.049.5
(TR #3 Steam Outlet Temperature Temperaturs, F 9203 956.6 963.9 9392 938.4 934.4 938.9 9450 953.7 9532 946.1 942.5 951.8 956.5 957.0
[Reheat Steam Desuperheating Flow Flow, b/ 27,571 [ 1,654 20,208 20513 [ [ 0 o 6046 12,647 o [ 0 o
(from IP Feedwater) Temperature, F 3630 386.0 3560 3548 354.7 3663 3656 3630 3630 361.4 360.9 3648 363.7 2629 3628
% of inlet steam 66% 00% 03% 47% 48% 00% 00% 0.0% 00% 11% 23% 00% 00% 0.0% 00%
Final Superhoat, F 2210 3459 3449 2508 2582 3278 312 3366 3442 3309 309.6 3337 3420 3468 347.3
IRHTR #4 Steam Outlet Temperature Temperature, F 801.7 8054 810.8 808.3 8080 809.4 8118 816.9 8244 833.1 8354 814.1 8222 8275 827.9
Jcold Reheat Steam from HP Bypass Flow, Ibh [ [ ) 0 ) ] [ [ [ [ o ] [ [ o
Pressure, psia 3500 360.0 3500 350.0 3500 360.0 3500 3500 3500 350.0 3500 350.0 3500 3500 350.0
Temperature, F o747 9373 9658 9708 o710 9123 9213 930.7 9439 956.1 915 9273 941.2 946.8 947.7
Enthalpy. Btu/lb 1.511.8 1.491.9 1,501.7 1.509.7 1.509.8 14786 1,483.3 14684 1.495.4 1,501.8 1,604.7 1.486.5 1.4939 1,496.9 1.497.4
[Cold Reheat Steam from STG to HRSG, Flow, Ibh 339,040 370,737 369,885 362,101 351,624 500,904 495743 495,066 407,688 499,487 496,078 495,168 497,153 501,786 501,620
(8t HRSG terminal point) Pressure, psia 4569 4678 466.1 464.1 4638 578.7 5732 5715 s70.8 5744 5759 572.1 s71.2 6737 5735
Temperature, F 6032 657.8 6700 6875 687.7 6818 687.2 6928 7007 70906 7149 691.0 699.2 7024 703.1
Enthalpy. Bt/lb 13558 1.336.1 1.342.7 13521 13523 13417 1,3452 1.348.6 13532 1.358.1 13610 1.387.5 13623 1,3540 1.354.4
Cold Reheat Steam, % of HP Steam 7601% 7491% 75.85% 7561% 75.64% 98.64% 98.64% 96.64% 98.65% 98.65% 98.65% 98.64% 98.64% 98.65% 98.64%
HP Steam - Cold Reheal Steam Flow, Ibh 107.265 124178 117.750 113,572 113,270 0,892 6.820 6820 6.835 6.855 6.814 6,806 6,830 6889 6.894
att Detailed Bartow HBs Rev Detailed HB p. 110f 120 712212019
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CONFIDENTIAL

Bibb and Associates - Progress Energy Bartow Repowering Project
4x1 F-Class Combined Cycle

Estimated Performance -- Revision 8

Model Revision: GC661-001106-8 BJScrivner

1997 Steam Tables 3 45 50 74 00 o 50 7 % o5
Case Name Case 16 Case 17 Case 18 Case 19 Case 20 Case 151 Case 152 Case 153 Case 154 Case 155 Case 156 Case 157 Case 158 Case 159 Case 160
4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG 4x100% 4x100% 4x100% 4x100% " 4x100% 4x100% 4x100% 4x100% 4x100% 4x100%
Unfired Unfired Unfired Unfired Unfired Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired
Gas Fual Gas Fusl Gas Fuel Gas Fuel Gas Fuol Gas Fusl Gas Fuel Gas Fuel Ges Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fusl Gas Fuel Gas Fuel
os5F 50 F/EC On 74 FEC On 90 F/EC On 95 F/EC On 35F 45F SF 74F 0F 95F 50 FECOn 74F/EC On 90 F/EC On 95 F/EC On
IP. Steam (at HRSG terminal point) Flow, Ibh 74919 83,241 77.901 76,766 76,678 67.907 66,250 62,605 57,672 51,804 50,501 64,600 59,120 55,558 55,340
Pressure, psia 456.9 4878 465.1 464.0 4638 578.7 573.2 5716 570.8 5744 576.9 5721 571.2 5737 573.5
Temperature. F 6160 6236 62468 620.0 619.8 837.7 6374 839.2 6423 68458 645.7 638.1 6414 644.4 6445
Enthalpy. Btw/ib 13112 13154 1,316.2 1.313.5 13134 13163 13155 13168 1.318.7 1,320.6 13204 13161 13182 1.319.8 1.319.8
IP Evaporator Drum Exit Flow, Ib/h 74919 83,241 77.901 76,766 76678 67,907 66,260 62,606 57,672 51,904 50,501 64,600 59,120 56,558 55340
Pressure, psia 4750 489.6 4845 4829 4826 590.7 5847 581.9 5706 5815 582.7 5831 580.5 5819 581.6
Temperature, F 4618 4649 4638 4635 463.4 4846 483.5 483.0 482.5 4829 483.1 483.2 4827 483.0 4829
Enthalpy. Btu/lb 1,206.1 12081 1.205.1 1,206.1 1,205.1 1.204.0 1,204.1 1,204.1 1,204.2 1,204.1 1,204.1 1,204.1 1,204.2 1,204.1 1.204.1
iP Evaporator Blowdown Flow, Ib/h ) o 0 o [ 0 0 [ [ o 0 ] [ 0 0
P Pinch F 27.1 287 276 274 274 249 248 26 22 203 198 23 27 216 215
IP Approach F 136 152 155 145 145 166 166 7.7 190 210 215 171 185 198 199
P FW to IP Evaporator (after IPCV) Flow, Ibh 74919 83,241 77,901 76,766 76678 67,907 66,250 62,695 57672 51,904 50,501 64,690 50,120 55,558 55,340
Pressure, psia 4750 4806 4845 4829 4826 500.7 684.7 5818 579.6 5815 5827 583.1 580.5 5819 5816
Temperature, F 4482 4407 4483 4488 4489 4678 466.8 465.2 4635 4619 461.6 466.1 4642 463.2 463.0
Enthelpy, Btu/lb 4283 4208 4283 4200 420.0 4506 449.3 4476 4456 4436 443.4 4485 4463 445.1 445.0
% Steam in Feedwater 0.0% 0.0% 00% 00% 0.0% 00% 0.0% 00% 00% 0.0% 00% 00% 00% 0.0% 0.0%
[Feedwater to IP Economizer Flow. lb/h 74919 83,241 77,801 76,766 76.678 67,907 66,250 62,695 57672 51,904 50,501 64,690 59,120 55,558 56,340
(pressure is prefiminary) Pressure, psia 5205 5457 533.6 530.6 530.2 6282 620.4 61389 608.7 603.5 603.5 8172 608.0 807.0 606.6
Temperature, F 3538 386.7 3558 3556 3565 387.0 366.3 3646 3637 3621 3616 365.5 3643 3636 363.5
Enthalpy, Bt 364 3205 3285 3283 3282 3404 3396 3379 336.9 3352 3347 3388 276 336.7 3366
IP FW Temperature Act BFP F 36 35 35 35 35 34 35 35 35 35 3.5 35 36 35 35
LP Steam (at HRSG terminal point) Flow, Ib/h 63,268 67,000 65,570 65,451 66,330 o7.621 67.024 63,400 61,412 56,680 55,133 65416 62822 60,350 60,142
Pressure, psia 1269 130.5 1200 1288 128.6 1512 140.8 1472 1458 143.8 1432 1488 1468 1458 1487
Temperature, F 8321 6451 6433 6375 6373 648.1 646.9 6486 649.4 651.7 6516 847.6 648.7 850.7 650.8
Enthalpy. Biu/lb 13438 1.350.1 13493 13463 1,3482 1,350.3 13498 13608 13513 13626 13626 1350.2 1,3609 1.3520 13620
|LP Evaporator Steam Exit Flow, Ib/h 63,268 67,000 65,570 66,451 65,339 67,621 67.024 63,400 61,412 56,680 56,133 65416 62,822 60,350 60,142
Pressure, psia 1350 140.4 1386 1383 138.1 160.0 158.5 15852 153.5 150.4 1495 157.0 1654.7 183.2 153.0
Temperature, F 350.2 353.3 3523 3521 3520 3635 3628 361.1 360.2 3586 3582 362.0 3609 360.1 360.0
Enthalpy, Btulb 11928 1,183.4 1.183.2 1,193.2 11931 1,195.5 1,1954 1.195.0 1,1949 1,1945 1,194.4 11962 1,195.0 11948 11948
LP Evaporator Water Exit to BFPs Flow, Ib/h 562,244 580,109 579,326 575,650 674,956 575,699 568,812 565,485 562,193 564,286 566,033 566,660 563,098 664,231 563,854
Pressure, psia 1350 140.4 138.6 1383 138.1 160.0 158.5 1852 163.5 150.4 1495 157.0 154.7 1532 153.0
Temperature, F 360.2 3533 3523 3521 3520 3635 3628 611 380.2 358.6 358.2 362.0 360.9 360.1 360.0
Enthalpy, Btu/lb 3220 3252 3242 3240 3239 336.1 3353 3335 3326 3308 3304 334.5 3333 3324 3323
[Boiler Fead Pumps Flow Detail:
IP FW to HRSG IP Economizer Flow, Ibh 74919 83,241 77801 76,766 78,678 67,907 66,250 62,605 57,672 51,904 50,501 64,690 59,120 66,558 55,340
1P FW to HRSG RH Desuperheater Flow, b/ 27571 o 1,654 20,208 20618 0 0 o 0 6,046 12,647 [ 0 0 -0
HP FW to HRSG HP Economizer #8 Flow, Ib/m 424907 484,815 487,647 461,202 459,673 507.796 502,564 502,788 504,523 506,339 502,891 501,873 503,983 608,675 508,516
HP FW to HRSG HP Desuperheater Flow, Ib/h 2214 0 o 4385 5221 0 0 0 0 0 o 0 o 0 0
1P FW to PAG Steam Desuperheater Flow, Ib/h 12,634 11,9582 12,223 12,892 12,873 o o o 0 0 o 0 o 0 o
IP FW to Cold Reheat Steam Desuperheater Flow, Ib/h 0 0 o 0 0 o o o o o o 0 o 0 o
HP FW to HP40-CRH Bypass Flow, Ibh 0 0 [ 0 o 0 [ o 0 o o 0 o [} o
LP Pinch Temperature, F 197 206 199 198 199 198 195 191 184 17.7. 175 194 186 182 182
LP Approach F 50 77 46 41 41 80 67 81 57 71 8.1 73 51 53 54
JCondensate Recirculated Flow, Ib/h 51,001 112,823 64,881 50,530 50,577 104,024 87223 88,367 46,070 33,660 33,888 87,702 45724 32938 32,990
Temperature, 3454 3469 3480 3483 3482 356.0 356.6 353.4 354.9 3518 3504 3851 356.1 3551 354.9
% of Total LP Economizer Flow 8% 15%. 9% T % 14% 12% 12% % 5% 5% 12% % 5% %
JCondensate from LP Economizer Flow, ibh 676,562 769,627 709,819 691,493 690,918 747,370 723,104 717.260 669,685 654,644 656,078 719,811 671,667 857,536 657,011
Temperature, F 3448 3452 3473 3477 3475 3553 3558 3827 3542 3512 3498 3544 3554 3545 3543
Enthalpy. Blu/lb 316.7 3171 3193 319.7 3185 3276 3282 3250 3266 323.5 3218 326.8 3278 3268 326.7
[Condensate to LP Economizer Flow, Ib/h 676,562 769,627 700,819 601,403 690,918 747,370 723,104 717,250 660,685 664,644 655,078 718811 671,667 657,536 657,011
Temperature, F 1350 1350 1350 1360 1350 1360 1380 1350 1350 1360 1350 1360 1350 1350 1350
Enthalpy, Btw/ib 104.2 104.2 1042 1042 1042 104.2 1042 1042 1042 1042 104.2 1042 104.2 1042 104.2
JCondensate from Recirculation Flow, Ib/h 51,001 112,523 64,881 50,539 50,577 104,024 87,223 88,357 46,070 33,660 33,888 87,702 45,724 32,938 32,900
Temperature. F 3454 3459 348.0 3483 3482 356.0 356.5 3534 3549 3518 350.4 3855.1 386.1 3551 3549
[Condensate Bypassing LP Economizer Flow, Ib/h ) ) [ 0 [ [ 0 0 o ) ) [ o [ 0
% of Total Condensate Flow 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Temperature, F 1175 98.2 1132 178 178 986 104.0 103.7 1184 123.0 1230 1038 1185 1232 123.1
[Condensate to HRSG Flow, Ibh 625,471 657,103 644,938 640,054 640,342 643,346 635,880 628,803 623615 620,984 621,190 632,110 625943 624,509 624,012
Pressure, psia 4849 480.1 4812 481.6 4817 483.0 484.1 4856 4852 4852 4852 484.9 4847 4844 484.6
Temperature, F 175 98.2 1132 1178 1178 98.6 104.0 1037 1184 123.0 123.0 103.8 118.5 1232 123.1
Stack Exit Flow, Ibh 3,747,463 4,194,884 4,003,290 3,809,405 3,892,326 4,203,910 4,129,635 4,011,440 3,841,633 3,678,371 3,634,260 4,061,825 3,877,631 3,778,010 3,771,280
Temperature, F 2232 2238 2265 2265 2263 226.3 227.2 224.4 2266 2236 2219 226.0 2278 227.1 2268
att Detailed Bartow HBs Rev Detailed HB p.120f120 7/22/2019
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CONFIDENTIAL

Bibb and Associates — Progress Energy Bartow Repowering Project

[4x1 F-Class Combined Cycle

Estimated Performance -- Revision 8
Model Revision: GC561-091106-8 BJScrivner
1997 Steam Tables

35 45 5 74 920 95 59 74 % o5
Case Name Case 16 Case 17 Case 18 Case 19 Case 20 Case 151 Case 152 Case 153 Case 154 Case 155 Case 156 Case 157 Case 158 Case 159 Case 160
4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100%
Unfired Unfired Unfired Unfired Unfired Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired
Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Ges Fuel Gas Fuel Gas Fusl Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel
95F 59 F/EC On 74 F/EC On 90 F/EC On 95 F/EC On 35F 45F 50F 74F %0 F 95 F 50 F/EC On 74 F/EC On 90 F/EC On 95F/EC On
e S A R . e
Steam Turbine Generator
HP Turbine Stage 1 Shaft Power w 7.290 7.853 7.849 7.572 7.560 7.810 7,786 7.858 7.870 8,081 8,054 7.815 7.943 8,056 8,061
HP Turbine Remainder Shaft Power W 72,528 80.921 80,837 76.365 76.209 71.589 71,523 72,458 73,998 75.103 74,526 71,946 73615 74995 75,054
IP Turbine Shaft Power W 94,481 95,728 96,803 95,727 95,691 115,036 118173 118,649 119,294 121,082 121,669 118.395 119,113 120,258 120,262
LP Turbine Shaft Power W 182,914 192,841 189,640 186,463 186,316 227,826 228,744 227,321 225019 222,023 221,995 228116 226,600 222,979 222,867
Total Shaft Power W 349,923 369,480 366,280 358,555 358,217 418.451 418,440 418,429 418,311 418,208 418,190 418,457 418,328 418,233 418,183
|STG Throttie Steam Flow, Ib/h 1,788,822 1,979,661 1,850,578 1,862,691 1,859,675 2,031,183 2,010,253 2,011,146 2,018,001 2,025,368 2,011,565 2.007.894 2,015,931 2,034,701 2,034,067
Pressure, psia (MAX 2270 psia) 18538 2,018.0 2,004.0 18263 19235 2,059.6 20458 2053.8 20712 2088.8 2,079.3 2048.1 2067.0 20903 2,090.5
Temperature, F 1,050.0 1,026.1 1,040.8 1,050.0 1,050.0 1,007.3 10140 10222 1.034.0 1,046.1 1,049.2 1.019.1 1,031.6 1.037.3 1,038.1
Enthalpy. Btulb 1,5108 1,490.9 1.500.7 1.508.7 1.508.8 14776 1.482.3 1,487.4 1.494.4 1.500.8 1.503.7 14855 1,402.9 1,495.9 1,496.4
ITHV Pressure Loss psi a7o 404 401 385 384 408 406 407 a1 “ns “3 06 M0 “s “us
2.00% 2.00% 2.00% 2.00% 2.00% 1.98% 1.98% 1.98% 1.98% 1.98% 1.98% 1.98% 1.98% 1.99% 1.99%
Leak 1 Leakage Flow to HRH Flow, Ib/h 22,508 24,874 24511 23,424 23,388 25,665 25398 25,400 25,480 25572 25404 25,365 25457 25.686 25679
[HP Turbine Exit Fiow, Ibh 1,766,201 1,654,790 1,626,068 1639.244 183,186 2,005,518 1,084,853 1,985,739 1902611 1,999,801 1,986,165 1.982.631 1,900,475 2.008,015 2008,368
Pressure, psia 485.1 500.0 4971 4039 4936 606.8 601.2 5008 500.5 603.4 604.7 600.2 509.9 602.8 6026
Temperaturs, F (MAX 840 F) 6980 6633 6763 6025 602.7 686.6 8019 8975 705.4 743 7195 6957 7039 072 7078
Enthalpy, Btu/lb 1,356.8 1,336.1 1,343.7 13531 13533 13427 1,346.2 13405 1,364.2 1,350.1 1,362.0 13486 13533 1,356.0 1,355.4
Efficiency (THV inlet to HPT exit) 85.94% 85.90% 85.99% 8506% 85.96% 85.80% 85.80% 8581% 8582% 85.82% 85.81% 85.80% 8582% 8583% 85.83%
Efficiency (THV exit to HPT exit) 8705% 87.06% 87.06% 8705% 87.05% 87.03% 8703% 87.04% 87.04% 8704% 87.04% 8703% 87.08% 87.04% 87.04%
Leaks 385 Leakage Flow to SSR Flow, b/ 1,501 1.678 1,557 1.533 1,632 1,904 1,880 1,870 1,861 1,864 1,863 1,873 1,863 1,869 1.868
CRH Steam to Steam Seals Flow, Ib/h 569 442 482 508 511 0 ] ] 0 0 0 0 0 0 0
’Co&d Reheat Flow at STG Terminal Point Flow, Ib/h 1.764,221 1,852,770 1,924,018 1,837,202 1,834,143 2,003,613 1,682,973 1,983,869 1,990,750 1,997,938 1,884,302 1,980,658 1,888,612 2,007,146 2,006,500
Pressure, psia 485.1 500.0 4971 4939 4936 606.8 601.2 500.8 500.5 603.4 604.7 600.2 500.9 602.8 602.6
Temperature, F 698.0 663.3 676.3 6925 692.7 686.6 6919 697.5 7054 7143 7195 695.7 7038 7072 7078
Enthalpy, Btulb 1,356.8 1,336.1 1,343.7 1.353.1 1.353.3 1.342.7 1.346.2 13495 1.354.2 1,350.1 1.362.0 1,348.5 1,353.3 1.356.0 13554
{Cold Reheat Steam Desuperheating Flow Flow, Ibh 0 o o o o 0 o o o o o 0 o o o
Temperature, F 353.0 356.0 356.0 354.8 354.7 366.3 3656 3639 363.0 3614 360.9 3648 363.7 3629 362.8
Final Cold Reheat Steam after Conditioning Flow, Ibh 1,764.221 1.852.770 1824018 1,837,202 1,834,143 2,003,613 1,982,973 1,983,869 1,990,750 1,997,938 1,884,302 1,980,658 1,988,612 2,007,146 2,006,500
Pressure, psia 485.1 500.0 4971 4939 4936 606.8 601.2 599.8 589.5 603.4 604.7 600.2 580.9 6028 602.6
Temperature, F (MAX 750 F) 698.0 663.3 676.3 6925 692.7 686.6 691.8 697.5 7054 7143 719.5 8957 7039 7072 7078
Enthalpy, Btu/lb 1,356.8 1.336.1 1.343.7 13531 1.353.3 13427 13462 1,349.6 1.354.2 1.3508.1 1.362.0 1.348.5 1.353.3 1,365.0 1.355.4
JHot Reheat Flow minus Cold Reheat Flow Flow, Ibh 5,507 -136,853 -126,668 -40.808 -38,885 271.627 265,005 250,780 230,687 231,826 252,604 258,782 236.480 222,230 221,328
JReheat System dP psi 512 566 56.1 535 534 58.5 58.1 583 58.7 5.0 586 58.1 586 592 592
[Reheat System dP 10.56% 11.32% 1120% 10.83% 10.62% 9.64% 9.66% 9.71% 9.79% 9.78% 9.69% 9.68% 9.76% 9.682% 9.82%
JHot Reheat Flow Flow, Ibh 1,769,728 1815917 1,797,351 1,796,204 1,796,250 2275,240 2247978 2,234,849 2,221,438 2229,762 2,236,906 2,239,440 2,225,001 2220376 2,227,829
Pressure, psia (MAX 584 psia) 4330 443.4 4408 440.4 4402 548.4 5431 5416 540.9 544.4 546.1 5421 5413 543.6 5434
Temperature, F 1,050.0 10368 1,050.0 1,050.0 1.050.0 10146 1,020.7 1,020.2 1,041.7 1.050.0 1,050.0 1.026.1 1.030.4 1,046.1 1,046.9
Differential to HP Temperature  dT, F (MAX +/- 80 F) 0.0 107 92 0.0 0.0 73 68 70 77 49 08 70 78 88 8.7
Enthalpy, Biu/lb 15498 15424 15496 15496 1,649.6 1,527.5 15310 1.5356 1.542.5 15469 15468 15339 16412 15448 15452
INTV Pressure Loss psi a7 ) [ 88 88 10 109 108 108 108 109 108 108 109 109
2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00%
IP Turbine Exit Flow, Ibh 1792236 1,840,791 1,821,861 1,819,718 1,818,647 2,300,905 2273,376 2,260,049 2246918 2255335 2,262,310 2,264,805 2,250,548 2,256,062 2,253,508
Pressure, psia 106.3 100.2 108.4 108.2 108.1 1316 130.4 1203 128.7 1286 128.6 1208 1201 1201 120.0
Temperature, F 680.3 6704 680.8 680.9 680.8 8456 650.7 656.2 665.7 670.5 660.8 6545 664.3 668.7 6693
Enthalpy, Blulb 1.369.2 1.364.1 1.369.3 1,360.4 1,369.4 1,350.3 13528 1,3558 1,360.6 1,363.0 1.362.7 13549 1,350.8 1,362.1 13624
Efficiency (INTV inlet to IPT exit) 90.78% 90.78% 90.78% 90.78% 90.78% 90.80% 9081% 9081% %0.81% 90.82% 90.82% 2081% 20.81% 9081% 90.81%
E’ﬁci'nc! INTV exit to IPT exit) _ 9191% 9191% 9191% 9181% 9191% 9191% 91.91% 9191% 9191% 91.91% 91.91% 9191% 9191% 9191% 9191%
Loaks 486 Leakage Fiow to SSR Flow. Ib/h 1,531 1.580 1,560 1,558 1,557 1,930 1,907 1,886 1,869 1,861 1.862 1,895 1,876 1.872 1.870
LP Steam Admitted to STG (total) Flow, Ibh 253,071 267.999 262,280 261,805 261,356 270,484 268,007 253,637 245,646 226,718 220,532 261,665 261,200 241,435 240,567
(upstream of LP admission CV) Pressure, psia (MIN 78.2 psia) 109.3 1123 114 113 maz 1354 1341 1330 1324 132.1 132.1 1335 1328 1328 1327
Temperature, F 628.0 8408 639.2 633.3 6331 6442 643.0 6449 645.7 6483 6483 6438 645.0 647.1 647.2
Enthalpy. Blullb 13428 1.349.1 13483 13453 13452 13493 13488 13408 1,350.3 1351.6 13516 1,349.2 1,349.9 13510 1.351.0
LP Steam Tsmzmlum Mismatch to IPT Exhaust dT, F(MAX 108 F) -52.8 =209 =420 -48.0 -48.2 -19 8.1 -11.8 =204 ~226 220 1.2 -19.8 220 225
LP Admission CV Pressure Loss % loss 28% 27% 2.8% 28% 2.7% 28% 27% 28% 28% 28% 27% 27% 27% 27% 27%
LP Turbine Inlet Steam Flow, b 2,043,777 2,107,210 2,082,681 2.079.965 2,078,446 2,569,460 2,539,566 2,511,800 2,490,695 2,480,192 2,480,980 2524575 2,499,962 2494625 2492204
Pressure, psia 104.7 1076 106.8 106.6 106.5 120.7 128.4 1274 1268 1266 1266 1279 1272 1272 1271
Temperature, F 6736 666.4 6753 6746 8746 645.1 6406 654.8 6635 668.2 667.7 6531 662.1 666.4 666.9
Enthalpy. Btu/lb 1,366.0 13622 1.366.7 1.366.4 1,366.3 13502 1,352.6 1.356.2 1.350.6 1.362.0 1.361.7 1,354.3 1.358.9 1.3610 1.361.3
JLP Turbine Exit Flow, Ib/h 2,043,777 2,107.214 2,082,577 2,079,966 2,078,443 2.569.458 2,539,565 2.511,799 2,490,696 2,480,194 2,480,980 2,524,575 2,499,962 2,494,625 2,492,203
Pressure, psia 1.807 0.850 1.336 1.525 1.525 0.867 1021 1011 1548 1.758 1.758 1016 1.552 1765 1.764
Pressure, in. HgA 3060 1.750 2718 3.106 3104 1766 2078 2050 3151 3578 3570 2,060 3.160 3504 ase2
Temperature, F 1168 9.7 116 1162 116.2 970 1024 102.1 16.7 1213 1213 1022 1168 1215 1214
ELEP Enthalpy. Btuwib 1,083.0 10228 10463 1,052.8 10528 10105 1.017.2 10184 1.040.9 1.048.4 1.048.3 1.018.0 1,040.6 10478 1,048.0
UEEP Enthalpy, Btuib 1,060.6 1,049.9 1,056.0 1.060.5 1.060.5 10476 10451 10464 1,061.3 1.056.6 1,066.4 1,046.0 1,051.0 1.056.0 1,056.2
Exhaust Loss Btulb 76 271 06 77 77 a72 280 20 104 81 81 280 104 81 81
Moisture @ UEEP (MIN 1.7%) 495% 5.14% 521% 4.98% 4.98% 537% 5.85% 5.72% 5.890% 5.50% 5.60% 5.76% 5.93% 5.64% 5.63%
LS8, in. 40 40 40 40 40 40 40 40 40 40 40 40 40 £ 40
#ends 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Annulus Area ft2/end 844 844 844 844 844 844 844 844 844 844 844 844 844 844 844
LPT Efficiency to ELEP 90.88% 90.34% 90.77% 90.88% 90.88% 89.95% 90.09% 90.15% 90.58% 90.75% 90.74% 90.13% 90.57% 90.73% 90.73%
LPT Efficiency to UEEP 88.66% 83.13% 88.04% 88.65% 88.65% 80.11% 8257% 8267% 87.63% 88.40% 88.40% 82.63% 8761% 88.37% 88.38%
Annulus Velocity fus 7191 12310 8171 7233 7232 1,398.0 1.250.0 12495 8438 749.7 749.7 12408 8443 750.5 750.4
Volumetric Flow 1000 ft3/min per end 3,669 6.409 4178 3,601 3.690 7.727 6,516 6,512 4318 3.828 3,828 6,514 4321 3,832 3,831
Fm Generator Output KW 351,729 371,645 368,465 360,650 360.203 419.997 419.963 420,024 420017 420,026 419,981 420,008 420007 420,025 419,981
Generator MVA 4305 4478 4478 4305 4305 478 4478 4478 4478 4305 4305 4478 4478 4305 430.6
Closed C Cooling Water Temperature, F 1050 100.0 100.0 105.0 105.0 100.0 100.0 100.0 100.0 1050 105.0 100.0 100.0 106.0 105.0
Generator pf 0.900 0.900 0.900 0.800 0.500 0.838 0.938 0.938 0.938 0.976 0.976 0.938 0.938 0.976 0.976
Generator Efficiency 98.46% 98.49% 98.49% 98.48% 98.48% 98.53% 98.53% 98.53% 98.53% 98.53% 98.53% 98.53% 98.53% 98.53% 98.53%
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CONFIDENTIAL

Bibb and Associates - Progress Energy Bartow Repowering Project
4x1 F-Class Combined Cycle
Estimated Performance -- Revision 8
Model Revision: GC561-091106-8 BJScrivner
1997 Steam Tables 35 45 £ 74 20 95 59 74 0 9
Case Name Case 16 Case 17 Case 18 Case 19 Case 20 Case 151 Case 152 Case 153 Case 154 Case 155 Case 156 Case 157 Case 158 Case 159 Case 160
4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100%
Unfired Unfired Unfired Unfired Unfired Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired
Gas Fuel Gas Fuel Gas Fusl Gas Fuel Ges Fusl Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fusl Gas Fuel Gas Fuel
95F 59 F/EC On 74FECOn 90 F/EC On 95 F/EC On 35F 45F SoF 74F S0F 95F 50 F/EC On T4F/ECOn S0 FECOn 95 F/EC On
Condenser/Circulating Water
fCondenser Duty MMBtum 19780 20648 20154 20109 20086 2.527.6 2.478.1 24550 2.410.1 24015 24020 2.466.0 24179 24138 24118
jCondenser Surface Area 2 187,975 137,975 137,075 137,975 137,875 137,075 137,975 137,975 137.975 137,975 137,075 137.975 137,975 137,975 137,975
jCondenser Cleanliness 0% %0% %0% 0% 0% 0% %% %0% 0% 0% 0% 0% 0% %% %0%
[Tube Velocity fusec 10.00 1000 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 1000 10.00 10.00 10.00 10.00
[Number of Passes 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
jcondenser TTD Temperature, F (MIN 5 F) 149 174 155 152 152 22 208 206 8.5 18.1 18.4 207 186 182 182
ILP Turbine Exit Steam to Condenser Flow, Ib/h 2.043,777 2107214 2,082,577 2,079,906 2,076,443 2,669,458 2,539,665 25611.799 2,490,695 2,480,194 2,480,980 2,624,575 2,499,962 2,494,625 2.492.203
Pressure, psia 1,507 0.850 1336 1.626 1626 0.867 1021 1011 1548 1758 1758 1016 1.552 1765 1764
Pressure, in. HgA 3,069 1.750 2719 3.106 3.104 1.766 2070 2089 3151 3678 3679 2060 3.160 3504 3.502
Temperature, F 158 %7 116 162 1162 970 102.4 1024 167 1213 1218 1022 1168 1215 1214
Enthalpy, Bluflb 1,060.6 1,0499 1.056.0 10605 1,0805 1,047.6 1,045.1 1,046.4 1.051.3 1,056.5 1,056.4 1,046.0 10510 1,056.0 1,086.2
Miscellaneous STG Leaks to Condenser Flow, I/ 1,800 1,800 1,800 1,800 1,800 2034 1,987 1,965 1,830 1925 1,924 1,968 1,839 1,941 1,938
Enthalpy. Btu/lb 1.362.1 13484 1.354.8 1,3602 1.3602 13465 1.349.6 1352.7 1.957.4. 13611 1.362.4 1.351.7 1,356.6 1.358.6 13589
Josc Drain to Condenser Flow, I/ 1,600 1,800 1,800 1,800 1,800 1,800 1.800 1,600 1,800 1,800 1,800 1.800 1,800 1,800 1,800
Enthalpy. Biu/lb 1795 1795 1795 179.5 1795 1795 1795 1785 1795 1795 1795 1795 179.5 1795 1795
[Makeup Water to Condenser Flow, Ibh 454,505 617,611 493,553 480,243 479,310 8 152 1" a7 20 57 o1 6 2 %
Enthalpy. Btulb 381 381 381 381 384 381 381 381 381 381 38.1 381 384 381 38.1
[Hot Reheat Steam Bypassed to Condenser Flow, Ibh ] ] ) ] ] [ 0 o o o ) ] o [ []
(total. both units) _ Enthalpy. Biu/lb 15608 15434 1,650.6 1.550.6 15506 1.528.5 15320 1,536.6 1,6435 1,847.9 1,547.8 1.5349 1,542.2 15458 1,546.2
LP Steam Bypassed to Condenser Flow, Ibh [ [ [ o o [ o ] [ [ [ ) [ ] 3
(total, both units) Enthalpy, Biwlb 13438 1,350.1 13493 1.346.3 13462 13503 1.349.8 1.3508 13513 1.3526 13526 1,350.2 1,350.8 1.3520 13520
JLP Turbine Exhaust Hood Spray to Condenser Flow, Ib/h o ] ) ) [ [ ] [ [ [ [ ° [ [ [
Enthaipy, Btu/lb 8.7 675 824 874 87.1 679 733 730 87.7 %23 %23 72 878 924 924
fcondenser Curtain Spray to Condenser Flow, I [ [] o [ 0 ° 0 [ [ 0 [ 0 ) o o
Enthelpy, Bluflb 8.7 675 824 87.1 871 678 733 730 877 923 923 72 878 924 924
|condenser Exit Flow, Ibh 2,501,882 2,628,425 2,579,730 2,563,808 2,561,363 2,673,376 2543,504 2,515,506 2,494,461 2,483,939 2,484,761 2.628,434 2,503,765 2,498,392 2,496,038
Pressure, psia 1.507 0889 1.336 1625 1.525 0.867 1.021 1011 1548 1.758 1788 1016 1.862 1.765 1764
Pressure, in HgA (MIN 1.0 in, HgA) 3060 1.750 2718 3108 3104 1.766 2070 2089 3.151 3578 3579 2069 3.160 3.504 3502
Temperature, F 158 6.7 116 1162 162 970 1024 1021 187 213 1213 1022 1168 1215 1214
Enthalpy, Btu/lb 838 847 796 842 842 850 704 70.1 848 893 893 03 849 805 894
Condensate Pump Discharge Flow, Ibh 2,601,682 2,628,425 2,579,730 2,563,808 2,561,353 2,573,376 2,543,504 2.515,566 2.494,461 2,483,939 2,484,761 2,526,434 2,503,765 2,498,392 2.496,038
Pressure, psia 4849 480.1 4812 4816 4817 4830 484.1 4856 4852 4852 4852 4849 4847 4844 4846
Temperature, F 1166 074 124 170 17.0 977 1032 1028 178 1222 1222 1030 "y 1223 1223
Enthalpy, Blu/b 859 6.7 816 83 863 o7.1 725 722 868 914 914 723 89 915 915
fCondensate after GSC: Flow, Ibh 2,601,882 2628425 2.579,730 2,503,608 2,561,353 2.573,378 2,543,504 255,566 2,494,461 2,483,939 2,484,761 2,528,434 2,503,765 2,498,392 2,496,038
Temperature, F 175 982 1132 1798 179 986 1040 103.7 1184 1230 1230 1039 1185 1232 1234
fier GSC, after in Sy Flow, Ibh 2,501,884, 2,626,413 2579,750 2663815 2,561,367 2,573,383 2,543,522 2515572 2494481 2.483,937 2,484,761 2.628,438 2,503,771 2,498,394 2,496,049
Temperature. F 176 982 1132 179 179 %6 1040 103.7 1184 1230 1230 1039 185 1232 1231
[Total Circulating Water Flow, Ibh 198,800,096 199,501,072 198,978,496 198,800,006 198,800,006 199,697,952 199,501,072 199,501,072 198,978,496 198,800,096 198,800,006 199,601,072 198,978,496 198,800,006 198,800,096
Flow, gpm 380,682 380,785 389,696 389,682 389,682 389,853 380,785 380,785 389,696 380,682 389,682 389,785 380,696 389,682 289,682
Salinity, per mille 22 22 22 202 202 22 202 22 22 22 202 202 22 22 202
Temperature, . %0 880 850 %00 900 800 680 680 850 %0 200 680 850 %00 %00
[circuating W ater to Condenser Flow, Ibh 191,116,680 191,816,624 191,294,048 191,115,680 191,115,680 192,013,504 191,816,624 101,816,624 191,204,048 191,115,680 191,115,680 191,816,624 191,294,048 191,115,680 191,116,680
Flow, gpm 374,503 374,741 374619 374,603 374503 74,819 374,741 74,741 374,619 374,588 374,508 374741 374819 374,563 374,503
(after CWP) Pressure, psia 447 47 447 a7 447 447 447 447 a7 7 447 447 a7 447 4“7
Temperature, F 901 681 85.1 9.1 0.1 60.1 8.1 8.1 851 9.4 90.1 8.1 851 90.1 9.1
[Circulating W ater from Condenser Flow, Ibh 191,116,680 191,816,624 191,204,048 191,115,680 191,115,680 162,013,504 191,816,624 191,816,624 191,294,048 191,115,680 191,116,680 191,816,624 191,294,048 191,115,680 191,116,680
Temperature, F 100.9 793 96.1 1010 101.0 738 816 814 982 1032 1032 815 982 1032 1032
[Total Circulating Water Discharge Flow, Ib/h 198,800,006 199,501,072 198,976,496 198,800,006 198,800,006 199,697,952 199,501,072 199,501,072 198,978,496 198,800,006 198,800,006 199,501,072 198,978,496 198,800,096 198,800,006
Temperature, F 100.9 793 6.1 1014 1014 78 815 814 982 103.1 1031 814 8.2 1032 103.2
irculating W ater Temperature Rise dT.F 1092 1135 1111 11.09 1108 13.75 13.50 13.38 1317 1314 13.44 1344 1321 1320 1319
[Ciroulating W ater to Aux Cooling W ater HX Flow, Ibh 7,684,427 7.684.426 7,684,426 7,684,427 7,684,427 7,684,427 7,684,426 7.684,426 7,684,426 7,684,427 7,684,427 7,684,426 7,684,426 7.684,427 7,684,427
Flow, gpm 15,062 15013 15049 15,002 15,062 15000 15013 15,013 15,049 15,062 15,062 15013 15,049 15,062 15,062
Temperature, F %04 68.1 851 90.1 90.1 60.1 68.1 68.1 85.1 0.1 90.1 6.1 85, 9.1 90.1
irculating W ater from Aux Cooling W ater HX Flow, Ib/h 7,684,427 7,684,426 7,684,426 7,684,427 7,084,427 7,684,427 7,684,426 7,684,426 7,684,426 7,684,427 7.684.427 7,684,426 7,684,426 7.684,427 7,684,427
Temperature, 1023 803 973 102.3 1023 23 803 803 973 1023 1023 803 973 102.3 1023
JAux Cooling Water HX Duty MMBtuM %00 %00 %00 %00 %00 %00 %0 900 %0 %0 9.0 %00 %0 200 %00
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CONFIDENTIAL

4x1 F-Class Combined Cycle
Estimated Performance -- Revision 8
Model Revision: GC561-091106-8 BJScrivner

Bibb and Associates — Progress Energy Bartow Repowering Project

1997 Steam Tables 3% - a5 59 74 20 95 50 74 %0 95
[Case Name Case 16 Case 17 Case 18 Case 19 Case 20 Case 151 Case 152 Case 153 Case 154 Case 155 Case 156 Case 157 Case 158 Case 150 Case 160
4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG | 4x100% PAG 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100%
Unfired Unfired Unfired Unfired Unfired Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired
Gas Fuel Gas Fuel Gas Fusl Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fusl Gas Fuel Gas Fual Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel
95F 59 F/EC On 74FECOn 90 F/EC On 95 F/EC On 35F 45F s0F 74F 90 F 95F 50 F/EC On 74FECOn S0FECOn 96 F/EC On
Miscellaneous (Blowdown, Boiler Feed Pumps)
HP Evap #1 Blowdown (each) Flow, Ib/h o o o 0 [ [ [ [ [ 0 [ 0 ) [ [
HP Evap #2/3/4/5 Blowdown (each) Fiow, lb/h o 0 0 o [ ) [ o o ) [) 0 o 0 o
(P Evaporator Blowdown (each) Flow, Ib/h 0 o o o o 0 [ [ o ) 0 [) ] [ o
[Total Makeup Flow Flow, Ibh 454,506 517.611 493,553 480,243 479310 8 152 1 a7 20 57 9 64 2 9
F 700 700 70 700 700 700 00 0 700 700 700 0 70 700 704
[Boiler Feed Pump Suction Flow, Ibh 562244 500,108 579,325 575,560 574,956 575,699 568,812 566,485 562,193 564,286 566,033 566,660 563,098 564,231 563,854
Pressure, psia 137.3 142.7 140.9 1406 140.4 162.3 160.8 157.5 1558 152.7 151.8 1693 157.0 1665 1562
Temperature, F 3502 3532 3523 3621 3520 3635 3628 3611 360.2 3586 358.2 3620 3609 360.1 3600
Enthaipy. Btuflb 3220 3252 3242 3240 3239 3361 3353 3335 3326 3309 3304 45 3333 3324 3323
IP Bleod (before CV) Flow, Ib/h 115,033 96,194 01679 108,873 110,062 67903 66,248 62,607 57.671 57,947 63,142 64,687 5,116 55,556 55,337
Pressure, psia 1,081.1 1,0703 10748 10765 1.076.7 1,088.7 10012 10910 10015 1,088.8 1,087.4 10914 10018 1,080.4 1,000.4
Temperature, F 3530 3560 3850 3548 3547 3663 656 3639 3630 814 3609 648 3637 3629 3628
Enthalpy. Biu/lb 3264 3205 2285 3283 3282 3404 3396 3379 3369 3352 3347 3388 3376 336.7 3366
P FW Control Valve Exit Pressure Prossure, psia 520.5 545.7 5336 530.6 5302 6262 6204 6139 606.7 603.5 6035 6172 609.0 607.0 606.6
CV P, psi 560.6 5246 541.1 5459 5465 4608 4709 4771 4848 4852 4835 4742 4828 4833 4839
[Boiler Feed Pump Discharge (before CV) Pressure, psia 35282 34798 34912 35083 3,600.1 34609 3477.7 34803 34813 3,480.1 34822 3.470.7 34808 34774 3.477.7
CV dP, psi 1.530.9 1.286.2 13158 14226 14270 12302 12542 12486 12311 12114 1.224.4 1.254.1 12351 12060 12082
[Boiler Feed Pump Discharge (afier CV) Flow, Ibh 447211 494,915 487,647 465,677 464,894 507.796 502,564 502,788 504,523 506,339 502,691 501,973 503,083 508,675 508,516
Pressure, psia 19973 21936 21755 20857 20821 22307 22235 22318 22502 22688 22678 22266 22457 22714 22715
Temperature, F 3631 3653 364.4 3646 3845 3785 3748 3731 22 3705 3701 3740 ar28 3720 a7t
Enthalpy, Blullb 3384 340.9 3400 3400 3400 3516 3509 3492 3482 3465 3460 3501 3489 3480 3479
STG Bypass System
[Total HP Steam per HRSG Unit Flow, Ibh 447,205 494,915 487,645 465673 464,894 507,796 502,563 502787 504,523 506,342 502,801 501,673 503,983 508,675 508,514
Pressure, psia 18006 2050.1 20439 19645 1.961.7 21002 2,086.1 20043 21120 21289 21203 20834 21078 21315 21317
Temperature, F 10533 1,026 10443 10834 1.083.4 10109 10175 10258 1,037.5 10488 10528 10226 1,085.1 10408 10416
Enthalpy, Btu/lb 15118 14919 1.601.7 1,608.7 1,6008 1.478.6 1,4833 1.488.4 14954 16018 1,504.7 1,486.5 1,493.9 14969 1.497.4
IRSG HP Steam Bypassed — CV Inlet Flow, Ibh o o o o [ o o o ) [ [ o [ [ []
Prossure, psia 18906 2,050.1 20439 19645 10617 21002 2.086.1 20843 21120 21209 21203 20884 21078 21315 21317
Temperature, F 10533 10296 10443 1,083.4 1,063.4 101098 1017.5 10258 10375 1,0486 10526 10226 1,085.1 1,0408 10416
Enthaipy, Btuib 15118 14919 15017 1.509.7 15008 14786 1.483.3 1,488.4 14954 1.501.8 1,504.7 1.486.5 1,493.9 1,496.9 1.497.4
JHP Bypass Steam Desuperheating Flow Flow, Ibh o o ) o o o o o ) o o o [ o o
(from HP BFP) Temperature, 3631 3653 364.4 3646 3645 3755 3748 3731 3722 370.5 3701 3740 3728 3720 3718
HP Steam Bypassed to Cold Reheat - CV Exit Flow, Ibh ) ] [ ] o [ 0 [ o [ o [ 0 o [
(por HRSG unit) Pressure, psia 3500 3500 3500 3500 3500 3500 3600 3500 3500 3500 3500 3500 3500 3500 350.0
Temperature, 9747 973 956.8 9708 9710 9123 9213 9307 9439 956.1 9615 9273 0412 0468 947.7
Enthalpy, Btu/lb 15118 14919 1,801.7 1,609.7 1,5008 14786 14833 1,488.4 14954 15018 1.504.7 1.486.5 1,493.9 14969 1.497.4
[HP Bypass Control Valve Pressure Loss dP. psi #NIA #NIA #NIA #NIA #NIA #NIA #NIA #NIA #NIA #NIA ANIA /A #NIA #NIA #NA
[Total HRH Steam per HRSG Unit Flow, Ibh 442,432 453,079 449,338 440,073 448,815 568,810 561,094 558,662 566,360 567,441 550,226 550,860 556,273 557,344 556,957
Pressure, psia 4440 4537 451.2 4507 450.4 61.1 555.7 654.2 5535 571 558.8 5547 5539 6563 556.1
Temperature, F 1,0623 1,039.1 10523 1,023 10623 10171 10232 1,031.7 1,0442 10525 10625 10286 1,041.8 10485 1,049.3
Enthaipy, Btullb 16508 1.543.4 15506 1.550.6 15506 1,528.5 15320 1.536.6 1,543.5 15479 1.547.8 16349 1.542.2 15458 15462
[HRSG HRH Steam Bypassed — CV Inlat Flow, Ibh o o [ [ o [ o [ [ [ o o [ [ o
Pressure, psia 4440 4537 4512 450.7 450.4 561.1 555.7 5542 563.5 557.1 58.8 554.7 5539 5563 556.1
Temperature, F 10523 10301 10523 1,062.3 10523 1,017.4 10232 10317 10442 10525 10625 10286 10418 10485 1,040.3
) Enthalpy. Btullb 1,550.8 1.643.4 15506 1.550.6 1,550.6 1.528.5 15320 1,536.6 1,5435 15479 1.647.8 16349 1,542.2 15458 15462
[HRH Bypass Steam Desuperheating Flow Flow, Ibh [ o [ o ] o o o [ ] [ [ o 3 [
(from Temperature, 17.5 82 1132 17.9 179 986 1040 103.7 1184 1230 1230 1039 1185 1232 1231
[HRH Steam Bypassed to Condenser — CV Exit Flow, Ibh [ o o 0 o o o o o ] o ] o o 0
(per HRSG unit) Pressure, psia 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Temperature, F 10403 1,026.4 10400 10400 10400 998.0 10046 10135 10265 10349 10348 10103 1,0240 10308 10317
Enthalpy, Btuib 1,550.8 1,543.4 1,650.6 1,650.6 1,550.6 1.528.5 15320 15366 1.543.5 1,547.9 1.547.8 15349 1,5422 15458 15462
[HRH Bypass Control Valve Pressure Loss P, psi #NIA #N/A #NA #NIA ANIA #NIA N #NA #NIA #NA #NA A #NA A /A
JHRH BYP Condenser Sparger Pipe Pressure Loss P, psi #NIA #NIA ENIA #NIA #NIA #NIA #N/A #NIA #NIA EN/A #NIA ENIA #NIA HNIA #NIA
HRH Bypass Steam Diverted to GSC Flow, Ibh [ [ ] [ o o [ 0 [ [ [ [ 0 o 0
‘otal LP Steam per HRSG Unit Flow, Ib/h 63,268 67,000 65,570 65.451 65339 67,621 67.024 63,409 61412 56,660 55133 65,416 62822 60,350 60,142
Prossure, psia 1260 1305 1200 1288 128.6 1512 149.8 1472 1459 1438 1432 1486 1468 1458 1457 -
Temperature, F 6321 6451 6433 6375 6373 648.1 6469 648.6 6494 6517 6516 8476 848.7 650.7 6508
Enthalpy, Blullb 13438 1.350.1 13493 1,346.3 1.346.2 13503 13498 1.350.8 13513 1,3526 13526 13502 13509 13620 13620
[HRSG LP Steam Bypassed — CV Inlet Flow, Ibh o o [ o o o ] o o o o o o o )
Prossure, psia 1259 1306 1200 1288 1286 1512 149.8 1472 1459 1438 1432 1486 1468 1458 1457
Tomporature, F 6321 845.1 6433 75 6373 6481 6469 6486 649.4 6517 6516 847.6 6487 650.7 6508
Enthalpy. Btullb 13438 1.350.1 1,349.3 1,346.3 1,346.2 13503 13498 1,350.8 1.351.3 1,352.6 1,3526 13502 13509 13520 13620
|LP Bypass Steam Desuporheating Flow Flow, I/ [ o [ o [ 0 o o o 0 [} 0 0 [ 0
(from Temperature, F 17.5 982 1132 179 179 986 104.0 103.7 118.4 1230 1230 1039 1185 1232 1231
LP Steam Bypassed to Candenser — CV Exit Flow, Ibh ) [ 0 [ 0 [ [ ] 0 0 0 [] [ [ [
(por HRSG unit) Pressure, psia 1259 1305 1290 1286 161.2 1498 1472 1459 1438 1432 1486 1468 1458 1457
Temperature, F 6321 6451 6433 6373 648.1 6469 6486 640.4 6517 6516 647.6 6487 650.7 650.8
Enthalpy. Blu/lb 13438 13601 13493 13462 1.350.3 1,349.8 1,350.8 13613 1,352.6 1,3526 1.350.2 1,350.9 13620 1.352.0
LP Bypass Control Valve Pressure Loss dP. psi #NIA #NIA #NA #NIA #N/A EN/A #NIA #NIA #NIA #NA #N/A #NIA #NA #NIA
[LP BYP Condenser Sparger Pipe Pressura Loss dP, psi ENIA #NIA #NIA #NIA #NIA #NIA #NIA /A #NIA #NIA #NIA #NIA #NIA #NIA
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CONFIDENTIAL

Bibb and Associates — Progress Energy Bartow Repowering Project

ST kW @87 F HP Pressure
4x1 F-Class Combined Cycle #NAME? #NAME?
Estimated Performance -- Revision 8 87
Model Revision: GC561-091106-8 BJScrivner #NAME?
1997 Steam Tables 36 45 50 74 00 o5
Case Name Case 21 Case 22 Case 23 Case 24-GUAR Case 25 Case 26 Case 27 Case 28 Case 20 Case 30 Case 31 Case 32 Case 33 Case 34 Case 35
4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 3x100% PAG | 3x100% PAG | 3x100% PAG | 3x100% PAG | 3x100% PAG
Unfired Unfired Unfired Unfired Unfired Unfired Unfired Unfired Unfired Unfired Fired Fired Fired Fired Fired
Gas Fuel Gas Fuel Gas Fuel Gas Fusl Gas Fuel Gas Fus| Ges Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fusl Gas Fusl Gas Fusl Gas Fuel
3F 45F s9F TAF 0F 95F 50 F/EC On 74 FEC On 90 F/EC On 95 F/EC On 35F 45F SOF 74F WF
GateCycle Model ID B8BARTO 8BART2 8BARTO 8BARTO 8BART2 8BARTO 8BART2 8BARTO 8BART2 8BARTO 8BARTO 8BART2 8BART2 8BART2 8BART2
GateCycle Case ID B8-21 B8-22 B8-23 B8-24 B8-25 B8-26 B8-27 B8-28 B8-20 B8-30 B8-31 B8-32 B8-33 B8-34 B8-35
JAmbient Temperature 35 FI60%RH 45 F/60%RH 59 FI60%RH 74 FIT9%RH 90 F/56%RH 95 Fl44%RH 59 FIB0%RH 74 FI719%RH 90 F/55%RH 95 F/44%RH 35 F/60%RH 45 FI80%RH 59 FI60%RH 74 FIT9%RH 90 F/655%RH
[Atmospheric Pressure 14.600 psia 14.690 psia 14.690 psia 14,690 psia 14.690 psia 14.600 psia 14.690 psia 14,600 psia 14.690 psia 14.690 psia 14.690 psia 14.690 psia 14.690 psia 14,690 psia 14.690 psia
[Number of CTG/HRSG Units Operating . 4@100% 4@100% 4@100% 4@100% 4@100% 4@100% 4@100% 4@100% 4@100% 4@100% 3@100%/augm | 3@100%/augm | 3@100%/augm | 3@100%/augm | 3@100%/augm
[CTG Inlet Air Cooler Cooler Off Cooler Off Cooler Off Cooler Off Cooler Off Cooler Off Cooler On Cooler On Cooler On Cooler On Cooler Off Cooler Off Cooler Off Cooler Off Cooler Off
Fuel Type Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas
[HRSG Firis B Exit T ture U Unfired Unfired Unfired Unfired Unfired Unfired Unfired Unfired Unfired Fired/1183 F Fired/1192 F Fired/1209 F Fired/1233 F Fired/1269 F
[CTG Model $5000F S5000F S5000F '$5000F '85000F $6000F S$5000F $6000F S5000F $5000F 'S5000F S$5000F S5000F S5000F '$5000F
[CTG Performance Reference Siemens 6~Jun-06 | Siemens 6~Jun-06 | Siemens 6~Jun-06 | Siemens 6~Jun-06 | Siemens 6~Jun-06 | Siemens 6~Jun-06 | Siemens 2-Mar-06 | Siemens 2-Mar-06 | Siemens 2-Mar-06 | Siemens 2-Mar-06 | Siemens 12-May-06 | Siemens 12-May-06 ratio ratio ratio
HRSG Performance Reference Voot 717106 Vogt 717106 Vogt 717106 Vogt 717106 Vogt 717106 Vogt 7A7/06 Vogt 7/17/08 Vogt 717106 Vogt 7/17/06 Vogt 717106 Vogt 747106 Vogt 747106 Vogt 717106 Vogt 7117106 Vogt 7147106
STG Output 393.7 MW 306.1 MW 303.1 MW 389.8 MW 3782 MW 3760 MW 305.6 MW 391.7MW 386.7 MW 385.4 MW 3880 MW 390.8 MW 301.1 MW 391.4 MW 389.8 MW
STG Performance Reference MHI MHI MHI MHI MHI MHI MHI MHI MHI MHI MHI MHI MHI MHI MHI
STG Throtle Conditions, psia/F 1,891p/1,018F | 1,887p/1,024F | 1,882p11,034F | 1,880p/1,048F | 1,810p/1,050F | 1,789p/1,050F | 1,892p/1,030F | 1,887p/1,044F | 1,850p/1,050F | 1,856p/1,050F 2,269p/996F 2,269p1,002F | 2,260p/1,013F | 2,270p1,027F | 2,263p/1,044F
[STG Cold Reheat Conditions, psia/f 665p/701F 562p/706F 568p/713F 553p/723F 643p/731F 539p/732F 562p/700F 566p/720F 552p/728F 552p/728F 578pl642F 577pl646F 576p/665F 577pl668F 577pl683F J
Cold Reheat Conditions after Conditioning, psia/F 565p/701F 562p/706F 558p/713F 553p/723F 543p/731F 539p/732F 562p/700F 556p/720F 562p/728F 552p/728F 578p/642F 577piS46F 576p/655F 577p/e68F S77pi683F
ISTG Hot Reheat Conditions, psia/F 511p/1,021F 508p/1,026F 504p/1,035F 499p/1 049F 492p/1,060F 489p/1,060F 508p/1,032F 502p/1,046F 500p/1,050F 499p/1,050F 487p/1,011F 487p/1,017F 486p/1,027F 486p/1,039F 487p/1,060F
[Condenser Pressure 1.67 in HgA 1.98 in HgA 1.95 in HgA 2.99inHgA 3.37 inHgA 3.35in HoA 1.97 inHgA 3.01in HgA 3.41inHgA 3.41in HgA 1.48in HoA 1.76in HoA 1.75in HgA 2.74in HgA 3.13in HgA
Stack Temperature 2Z1F 232F 220F 232F 230F 229F 230F 233F 233F 232F 199 F 200F 197F 200F 199F
[Run Date 7-Sep-06 7-Sep-06 7-Sep-06 7-Sep-06 7-Sep-06 7-Sep-06 7-Sep-06 7-Sep-06 7-Sep-06 7-Sep-06 7-Sep-06 8-Sep-06 8-Sep-06 8-Sep-06 8-Sep-06
Performance Summary
[Number of CTG/HRSG Units Operating 4 4 4 4 4 4 4 4 4 4 3 3 3 3 3
jGross CTG Output (ach) W 207123 201614 192,471 181,068 168,633 164,881 187,137 184,220 177,293 176,696 228,924 222,820 212810 200,507 186,378
JGross CTG Output (total) [ 826,492 806,456 769.884 724272 674,532 659,524 788,548 736,916 709,172 706,784 686,772 668,450 638,429 601,521 560134
jGross CTG Heat Rate (LHV) BluAWh 2.071 8.124 9.237 9414 9613 9671 9.184 9372 9.486 9,494 8.762 8,810 8925 9077 9,269
[Gross CTG Heat Rate (HHV) BUWKWh 10,060 9,993 10.117 10311 10.529 10.592 10.186 10,394 10,621 10.529 9,507 9,649 9,775 9,942 10,152
Fuel Gas Temperature to CTG. 60 60 80 60 6 60 60 60 60 60 & 0 % & &
Fuel Gas Temperature to Site. F 6 &0 &0 & 60 & 60 60 8 60 ) 0 80 [ &
JCTG Heat Input (LHV) (total) MMBluh 7.51525 7.358.11 7A11.42 6,818.30 6.484.28 6.378.26 7.242.02 6.727.21 6.710.21 6.017.50 588913 5.697.96 5.460.04 518262
[CTG Heat input (HHV) (total) MMBtu/h 8,334.60 8.050.14 7.788.95 7.467.90 7.102.06 698594 8,031.83 7,460.87 7.442.01 6.500.81 6.450.21 6.240.83 5980.24 5676.39
[Duct Burner Heat Input (LHV) (each) MMBluh 0.00 0.00 0.00 000 0.0 0.00 0.00 000 000 0.00 278.00 280.00 283.00 289.00 299.00
[Duct Burner Heat input (HHV) (each) MMBtuh 000 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 304.49 306.68 309.96 316.58 327.49
[Duct Burner Heat Input (LHV) (total) MMBtuh 000 0.00 000 0.00 0.00 000 0.00 0.00 0.00 0.00 834.00 840.00 849.00 867.00 £97.00
[Duct Burner Heat Input (HHV) (total) MMBHuh 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0,00 913.46 92003 92989 949.60 982.46
|Gross STG Output KW 393,600 395,100 393,070 389,760 378210 374970 395,550 391,650 385,720 385,410 388,020 390,840 391,140 391,410 389,760
STG Output, percent of CTG Output 47.5% 49.0% 51.1% 538% 56.1% 56.9% 50.2% 531% 54.4% 54.5% 56.5% 58.5% 613% 85.1% 60.7%
1055 Plant Output KW 1,222,182 1,201,558 1,162,054 1,114,032 1.052.742 1,034,494 1,184,098 1,128,566 1.094,892 1,092,194 1,074,792 1,089,300 1,029,569 992,931 948,894
ross Cycle Hoat Rate (LHV) BUWKWh 6.149 6.124 6.115 6120 6,159 6.166 6,116 6.120 6.144 6.144 6375 6352 6,350 6372 6.407
[Gross Cycle Heat Rate (HHV) BUwkWh 6,820 6,707 6,608 6,703 6,746 6753 6.783 6.787 6,814 6814 6,982 6,958 6.965 6979 7,017
lant Heat Input (LHV) MMBtuM 7.515.25 7.358.11 7.111.42 6:818.30 6.484.28 637826 7.242.02 6.906.38 6.727.21 6.710.21 6.851.50 6.729.13 6,546.96 6,327.04 6,079.62
Plant Heat Input (HHV) MMBHwh 8,334.86 8,050.14 7.788.95 7,467.90 7,102.06 6.985.94 8.031.63 7.650.56 7,460.87 7,442.01 7.504.27 7.370.24 747071 6.920.84 6,658.85
lculations Based on High-Side of Generator Step-Up Transformers
[Total Auliary P W 29.440 29,300 29,100 28,800 28370 28,250 29230 28,880 28,660 28,640 29,800 29,610 20,400 20,020 28670
[Total Awiliary percent of gross 241% 2.44% 250% 250% 269% 273% 247% 2:56% 262% 262% 277% 280% 2.86% 292% 3.02%
INet Plant Output w/ Step-Up Xfmr Losses KW 1.192.742 1,172256 1.133.854 1085232 1024372 1,006,244 1,154,868 1,099,686 1,066,282 1,063,554 1,044,992 1,029,650 1,000,169 963,911 920.224
Net Plant Heat Rate (LHV) w/ Step-Up Xfmr Losses BlukWh 6.301 8277 6272 6283 6330 6,339 6271 6.280 6308 6.309 6567 6.535 6,546 6,564 6,607
[Net Plant Heat Rato (HHV) w/ Step-Up Ximr Losses BlwKWh 6,988 6875 6.869 6681 6.933 6.943 6,955 6,965 6.997 6,997 7.181 7.158 7.170 7.189 7.236
Revision History:
Rev. 8, 9/11/06 ~ GateCycle model revised 1o incorporale Vogt HRSG proposal, additional MHI STG heat
Combustion Turbine Generator (each)
JAmbient Conditions. Pressure, psia 14.690 14,600 14,690 14,690 14.600 14680 14.690 14,690 14.690 14.690 14.690 14690 14,690 14,680 14.690
Temperature, F 350 450 500 740 %00 950 500 740 20 90 350 450 590 740 %00
Relative Humidity 80.1% 50.9% 50.7% 78.5% 54.8% 8% 80.7% 78.5% 548% 438% 80.1% 509% 07% 78.5% 548%
WBT.F 09 393 514 6.1 766 768 514 69.1 766 786 209 303 514 691 766
compressor Inlet Conditions Temperature, F 360 450 8.0 740 900 950 526 698 785 793 350 450 5.0 740 %00
Relative Humidity 80.1% 59.9% 50.7% 78.5% 548% 438% 928% 96.5% 914% 88.4% 60.1% 50.9% 50.7% 785% 548%
inlet Air Cooler Status Cooler Off Cooler Off Cooler Off Cooler Off Cooler Off Cooler Off Cooler On Cooler On Cooler On Cooler On Cooler Off Cooler Off Cooler Off Cooler Off Cooler Off
Saturation Efficiency 0.0% 0.0% 00% 0.0% 0.0% 00% 850% 850% 850% 850% 0.0% 00% 0.0% 0.0% 00%
Water Evaporation Rate Flow. Ibh o o [ o o [ 5831 3605 9,622 13,119 [ o [ [ [
[Fuel Fiow Fuel Type Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas
HC. MMBtwh (LHV) 18788 18305 17779 17046 16211 1,504.6 18105 17266 16618 16776 20068 1,963.0 18093 18200 17275
Fiow, I 89,908 86,934 84020 80,556 76,610 75357 86,640 82624 80,481 80277 94,794 2,77 89,760 86012 81,642
Fuel LHV Buwib 20807 21,160 21,160 21,160 21,160 21,160 20,807 20807 20,807 20,897 21,160 21,160 21,160 21.160 21,160
[Fuel Gas Temperature, F &0 & & 2 & 60 ) 60 8 60 8 ] 8 60 80
att Detailed Bartow HBs Rev Detailed HB p. 180f 120 7/22/2010
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CONFIDENTIAL

Bibb and Associates - Progress Energy Bartow Repowering Project ST KW @87F HP Pressul
4x1 F-Class Combined Cycle #NAME? #NAME?
Estimated Performance -- Revision 8 87
Model Revision: GC561-091106-8 BJScrivner #NAME?
1997 Steam Tables 35 a5 59 74 20 95
Case Name Case 21 Case 22 Case 23 Case 24-GUAR Case 25 Case 26 Case 27 Case 28 Case 20 Case 30 Case 31 Case 32 Case 33 Case 34 Case 35
4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 3x100% PAG | 3x100% PAG | 3x100% PAG | 3x100% PAG | 3x100% PAG
Unfired Unfired Unfired Unfired Unfired Unfired Unfired Unfired Unfired Unfired Fired Fired Fired Fired Fired
Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fusl Gas Fuel Gas Fuel Gas Fusl Gas Fuol Gas Fuel Gas Fuel
35F 45F s0F 74F 0F 95F 50 F/EC On 74 F/EC On 90 F/EC On 95 F/EC On 36F 45F sF 74F %0F
Cold Reheat Steam to CTG Power Augmentation Flow, Ib/h o ] ] o [ o [ o o o 124,361 121,342 118,738 111,008 104,492
Pressure, psia 5308 536.7 532.1 5271 5188 5152 536.3 5303 527.0 5268 530.6 530.0 5289 5203 529.9
Temperature, F 896.7 012 7083 7185 7263 7276 7081 7160 7233 7237 6340 6390 648.1 6603 6757
Enthalpy. Blullb 13528 13555 1.359.8 1.3659 13708 13716 1.367.7 13643 13686 1.368.8 1316.7 1319.7 1,8253 13324 13413
Desuperheating Flow for PAG Steam (from IP FW) Flow, b/ o o o [ o o o o o o 10,000 10,163 10,454 10,813 11,150
F 3653 364.5 3627 3615 3600 3503 3638 3622 3615 3614 3440 3440 3425 3431 3422
fsteam Injection for Power Augmentation Flow, b/ o [ [ ) ] [ ] o o ) 134,370 131,505 127,162 121,010 115,651
Pressure, psia 350.0 3500 3500 3500 350.0 3500 3500 3500 3600 3500 3500 3500 3500 3500 3500
Temperature, F 6760 811 689.0 703 700.4 710 6852 697.4 7054 768 4860 4850 4850 4850 4850
Enthalpy. Btu/lb 13528 13555 13608 13659 13708 1.371.6 13677 13643 1.368.6 13688 12422 1.242.2 12422 12422 1.2422
ater Injection (NOx Control on Ol Fusl) Flow, Ibh 0 o 0 [ 0 o [ o [ [ [ o o o o
[cTG Exhaust Fiow Flow, Ib/h 4,201,488 4.127.390 4,009,011 2,838.034 3,674,902 3,630,488 4,050,560 3,875,066 3,775,057 3,768,327 4.342.432 4,265,107 4124836 3,957,726 3,794,773
Pressure, in. H20 19.73 19.17 1829 17.09 15.90 15.56 1869 17.39 16.69 16.59 2137 2075 19.71 18.45 17.16
Temperature, 10729 10798 10909 1.1080 11234 11272 1,0870 1.1050 11150 1.116.0 10736 1,079.9 1,026 11075 11217
% of Base Load 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
[ 207,123 201614 192.471 181.068 168,633 164,681 197,137 184,220 177.293 176,696 228,924 222820 212810 200,607 186,378
BU/KWh (LHV) 9071 9,124 9.237 9414 9613 9,671 9.184 9.372 9,486 9.494 8.762 8,810 8925 9077 9.269
att Detailed Bartow HBs Rev Detailed HB p. 17 0f 120
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CONFIDENTIAL

Bibb and Associates — Progress Energy Bartow Repowering Project ST KW @87 F HP Pressure
4x1 F-Class Combined Cycle #NAME? #NAME?
Estimated Performance -- Revision 8 87
Modsl Revision: GC561-091106-8 BJScrivner H#NAME?
1997 Steam Tables 35 45 50 74 °0 5
Case Name Case 21 Case 22 Case 28 Case 24-GUAR Case 25 Case 26 Case 27 Case 28 Case 20 Case 30 Case 31 Case 32 Case 33 Case 34 Case 35
4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 3x100% PAG | 3x100% PAG | 3x100% PAG | 3x100% PAG | 3x100% PAG
Unfired Unfired Unfired Unfired Unfired Unfired Unfired Unfired Unfired Unfired Fired Fired Fired Fired Fired
Gas Fuel Gas Fusl Gas Fusl Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fusl Gas Fusl Gas Fuel Gas Fuel Gas Fuel Gas Fusl
Gie 3sF 45F s0F T4F NF 95F 50 F/EC On 74 FEC On 90 F/EC On 95 F/EC On 35F 45F 50F T4F (3
Heat Recovery Steam Generator (each)
[HRSG HP Steam Flow, Ibh 461,643 450,347 456,003 452,753 434,521 429,270 450,494 455352 446,068 757,533 754,961 750,680 745,775 737,005
(at HRSG terminal point) Pressure, psia 19282 19244 19189 19167 18455 1.824.4 1.929.4 19247 18022 23388 23381 23382 23306 23318
Temperature, F 10217 10276 10370 1.050.9 10633 10833 10329 1,047.7 10533 1,0009 1,006.8 1,018.1 10022 10488
Enthalpy. Btu/lb 14909 14948 1,508 1.509.5 1.513.1 15136 14979 1,507.3 15117 14643 1,468.3 1,475.7 1,4850 1,496.0
dP from HP drum to HRSG terminal point psi 538 536 53 529 489 477 536 8.1 514 113.0 1128 1126 125 122
P SH #1 Steam Outlet Temperature Tomperature, 1.022.2 1,028.1 1,037.5 1,0513 1,0538 1,053.7 1,033.4 1,048.2 1,053.8 1.002.1 1.008.0 1.019.1 1.033.2 1.049.8
IHP ‘SH #2 Steam Outlet Temperature Tomperature, F 941.8 9462 953.0 962.3 940.4 933.0 9492 950.4 9548 0443 9498 950.5 9728 9905
HP Steam Desuperheating Flow Flow, Ibh 0 [ 0 ) 16,091 20,756 [ 0 5913 0 ] [} [ ]
(from HP Feedwater) Temperature, F 3752 3745 ar27 ans 370.4 3608 ara7 ar22 ar1e 3514 3514 3499 3505 3496
% of inlet steam 0.0% 00% 00% 0.0% 38% 51% 0.0% 00% 13% 0.0% 0.0% 00% 0.0% 0.0%
Final Superheat. F 1882 190.7 1946 1989 1577 1454 1912 1963 1830 2195 2248 2334 2463 267.1
P SH #3/4 Steam Outlet Temperature Temperature, F 8218 8241 8275 8316 8344 8353 8249 8296 8316 883.2 8885 897.1 910.1 9305
HP Evaporator #1 Exit Flow, Ibh 59,612 50,692 50,802 59,960 65,129 53,844 50,892 60,040 57.892 125,624 126,360 127,851 129.401 131,426
Pressure, psia 19820 19780 19722 1,960.7 1.894.4 18721 19830 19779 19436 24518 24508 24508 24521 24440
Temperature, F 6346 6343 8339 6337 6282 6265 6346 6343 6318 6653 6662 6652 6652 6648
Enthalpy, Btu/lb 1.137.8 11381 1,138.6 11388 11442 11458 1.137.8 11382 1.140.7 10966 1,006.7 1,006.7 1.096.6 10974
Fg_p Evaporator #1 Blowdown Flow. lb/h [ ] 0 o 0 0 ) o 0 o [ [ 0 [
HP Evaporator #1 Pinch Temperature, F 3038 307.8 314.1 3292 3142 3118 3112 3210 319.0 4753 4837 498.9 519.4 5432
HP Evaporator #1 Approach Temperature, F 06 10 15 25 08 04 14 24 18 270 279 25 30 364
[HP Evaporator #2/3/4/5 Exit Flow, Ibh 401,931 399,656 396,201 202793 363,205 354,069 309,603 305,312 384,002 382263 632,008 628,589 622829 816,374 605,578
Pressure, psia 19820 19780 19722 1,960.7 18944 18724 1.983.0 19779 19472 19406 24518 24508 24508 245241 24440
Temperature, F 6346 6343 6339 3.7 6282 6265 6346 6343 632.1 6318 6653 6652 6652 8653 6648
Enthalpy, Btullo 11378 1,138.1 1.138.6 11288 11442 1.1458 11378 1,1382 1.140.4 1,140.7 1,096.6 1,096.7 1.096.7 1,096.6 1,007.4
[HP Evaporator #2/3/4/5 Blowdow Flow. b/ 0 0 [ 0 o [ 1 0 o 0 o ) [ [ [)
HP Evaporator #2/3/4/5 Pinch | Temperature. F 18.4 183 182 182 174 7.0 183 183 180 180 178 7.7 175 174 170
HP Evaporator #2/3/4/5 Approach Temperature. F 06 1.0 15 26 08 04 14 24 18 18 270 279 295 330 364
[HP Economizer #1/2/3 Outlet Flow, Ibh 461,542 459,347 456,003 452.753 418,424 408,513 459,404 455,352 442175 440,155 757,533 754940 750,680 746,776 737,005
Temperature, F 6339 6333 6323 8312 627.4 6262 6332 8319 6302 6300 638.3 637.3 635.7 6323 6285
JHP Economizer #4/5 Outiet Temperature Temporature, F 5780 5765 5742 5710 5709 5707 5755 571.9 5712 571.3 5358 5336 5209 527.7 5269
[HP Economizer #6/7 Outlet Temperature Temperature, F 4832 4918 489.6 486.7 486.5 4862 4909 487.7 4871 4872 456.6 455.4 4529 4512 4492
2 Economizer 48 Ouet Temperature, F 4977 4362 433.7 430.7 417 4319 434.9 4316 314 4315 394.1 3033 3909 390.0 388.2
[Foadwater to HP Economizer #8 Flow, Ibh 461,542 459,347 456,003 452,753 418,424 408,513 469,404 456,352 442,175 440,165 767,533 754,949 750,680 745775 737,005
Pressure, psia 20403 20447 20380 20345 1.950.0 19250 20496 20434 2,009.2 20049 26315 26294 26273 26262 2614.1
Temperature, F 3752 3745 3727 ans 3704 3608 ara7 arz2 3716 ans 351.4 3814 3499 3505 3496
Enthalpy. Biulb 3510 3503 3485 72 3459 3453 349.5 3480 3473 472 3272 272 3267 3263 3254
HP FW I Actoss BFP F 128 128 129 129 133 135 128 129 1341 134 102 102 102 102 102
Duct Burner HC, MMBtu/h (LHV) 0.00 0.00 0.00 000 000 000 000 0.00 0.00 0.00 278,00 280.00 283.00 289.00 20000
HC, MMBtuh (HHV) 0.00 000 0.00 000 000 000 000 0.00 0.00 0.00 0449 306.68 300.96 31653 32749
Inlet Temperature Temperature, F 962.7 9660 9736 9837 968.7 964.6 971.0 981.7 9782 9772 971.0 9756 984.1 9952 10043
Exit Tomperature Temporature. F 0627 0869 o736 9837 968.7 9646 o710 981.7 o782 o772 1.182.7 119211 1.209.4 12327 12564
[HRSG Hot Reheat Steam Flow, b/ 528,626 524,670 518,455 511,003 503,154 490,737 523,227 514,569 510,676 510,822 672,757 670,735 666,843 664,420 662775
(at HRSG terminal point) Pressure. psia 5233 5203 5159 5111 508.4 500.0 5199 514.1 5112 511.0 5035 5029 5019 5023
Temperature, F 10230 1,028.7 10379 10516 10524 10524 10342 10488 1,052.4 1,052.4 10142 10103 10204 10417
Enthalpy, Btuflb 1.532.7 1,5369 1,541.0 15486 1,549.3 15493 15389 1,547.0 1,649.1 1,549.1 1.628.5 16013 1.536.8 15434
HRSG RH dP — terminal pt. to terminal pt. psi 16.5 163 162 16.0 154 152 163 16.1 158 158 27.4 270 270 270
[RHTR #1/2 Steam Outlet Temperature Temperature, 1,0232 1,0289 10381 1.051.7 1.052.6 10526 10344 1,049.0 10526 1,0526 10145 1.019.7 1,029.8 10420
[RHTR #3 Steam Outlet Temperature Temperature. F 939.1 9433 949.9 959.5 938.4 9332 9470 9573 950.3 9489 945.1 949.4 957.4 9676
[Reheat Steam Desuperheating Flow Flow, Ib/h o 0 ) ) 11,564 13,754 [ [ 6,237 6.928 o ) o o
(from IP Feedwater) Temperature, F 3863 3645 3627 615 360.0 3503 3638 3622 3615 361.4 3440 3440 3425 3431
% of inlet steam 0.0% 0.0% 00% 00% 24% 28% 00% 0.0% 12% 1.4% 0.0% 0.0% 00% 0.0%
Final Superheat, F 3259 3204 3341 3412 202 282.1 3316 339.4 3158 3128 3774 381.1 388.0 3968
|RHTR #4 Steam Outiet Temperature Temperature. F 800.1 802.7 8068 8130 8074 8056 8052 811.7 8116 811.2 8493 863.0 859.6 868.5 8786
fCold Rehoat Steam from HP Bypass Flow, Ib/h o [ o ) o o o 0 o o o o o o o
Pressure, psia 350.0 3600 350.0 3600 350.0 3500 3500 3500 350.0 360.0 350.0 3500 3500 3500 3500
Temperature, F 9355 042.7 9542 9705 9772 9782 948.7 966.3 9745 o747 8853 8029 9068 9243 845.1
Enthalpy, Blullb 14909 14948 1,600.8 1.5095 1.513.1 15136 14979 15073 15116 1.511.7 14643 1.468.3 14767 14850 1.496.0
fCold Reheat Steam from STG to HRSG Flow. I/ 456,263 453,092 449,874 446,570 428,553 423,367 453,234 449,139 440,806 430,967 622,085 623,457 623,834 624,630 622,572
(at HRSG terminal point) Pressure, psia 539.8 5367 5321 s27.1 5188 5152 5363 5303 527.0 5268 5306 530.0 5289 5203 5299
Temperature, F 696.7 012 7083 7185 7263 7276 705.1 7160 7233 7237 6340 6300 648.1 660.3 6757
Enthalpy, Btulb 1.3528 1,3555 1.350.8 13659 13708 13716 1.357.7 1.364.3 1.368.6 13688 1316.7 1319.7 1,3263 13924 13413
Cold Reheat Steam. % of HP Steam 98.64% 98.64% 98.64% 98.63% 98.63% 98.63% 9864% 98.64% 98.64% 98.63% 8224% 8258% 83.10% 83.76% 84.47%
HP Steam - Cold Reheat Steam Flow, Ik 6,279 6.255 6219 6.183 5968 5902 6,260 6213 6097 6.102 134,548 131,494 126,846 121,145 114,433
att Detailed Bartow HBs Rev Detailed HB p. 180f 120 712212019
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CONFIDENTIAL

Bibb and Associates — Progress Energy Bartow Repowering Project ST KW @87F 4P Pressure
4x1 F-Class Combined Cycle #NAME? #NAME?
Estimated Performance — Revision 8 87
Model Revision: GC561-091106-8 BJScrivner #NAME?
1997 Steam Tables 35 45 5 74 20 o5
[Case Name Case 21 Case 22 Case 23 Case 24-GUAR Case 25 Case 26 Case 27 Case 28 Case 20 Case 30 Case 31 Case 32 Case 33 Case 34 Case 35
4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 3x100% PAG | 3x100% PAG | 3x100% PAG | 3x100% PAG | 3x100% PAG
Unfired Unfired Unfired Unfired Unfired Unfired Unfired Unfired Unfired Unfired Fired Fired Fired Fired Fired
Gas Fusl Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fusl Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fusl Gas Fuel Gas Fuel
35F 45F 50F 74F 0F 95F 5 F/EC On 74 F/EC On 90 FECOn 95 F/EC On 35F 45F 50F T4F 9F
/P Steam (at HRSG terminal point) Flow, Ib/h 73,563 7,579 68,581 64,433 63,037 62617 60,993 66,430 63,936 63,027 49,773 47217 43007 39,790 36,507
Pressure, psia 539.7 536.7 2.1 5271 5188 5152 536.3 5303 5270 5268 505 530.0 5289 5293 5200
Temperature, F 6247 6250 6256 6269 6216 6200 6259 627.1 6264 625.1 864.1 665.4 667.6 6603 670.4
Enthalpy, Btullb 1.310.4 13108 13116 13127 13102 1.309.5 13114 13126 13118 13117 13345 13353 1.336.6 13376 13382
iP Evaporator Drum Exit Flow, b/ 73,563 7579 68,581 64433 03,037 62617 69,993 65,430 63,936 63,927 49,773 47277 43,007 39,790 36,507
Pressure, psia 5547 550.9 545.4 9.0 5303 5265 5199 5424 5387 5385 5377 536.5 5343 5340 539
Temperature, F 4779 4772 4761 4748 473 4724 4770 4755 4748 4748 4746 4744 4739 4mae 4739
Enthalpy, Btu/lb 1.2045 12045 1.2046 12047 1.2048 12048 12046 12046 12047 1.204.7 1.204.7 12047 1.204.7 1.204.7 1.204.7
iP Evaporator Blowdown Flow, Ib/h o o 0 [ 0 [ o o [ 0 o o 0 o 0
1P Pinch F 278 273 266 256 255 254 269 259 256 256 154 148 137 129 12.0
1P Approach Temperature, F 19 124 128 135 122 19 126 133 131 130 325 329 342 351 367
P FW to IP Evaporator (after IPCV) Flow, Ibh 73,563 71,578 68,681 64433 63,037 62,617 69,993 66,430 63,936 63,927 40773 47277 43,007 39,790 36,507
Pressure, psia 5547 550.9 5454 5390 530.3 5265 5499 542.4 538.7 538.5 7.7 536.5 5343 5340 5339
Temperature, 4660 4650 4633 4614 460.9 4606 4644 4622 461.7 461.7 a42.1 4415 4308 4388 4371
Enthaipy. Bulb 4483 4472 4453 4431 4426 422 4465 4440 4435 4435 4214 4207 4188 “77 4159
% Steam in Foedwater 00% 00% 00% 00% 00% 00% 0.0% 0.0% 00% 00% 00% 00% 0.0% 00% 00%
IFocdwater to IP Economizer Flow, Ib/h 73,563 71579 68,581 64433 63037 62617 69,993 65,430 63,936 63927 49773 47277 43,007 39,790 38,507
(pressure is preliminary) Pressure, psia 586 5025 5836 5727 5626 558.4 580.7 5772 s71.9 5717 558.0 5548 549.6 5470 5448
Temperature, F 3660 3652 3635 3622 3608 360.1 3645 363.0 3622 3622 3445 3445 3430 3436 3427
Enthaipy, Buu/lb 3303 3385 3366 3353 3337 3330 3377 3361 3363 3352 316.7 3167 3151 3158 3148
P FW Temperature Increase Across BFP 3 36 36 36 a7 37 a7 36 a6 37 37 32 33 33 33 33
LP Steam (at HRSG terminal point) Flow, Ibh 73,086 72021 68,886 67.102 65,524 64815 70,361 68150 67133 67052 33,827 34030 30,281 31.796 20,061
Pressure, psia 147.3 146.0 143.1 1411 138.5 137.3 1449 1423 1411 141.0 170 169 152 159 150
Tomperature, F 6344 6340 6345 6340 6283 6267 6349 6343 6320 631.7 6802 6798 680.4 6796 670.4
Enthalpy, Blu/lb 1.343.6 1.343.5 13440 1.3438 1.341.1 1.340.4 1.344.0 1.343.9 13428 1342.7 1.368.6 1.368.4 1.368.7 13683 1,368.3
LP Evaporator Steam Exit Flow, Ib/h 73,086 72,021 68,886 67.102 65,524 64815 70,361 68,150 67,133 67052 33,827 34,030 30,281 31,79 20,061
Pressure, psia 187.7 156.2 1527 1503 147.4 146.1 164.7 151.7 150.3 1502 1199 1199 176 186 172
Temperature, F 3624 3616 3508 2586 3571 3564 3609 3503 3586 3585 12 412 3308 340.4 205
Enthalpy, Btu/lb 1.1953 1,195.1 11948 11945 1.1942 1.194.1 1,1950 1,194.7 1,1945 11945 1,190.7 1,190.7 1,190.4 1.1905 1,190.3
JLP Evaporator Water Exit to BFPs Flow, b/ 535,103 530,925 524,680 517187 509,111 506,638 529,491 520,787 517,068 516919 817,314 812384 804,142 796,379 788,365
Pressure, psia 157.7 1562 152.7 150.3 1474 146.1 1547 151.7 1503 1502 199 1199 176 186 172
Temperature, F 3624 3616 3508 3686 3s7.4 356.4 3609 350.3 358.6 3585 3412 12 08 340.4 3395
Enthalpy. Btu/lb 3349 334.1 3322 3308 3202 3285 3333 3316 3308 3308 3126 3126 3110 3z 3108
Boiler Feed Pumps Flow Detail
IPFW 1o HRSG IP Economizer Flow, Ibh 73,563 71,579 68,581 64433 63,037 62617 69,993 65430 63,936 63927 49,773 47217 43,007 29,790 36,507
1P FW to HRSG RH Desuperheater Flow, Ibmh o 0 o 0 11,564 13,754 o 0 6237 6.928 0 o 0 0 3,695
HP FW to HRSG HP Economizer #8 Fiow, Ib/h 461,642 450347 456,003 452.753 418,424 408,513 450,494 455,352 442475 440,155 757,53 754,949 750,680 748,775 737,005
HP FW to HRSG HP Desuperheater Flow, lbh 0 0 0 0 16,001 20,756 4 0 4723 5913 0 [ 0 0 [
1P FW to PAG Steam Desuperheater Flow, Ibh 0 [ 0 0 o 0 o [ 0 [ 10,009 10,163 10,454 10813 1,15
1P FW to Cold Reheat Steam Desuperheater Flow, Ibh o o 0 o 0 o o o 0 0 4 0 0 [ 0
HP FW 1o HP-0-CRH Bypass D: Flow, Ibh 0 [ 0 [ [ [ [ 0 [ [ [ [ [ [ [

LP Pinch Temperature, F 203 199 196 189 188 18.7 198 19.1 19.0 190 19.5 19.1 18.7 180 17.4
LP Approach Tomperature, F 35 25 34 08 09 12 31 06 02 03 334 316 33 286 27
[condensate Recirculated Flow, Ib/h 101,498 85616 86,452 46914 35625 36,001 86,054 46572 34,763 34,803 205,619 173,518 175,301 98,718 76,844

Temperature, F 3503 3505 356.7 3580 3564 3654 358.1 3500 3586 3585 3086 3103 7.1 3123 a2
% of Total LP Economizer Fiow 14% 12% 13% % &% 6% 13% % &% &% 19% 17% 17% 1% 9%
[Condensate from LP Economizer Flow, Ib/h 709,742 688,565 680,024 631,244 610,301 606,499 685919 635,551 618,984 618,827 1,056,766 1,019,840 1,009,667 926,895 894318
Temperature, 3566 3580 356.1 3574 3558 3548 375 358.4 3580 3s57.9 076 200.4 306.2 a5 3105
Enthalpy, Btu/lb 3312 3315 3285 3300 3283 3273 3300 331.0 3306 330.5 2778 2797 2765 2820 2809
|condensate to LP Economizer Flow, Ibh 709,742 688,565 680,024 631,244 610,301 606,499 885919 636,551 618,984 618,827 1,056,766 1.019.940 1,009,667 926,895 894318
Temperature, F 1350 1350 1350 1350 1350 1350 1350 1350 1350 1350 135.0 1350 1350 1350 1360
Enthaipy. Btullb 1042 1042 1042 1042 1042 1042 1042 1042 1042 1042 1042 1042 1042 1042 1042
|condensate from Recirculation Flow, Ibh 101,498 85616 86,452 46914 35626 36,001 86,054 46,572 34,763 34,803 205619 173,518 176301 %8718 76,844
Temperature, F 3503 3505 356.7 3580 366.4 3554 358.1 3590 3586 358.5 3086 3103 071 3123 311.2
|condensate Bypassing LP Economizer Flow, Ibh [ o ) ] ] o [ o [ [ 3 0 [ 0 [
% of Total Condensato Flow 00% 00% 0.0% 00% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 00% 0.0% 00% 0.0% 0.0%
Temperature, F %68 1025 1024 1167 1210 1208 1024 1169 1214 1214 925 986 983 136 1182
|condensate to HRSG Fiow, Ibh 608,244 602,049 503,572 584,330 574,676 570,408 509,865 588,980 584,221 584,024 851,147 846,422 834,366 828,177 817,474
Prassure, psia 4905 4910 4928 4933 4047 4955 4916 4923 4028 4929 4846 4848 486.7 4862 4873
Temperature, F 98 102.5 102.1 167 121.0 1208 1024 1169 1214 1214 925 986 983 136 182
Stack Exit Flow, I/ 4,201,488 4,127,390 4,008,011 3838934 3,674,902 3,630,488 4,069,500 3,875,008 3775087 3,768,327 4,366,570 4,278,339 4138310 3,971,382 3,808,903
Temperature, F 2309 2316 2201 218 2300 2289 2003 227 2325 2323 198.8 199.7 197.3 2004 199.1
att Detailed Bartow HBs Rev Detailed HB p. 19.0f 129
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CONFIDENTIAL

Bibb and Associates — Progress Energy Bartow Repowering Project , ST KW @87F HP Pressure
4x1 F-Class Combined Cycle #NAME? #NAME?
Estimated Performance -- Revision 8 87
Model Revision: GC561-091106-8 BJScrivner #NAME?
1997 Steam Tables 35 45 5 74 90 95
(Case Name Case 21 Case 22 Case 23 Case 24-GUAR Case 25 Case 26 Case 27 Case 28 Case 29 Case 30 Case 31 Case 32 Case 33 Case 34 Case 35
4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 3x100% PAG | 3x100% PAG | 3x100% PAG | 3x100% PAG | 3x100% PAG
Unfired Unfired Unfired Unfired Unfired Unfired Unfired Unfired Unfired Unfired Fired Fired Fired Fired Fired
Gas Fuel Gas Fuel Gas Fusl Gas Fuel Gas Fuel Gas Fuel Gas Fusl Gas Fusl Gas Fuel Gas Fuel Ges Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel
3sF 45F S9OF 74F 9F 95F 50 F/EC On 74 F/EC On 90 F/EC On 95 F/EC On 35F 45F 50F 74F NF
Steam Turbine Generator
[HP Turbine Stage 1 Shaft Power [T 7.228 7.237 7.256 7.267 7,026 6,949 7.278 7.314 7.217 7.207 8,620 8,647 8,099 8.765 8.804
[HP Turbine Remainder Shaft Power [ 65,577 65,830 66235 67,006 63,625 62699 66,324 67,086 65,828 65645 87.230 87,52 88,150 88.836 89,046
P Turbine Shaft Power [ 110171 109,674 109,634 109,316 107.798 107,118 110.213 109,761 109.368 109,347 110137 110214 110.766 111,223 12117
JLP T urbine Shaft Pow W 216,665 218,127 215888 212,044 205,533 203,942 217.707 213.412 209.165 209,061 187,913 190,377 189,438 188,505 185,699
[Total Shaft Power W 392,413 393,831 391,757 368,365 376,960 373.759 394,245 390,269 384,361 384,052 385,280 388,112 388,363 388,563 386,862
STG Throttie Steam Flow, Ibh 1,846,170 1,837,390 1,824,372 1811011 1,736,083 1717078 1,837.975 1,821,408 1,787.610 1,784,273 2,272,509 2,264,853 2,252,041 2,237,325 2211016
Pressure, psia (MAX 2270 psia) 1,890.9 18872 16818 18796 18008 1,789.1 18920 1,887.4 18588 1,855.6 22605 2,268.7 22688 22702 22626
Temperature, F 10182 1,0242 10337 10475 1,0800 10800 1,029.5 1,0443 1,080.0 1,080.0 996.0 1,0020 10132 1027.4 10440
Enthalpy, Buuflb 1.489.9 1.493.8 1.499.8 15085 1.512.1 16126 1.496.9 1.506.3 15106 1.510.7 14633 1.467.3 1.474.7 1,484.0 1.4950
[THV Pressure Loss psi a7s 374 373 358 354 375 74 368 368 453 453 453 454 452
1.98% 1.98% 1.98% 1.98% 1.98% 1.98% 1.98% 198% 1.98% 200% 200% 200% 200% 200%
Leak 1 Leakage Fiow to HRH Flow. Ib/h 23,341 2,226 23,054 21977 21,715 23,230 23014 22,504 2258 28,678 28477 28315 28131 27805
[HP Turbine Exit Flow, Ioh 1,822,830 1,814,163 1,801,319 1716114 1,605,363 1,814,743 1,798,304 1,765,036 1,761,720 2.244,021 2,236,382 2,223,726 2.200,193 2,183,211
Pressure, psia 5653 622 57.8 5432 5392 620 556.1 6523 5620 5780 5774 5764 5769 5772
Temperaturo, F (MAX 840 F) 7012 7086 7126 7305 717 700.4 7204 7216 7279 8415 6465 6555 667.5 6826
Enthalpy, Btullb 1,363.8 13565 13608 13718 13726 1,358.7 13653 13696 1,360.8 1317.7 13207 13263 1,333.4 13423
Efficiency (THV inlet to HPT ext) 85.78% 85.79% 8579% 85.77% 8577% 85.79% 85.80% 85.79% 85.79% 8597% 8597% 8597% 8597% 8597%
Efficiency (THV exit to HPT exit) 87.03% 87.03% 8703% 87.02% 87.03% 87.04% 87.03% 87.03% 87.03% 87.06% 87.06% 87.06% 87.06% 87.06%
Leaks 385 Loakage Flow 1o SSR Flow, I/ 1785 1.741 1.720 1,657 1644 1.736 1,707 1,689 1,687 1,860 1852 1,839 1.827 1812
CRH Steam to Steam Seals Fiow, Ibh 2 5 103 224 250 o8 130 163 165 126 138 169 183 200
fCold Reheat Flow at STG Terminal Point Flow, Ibh 1,821,052 1,812:360 1.790,406 1,714,233 1,693,469 1,812.939 1,796,557 1,763,184 1,750,867 2,242,036 2.234,392 2221.718 2,207,183 2,181,190
Pressure, psia 5053 5622 557.8 5432 592 5620 556.1 5523 5620 5780 §77.4 576.4 5769 5772
Temperature, F 7012 7056 7126 7305 717 709.4 7204 7216 7219 6415 6465 6555 8675 6826
Enthalpy, Btulb 1,353.8 1,356.5 1,360.8 1.371.8 1,3726 1.358.7 1,365 1.369.6 1.369.8 1.317.7 1.320.7 13263 13334 13423
fcold Reheat Steam Desuperheating Fiow Flow, b/ ] [ o o o ] [ ] o [ o [ 0 [} o
Temperature, F 3653 364.5 3627 3615 360.0 3593 3638 3622 361.5 3614 344.0 3440 3425 343.1 3422
[Final Cold Reheat Steam after Conditioning Flow, b/ 1,821,062 1,812,369 1,799,496 1,786,279 1714233 1,693,460 1,812,039 1,796,557 1,763,184 1.759,867 2,242,036 2,234,392 2221718 2,207,183 2,181,180
Pressure, psia 5653 s62.2 557.8 8529 543.2 592 5620 566.1 523 5520 §78.0 5774 s76.4 5769 5772
Temperature, F (MAX 750 F) 7012 7056 7126 7228 7305 1.7 708.4 720.4 7216 7279 6415 646.5 6555 667.5 6826
Enthaipy, Btullb 13538 13665 1,360.8 1.366.9 1,371.8 13726 1,356.7 13653 13696 1.369.8 13177 1.320.7 13263 13334 1.3423
JHot Reheat Fiow minus Cold Reheat Flow Flow, Ibh 294,253 286,313 274324 257,733 298,085 305,478 279.967 261,720 280,720 283,419 223,765 222,189 221,190 -213.922 -192.865
[Reheat Systom dP psi 59 538 536 534 513 508 539 53.7 527 526 2.7 0.7 %0.7 908 %5
heat System dP 9.54% 9.50% 9.60% 9.66% 9.44% 9.39% 9.50% 9.65% 9.5% 9.53% 15.70% 15.71% 15.74% 15.74% 1567%
[Hot Reheat Fiow Flow, Ibh 2115305 2,008,682 2073819 2044012 2012617 1,998,948 2,092,906 2,058,277 2,043,904 2,043,286 2018271 2012204 2,000,528 1.693,261 1,988,326
Pressure, psia (MAX 584 psi 511.4 508.5 5042 4995 4919 4886 508.1 5024 4995 400.4 4872 4867 4857 486.1 486.7
Temperature, F 1,020.5 10263 10355 10492 10500 1,050.0 10318 10464 1,050.0 1,050.0 10115 10167 10268 1,039.0 1.080.0
Differential to HP Temperature  dT, F (MAX +/- 50 F) 23 241 18 16 00 0.0 23 20 00 00 155 147 136 16 60
Enthalpy, Btu/lb 16917 16349 15400 1.547.6 15482 15483 1.537.9 15460 15481 1.548.1 1.527.5 15303 15358 1.542.4 15484
INTV Pressure Loss psi 102 102 10.4 el 958 98 102 100 100 10.0 98 08 87 9.7 958
200% 200% 200% 200% 200% 200% 200% 200% 200% 200% 200% 200% 200% 200% 200%
iP Turbine Exit Flow, Ibh 2,138,646 2,121,908 2,096,873 2,086,693 2034504 2,020,663 2,116,136 2,081,290 2,066,498 2,065,839 2,046,849 2,040,681 2,028,843 2,021,392 2016130
Pressure, psia 1249 1240 1225 1214 1194 182 1236 1220 1211 1214 1083 1003 1085 108.8 1085
Temperature, F 6549 6503 6659 6772 677:1 663.2 6746 677.4 6773 6280 6323 630.2 6496 057.6
Enthalpy, Blu/lb 1,355.4 13577 1,361.0 1,366.9 1.366.9 13596 13655 1,366.9 13669 13428 13450 13485 13537 1,367.7
Efficiency (INTV inlet to IPT exit) 90.78% 90.79% 90.70% 90.80% 90.80% 90.79% 90.79% 90.79% 90.70% 90.86% 90.86% 90.86% 90.86% 90.86%
Efficiency (INTV exit o IPT exit) 9191% 9191% 9191% 9191% 9191% 9191% 9191% 9191% 9191% 9191% 9191% 9191% 9191% 9191% 9191%
Leaks 486 Leakage Flow to SSR Flow, I/ 1,822 1,806 1777 1.748 1719 1.706 1,796 1.762 1.748 1,747 1614 1610 1502 1,590 1,578
LP Steam Admitted to STG (total) Flow, I 202346 268,083 275,543 268,409 262,006 250261 281,443 272,600 268,531 268,206 101,482 102,089 90,844 95,387 87,184
(upstream of LP admission CV) Pressure, psia (MIN 78.2 psia) 1284 1278 1259 1245 1225 1218 127.1 125.4 1245 1245 1124 124 .8 119 116
Temperature, 630.0 629.7 630.4 6209 6243 6227 6307 630.1 627.9 6276 677.7 6773 6780 6772 6770
Enthalpy. Biu/lb 1,342.6 13425 13430 13428 1.340.1 13394 13430 13429 13418 13417 1367.6 1,367.4 1.367.7 1.367.3 1,967.3
LP Steam Temperature Mismatch to IPT Exhaust dT, F(MAX 108 F) 253 -30.1 -359 -47.2 534 548 330 449 499 -50.1 494 446 384 272 190
LP Admission CV Pressure Loss % loss 28% 27% 27% 28% 27% 28% 28% 27% 27% 28% 27% 27% 28% 28% 27%
LP Turbine Inlet Steam Flow, Ibh 2.429.170 2,408,186 2,370,639 2333554 220471 2278218 2395,783 2352128 2333,281 2,332,298 2,146,717 2,141,160 218,004 2116189 2,101,735
Pressure, psia 1230 1222 1206 1193 173 165 1218 1204 1193 1193 107.7 1076 106.8 1072
Temperature, F 651.6 8555 8615 6710 670.9 670.7 650.1 669.2 6714 671.4 630.1 6342 640.7 650.7
Enthalpy. Bt 1,353.8 1.3559 1.358.9 1.3638 1,363.9 13638 1.367.7 13628 13640 1.364.0 1.3440 13460 1.349.3 13543 ;
LP Turbine Exit Flow, Ibh 2429,168 2,408,188 2,370,640 2333,551 2294970 2278214 2396,784 2,352,126 2333.280 2,332,207 2146718 2,141,163 218,108 2116186 2,101,733
Pressure, psia 0819 0971 0.950 1.468 1,653 1644 0968 1477 1674 1674 0719 0.867 0.860 1348 1.536
1.667 1978 1.952 2080 3365 3346 1.970 3.007 3.409 3.408 1.464 1.765 1761 2744 3127
Temperature, F 951 100.7 100.3 148 119.4 1189 1006 151 1196 1196 %08 970 %67 119 1165
ELEP Enthalpy, Biu/lb 10123 10190 10205 1,043.7 1,050.4 1,050.5 10189 1,043.1 1,080.2 10802 1,0083 10156 10172 1,040.6 10490
UEEP Enthalpy, Btulb 10495 1.046.8 1,048.2 10538 1,058.3 1,088.4 1.047.6 10533 10882 10582 1,0453 1,042.7 10442 1,050.2 10866
Exhaust Loss Bib 372 278 277 10.1 79 79 278 1041 78 79 370 27.4 270 o7 7.7
Moisture @ UEEP (MIN 1.7%) 511% 5.62% 5.46% 557% 532% 530% 5.50% 563% 535% 5.35% 533% 585% 5.60% 5.78% 5.36%
LS8, in 4 40 0 0 40 4 40 40 40 40 “© % 40 £ 40
#ends 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Annulus Area ft2/end 844 844 844 844 844 844 844 844 844 844 844 844 844 844 844
LPT Efficiency to ELEP 9004% 90.18% 90.24% 90.68% %081% 9081% 2021% 90.66% 90.80% 20.80% 89.87% %001% | 20.08% 90.53% 90.72%
LPT Efficiency to UEEP 80.23% 82.74% 8286% 87.83% 88.62% 88.52% 8280% 87.79% £851% 88.61% 79.95% 8263% 8276% 87.74% £8.46%
Annulus Velocity fils 1,398.0 12458 1,244 8339 n72 7359 12453 8352 740.4 740.4 1,308.0 12312 12200 817.7 7233
Volumetric Flow 1000 ftd/min per end 7.734 6,491 6.482 4266 3,763 3,756 6,489 4273 3778 3.778 7.706 6.411 8399 4182 3691
ross Generator Outpul [T 393,694 395,104 393,072 389,760 378,214 374973 395654 391,650 385.722 385,407 388,018 390,845 391143 391,407 380,764
‘Genorator MVA 447.8 4478 4478 4478 430.5 430.5 4478 4478 4305 4305 4478 4478 4478 447.8 4305
Closed Cycle Cooling Water Temperature, 100.0 100.0 100.0 100.0 1050 1050 100.0 100.0 1050 1050 1000 100.0 100.0 1000 1050
Generator pf 0.900 0.900 0.900 0.900 0.900 0.900 0.900 0.900 0.900 0.900 0.900 0.900 0.800 0.900 0.905
Generator Efficiency 98.51% 98.51% 98.51% 98.51% 98.50% 98.49% 98.51% 98.61% 98.50% 98.50% 98.51% 98.51% 9851% 98.51% 98.51%
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CONFIDENTIAL

Bibb and Associates — Progress Energy Bartow Repowering Project ST KW @87 F HP Pressure
4x1 F-Class Combined Cycle #NAME? #NAME?
Estimated Performance -- Revision 8 87
Model Revision: GC561-091106-8 BJScrivner H#NAME?
1997 Steam Tables 35 a5 0 74 00 95
(Case Name Case 21 Case 22 Case 23 Case 24-GUAR Case 25 Case 26 Case 27 Case 28 Case 20 Case 30 Case 31 Case 32 Case 33 Case 34 Case 35
4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 3x100% PAG | 3x100% PAG | 3x100% PAG | 3x100% PAG | 3x100% PAG
Unfired Unfired Unfired Unfired Unfired Unfired Unfired Unfired Unfired Unfired Fired Fired Fired Fired Fired
Gas Fuel Gas Fuel Gas Fuel Gas Fusl Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fusl Gas Fuel Gas Fuel Gas Fuel
35F 45F s0F 74F 0F 95F 59 F/EC On 74 F/EC On 90 FECOn 95 F/EC On 35F 45F SOF T4F 0 F
[Condenser/Circulating Water
[Condenser Duty MMBtuh 23085 23578 23255 22681 22813 22157 23481 2284.4 22671 22662 21116 20852 2.066.9 20306 20296
fcondenser Surface Area 2 137,975 137,075 137,075 137,975 137,975 137.976 137,975 137,975 137,975 137,076 137975 137,976 137,075 137.975 137,075
|condenser Cleaniiness %% %0% 90% 9% 90% 90% 0% 90% %0% 0% 9% %% 0% 0% 0%
JTube Velocity fUsec 1000 1000 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 1000 10.00 10.00 10.00 10.00
INumber of Passes 1 1 1 1 i} 1 1 1 1 1 1 1 1 1 1
fcondenser TTD Temperature, F (MIN 5 F) 220 198 196 174 169 167 19.7 176 17.4 17.4 19.4 175 174 15.7 153
LP Turbine Exit Steam to Condenser Flow, I/ 2,420,168 2,408,188 2,370,640 2333551 2,204,970 2,278214 2395784 2,352,126 2,333,280 2332297 2146718 2,141,163 2,118,106 215,186 201,733
Pressure, psia 0819 0971 0959 1.468 1653 1644 0.968 1477 1674 1674 0719 0.867 0.860 1.348 1,636
Pressure, in. HgA 1.667 1978 1952 2989 3365 3346 1.970 3007 3.400 3.408 1.464 1.765 1761 2744 3127
Temperature, F 951 1007 1003 1149 19.4 189 1006 151 1196 1196 %09 970 %7 119 1185
Enthalpy. Btullb 10495 1,046.8 1,0482 10538 1,058.3 1,058.4 1,0476 1,053.3 1,058.2 1,058.2 1,0453 1,042.7 1,044.2 1.050.2 1.056.6
[Miscellanaous STG Leaks to Condenser Flow, Ibh 1,800 1.800 1.800 1,800 1,800 1,800 1,800 1,800 1,800 1,800 1,800 1,800 1,800 1,800 1,800
Enthalpy, Btulb 13546 1357 1,360.9 1.366.7 1,369.5 1.369.9 1.359.2 1.365.4 13683 1,368.4 1.329.0 1.331.6 1.396.1 13424 1.349.0
[GSC Drain to Condenser Flow, Ibh 1,800 1,800 1,800 1,800 1,800 1800 1,800 1,800 1,800 1,800 1,800 1,800 1,800 1,800 1,800
Enthaipy. Bulb 1795 1795 1795 1795 1795 1795 1795 1785 1795 1795 179.5 1795 179.5 1795 1795
[Makeup Water to Condenser Flow. Ibh 193 1 £ 155 16 164 2 178 2 181 403,124 394,613 381,414 365,740 347,073
Enthalpy, Btullb 381 381 381 381 381 381 381 381 381 381 8.1 381 381 381 38.1
Hot Reheat Steam Bypassed to Candenser Flow, I 0 o o o ° o ] [ o [} o o [} [ )
total, both units) Enthalpy, Btullb 1,582.7 1.5959 1.541.0 1.5486 1,549.3 15493 1.538.9 1.547.0 1.549.1 1,549.1 1.528.5 15313 1,596.8 1.643.4 15494
LP Steam Bypassed to Condenser Flow, [bm 0 [ ) 0 [] [ ) ] o 0 [ 0 0 o 0
(total, both units) Enthaipy. Btulb 13436 1.343.5 1.3440 13438 13411 1.340.4 1.344.0 1,343.9 13428 1,342.7 1.368.6 1.368.4. 1.368.7 13683 1.368.3
LP Turbine Exhaust Hood Spray to Condenser Flow, Ib/h o o o [ ] o o 0 0 0 o o o [ o
Enthaipy, Btuflb 662 78 714 860 %03 %01 n 862 %07 %07 618 679 677 828 875
[Condenser Curtain Spray to Condenser Flow, Ib/h ] 0 [ o [ o [ ] o 0 [ ] 0 [ o
Enthalpy, Btulb 662 718 714 860 903 0.1 nz 82 %07 %07 618 679 677 828 875
[Candenser Exit Flow, Ibh 2432,962 2,411,802 2,374,293 2337,306 2,208,686 2,281,978 2,399,408 2355904 2,336,912 2,336,078 2,653,442 2630275 2,503,120 2,484,526 2,452,406
Pressure, psia 0819 0871 0959 1.468 1653 1644 0.968 1477 1674 1.674 o719 0.867 0860 1348 1,636
Pressure, in HgA (MIN 1.0 in. HgA) 1667 1978 1982 2989 3,365 3346 1970 3007 3.408 3.408 1.464 1765 1761 2744 3127
Temperature, F 951 1007 1003 149 119.1 189 1006 154 196 196 %09 970 %7 119 16,5
Enthalpy, Btu/lb 6.1 688 683 829 874 869 886 831 878 876 590 850 847 799 845
|condensate Pump Discharge Flow, Ibh 2.432.962 2,411,802 2,374,293 2337.308 2,296,686 2.281,978 2,399,408 2,355,904, 2,336,912 2,336,078 2.553,442 2/589,275 2,503,120 2,484,526 2,452.406
Pressure, psia 4905 4910 4929 4933 4947 4965 4916 4023 4928 4929 4846 848 486.7 4862 4873
Temperature, F 959 1016 1012 1158 120.1 1199 1015 16,0 1206 1205 017 o77 o75 127 173
Enthalpy, Biu/lb 653 709 0.5 851 893 89.1 708 853 898 898 610 67.1 668 820 86
after GSC Flow, I 2,432,962 2,411,802 2374283 2337.306 2,208,686 2.281.978 2,399,408 2,355,904 2,336,012 2,336,078 2563,442 2,539,275 2,503,120 2.484,526 2,452,406
F 98 1025 1021 167 121.0 1208 102.4 1169 1214 1214 925 986 983 1136 182
|condensate after GSC. after Hood/Curtain Sprays Flow, Ibh 2.432,978 2,411,796 2,374,289 2337321 2,208,704 2,281,993 2,399,461 2,356,920 2,336,685 2,336,095 2,563,442 2,539,266 2,503,007 2,484,530 2,452,421
F %8 1025 102.4 167 121.0 1208 1024 1169 1214 1214 925 986 %83 136 1182
[Total Circulating Water Flow, Ibh 199,697,952 199,501,072 199,501,072 198,978,496 198,800,096 198,800,096 199,601,072 198,978,496 198,800,096 198,800,096 199,697,952 199,601,072 199,501,072 198,978,496 198,800,096
Flow, gpm 389,853 380,785 389,785 389,696 380,682 380,682 380,785 380,606 380,682 380,682 389,853 389,785 380,785 389,606 380,682
Salinity, per mille 22 202 202 292 202 22 22 202 202 22 202 202 22 22 202
F 600 680 880 850 200 20 680 850 %0 200 6.0 680 680 850 0.0
irculating W ater to Condanser Flow, lbh 192,013,604 191,816,624 191,816,624 191294048 191,115,680 191,115,680 191.816.624 191,294,048 191,115,080 191,115,680 192,013,504 191,816,624 191,816,624 191,294,048 191,115,680
Flow, gpm 74819 374,741 374,741 374619 374,503 374,503 374,741 374619 374,503 374,503 374,819 374741 374,741 374619 374,593
(after CWP) Pressure, psia 447 47 447 447 447 447 47 447 47 447 “7 “r 447 a7 47
F 0.1 8.1 8.1 851 91 9.1 8.1 85.1 9.1 9.1 80.1 681 681 851 90.1
[Circulating Water from Condenser Flow, Ibh 192,013,504 191,816,624 191,816,624 191294048 191,116,680 191,115,680 191,816,624 191,294,048 191,116,680 191,115,680 192,013,504 191,816,624 191,816,624 191,204,048 191,115,680
Temperature, F 734 809 80.7 97.4 1022 1022 808 975 1024 1024 718 794 793 92 101.1
[Total Circulating Water Discharge Flow, Ibh 199,607,952 199,501,072 199,601,072 198.978.496 196,800,006 198,800,006 199,501,072 198,978,496 198,800,096 198,800,008 199,697,952 199,501,072 199,601,072 198,978,496 198,800,006
Temperature, F 71 809 807 974 1022 1022 808 975 1024 1024 76 75 74 962 101.2
[Circulating W ater Temperature Rise dT.F 13.08 1288 1271 1243 12.25 1216 1282 1251 1243 1243 1150 1145 1136 1124 1119
[Circulating W ater to Aux Cooling Water HX' Flow, Ibh 7,684,427 7,684,426 7,684,426 7.084.426 7,684,427 7,684,427 7,684,426 7,684,426 7,684,427 7,684,427 7,684,427 7,684,426 7,684,426 7,684,426 7,684,427
Flow. gpm 15,000 15013 15013 15049 15,062 15,062 15,013 15,049 15,062 16,062 15,000 15013 15013 15,049 15,062
Temperature, F 60.1 8.1 68.1 85.1 2.1 9.1 8.1 851 9.1 9.1 60.1 68.1 68.1 85,1 90.1
[Circutating Water from Aux Cooling W ater HX Flow, b/ 7,084,427 7,684,426 7,684,426 7,684,426 7,684,427 7,684,427 7,684,426 7,684,426 7.684,427 7.684,427 7,684,427 7,684,426 7,684,426 7,684,426 7,684,427
Temperature. F. 73 803 803 973 1023 1023 803 973 1023 1023 723 803 803 973 1023
JAux Cooling Water HX Duty MMBtuh %00 200 %00 %00 %00 %00 %00 %0 %00 %00 %00 %00 90,0 %00 %00
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CONFIDENTIAL

Bibb and Associates — Progress Energy Bartow Repowering Project ST KW @87 F HP Pressure
4x1 F-Class Combined Cycle #NAME? #NAME?
Estimated Performance -- Revision 8 a7
Model Revision: GC561-001106-8 BJScrivner #NAME?
1997 Steam Tables 35 45 5 74 90 o5
Case Name Case 21 Case 22 Case 23 Case 24-GUAR Case 25 Case 26 Case 27 Case 28 Case 20 Case 30 Case 31 Case 32 Case 33 Case 34 Case 35
4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 4x100% 3x100% PAG | 3x100% PAG | 3x100% PAG | 3x100% PAG | 3x100% PAG
Unfired Unfired Unfired Unfired Unfired Unfired Unfired Unfired Unfired Unfired Fired Fired Fired Fired Fired
Gas Fuel Gas Fusl Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fusl Gas Fusl Gas Fuel Gas Fuel
35F 45F 50 F 74F 0F 95F 59 F/ECOn 74 F/EC On 0FECOn 95 F/EC On 35F 45F s0F 74F 9F
|Miscellaneous (Blowdown, Boiler Feed Pumps)
HP Evap #1 Blowdown (each) Fiow, Ibh 0 o o o [ [ [ [ 0 [ 0 o o 0 o
EP Evap #2/3/4/5 Blowdown (each) Flow. It/ ) o [ [ o [ o [) [ o o [ [ 0 [
iP Evaporator Blowdown (sach) Flow, Ibh o ] [ [ [ o [ [ 0 o o [ [ o 0
‘otal Makeup Flow Fiow, I 193 [ 5 155 16 164 24 178 2 181 403,124 394,513 381,414 365,740 347,073
Temperature, F 0 700 700 0 0 0 70 700 700 0 700 700 70 700 700
Boiler Feed Pump Suction Flow, Ibh 535,103 530925 524,680 517187 509,111 506,638 529,491 520,787 517,068 516919 817314 812384 804,142 796,379 788,365
Pressurs, psia 160.0 1585 1550 1526 149.7 148.4 157.0 1540 1526 152.6 1222 1222 199 1209 195
Temperature, 3624 616 3508 3586 3571 356.4 3609 3593 3586 3585 3412 341.2 3308 3404 3395
Enthalpy, Btu/lb 3349 3341 3322 3%8 3202 3285 3033 3316 3308 3308 3126 3126 3110 3117 3108
iP Bleed (before CV) Flow, Ibh 73,561 71578 68,586 84,434 74,506 76,369 60,997 65,435 70,471 70,851 50,781 57435 53,461 50,604 51,360
Pressure, psia 11083 11073 11078 11005 14110 11118 11070 11089 11005 11085 £88.9 894.1 %018 9098 9170
Temperature, F 3663 3645 362.7 615 3600 350.3 30638 3622 3615 3614 3440 3440 3425 3431 3422
Enthaipy, Bt 3393 3385 3366 3353 3337 3330 397.7 3361 3353 3352 316.7 3167 3161 3158 3148
IP FW Control Valve Exit Pressure Pressure, psia 508.6 5025 5836 s727 5626 556.4 589.7 577.2 5719 s71.7 558.0 654.8 549.5 5470 5448
OV dP, psi 507.7 5147 5242 5367 5484 553.2 5173 531.7 76 5378 3310 3393 3523 3628 3722
Boiler Fead Pump Discharge (before CV) Pressure, psia 35222 35260 35320 3.538.1 35539 35589 35270 35344 35419 35425 30639 30723 3,088.4 31014 31212
CV P, psi 14729 14813 1,494.0 15036 16039 1,633.9 14774 14010 1.592.7 1,837.6 4324 4430 4611 4752 5070
[Boilor Fead Pump Discharge (after CV) Flow, I 461,542 450,347 456,093 452,753 434515 429,269 469,404 455352 446,808 446,068 767,53 754,949 750,680 745,775 737,006
Pressure, psia 20403 20447 2,038.0 20345 19500 19250 2049.6 20434 20092 20049 26315 26204 26273 26262 2614.1
Temperature, F 3752 a745 ar27 3715 3704 3698 3737 3722 3716 3716 351.4 3514 3409 350.5 3406
Enthaipy, Btu/lb 3610 3503 3485 3472 3459 3453 3495 3480 73 3472 2272 272 3257 3263 3254
STG Bypass System
[Total HP Steam per HRSG Unit Flow, Ibh 461,543 459,347 456,003 462,763 434,521 429270 459,494 455362 446,903 446,068 757,533 754,951 750,680 748,775 737,006
Pressure, psia 19282 19244 19189 19167 18455 18244 1929.4 19247 1,8955 18022 23388 23381 23382 23396 23318
Temperature, F 10217 10276 1,037.0 10809 10833 10833 10329 1,047.7 10833 1,033 1,0009 1,006.9 1,018.1 10322 10488
Enthaipy, Btullb 1.490.9 14948 1,500.8 15095 15131 15136 14979 1,507.3 1.511.6 1.511.7 1.4843 1,468.3 14757 14850 1.496.0
[HRSG HP Steam Bypassed — CV Iniet Flow, Ibh ] ] o o o o [ [ o o [ o o [ )
Pressure, psia 19282 19244 19189 19167 18455 18244 1.929.4 1,924.7 18956 18022 23388 2.338.1 23382 23396 23318
Temperature, F 10217 10276 10370 10809 10533 10633 1,0029 1,047.7 1,033 10533 1,0009 10069 10181 1,022 10488
Enthaipy, Btullp 1.490.9 14048 1,500.8 1,500.5 1,618.1 15136 1.497.9 1,507.3 16116 15117 14643 14683 14757 14850 1.496.0
|HP Bypass Steam Desuperheating Flow Flow, Ib/h o ] ] 0 ] o [ [ ] [ [ 0 o 0 o
(from HP BFP) Temperatura, . 3752 3745 3r2.7 715 370.4 3698 3737 3722 3716 3716 3514 3514 3499 3505 3496
JHP Steam Bypassed to Cold Reheat — CV Exit Flow, Ibh o 0 0 ] [ o o [ ] [] ] o [ o o
(per HRSG unit) Pressure, psia 3500 3500 3500 3500 3500 3500 350.0 3500 3500 3500 3600 3500 3500 3500 3500
Temperature, F 9355 042.7 9542 0705 o772 9782 948.7 9663 9745 o747 8863 8929 9068 9243 945.1
Enthaipy, Btu/lb 1.480.9 14948 15008 16005 1,513.1 15136 1,497.9 1,8073 1,511.6 15117 1,4843 1.468.3 14757 1.4850 14960
IP Bypass Control Valve Pressure Loss dP. psi ENIA #NIA #NIA #NIA ENIA #N/A #NIA #NIA EN/A #NIA #NIA #NIA #NIA #NIA #NIA
[Total HRH Steam per HRSG Unit Fiow, Ibh 528,826 524,670 518,456 511,003 503,154 499.737 523,227 514,569 510,976 510,822 672757 670,735 666,843 664,420 662,775
Pressure, psia 5233 5203 5150 5111 5034 500.0 5199 5141 511.2 5110 5035 5029 5019 502.3 5029
Temporature, F 1,023.0 1,028.7 10379 10616 1,052.4 1,052.4 10342 1,048.8 1,052.4 1,062.4 10142 10103 1.020.4 10817 10526
Enthalpy, Biuflb 1,8327 15369 15410 16486 15493 1,5493 | 1589 15470 1.549.1 1,549 15285 15313 16068 15434 1,549.4
IRSG HRH Steam Bypassed — CV Iniet Flow, Ibh ] ] [ ] 0 [ o o o 0 [ o [ 0 [
Pressure, psia 5233 5203 5159 5111 503.4 5000 5199 514.1 5112 5110 5035 5029 501.9 5023 5029
Temperature, F 10230 10287 10379 10516 10524 1,052.4 10342 1,048.8 10524 1,052.4 10142 10183 10284 10417 10526
Enthaipy. Btullb 15927 16359 15410 1,5486 1,549.3 1,549.3 15089 1,647.0 1,640.1 1.549.1 16285 15313 1,596.8 15434 1.549.4
[HRH Bypass Steam Desuperheating Flow Flow, Ibh 0 o [ ] 0 [ ] [ o [ ] o 0 ) [
(from Condensat F %8 1025 102.1 116.7 1210 1208 102.4 1169 1214 121.4 25 86 983 1136 1182
JHRH Steam Bypassed to Condenser — CV Exit Flow, Ibh [ 0 [ [ o [ ] [] ) o ] [ [ [ [
(per HRSG unit) Pressure, psia 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Temperature, 1,008.1 10122 10219 10362 1,037.5 1,007.6 10178 10832 1,087.1 1,087.1 9980 1,003.4 10139 10265 1,007.7
Enthalpy, Blu/lb 15327 1.6359 1,541.0 1.6486 1,5493 15493 1,638.9 1,547.0 1,649.1 1,549.1 1.528.6 16313 15368 1.543.4 16494
HRH Bypass Control Valve Pre L dP, #NIA #NA #NA ENA #NIA #NA #NIA #NIA #NIA #NIA #NIA #NIA #NA #NIA ENIA
RH BYP Condenser Sparger Pipe Pressure Loss dP, psi #NIA #NIA #NIA #NA #NIA #NIA #NA #NIA #NIA #NIA #NIA #NIA #NA #NIA #NA
HRH Bypass Steam Diverted to GSC. Flow, Ib/h o o o ) [ [ [ [ o o o [ o o 0
‘otal LP Steam per HRSG Unit Flow, Io/h 73,086 72,021 68,886 67,102 65,524 64815 70,361 68,160 67,133 67082 32,827 34,030 30,281 31,79 29,061
Pressure, psia 147.3 146.0 1431 1414 1385 1373 1449 1423 1414 1410 170 169 152 1159 1150
Temperature, F 6344 8340 6345 6340 6283 626.7 6349 6343 6320 631.7 6802 6798 6804 6796 670.4
Enthalpy, Biu/b 13436 1,343 13440 13438 13411 1.340.4 13440 13439 1.3428 1342.7 1,368.6 1.268.4 1.368.7 1.368.3 13683
[HRSG LP Steam Bypassed - CV Inlat Flow, Ibh [ o [ 0 ) 0 0 0 ] ] 0 ] ) [) o
Pressure, psia 147.3 146.0 143.4 1411 1385 137.3 1449 1423 1411 1410 170 169 152 1159 150
Temperature, F 6344 6340 6345 6340 6283 626.7 6349 6343 6320 6317 6802 6798 6804 6796 679.4
Enthalpy. Blu/lb 1,343.6 13435 13440 1.3438 1.341.1 13404 1.344.0 1,343 13428 1.342.7 1,368.6 13684 1,368.7 1,368.3 13683
LP Bypass Steam Desuperheating Flow Flow, Ib/h [ o [ [ o o 0 o o o o [ o [ o
(from Condensate) Temperature, %68 1025 102.1 16.7 121.0 1208 1024 1169 1214 121.4 925 986 983 1136 1182
P Steam Bypassed to Candenser — CV Exit Flow, b o [ o ] [ o [ o [ ] o o o [ o
(per HRSG unit) Pressure, psia 147.3 1480 143.1 1411 1385 187.3 1449 1423 1414 1410 170 169 152 159 160
Temperature, F 6344 6340 6345 6340 6283 626.7 6349 6343 8320 831.7 6802 6708 €80.4 6796 670.4
Enthalpy, Btu/lb 13436 13435 13440 13438 13411 13404 1.344.0 13439 13428 1342.7 1,368.6 1,368.4 1,368.7 13683 1,368.3
LP Bypass Control Valve Pressure Loss dP. psi ENIA #NIA #NIA ENIA #NIA #NIA #NIA #N/A #NIA ANIA #NA #NIA #NIA #NIA #NIA
|LP BYP Condenser Sparger Pipe Pressure Loss P, psi #NIA #NIA #NIA #NIA #NIA #NIA #NIA #NIA ENIA HNIA #NIA #NIA #NIA #NIA #NA
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CONFIDENTIAL

4x1 F-Class Combined Cycle
Estimated Performance -- Revision 8
Model Revision: GC561-091106-8 BJScrivner

Bibb and Associates — Progress Energy Bartow Repowering Project

35 45 5 7 % %
1997 Steam Tables
Case Name Case 36 Case 37 Case 38 Case 30 Case 40 Case 41 Case 42 Case 43 Case 44-GUAR Case 45 Case 46 Case 47 Case 48 Case 49 Case 50
3x100% PAG | 3x100% PAG | 3x100% PAG | 3x100% PAG | 3x100% PAG 3x100% 3x100% 3x100% 3x100% 3x100% 3x100% 3x100% 3x100% 3x100% 3x100%
Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired
Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Ges Fuel Gas Fuel Gas Fuel Gas Fuel
95F 50 F/EC On 74 F/EC On 90 F/EC On 95 F/EC On 35F 45F S9F T4F NF 95F S9F/EC On 74FECOn 90 F/EC On S5F/EC On
réamCyde Model ID 8BARTO 8BART2 8BARTO 8BART2 8BART2 8BARTO 8BART2 8BART2 8BARTO B8BART2 8BARTO 8BART2 8BARTO 8BART2 8BART2
|GateCycle Case ID B8-36 B8-37 B8-38 B8-39 B8-40 B8-41 B8-42 B8-43 B8-44 B8-45 B8-46 B8-47 B8-48 B8-49 B8-50
Ambient Temperature 95 FI44%RH 69 FIB0%RH 74 FITO%RH 90 FI56%RH 95 Fla4%RH 35 FI60%RH 45 FI60%RH 50 FIG0%RH 74 FIT9%RH 90 F/56%RH 95 FI44%RH 69 FIB0%RH 74 FITO%RH 90 F/56%RH 95 F/44%RH
| Atmospheric Pressure 14.690 psia 14,600 psia 14,690 psia 14.690 psia 14.690 psia 14.690 psia 14,690 psia 14,690 psia 14.690 psia 14.690 psia 14.690 psia 14.690 psia 14.690 psia 14,690 psia 14.690 psia
INumber of CTGHRSG Uniits Operating 3@100%% 3@ 3@ g % 3@ 3@100% 3@100% 3@100% 3@100% 3@100% 3@100% 3@100% 3@100% 3@100% 3@100%
[CTG Inlet Air Cooler Cooler Off Cooler On Cooler On Cooler On Cooler On Cooler Off Cooler Off Cooler Off Cooler Off Cooler Off Cooler Off Cooler On Cooler On Cooler On Cooler On
[Fuel Type Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas
[HRSG Firi B Exit Temperature Fired/1273 F Fired/1199 F Fired/1223 F Fired/1239 F Fired/1240 F Fired/1219 F Fired/1226 F Fired/1243 F Fired/1269 F Fired/1306 F Fired/1313 F Fired/1232 F Fired/1260 F Fired/1281 F Fired/1283 F
[CTG Model '$6000F S5000F $6000F '85000F S5000F '$5000F $5000F S5000F $5000F S6000F ‘$5000F '$5000F '85000F S$5000F $5000F
[CTG Performance Reference ratio Siemens 12-May-06 | Siemens 12-May-06 | Siemens 12-May-06 | Siemens 12-May-06 | Siemens 6~Jun-06 | Siemens 6~Jun-06 | Siemens 6~Jun-06 | Siemens 6-Jun-06 | Siemens 6~Jun-06 | Siemens 6~Jun-06 | Siemens 2-Mar-06 | Siemens 2-Mar-06 | Siemens 2-Mar-06 | Siemens 2-Mar-06
[HRSG Performance Reference Vogt 717106 Vogt 717/06 Vogt 717106 Vogt 7H7106 Vogt 7/17/06 Vogt 7117106 Vogt 77106 Vogt 717106 Vogt 77106 Vogt 7117108 Vogt 717106 Vogt 717106 Vogt 747106 Vogt 747106 Vogt 717108
ISTG Output 393.0 MW 391.1 MW 390.9 MW 389.4 MW 389.3 MW 4200 MW 420.0 MW 4200 MW 4200 MW 420.0 MW 420.0 MW 4200 MW 4200 MW 4200 MW 420.0 MW
STG Performance Reference MHI MHI MHI MHI MHI MHI MHI MHI MHI MHI MHI MHI MHI MHI MHI
[STG Throttle Conditions, psia/F 2,271p/1,049F 2,269p/1,007F 2,268p/1,022F 2,270p/1,032F 2,268p/1,033F 2,250p/997F 2,232p/1,005F 2,233p/1,016F 2,239p/1,031F 2,262pl1,048F 2,248pl1,050F 2,231p/1,011F 2,237p/1,027F 2,253p/1,036F 2,263p/1,037F
ISTG Cold Reheat Conditions, psialF 583p/68BF S77pl6S1F 577pl664F S7TpI6T1F §77pl6T2F 650p/671F 643p/678F 641p/687F 640p/698F 642p/712F 643p/715F 642p/683F 640p/695F 643p/702F 643p/703F
Cold Reheat Conditions after Conditioning, psia/F 583p/688F S77p/B51F 577pl6B4F S77p/671F S77pl672F 660p/671F 643p/678F 841p/6B7F 840p/B98F 842p/712F 643p/715F 842p/683F 840p/695F 643p/702F
[STG Hot Reheat Conditions, psia/f 493p/1,060F 486p/1,021F 486p/1,036F 486p/1,043F 486p/1,044F 658p/1,008F 552p/1,014F 550p/1,024F 548p/1,038F 560p/1,060F 551p/1,060F 551p/1,020F 549p/1,036F 561p/1,043F
[Condenser Pressure 3.15in HgA 1.76in HgA 2.75in HgA 3.14in HgA 3.14in HoA 1.67 inHoA 1.97 in HgA 1.96 in HgA 3.02in HoA 3.43in HgA 3.43inHgA 1.7 in HgA 3.03in HgA 3.46in HgA
[Stack Temperature 198 F 199F 201F 201F 201F 200F 201F 198F 201F 199F 198 F 200F 202F 202F
Run Date 8-Sep-06 8-Sep-06 7-Sep-06 8-Sep-06 8-Sep-06 7-Sep-06 8-Sep-06 8-Sep-06 7-Sep-06 8-Sep-06 7-Sep-06 8-Sep-06 7-Sep-06 8-Sep-06
Performance Summary
[Number of CTG/HRSG Units Operating 3 3 3 3 3 3 3 3 3 3 3 3 3 3
ross CTG Output (each) KW 181,934 217952 203,867 196,207 195,542 207.123 201,614 192471 181,068 168,633 164,631 197,137 184.229 177.293
Fms CTG Output (total) KW 545801 663,856 611,601 588,621 586,626 621,369 604,842 677413 543,204 505,809 494,643 591,411 552,087 531,879
r0ss CTG Heat Rate (LHV) BuAWh 9329 8,864 9,031 9,136 9.145 9,071 9.124 9237 9414 9613 9,671 9.184 9,372 9,486
ross CTG Heat Rats (HHV) BUWKWh 10218 9,709 10,016 10,006 10.016 10,060 9,993 10,117 10311 10.529 10,592 10.186 10.394 10,521
Fuel Gas Temperature to CTG. F 80 60 80 & & 60 8 6 & 60 60 0 80 80
Fuel Gas Temperature to Ste, F ) 60 60 0 60 60 60 60 60 60 &0 60 60 60
[CTG Heat Input (LHV) (total) MMBtuh 5,001.87 5.795.78 552337 5.377.64 5.364.70 563644 5.518.68 5.333.56 511372 4,803.21 4.783.60 5.431.52 5179.78 5,045.40 5,032.66
[CTG Heat Input (HHV) (total) MMBHu 5.576.99 6.347.97 6.125.74 5.889.90 587581 625114 6.044.36 5.841.71 5600 5.326.65 5.239.46 6.023.87 5.744.68 5.505.65 658151
IDuct Burner Heat Input (LHV) (each) MMBtum 313.00 280.00 285.00 290.00 290.00 312.80 307.10 311.00 317.00 334.20 340.70 306.30 313.50 323.30 323.40
[Duct Burner Heat Input (HHV) (each) MMBluh 342.62 30668 31608 317.63 31763 34691 33636 34063 347.20 366.04 373.16 339.70 34760 358.66 358.67
{Duct Burner Heat Input (LHV) (total) MMBluh 939.00 840.00 855.00 870.00 870.00 938.40 92130 933.00 951.00 1.002.60 1,022.10 918.90 940.50 969.90 970.20
Duct Burner Heat Input (HHV) (total) MMBtun 1,028.46 92003 948.25 952.89 952.89 1,040.74 1,009.08 1,021.89 1.04161 1,008.12 1,119.48 1.019.11 1.043.07 107568 1.076.01
[Gross STG Output KW 392,970 391100 390,920 389,410 389,260 420,020 420,010 419,980 420,000 420,020 420,010 420,010 419,980 420,000 420,010
STG Output, percent of CTG Output T20% 50.8% 63.9% 662% 664% 676% 69.4% 27% 773% 83.0% 849% 71.0% 76.0% 790% 792%
{Gross Plant Output KW 938,771 1,044,656 1,002,621 976,031 975,886 1,041,389 1024862 997,383 963204 926919 914,653 1,011,421 972,667 951,879 960.098
[Gross Cycle Heat Rate (LHV) BwiWh 6.424 6350 6,362 6.388 6.389 6314 6.284 6283 6.206 6335 6.348 6.279 6,292 6319 6318
[Gross Cycle Heat Rate (HHV) BUuAWh 7,036 6955 7,066 6.097 6,997 7,002 6882 6,882 6.896 6.939 6,952 6.963 6.978 7.009 7.007
Plant Heat Input (LHV) MMBtuh 6,030.87 6,635.78 6.378.37 6.247.64 6.234.70 6.674.84 6.439.88 6.266.56 6.064.72 586681 5.805.79 6.350.42 6.120.28 601530 6,002.86
Plant Heat Input (HHV) MMBtuh 6,605.46 7.268.00 7.073.99 6.842.88 6.828.70 7.291.88 7.053.43 6,863.61 664253 6.424.67 6,358.93 704299 6.787.75 6.671.33 6,657.52
[Calculations Based on High-Side of Generator Step-Up Transformers
[Total Power/Losses W 28670 20,510 29,080 28,890 28870 29310 20,030 28.850 2855 28350 28,280 28.940 28,600 28,520 28,510
[Total Auxiliary Power/L percent of gross 3.05% 282% 290% 295% 296% 281% 283% 289% 296% 3.06% 3.09% 286% 294% 3.00% 3.00%
INet Plant Output w/ Step-Up Ximr Losses KW 910,101 1,015,446 973,441 949,141 947,016 1,012,079 995,822 968,543 934654 897,560 886,373 962,481 944,067 923,359 921588
ot Plant Heat Rate (LHV) w/ Step-Up Xfmr Losses BuAWh 6.627 6535 6,552 6,682 6,584 6,496 6,467 6470 6.489 6.535 6,550 6.464 6.483 68.515 6,514
[Net Plant Heat Rate (HHV) w/ Step-Up Ximr Losses Bl/AWh 7.258 7.157 7.267 7.210 7211 7.206 7.083 7.087 7.107 7,158 7174 7.189 7.180 7.225 7.224
Revision History:
Rov. 8, 9/11/06 — GateCycle model revised to incorporate Vogt HRSG proposal, additional MHI STG heal
[Combustion Turbine Generator (each)
|Ambient Conditions Pressure, psia 14.680 14.690 14.690 14.690 14.690 14,690 14.690 14,690 14,690 14.690 14.690 14.690 14,690 14.690 14,690
Temperaturs, F 950 5.0 740 200 950 350 450 5.0 740 %00 950 590 740 %00 950
Relative Humidity 43.8% 5.7% 78.5% 548% 498% 60.1% 509% 5.7% 785% 548% 8% 0.7% 785% 548% Q8%
WBT.F 766 514 69.1 768 766 29 93 514 691 766 766 514 69.1 766 766
compressor Inlet Canditions Temperature, F 950 526 608 75 703 360 450 5.0 740 %00 950 526 698 785 793
Relative Humidity 438% 928% 96.5% 914% 884% 60.1% 509% 50.7% 785% 548% 438% 928% 96.5% 914% 88.4%
nlet Air Cooler Status Cooler Off Cooler On Cooler On Cooler On Cooler On Cooler Off Cooler Off Cooler Off Cooler Off Cooler Off Cooler Off Cooler On Cooler On Cooler On Cooler On
Saturation Efficiency 0.0% 850% 850% 850% 850% 00% 00% 0.0% 0.0% 00% 00% 850% 850% 850% 85.0%
Flow, Ibh 0 5833 3,605 9,622 13110 [ 0 0 0 [ 0 5831 3,605 9,622 13.118
Fuel Type Natural Gas Natural Gas Natural Ges Natural Gas Natural Gas Netural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas
HC. MMBUWh (LHV) 1,697.3 18319 18411 17925 17882 18788 18395 17779 17046 16211 1,694.6 1810.5 17266 16818 1677.6
Flow. Ibh 80212 91.301 88,105 84,714 84510 89,908 86,934 84020 8055 76610 75357 86,640 82624 80,481 80,277
[Fuel LHV Buwib 21,160 21,160 20,807 21,180 21,160 20,897 21,160 21,160 21,160 21,160 21,160 20,897 20,807 20,807 20,807
[Fuel Ges Temperature Temporature, F 60 & ) & 60 & 80 8 60 ) 60 ) 80 -] 80
att Detailed Bartow HBs Rev Detailed HB p. 23 0f 120 712212019
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CONFIDENTIAL

Bibb and Associates — Progress Energy Bartow Repowering Project
4x1 F-Class Combined Cycle
Estimated Performance -- Revision 8
Model Revision: GC561-091106-8 BJScrivner £ 45 5 7% % o
1997 Steam Tables
(Case Name Case 36 Case 37 Case 38 Case 39 Case 40 Case 41 Case 42 Case 43 Case 44-GUAR Case 45 Case 46 Case 47 Case 48 Case 49 Case 50
3x100% PAG | 3x100% PAG | 3x100% PAG | 3x100% PAG | 3x100% PAG 3x100% 3x100% 3x100% 3x100% 3x100% 3x100% 3x100% 3x100% 3x100% 3x100%
Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired
Gas Fual Gas Fuel Ges Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fusl Gas Fuel Gas Fusl Ges Fuel Gas Fuel
o5F 50 F/EC On 74FECOn 90 F/EC On 95 F/EC On 3sF 45F SOF T4F 0F 95F 59 FEC On J4F/EC On 90 F/EC On 95 F/EC On
Cold Reheat Steam to CTG Power Augmentation Flow, I/ 102399 119,120 112665 108,181 108,860 o o 0 ] ] 0 ] o 0 0
Pressure, psia 6.2 5207 520.4 5206 5201 6078 601.4 5002 5076 509.4 6003 600.2 508.2 6004 6002
Temperature, F 6812 6431 6503 664.4 865.1 6650 6718 680.3 6023 7056 7085 6763 8691 6956 696.4
Enthalpy, Btullb 13441 13222 13300 1,334.7 13352 13298 13343 13395 1,346.6 1,3543 1.355.9 13370 1,344.7 13484 13489
Desuperheating Flow for PAG Steam (from IP FW) Flow, Ibh 11247 10,289 10,682 10,904 10,926 [} ) 0 ] o 0 [ [] ] 0
Temperature, F 3422 3433 3436 3433 3432 3622 3518 3505 3506 3496 3493 3512 3511 3508 3507
m Injection for Powar Augmentation Flow, Ibh 113,646 129,409 123,337 120,085 119,785 0 o 0 ) 0 ] o 0 o o
Pressure, psia 3500 3500 3500 3500 3500 3600 3500 3500 3500 3500 3500 350.0 350.0 3500 3500
Temperature, F 4850 4850 4850 4850 4850 6339 6421 651.6 6647 6788 681.8 847.1 8612 668.0 668.8
Enthaipy. Btulb 12422 12422 12422 12422 12422 1.329.8 13343 13395 1,048.6 1,3543 1,355.9 13370 1,344.7 1,348.4 13489
|water injection (NOx Control on il Fusl) Flow. Ib/h [ 0 0 [ 0 0 [ 0 0 0 0 0 0 0 0
CTG Exhaust Flow Fiow, I/ 3,747,463 4,194,884 4,003,209 3,899,405 3,892,326 4,201,488 4.127,3%0 4,008,011 288,934 3,674,902 3,630,488 4,059,590 3,875,066 3,775,057 2,768,327
Pressure, in, H20 1877 2023 1879 1802 17.96 19.73 19.47 1829 1708 15.90 15.56 18.60 17.39 16.69 16.50
£ 1,125.7 1,086.4 11034 11128 11134 10728 10798 1,090.9 1,108.0 11234 11272 1,087.0 11050 11150 11160
% of Base Load 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
[ 181,834 217,952 203,867 196,207 195,542 207123 201,614 192,474 181.068 168,633 164,881 197,137 184,229 177203 176,696
BWAWh (LHV) 9320 8,864 2031 9136 9,145 9,071 9.124 9237 9414 9613 9671 9.184 9372 9,486 9,404
att Detailed Bartow HBs Rev Detailed HB p.240f 120 7/22/2019
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CONFIDENTIAL

4x1 F-Class Combined Cycle

Bibb and Associates — Progress Energy Bartow Repowering Project

Estimated Performance -- Revision 8

Model Revision: GC561-091106-8 BJScrivner 38 45 50 74 920 95
1997 Steam Tables
Case Name Case 36 Case 37 Case 38 Case 30 Case 40 Case 41 Case 42 Case 43 Case 44-GUAR Case 45 Case 46 Case 47 Case 48 Case 49 Case 50
3x100% PAG | 3x100% PAG | 3x100% PAG | 3x100% PAG | 3x100% PAG 3x100% 3x100% 3x100% 3x100% 3x100% 3x100% 3x100% 3x100% 3x100% 3x100%
Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired
Gas Fuel Gas Fuel Gas Fuel Gas Fusl Gas Fuel Gas Fuel Gas Fual Gas Fuel Gas Fuol Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fusl
95 F 59 F/EC On 74F/ECOn S0FECOn 95 F/EC On 35F 45F SOF 74F 0 F S5F 50 F/EC On 74 FEC On 90 F/ECOn 95 F/EC On
Heat Recovery Steam Generator (each)
HRSG HP Steam Flow, I/ 738,239 752,950 746,926 743,987 743,206 747.635 738.266 734,656 731,252 730,073 721,731 736,941 732210 734,642 734315
(at HRSG terminal point) Pressure, psia 23407 23380 23376 23392 23378 23179 22007 23006 23066 23201 23159 22088 23055 23214 23215
Temporature, F 10535 10119 1.027.3 1,036.7 1,037.6 10022 1,010.4 10211 1.036.2 10522 10547 10159 10322 1,040.6 1,041.5
Enthalpy, Blulb 1.498.8 1.471.6 1.481.8 1,488.0 1,488.6 1.4658 14719 14789 14886 1,498.6 1,500.3 14755 1.486.0 14910 14916
dP from HP drum to HRSG terminal point psi 1126 1126 1124 1123 1124 1122 1114 1114 113 119 114 11.2 112 117 117
P SH #1 Steam Outlet Temperature Temperature, 1,054.5 10129 10284 1.037.8 1,038.6 1.003.3 10114 1,022.1 10372 10532 1,085.7 1,017.0 1,033.2 10416 1,0425
[HP SH #2 Steam Outlet Temperaturs Temperaturs, 996.0 053.5 967.5 976.8 o77.7 949.0 9571 9673 9809 976 9990 9612 976.1 983.9 984.7
JHP Steam Desuperheating Flow Flow, Ibh 1 0 3 [ [ 0 0 [ [ 0 3,300 [ 0 o o
(from HP Feedwater) Temporatur, F 3496 3508 3611 350.7 3506 3508 359.4 358.1 3582 3672 356.9 3588 358.7 358.4 3563
% of inlet steam 0.0% 00% 0.0% 0.0% 0.0% 00% 00% 00% 00% 0.0% 0.5% 0.0% 00% 00% 0.0%
Final Superheat. F 2751 274 240.4 2498 2510 233.7 2426 2526 2651 2840 2859 2455 2603 2663 2671
[HP SH #3/4 Steam Outiet Temporature, F 939.0 891.1 904.0 9136 914.7 8962 9039 9140 9268 946.6 9554 906.7 9210 929.0 9298
JHP Evaporator #1 Exit Flow, I 133,676 126,612 128,181 129,553 129,589 126,023 125.128 126,530 128,383 132,508 133,050 126,072 127,266 129,863 129,967
Pressure, psia 24533 24508 2,4500 24515 24502 2,430.1 24114 24121 2479 24320 24273 24100 24166 2.433.1 24331
Temperature, 665.4 665.2 6652 6653 6652 6640 6628 6629 0633 664.1 663.8 6628 663.2 6642 6642
Enthalpy. Biuib 1,008.5 1,096.8 1.096.8 1,096.7 1,096 1,098.9 1.100.8 1.400.7 1.100.1 1,098.7 1,009.1 1,100.9 1,002 1,008.6 1,008.6
JHP Evaporator #1 Blowdown Flow. Ibh ) 0 ) [ 9 [ [ [) ) 0 9 [ 0 [ [
HP Evaporator #1 Pinch 3 554.5 489.6 5110 5265 5265 5102 516.1 5319 5549 5856 8922 522.1 547.1 5649 566.0
HP Evaporator #1 Approach Temperature, F 383 286 317 341 342 276 278 23 343 302 39.7 288 3.1 365 367
[HP Evaporator #2/3/4/5 Exit Flow, Ib/h 604,557 626,339 618,744 614,385 613,617 621,612 613,136 608,126 602,668 597,675 501,382 610,868 604,044 604,778 604,347
Pressure, psia 24533 24506 24500 24515 24502 2,430.1 24111 24121 24179 24320 24273 24100 24166 2.433.1 2.433.1
Temperature, F 665.4 6652 8652 665.3 6652 664.0 6628 662.9 6033 664.1 0638 628 863.2 6642 0642
Enthalpy, Btu/lb 10965 1,096.8 1.096.8 1.096.7 1.096.8 1.098.9 1,100.8 11007 1.100.1 1.008.7 1,099.1 1.100.9 1.100.2 1.008.6 1.008.6
[HP Evaporator #2/3/ Flow, Ibh [] [ [ [ [ [ [ o [ 0 [ [ [ 0 [
HP Evaporator #2/3/4/5 Pinch Temperatur, 187 7.7 176 7.4 17.4 19.1 190 188 187 183 180 19.1 189 188 187
HP Evaporator #2/3/4/5 A h Temperature, 383 286 317 341 342 276 218 303 343 392 397 288 334 365 36.7
HP Economizer #1/2/3 Outlet Flow, Ibh 738,232 752,951 746,925 743,938 743,206 747,635 738,263 734,656 731251 730,078 724,432 736,940 732210 734,642 734314
Temperature, F 8271 6367 6335 6312 6310 6364 6350 6326 6290 6249 6241 6340 630.1 627.7 627.5
|HP Economizer #4/5 Outiet Temperature F 5260 5320 5283 527.1 527.0 5388 537.2 5359 5337 5320 5318 536.6 5342 5333 5332
IP Economizer #6/7 Outlet Temperature, 4491 4543 4520 450.7 450.6 465.7 4645 4626 4604 457.9 457.6 4636 461.1 459.7 4596
HP Economizer #8 Outiet F 387.8 3923 3909 389.8 389.7 4022 401.4 3993 3978 3954 3950 4004 3086 3973 3972
[Foedwater to HP Economizer #8 Flow. Ibh 738,232 752,951 746,925 743,938 743,206 747,635 738,263 734,656 731,251 730,078 724,432 735,940 732.210 734,642 734,314
Pressure, psia 2,624.1 2628.1 26247 26248 26232 26052 25819 26811 25855 25090 25017 2,579.7 25846 26022 26021
Temperature, F 406 3508 3511 350.7 350.6 350.8 3504 3581 3582 367.2 3569 3588 368.7 3884 3583
Enthalpy, Blullb 3253 3266 3268 3265 3264 3359 3354 334.1 3342 3332 3328 33458 334.7 3344 3343
[HP FW Temperature Increase Across BFP E 10.1 102 102 102 102 103 103 103 103 103 103 103 103 103 103
[Duct Burner HC, MMBLwh (LHV) 313.00 280.00 286,00 290,00 290.00 312,60 207.10 311.00 317.00 33420 340.70 306.30 313.50 323.30 323.40
HC, MMBtuh (HHV) 34282 20668 316,08 31763 31763 34601 336.36 34063 720 366.04 373.16 339.70 347.69 358.56 36867
Inlet Temperature Temperature, F 1,002.5 9795 915 998.8 909.4 967.1 9730 9815 %037 1,0036 10012 9776 990.6 %77 908.4
Exit Tomperat F 12729 1.198.8 1.2229 1.209.4 12405 12195 12261 1.243.1 12693 1.3053 1.312.7 12317 1.260.4 1.281.5 12828
[HRSG Hot Reheat Steam Flow, lbh 671,082 669,156 665,103 663,622 663,077 774,111 763,794 758,321 752213 751,443 752,889 760,679 763,931 754,547 754,098
(at HRSG terminal point) Pressure, psia 509.1 5026 5021 5024 5021 576.5 5704 5683 5667 568.5 569.6 5602 5674 560.4 5603
Temperature, F 10627 10242 1,037.8 10457 1,046.4 1,010.5 10172 10268 10408 10527 10527 10227 1,087.7 10456 10464
Enthalpy. Blulb 1,549.2 1.533.9 1.541.4 1,545.7 1,546.0 1,6244 1,528.3 1.533.5 15412 1547.7 1.547.7 15313 1.539.5 1.543.8 15442
HRSG RH dP — terminal pt. to terminal pL. psi 27 270 270 270 27.4 313 310 209 308 09 307 309 209 310 310
|RHTR #172 Steam Outiet Temperature Temperature. 1,053.0 10245 1,008.2 10461 1.046.7 1,010.9 10176 1.027.1 10412 1,083.1 1,053.1 1,023.1 1,038.0 1,0459 1,046.8
[RHTR #3 Steam Outlet Temperature Temporature, F 968.8 9529 964.0 9708 o714 9434 949.2 9575 969.4 977.8 973.4 9534 9662 973.1 9738
[Reheat Steam Desuperheating Flow Flow, Ibh 10,060 0 ) 0 0 0 0 0 [ 3.432 7,047 [ [ ) [
(from IP Fesdwater) Temperature, F 422 3433 3436 3433 3432 3622 3518 350.5 3506 3496 349.3 3512 3511 350.8 350.7
% of inlet steam 15% 0.0% 0.0% 00% 0.0% 0.0% 00% 00% 00% 0.5% 11% 0.0% 0.0% 00% 0.0%
Final Superheat, F 3783 3839 3934 3995 400.0 3733 3784 3862 3071 3908 389.0 381.9 3938 4006 4012
RHTR #4 Steam Outlet Temperature 8628 856.7 865.1 8712 8716 859.7 863.6 8710 8315 894.1 895.9 866.9 878.4 885.5 6.1
[Cold Reheat Steam from HP Bypass ) o 0 o 0 o o ] ) ] [ o [ 0 [
3500 3500 3500 3500 350.0 3600 3500 3500 3500 350.0 350.0 3500 350.0 3500 3500
950.4 899.1 918.4 9299 931.1 8882 8996 9128 9312 9500 953.2 906.6 9263 9357 9368
Enthalpy. Btu/lb 1.498.8 14716 1.481.8 1,488.0 14886 14658 14719 1.4789 14886 14986 16003 14755 1,486.0 1.491.0 1,491.6
[Cold Reheat Steam from STG to HRSG Flow, Ibh 625,802 623,694 624,216 624,731 624,331 737,507 728279 724,709 721,362 720,191 717,888 725,982 722299 724,705 724,384
(at HRSG terminal point) Pressure, psia 5362 520.7 520.1 5205 5201 607.8 6014 5092 5976 509.4 600.3 600.2 5082 600.4 6002
Temperature, F 6812 643.1 656.3 664.4 865.1 6650 6718 680.3 6923 7056 7085 6763 660.1 6956 696.4
Enthalpy, Buib 1.344.1 1.322.2 1.330.0 13347 1,3352 13298 13343 1,339.5 1.346.6 1.3543 1.356.9 1,337.0 1,344.7 1.348.4 13489
Cold Reheat Steam. % of HP Steam 84.78% 8283% 8357% 83.08% 8401% 98.65% 98.65% 98.65% 9865% 98.65% 98.65% 98.65% 08.65% 9865% 98.65%
HP Steam - Cold Reheat Steam Flow, Ibh 112347 129.256 122,710 119.205 118,675 10.128 9,986 9.947 9,890 9882 9,846 9,959 9911 9,937 9931
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CONFIDENTIAL

Bibb and Associates — Progress Energy Bartow Repowering Project
4x1 F-Class Combined Cycle
i F -- Revision 8
Model Revision: GC561-091106-8 BJScrivner 35 45 50 74 %0 95
1997 Steam Tables
Case Name Case 36 Case 37 Case 38 Case 30 Case 40 Case 41 Case 42 Case 43 Case 44-GUAR Case 45 Case 46 Case 47 Case 48 Case 49 Case 50
3x100% PAG | 3x100% PAG | 3x100% PAG | 3x100% PAG | 3x100% PAG 3x100% 3x100% 3x100% 3x100% 3x100% 3x100% 3x100% 3x100% 3x100% 3x100%
Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired
Gas Fusl Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fusl Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fusl Gas Fuel Gas Fusl
95F 50 F/EC On 74F/EC On 90 F/EC On 95F/EC On 35F 45F 50F 74F 0F o5F 59 F/EC On 74F/EC On 90 F/EC On 95F/EC On
1P Steam (at HRSG terminal point) Flow, Ibh 35123 45,484 40,888 38,890 38,747 36,606 35,508 33613 30,650 27818 27082 34,603 31,633 29,841 20,714
Pressure, psia 5362 5207 5201 5205 5201 6078 601.4 509.2 576 500.4 600.4 8002 508.2 6004 6002
Temperature, F 6715 6663 6687 6698 669.8 6730 6722 6731 6747 6765 6763 6726 6743 676.1 6761
Enthalpy. Btub 1.338.5 13359 1,337.3 13379 13379 13345 13345 13952 1.2082 1.387.2 1.387.0 13348 13360 13369 13369
P Evaporator Drum Exit Flow, I/ 36,123 45.464 40,886 38,890 38,747 36,606 35,508 33613 20,850 27,818 27,052 34,603 31633 29,841 20714
Pressure, psia 5398 5357 5340 5339 533.6 6113 6047 6022 600.0 601.4 6023 6033 600.8 6028 6026
Temperature, F 4750 4742 4739 4739 4738 488.3 487 486.6 4802 4865 486.7 4868 4864 486.7 4867
Enthalpy, Btu/lb 1.204.7 12047 1.204.7 1.204.7 1.204.7 1,203.7 12038 1.203.8 12039 1.2038 1.2038 12038 12038 1.203.8 1.2038
IP Evaporator Blowdown Flow, It 0 [) o [ 9 [ o 0 o [ 0 [ 0 o [
1P Pinch Tomperature, F 15 144 132 12.7 12.7 126 123 18 114 10.1 99 122 13 108 108
1P Approsch Tomporature, F 379 334 344 354 354 358 368 372 286 a1 a7 363 379 394 395
P FW to IP Evaporator (after IPCV) Flow, Ibm 35123 45,464 40,886 38,890 38,747 36,606 35,508 33613 20,850 27818 27,052 34,693 31,633 29,841 20,714
Pressure, psia 5308 5357 5340 5339 5336 8113 6047 6022 6000 6014 6023 6033 6008 6028 6026
Temperature, F 4arq 4408 4304 4385 4384 4525 4513 4495 447.7 4454 4450 4505 4485 4473 4472
Enthalpy, Bl 4159 4200 4185 “74 “73 4331 a7 4207 4277 4252 4247 4308 4286 4273 4274
% Steam in Feedwater 0.0% 0.0% 00% 00% 0.0% 00% 00% 00% 0.0% 00% 00% 00% 0.0% 0.0% 00%
IFosdwater to IP Economizer Flow, Ibh 36123 45,464 40,886 38,890 38,747 36,608 35.508 22613 30,850 27818 27082 34,093 31633 29,841 2714
(pressure is preliminary) Pressure, psia 550.0 8626 547.7 5463 5459 6223 8150 8115 0078 6078 6083 6132 609.1 6101 609.8
Temperature, F 3427 3439 3441 3438 3437 3526 3522 3510 3511 3502 3408 3516 351.6 3613 3812
Enthalpy, Blulb 3148 3160 3163 316.0 3159 3253 3249 3236 3237 3227 3223 3243 3242 3239 3238
P FW T Across BFP F 32 33 33 33 33 32 32 32 22 32 32 32 32 32 32
LP Steam (at HRSG terminal point) Flow, Ibh 26,572 32,416 33317 22312 32,182 22274 3210 29,887 20,754 26,793 26,047 31,729 32066 30410
Pressure, psia 153 162 1165 1162 1160 1312 130.4 1287 1287 277 127.3 1208 1203 1292
Temperature, F 6802 680.1 6793 679.4 679.3 6804 678.7 679.4 o792 680.4 6302 679.1 6789 680.2
Enthalpy. Biullb 1,368.7 13686 1.368.1 13682 1,368.2 13678 1,367.1 1.367.5 1,367.4 1,368.1 1,368.0 1,367.3 13672 13679
P Evaporator Steam Exit Flow, Ibh 26572 32416 22317 2312 321582 2274 33210 20,887 30,764 26,703 25,047 31,728 32,066 30,410
Pressure, psia 172 189 119.4 1188 187 1337 1329 1308 131.0 129.4 1288 1819 131.8 1813
Temperature, F 3395 3406 3409 3406 3405 3495 349.0 3478 278 347.0 3466 3485 348.4 3481
Enthalpy, Btuflb 1.1903 11906 1.190.7 1.190.6 11906 11926 1,1925 1.1922 11922 11920 11920 1,192.4 11923 11923
|LP Evaporator Watar Exit to BFPs Flow, Ibh 794,670 808,698 798.491 793,731 792,878 784,238 73,775 768,260 762103 761,328 762,732 770,632 763,844 764,482 764,026
Pressurs, psia 12 1189 1194 189 187 1337 1329 1308 1310 129.4 1288 1319 1318 1813 1312
Temperature, F 3305 3406 3408 3406 3405 3405 349.0 3478 2479 470 346.6 3485 348.4 3481 3480
Enthalpy. Bl 3107 3118 3122 3118 3118 3212 3208 3195 3196 3186 3182 3202 3201 3198 319.7
[Boiler Feed Pumps Flow Detait
1P FW to HRSG IP Economizer Flow, Ibh 35,120 45,464 40,886 38,890 38,747 36,606 35,508 2613 30,850 27818 27082 34,603 31633 29,841 20,714
1P FW to HRSG RH Desuperheater Flow, Ib/h 10,069 [ 0 0 0 0 0 o ° 3,432 7.047 o 0 [ 0
HP FW 1o HRSG HP Economizer #8 Fiow, Ibh 738,232 752,951 746,926 743,938 743,206 747,635 738,263 734,666 731251 730,078 724,432 735,940 732210 734,642 734314
HP FW to HRSG HP Desuperheater Flow, Ibh 1 0 0 o 0 o 0 o 0 o 3,300 0 0 [ 0
1P FW 10 PAG Steam Desuperheater Flow, lbh 11,247 10,289 10,682 10,904 10,025 0 0 0 o o 0 [ 0 [ 0
1P FW to Cold Reheat Steam Desuperheater Flow, Ibh 0 0 0 o 0 0 0 0 0 0 0 0 0 [ o
HP FW to HP40-CRH Bypass Flow, Ibh o [ o [ 0 o o [ [ o [ [ o o ]
LP Pinch Tomperature, F 172 190 182 178 178 182 179 175 168 162 160 17.7 170 16.7 166
LP Approach Temperature, F 03 324 279 274 272 32 310 326 283 294 205 317 277 275 276
[Condansate Recirculated Flow, Ibh 77007 174,260 98,203 76038 76,103 168,982 141,201 143,104 75,803 56,821 57.333 142,020 75,306 56,563 55,644
Temperature, 3006 3089 2135 3139 3138 3169 3187 3158 3200 3180 3165 3173 211 3210 3209
% of Total LP Economizer Flow % 7% 1% 8% % 17% 15% 15% 9% % 7% 15% 9% % 7%
condensate from LP Economizer Flow, 1M 898,273 1015427 930,036 002,087 901,138 985,555 648,250 941,262 868,758 844,939 845,137 944,407 871,319 850,804 849,919
Temperature, F 088 3080 3127 3132 3130 3160 3178 31650 3193 3173 3158 3165 3204 3203 3201
Enthalpy. Btulb 2793 2783 2633 2837 2836 2866 2885 2856 2901 2880 2865 287.2 2012 2012 2910
|condensate to LP Economizer Flow, Ibh 898,273 1,015,427 930,036 902,087 901,130 985,555 948,250 941,262 868,758 844,939 845,137 044,407 871,319 850,504 849,015
Temperature, 1350 1350 1350 1350 1350 1350 1350 1350 1350 1350 1350 1350 1360 1350 1350
Enthaipy. Btullb 1042 1042 1042 1042 1042 1042 1042 1042 1042 1042 1042 1042 1042 1042 1042
|condensate from Recirculation Flow, Ibh 77,007 174,260 98,203 76,038 76,103 168,982 141,201 143,104 75893 56,821 57,333 142,020 75,366 5,563 66644
Temperature, F 309.6 3089 3135 3139 3138 3169 3187 3158 3200 3180 3165 3173 3211 3210 3209
|condensate Bypassing LP Economizer Flow, Ibh [ 0 [ o [ [ [ 0 [ 0 ] o [ o 0
% of Total Condensate Fiow 00% 0.0% 00% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 00% 0.0% 0.0%
Temperatur, F 1184 985 1136 1183 183 %8 102.4 102.1 1170 1216 121.6 1022 7.1 1218 1218
[Condensate to HRSG Flow, Ibh 821266 841,166 831833 826,048 825,036 816,572 807,048 708,158 762,865 788,118 787,804 802,387 795,954 794,941 794274
Pressure, psia 4867 4856 4856 4860 486.2 4896 4905 4019 w912 914 4015 013 490.7 4904 4905
Temperature, 1184 %85 136 1183 1183 %8 102.4 102.1 170 1216 121.6 1022 17.4 1218 1218
|stack Exit Flow, I 3,762.255 4,208,117 4,016,938 3,913,110 3,906,031 4,216,457 4.141,904. 4,023,708 3863915 3,690,696 3,646,500 4,074,248 3,890,008 3,790,628 3,783,803
Tomperature, F 1976 1988 2014 2015 2013 1996 2006 1984 2011 199.1 197.8 199.7 2020 2018 2016
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CONFIDENTIAL

4x1 F-Class Combined Cycle

Bibb and Associates - Progress Energy Bartow Repowering Project

|Estimated Performance -- Revision 8

Model Revision: GC561-091106-8 BJScrivner 5 45 50 74 %0 95
1997 Steam Tables
[Case Name Case 36 Case 37 Case 38 Case 39 Case 40 Case 41 Case 42 Case 43 Case 44-GUAR Case 45 Case 46 Case 47 Case 48 Case 49 Case 50
3x100% PAG | 3x100% PAG | 3x100% PAG | 3x100% PAG | 3x100% PAG 3x100% 3x100% 3x100% 3x100% 3x100% 3x100% 3x100% 3x100% 3x100% 3x100%
Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired Fired
Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fuel Gas Fusl Gas Fusl Gas Fusl
95F 59 F/ECOn 74F/ECOn 90 F/EC On 95FECOn 35F 45F 50F 74F 90 F 95 F 50 F/EC On 74 F/EC On 90 FECOn 95 F/EC On
Steam Turbine Generator
P Turbine Stage 1 Shaft Power KW 8.852 8,667 8735 8,784 8778 8463 8437 8,487 8562 8,697 8,002 8.462 8550 8,653 8,657
ﬁp Turbine Remainder Shaft Power KW 89.147. 87.779 88.520 89.001 88,999 78,653 78.561 79.261 80.373 81615 81380 78,859 80,077 81.131 81185
iP Turbine Shaft Power KW 113,765 110.516 110,672 111,365 111,339 126,401 126,270 125,603 125829 127,210 127,627 126.431 126,687 126,702 126,728
LP Turbine Shaft Power KW 187,146 190,054 188,711 186,163 186,041 212,768 214,007 212.889 211.478 208,762 208,673 213617 211,021 200,780 200,706
[Total Shat Power KW 390,058 388,348 388,103 386,529 386,379 417823 417,838 417753 417,679 417588 417,580 417,808 417,685 417.613 417,620
ISTG Throttls Steam Flow, b/ 2214717 2,268,851 2,240,778 2,231,811 2229618 2242.904 2214797 2.203,967 2193757 2,190,218 2.183,194 2,207,823 2,196,630 2208827 2202945
Pressure. psia (MAX 2270 psia) 2273 22686 22683 22698 22685 22496 22319 22328 22385 22516 22476 22810 22874 22529 22529
Temperature, F 10488 1,006.9 10225 10319 10328 997.3 10055 10162 10315 1.047.5 1,050.0 10114 1027.4 10358 1,036.8
Enthalpy. Btuflb 1.497.8 14706 1,480.8 14870 1.487.6 14648 1,4709 14779 1.467.6 1,497.6 14093 14745 1.485.0 1.490.0 1,490.6
[THV Pressure Loss psi 454 453 453 453 453 447 443 443 45 447 446 443 444 448 448
200% 200% 200% 200% 200% 1.99% 1.99% 1.99% 199% 1.99% 1.99% 1.99% 1.99% 1.99% 1.99%
Leak 1 Leakage Flow to HRH Flow, Ibh 27856 28.403 28175 28,062 28,033 28317 27.961 27.820 27683 27,636 27,553 27,808 27,725 27811 27.796
’HP Turbine Exit Flow, Ib/h 2,186,880 2,230,446 2212.609 2203,743 2.201,584. 2.214,686 2,186,846 2,176,145 2166076 2,162,574 2,155,628 2,179,950 2,168,004 2176,118 275,149
Pressure, psia 5833 §77.1 5766 5770 576.7 6498 6431 641.1 97 6419 8426 6419 640.3 6429 6427
Temperature, F (MAX 840 F) 6681 650.5 6635 671.5 6723 6714 678.1 686.6 6985 AR 7145 6626 6953 018 7025
Enthalpy, Btuib 1.345.1 13232 13310 13357 13362 13308 1,3353 13405 13477 13553 13569 13380 1.345.7 13404 13499
Efficiency (THV inlet to HPT exit) 85.96% 8597% 85.97% 8597% 85.97% 8583% 8583% 8583% 8584% 85.83% 85.84% 8583% 85.84% 8584%
Efficiency (THV.exit to HPT exit) 87.06% 87.06% 87.06% 87.06% 87.05% 87.04% 8704% 87.03% 8704% 87.03% 87.04% 87.04% 87.04% 8704% 87.04%
Loaks 385 Leakage Flow to SSR Flow, Ib/h 1,826 1,847 1,830 1,823 1.821 2064 2034 2017 1,998 1,990 1990 2024 2004 2005 2003
CRH Steam to Steam Seals Flow, Ib/h 181 151 175 188 192 0 [ [ ) [ 0 [ 0 [ [
[Cotd Reheat Flow at STG Terminal Point Flow, Il 2.184,873 228,449 2210,603 2201732 21199671 2212.622 2.184,812 2.174.128 2164078 2,160,583 2,153,638 2177.935 2.166,900 2174113 2173,145
Pressure, psia 5833 577.1 5766 7.0 576.7 6498 643.1 6411 6397 6419 6426 5419 6403 6429 642.7
Temperature, F 688.1 650.5 663.5 6715 6723 671.4 678.1 6866 6985 Tz 7145 6826 6953 7018 7025
Enthalpy, Btu/lb 1.345.1 1.323.2 13310 1,335.7 1,336.2 1.330.8 13353 1,340.5 1.347.7 13653 1.356.9 1.338.0 13457 1.349.4 1.3499
[Cold Reheat Steam Desupsrheating Flow Flow, Ib/h [] ) [ [ 0 [ 0 0 ) ] [ 0 0 ) ]
Temperature. F 3422 3433 3436 3433 432 3622 3518 350.5 3506 3496 3493 3512 3511 3508 3507
Final Cold Reheat Steam after Conditioning Flow, Ibh 2184873 2,228,449 2,210,603 2.201,732 2,189,571 2,212,522 2.184.812 2,174,128 2164078 2,160,583 2,153,638 2.177,935 2,166.900 2174113 2173145
Pressure, psia 583.3 5771 5766 577.0 576.7 6498 6431 8411 697 6419 6426 641.9 6403 6429 6427
Temperature, F (MAX 750 F) 688.1 6505 0635 6715 6723 671.4 678.1 68