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Abstract

Currently, many power generating companies are challenged to
reduce operating costs, and at the same time, the cost of unit
unavailability can be significant in today’s power markets.

In the past decade, management of nuclear power plants, including
Korea Hydro & Nuclear Power (KHNP), has been focused on
reducing forced outage rates and nuclear-safety-related issues, with
less attention paid to thermal performance. But recently, KHNP has
been strongly challenged to increase unit thermal performance, as
tossil power plants are forced to prepare for the impact of future fuel
price increases and carbon taxes and cope with strengthened global
environmental regulations.

This mission can be accomplished only through effective
performance monitoring and maintenance activities, and in this
regard, KHNP has started to perform periodic (a six-year cycle)
diagnostic testing for turbine cycle performance at all of its
nuclear units.

The purpose of this paper is to introduce KHNP’s diagnostic testing

methodology for nuclear turbine cycle performance.

Keywords

Full-scale test

Nuclear power plant

Thermal performance diagnostic test
Turbine cycle
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Executive

Summary

The performance diagnostic test program has been conducted at
Korea Hydro & Nuclear Power’s (KHNP’s) nuclear power plants to
determine the overall performance of the turbine cycle. This test
program can be used in combination with the contractual acceptance
test of new units to achieve benchmark performance parameters of
overall turbine cycle and individual turbine cycle components in new
and clean conditions.

In this report, Section 1, Introduction, discusses the newly
considered diagnostic test program methodology for nuclear turbine
cycle performance and the verification of its accuracy.

Section 2, Test Methodology, discusses modifying several test
restrictions to conduct the full-scale test for nuclear turbine cycle
performance. The thermal performance modeling is generated from
recalculating the test heat balance at test conditions using Group 2
corrections. Verification that the diagnostic test at KHNP is
sufficient to conduct in lieu of a full-scale test for nuclear turbine
cycle performance is done by comparing the test result from the
alternative test method with the modeling result.

In Section 3, Test Results and Achievement, performance gains are
presented showing that over the past four years; the thermal
performance diagnostic testing resulted in an increase of

approximately 19.3 MW.

In Section 4, Conclusions and Lessons Learned, the test result from
heat balance modeling and the result from the American Society of
Mechanical Engineers Performance Test Code 6 Alternative Test
Method differed by a maximum of about 0.06%. It is possible to
provide accurate information about the turbine cycle and estimate the
benefits or loss that result from any performance change.
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Section 1: Introduction

Many nuclear power plants presently evaluate turbine cycle performance by
conducting the American Society of Mechanical Engineers (ASME)
Performance Test Code (PTC) 6 test using an alternative test methodology. This
test program provides limited information about the plant performance; that is, it
provides only overall performance parameters such as corrected generator output
and heat rate.

The ASME PTC 6 full-scale test method requires extensive thermal cycle
measurement and heat balance calculations and provides detailed information on
the turbine cycle and its components. However, this method has been very costly
and physically impractical for nuclear power plants to use because in many cases
new test connections for tracer injection and sampling and/or installation of
temporary test piping sections for heater drain flow measurement are required to
be installed prior to testing.

Korea Hydro & Nuclear Power (KHNP) has been developing a test program that
precisely evaluates the performance level of the nuclear turbine cycle and its
individual cycle components. This program refers to the guidelines of the ASME
PTC 6 full-scale test method, but does not require the addition of test
connections or temporary pipe sections to facilitate accurate measurement of
process parameters. Instead, it employs less intrusive methods of data acquisition
through the use of calibrated ultrasonic flow meters and application of well-
established principles of thermodynamics. The new test program methodology
has been applied to KHHNP’s nuclear power plant units since 2008.

In addition to the benchmark performance parameters of the overall turbine cycle
and its individual components, the test program also provides the turbine cycle
thermal performance modeling based on the actual unit performance parameters.
This report is composed of the following:

*  Overall test program objectives

»  Test methodology

* Thermal performance modeling from the test results

»  Test results and achievement

* Lessons learned from the test program

= Test program summary and conclusions

<1-1>»
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Section 2: Test Methodology

Full-Scale Test and Alternative Test in ASME PTC 6

The ASME PTC 6 code contains the most commonly used technical guidelines
to evaluate the performance of steam turbines and their thermal cycles. This code
presents full-scale test and alternative test procedures. The full-scale test requires
extensive thermal cycle measurements and heat balance calculations that provide
detailed information on the individual sections of the steam turbine. The
alternative test relies on fewer measurements and makes greater use of correction
curves for cycle adjustment and heater performance with resultant cost savings
over the full-scale test.

Test measurement for the full-scale test procedure allows performance evaluation
of individual turbine cycle components, such as turbine individual sections,
feedwater pump turbines, moisture separator/reheaters (IMSRs), and feedwater
heaters. Accurate performance testing of the condenser is also possible with
additional temperature measurement of the condenser circulation water. The test
results also provide the input data, that is, performance parameters of individual
turbine cycle components, for the plant thermal performance modeling.

Constraints for Conducting the Full-Scale Test

In most nuclear power plants, the alternative test is conducted for steam turbine
testing, as the nuclear steam turbines are operated in the wet steam region, which
is the biggest constraint for conducting the full scale test. ASME PTC 6 code
presents several methods for conducting the full-scale test in nuclear power
plants, such as the tracer technique or heater drain flow and heat balance, but
these methods are still cost and labor intensive and impractical to apply to
existing power plants because, in many cases, new test provisions for tracer
injection and sampling or temporary test pipe sections for heater drain flow
measurement are required.

Under these technical restrictions, operators in nuclear power plants experience
difficulties in monitoring and managing performance of individual turbine cycle
components and their impact on the electric power output. As a result, the
operators cannot cope effectively with plant anomalies related to the kW output
performance.

<21 >



Modifications to Conduct the Full-Scale Test

KHNP’s diagnostic test program for nuclear turbine cycle performance is
basically following the technical guidelines in the ASME PTC 6 full-scale test

method with the following minimum deviations and modifications:

»  Use calibrated ultrasonic flow meters to measure the MSR drain flows and
high-pressure turbine exhaust steam condition to be determined using energy

balance around the MSR.
»  Use Keuftel and Esser (K&E) ship curve number 864-31 (dry region) and

50-in. (127 cm) radius curve (wet region) to estimate the extraction stage
steam enthalpy as shown in Figure 2-1.

»  Use the design moisture removal effectiveness of the low-pressure turbine
moisture removal stage to estimate the moisture blowdown from the steam

path.

= Assume a constant enthalpy process at the extraction line to the feedwater
heaters and reheaters.

* Extend the test boundary from the steam turbine to the overall turbine cycle
eliminating Group 1 correction.

The test results provide extensive information about the steam turbine and its
cycle components, but the test is easier to conduct and more practical compared
to the ASME PTC 6 full-scale test with minimal sacrifice of the test uncertainty.
This test program can be used in combination with the contractual acceptance
testing of new units to achieve benchmark performance parameters of overall
turbine cycle and individual turbine cycle components in new and clean
conditions. It can be periodically conducted on existing units to trace
performance deterioration of individual turbine cycle components and their
impact on electrical power output.

<22>»
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Figure 2-1

Typical High-Pressure/Low-Pressure Turbine Steam Expansion Line

Thermal Performance Modeling from the Test Results

Figure 2-2 depicts the process for obtaining the thermal performance modeling
by conducting this diagnostic test.

The performance parameters of individual turbine cycle components determined
from the test cycle heat balance calculation are used as input data for the plant
performance modeling.
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Figure 2-2
Process of How to Get the Thermal Performance Modeling

Modeling the plant thermal performance, the expected output when turbine cycle
external variables (throttle pressure and moisture, low-pressure turbine exhaust
pressure, generator power factor, and steam generator thermal power) are
operated at rated conditions is predicted accurately by heat balance calculations
when the following performance parameters resulting from the test cycle heat
balance calculation are known:

* Turbine expansion line efficiency, which is determined for each turbine
section or stage group by the:

- Inlet volume flow
- Steam conditions (a measure of moisture losses)
- Pressure ratio

* Flow functions at each turbine bowl and extraction stage

»  Cycle steam line pressure drop losses (includes turbine valves and moisture
separator reheater)

* Extraction steam line pressure drop losses

* Moisture separator effectiveness

* Reheater thermal temperature difference

* Feedwater heater thermal temperature difference and drain cooler approach
* Feedwater pressure drop losses

* Feedwater pump turbine efficiency

*  Feedwater pump efficiency or enthalpy rise

* Packing and valve stem leakage flows

Appendix B is provided as an example of plant performance modeling, which was
conducted recently for Yong Gwang Nuclear Power Plant Unit #4 in 2011.
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Model Verification

In order to have confidence in the results from the modeling, test results from the
corrected kilowatt output calculation using performance correction curves should
be cross-checked with the predicted kilowatt output.

Table 2-1 shows a sample comparison between results from the correction curves
and the plant performance modeling. It was reported that the difference was a
maximum of approximately 0.06%.

Table 2-1
Comparison of Each Test Result for 1,000-MW Korean Nuclear Power Plant’s
Performance Diagnostic Tests Since 2008

Test Results From From Difference
Corrected Kilowatt | Correction | Performance (a)-(b) [(a)-

Output Curves (a) | Modeling (b) | |\ (b)]/(a)

YGN #5 | TROT | 1,043,511 | 1,043,551 40 0.004%

(Sep. 2008) | TRO2 | 1,043,522 | 1,043,524 2 0.0002%
YGN #6 | TRO3 | 1,045,424 | 1,044,817 607 0.06%
(Dec. 2008) | TRO4 | 1,045,855 | 1,045,294 561 0.05%
UCN #4 | TRO1 | 1,048,146 | 1,047,882 264 0.03%
Jun. 2009) | TRO2 | 1,047,832 | 1,047,729 103 0.01%
UCN #3 | TRO1 | 1,040,770 | 1,041,244 474 0.05%
(Dec. 2009) | TRO2 | 1,041,051 | 1,041,515 464 0.04%
UCN #6 | TRO1 | 1,042,423 | 1,042,863 439 0.04%
(Apr. 2010) | TRO2 | 1,042,160 | 1,042,435 275 0.03%
UCN #5 | TRO1 | 1,043,282 | 1,043,485 203 0.02%
(Nov. 2010) | TRO2 | 1,043,039 | 1,043,217 119 0.02%
UInGE 0#130) TROT | 1,048,359 | 1,047,843 | 516 | -0.05%
(Aﬁ'\;g]“” TROT | 1,053,009 | 1,053,124 | 115 0.01%

Notes:

YGN is the Yong Gwang Nuclear Power Plant.
UCN is the Ulchin Nuclear Power Plant.

This plant performance modeling, achieved from the test cycle heat balance
calculation, allows the plant performance engineer to more accurately simulate
changes in kilowatt output and operating parameters when cycle modification
and/or unit uprating is performed.
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KHNP is now developing an on-line performance monitoring system that makes
use of the test results from the field performance diagnostic test program. The
modeling achieved from the field test also provides real-time expected kilowatt
output and reference values to reconcile the station raw data when using the on-
line performance monitoring system as a calculation engine. Using the reconciled
values in lieu of the raw data will drastically reduce the overall uncertainty of the
on-line performance calculation, which includes the reactor thermal power

Figure 2-3 illustrates briefly the test methodology process.

ASME PTC 6 alternative test method

Calculate the kW output performance using
manufacturer’s correction curves.

ASME PTC 6 full-scale test method

Determine performance parameters of individual turbine cycle
components from test cycle heat balance calculation.

Modification of ASME PTC 6 full-scale test:

» K&E 864-31 (dry region) and 50-in. radius curve (wet region) to estimate
the extraction stage steam enthalpy.

+ Use design moisture removal effectiveness of LP turbine moisture removal stage to
estimate the moisture blowdown from steam path.

» Assume a constant enthalpy process at the extraction line to feedwater heaters
and reheaters.

v

Thermodynamic heat balance modeling

Create THB modeling using measured performance parameters.
Simulate the kW output performance at the rated conditions.

—~——

Verification of thermodynamic heat balance modeling

Compare the test result from ASME PTC 6 alternative test methodd
with THB modeling output.

1in. =254 mm

Figure 2-3
Process of the Thermal Performance Diagnostic Methodology
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Section 3: Test Results and Achievement

Testing and Computation of Test Results

All test runs are conducted near 100% rated thermal output and as close as
possible to the rated steam conditions. Steam conditions during the above time
periods should be stable and should not deviate from the permissible fluctuations

of variables stated in Table 3.1 of ASME PTC 6-2004.

The test data recorded by the data acquisition system are stored on disk during
each test point. Immediately following a test point, the data are printed, along
with averaged values converted to engineering units, and corrections are made for
water legs, barometric pressure, and instrumentation calibration. All reduced data
are averaged for the appropriate test time period. Redundant readings are
averaged. The average value of the test data for each test run is posted on the
instrumentation diagram. All calculations are performed using International
Formulation Committee of the 6™ International Conference on the Properties of
Steam, The 1967 IFC Formulation for Industrial Use (IFC 1967), or the
International Association for the Properties of Water and Steam Industrial
Formulation 1997 (IF 1997 ) steam properties, depending on the version used in
the design heat balance. Appendix A details computation of test results of this
test program for the Korean Standard Nuclear Power Plant Optimized Power
Reactor-1000.

Calculation Using Performance Correction Curves

During the test runs, it would be unlikely that all plant operating conditions
could be maintained exactly at the same values as the reference conditions.
Therefore, it is necessary to correct test performance for the effect of such
deviations.

The ASME PTC 6.0 code, which applies only to steam turbines, categorizes
these corrections into two groups, Group 1 and Group 2 corrections. Group 1
includes corrections for variables primarily affecting feedwater heating systems,
such as feedwater heater terminal temperature difference (T'TD) and drain cooler
approach (DCA), auxiliary extractions, enthalpy rise through pumps, extraction
line pressure drop and heat losses, and generator power factor. Group 2 includes
corrections for variables affecting turbine performance, such as throttle steam
pressure, throttle steam quality and low-pressure turbine exhaust pressure.

<31 >



The calculation procedure of the net electrical output in this performance
diagnostic test program is similar to the ASME PTC 6 alternative test, which is
commonly used for performance evaluation of nuclear steam turbines.

In this test program, the concern is not for the steam turbine, but for the overall
turbine cycle. The correction procedure should be modified to extend the test
boundary so that the feedwater heating systems are located inside the test
boundary. In this case, most of Group 1 correction variables should be eliminated.
Corrections applied to the computation of the net electrical output are as follows:

= Throttle steam pressure (at constant megawatts thermal [MWt])

» Throttle steam quality (at constant MWt)

* Low-pressure turbine exhaust pressure

*  Generator power factor

= Steam generator thermal output (MW?t) and deviation from the rated MWt

» Throttling loss at the high-pressure turbine governor valve

The ASME PTC 6 code proposes that unaccounted-for cycle losses should be
assumed as steam generator leakage and, therefore, be subtracted from the
measured final feedwater flow to obtain the steam generator outlet flow.
However, in the nuclear power plant, it may be more reasonable to apply only the
level change of the steam generator for calculation of the steam flow and use the
calculated unaccounted-for cycle losses just for evaluating the cycle isolation
conditions. This is because there are no vents and drains in the nuclear steam
generation system except the continuous blowdown, which means that there is
not a source of leakage when the blowdown system is isolated.

In the engineering judgment of the author, the PTC 6 proposal relating to the
unaccounted-for cycle losses is applicable only to fossil-fired power plants.

Calculation Using Heat Balance Modeling

Because the nuclear steam turbines operate in the wet steam region, the steam
quality of the turbine extraction steam to feedwater heaters or moisture separator
reheaters must be determined for turbine cycle heat balance calculation. ASME
PTC 6 code recommends several methods for determining steam quality in
nuclear power plants, such as the tracer technique or heater drain flow and heat
balance, these methods are still cost and labor intensive and impractical to apply
to existing power plants because, in many cases, new test provisions for tracer
injection and sampling or temporary test pipe sections for heater drain flow
measurement are required.

This test program basically refers to the ASME PTC 6 full-scale test procedures,
but some modifications as mentioned in Section 2 are made to best estimate the
steam quality of the turbine extraction steam.
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This approach allows full calculation of turbine cycle heat balance, and the
calculations are easier and more practical to conduct relative to the ASME PTC
6 full scale test. Test uncertainty caused by using some design parameters is
inevitable, but the magnitude of the increase in test uncertainty relative to the
tracer technique or heater drain flow and heat balance method will be very small
because stringent steam turbine performance characteristics are used. It should be
noted that steam sampling and analysis in trace technique and heat drain flow
measurement also yield relatively high measurement uncertainty.

Test Accomplishments

The main purpose of this performance diagnostic test program is to accurately
estimate the performance parameters of individual turbine cycle components and
plant thermal performance modeling for KHNP’s operating nuclear power plant
units. The test results will be used as the baseline data to monitor the
performance deterioration of the turbine cycle and its components.

Conducting this test program over the past four years, there were additional
accomplishments that resulted in the improvement of the electrical output as
shown in Table 3-1. The improved electrical outputs have been identified after
on-site actions to correct the detected output factors for each plant.

= Case 1: The Kori Nuclear Power Plant (KRN) #1 test program was
conducted in 2008 and found the partial open state of a drain valve, which is
the main steam-to-condenser dump line for checking the cycle isolation.
There was about a 1.2-megawatt increase in output as soon as the plant
operator closed the valve.

» Case 2: The Yong Gwang Nuclear Power Plant (YGN) #5 test program was
conducted in 2008. A fault in the Y channel was identified in the steam
generator #2 inlet feedwater flow nozzle after analysis of the flow nozzle
calibration data in accordance with ASME PTC 6. Thus, it was
recommended to change the average mode of the final feedwater channel
into the X channel only. About a 3-megawatt increase was attained.

» Case 3: The Wolsong Nuclear Power Plant #3 test program was conducted
in 2009 and identified that the condenser pressure limit (3.2 kPa [0.464 psi])
in winter required by the operating procedure resulted in an electrical output
loss. About 1 megawatt increased per month in winter after removing the
condenser pressure limit.

= Cases 4 and 5: The Ulchin Nuclear Power Plant (UCN) #3 & #4 test
programs were conducted in 2009, and both units had the same problem.
The second reheater heating steam isolation valves were only partially open,
which should be fully open during normal operation. The valves were fully
opened, resulting in about a 1.3-megawatt increase.

= Case 6: The YGN #3 test program was conducted in 2010 and found that
the steam generator #2 inlet feedwater flow nozzle was fouled. Thus, the
differential pressure transmitter in the field was corrected from the one
installed for the diagnostic test, resulting in about a 2.5-megawatt increase.
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Case 7: The UCN #6 test program was conducted in 2010, which was the

same as Case 2 above. This resulted in a 2.4-megawatt increase.

Case 8: KRN #3 was conducted in 2011, which identified a low temperature
indication of the steam generator inlet feedwater. The temperature in the
field was an of average 1.38°C (2.48°F) lower than the test instrument, which
resulted in about 0.35% over-estimation of the reactor thermal power. After
checking for the signal loop of the related line, about a 1.9-megawatt
increase was attained.

Case 9: An overflow of the continuous vent for feedwater heaters in several
nuclear power plants was found. The valve opening optimization was
recommended. In 2010 YGN #3 showed the largest increase, about 1.5
megawatts.

Table 3-1
kW Output Improvement Resulting from Diagnostic Testing

Electrical Output
Cause of kW Output Improvement

No. Unit Loss by Test Result

Analysis Modeling On-Site

Simulation Action

Partially open drain valve
1 KRN #1 | (main steam to condenser) N/A 1.2 MW
found in cycle isolation

Steam generator #2 inlet
2 YGN #5 | feedwater nozzle faulty on | 3.275 MW 3.0 MW
Y channel

Condenser pressure limit
sefting in winter

3 WSN #3 0.390 MW 1.0 MW

Partially open second
4 UCN #3 | reheater heating steam 0.899 MW 0.9 MW

isolation valve

Partially open second
5 UCN #4 | reheater heating steam N/A 0.4 MW

isolation valve

Reactor thermal power
6 YGN #3 | ©verestimation from steam 2 452 MW 2 5 MW
generator #2 inlet

feedwater nozzle fouling

Steam generator #2 inlet
7 UCN #6 | feedwater nozzle faulty on | 2.288 MW 2.4 MW
Y channel
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Table 3-1 (continued)

kW Output Improvement Resulting from Diagnostic Testing

Electrical Output
Cause of kW Output Improvement
No. Unit Loss by Test Result : :
Analysis Modeling On-.Slte
Simulation Action
Reactor thermal power
overestimation according
8 KRN #3 | to low indication of steam N/A 1.9 MW
generator inlet feedwater
temperature
6 units 1.5 MW for
0 not Excess of feedwater heater | 1.481 MW YGN #3
including | continuous vent flow for YGN #3 | and 4.5 MW
YGN #3 for others
Total 19.3 MW
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Section 4: Conclusions and Lessons Learned

Summary

In many nuclear power plants, turbine cycle performance is evaluated by
conducting the ASME PTC 6 test using an alternative test methodology because
the nuclear steam turbines operate in the wet steam region, which is the biggest
limitation to conducting the full-scale test. Under these technical restrictions,
operators in the nuclear power plant experience difficulties in managing
performance histories of individual turbine cycle components and their impact on
the electric power output. Therefore, they cannot deal effectively with plant
anomalies that are related to the lost electrical output performance.

The diagnostic test program for nuclear turbine cycle performance at KHNP is
basically following the technical guidelines in the ASME PTC 6 full-scale test
method with minimum deviations and modification. Thus, it is possible to create
thermal heat balance modeling by using measured performance parameters that
are expected to simulate the electrical output performance at rated conditions.

This test program can be used in combination with the contractual acceptance
test of new units to achieve benchmark performance parameters of overall turbine
cycle and individual turbine cycle components in new and clean conditions. Also,
if this test is periodically conducted on existing units, it can be used to identify
performance deterioration of individual turbine cycle components and quantify
their impact on the electrical output. KHHNP is planning a six-year-cycle for this
testing to obtain accurate absolute performance levels of the turbine cycle
components and to update the modeling.

Conclusion

It is reported that the heat balance modeling was different by approximately a
maximum of 0.06% from the test results from ASME PTC 6 alternative test
method. Using the plant performance modeling created from the turbine cycle
performance diagnostic test with precision test instrumentations, accurate
information about the turbine cycle can be provided and the benefits or loss
resulting from any performance change can be estimated.

<41 >






e

Section 5: References

1. ASME PTC 6.0 -2004 Steam Turbines

2. ASME PTC 12.2 -1998 Performance Test Code on Steam Surface
Condenser

3. F.G. Baily, J. A. Booth, K. C. Cotton, and E. H. Miller, “Predicting the
Performance of 1800-rpm Large Steam Turbine Generators Operating with
Light-Water-Cooled Reactors,” GET-6020 (February 1973).

4. ASME PTC 12.4 -1992 Moisture Separator and Reheaters

ASME PTC 6A -2000 Appendix to PTC 6 , The Test Code for Steam
Turbines

6. ASME PTC 12.1 -2000 Closed Feedwater Heaters

7. K. C. Cotton, Evaluating and Improving Steam Turbine Performance. Cotton
Fact (1993).

<51)>»






Appendix A: Computation of Test Results

Corrected kW Output Calculation Using Performance
Correction Curves

The measured electrical output is corrected using the following sample equation.
The corrected kilowatt (kWeorrecrea) is the expected net electrical output when the
correction variables operate at the reference conditions:

kw

kW _ Adjusted E A ]
corrected CFKl % CFK2 x C’F‘]{3 X CFKMWt x CFK qg. A-

Throttle

Where:

CFK; = kW output correction factor for throttle steam pressure

CFK; = kW output correction factor for throttle steam quality

CFKs = kW output correction factor for low-pressure turbine exhaust pressure
CFKumw: = MWinermal_est / MW thermal_design

CFKorte = kW output correction factor for high-pressure control valve
throttling

kW .giusiea = Electrical output adjusted to nominal power factor, kW

Steam generator thermal output is defined as:

MW s omar = Qrpw = D6 1ever ) X (sgour = lppw ) + O X (hbf = gy )
Eq. A2

Where:

Qprw = Steam generator inlet final feedwater flow

Qsc Lever = Change in steam generator drum level in mass flow

Q = Steam generator blowdown flow

hrrw = Steam generator inlet final feedwater enthalpy
hscour = Steam generator outlet steam enthalpy

b = Steam generator blowdown enthalpy
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The correction factor for the high-pressure turbine governing valve throttling can
be calculated using the method described in Paragraph 3-13 of the ASME PTC

6.0 code as shown below:

Ap,, —A
%AHR = x| ZLmo ~CPuo |, g

w P Eq. A-3

CFK,, ... =1—%AHR Eq. A4

Where:

W./W., = Ratio of steam flow through control valve #4 to total steam flow

JAY = Pressure drop across control valve #4 during the test run

AP, = Pressure drop across control valve #4 at the valve wide open
condition

P. = Throttle pressure

k = % effect on heat rate for 1% change in pressure drop (0.15 for
nuclear)

Determination of the turbine cycle heat rate is meaningless in a nuclear power
plant because the steam generator thermal output is bound up with the licensed
reactor thermal power, and the test measured electrical output is to be corrected
for the rated steam generator thermal output. From the equation below, the
percent change in kW output is exactly same as the percent change in turbine
cycle heat rate, and the corrected kW output should be interpreted as
performance level rather than unit maximum capacity or specified conditions for
heat rate calculation in the fossil power plant.

Steam Generator Thermal Output(=Constant)
HRcorrez’led - E qg. A'5

corrected

Test Cycle Heat Balance Calculation

The calculation procedures for performance parameters of steam turbine and
individual turbine cycle components are as follows.

Steam Turbine Performance Parameters

From the Mollier Chart shown in Figure 2-1, the high-pressure turbine section
efficiency is defined as:

h,—h
1 ms 1o HPELEP = W Eq. A6
'MS — "HXS2
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1 B wpELEP =W Eq. A7
B~ HXS1

Where:

hus = Main steam enthalpy, kJ/kg

hupswe = High-pressure turbine bowl steam enthalpy, kJ/kg

huperer = High-pressure turbine exhaust steam enthalpy, kJ/kg

huxsi = Isentropic enthalpy at expansion from main steam to high-pressure
exhaust, kJ/kg

huxs: = Isentropic enthalpy at expansion from high-pressure bowl to high-

pressure exhaust, kJ/kg

Because the high-pressure turbine section is operating in the wet region, its
exhaust steam enthalpy, Hupexs, cannot be determined from direct measurement
of steam pressure and temperature. As such, calibrated ultrasonic flow meters are
used to measure the moisture separator reheater (MSR) drain flows, and the
high-pressure turbine exhaust steam enthalpy is determined using a mass and
energy balance calculation around the moisture separator reheater.

Steam enthalpy at the high-pressure turbine extraction stages is then determined
from the expansion line of the 50-in.(127-cm) radius curve with design
expansion slop reading the values at the measured extraction pressure.

From the Mollier Chart shown in Figure 2-1, the low-pressure turbine section
efficiency is defined as:

h —h
_ Mipewi — Mipueer
Nuveer = h h Eq. A-8
LPBWL ~ "LXS1
_ y pys, — e
N eer = h h Eq. A9
LPBWL ~ 'LXS1
_ hLPBWL _hBASE ELEP A
M pask pLep = h h Eq. A-10
LPBWL ~ "'LXS1
Where:
hipgw. = Low-pressure turbine bowl steam enthalpy
hipeep = Low-pressure turbine expansion line end point
hgaseerer =  Low-pressure turbine base expansion line end point
Hipueep = Low-pressure turbine used energy end point
Hixs1 = Isentropic enthalpy for expansion from low-pressure bowl to low-

pressure exhaust
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The value of turbine efficiency that includes all the losses is based on the actual
end point. The actual steam condition exiting at the condenser is called the used
energy end point (UEEP). It is plotted in Figure 2-1 at the low-pressure turbine
exhaust pressure, and the enthalpy, Hugep, is the enthalpy of the steam leaving
the last stage.

Because the low-pressure turbine exhaust is in the wet region, the Hugep should

be determined from the mass flow and energy balance calculation around the
overall steam turbine including the generator power output, which is the same

method as the ASME PTC 6 full-scale test procedure.

n n
Orpexir = Qus — Z Qleakoffj - Z Q.craction — Qovis prv Eq. A-11
j=1 j=1

Oy Xy — ZQIeakoﬁ"j LT b zQextmm'onj M taciiond ~ Poss prw X Poss pry — Kvyshqﬁ

1 =
h UEEP =
QLP EXH
Eq. A-12
Where:
Qrrexu = Low-pressure turbine exhaust steam flow to condenser
Qus = Main steam flow
hwms = Main steam enthalpy
Quaor = Control valve and turbine shaft leak-off steam flow
hiaos = Control valve and turbine shaft leak-oft steam enthalpy
Qeraction = Heater, moisture separator reheater, and feedwater pump turbine
(fwpt) extraction steam flow
heracion = Heater, moisture separator reheater, and fwpt extraction steam
enthalpy
Quspry =  Moisture separator drain flow
huspry = Moisture separator drain enthalpy
KW = Turbine shaft power (=kilowattmeasured + fixed loss + generator loss)

Most of the velocity energy in the steam leaving the last stage of the low-pressure
turbines is lost when the steam flow is turned down to the condenser in the
exhaust hood. However, the expansion end-point efficiency does not take this
loss into account. In fact, the expansion line end-point is a fictitious point that
cannot be measured because it is based on the assumption of an imaginary
turbine stage capable of utilizing the velocity energy leaving the last stage. The
expansion line end-point efficiency is a very important performance parameter
tor the low-pressure turbines because the used energy end-point efficiency
changes depending on the condenser pressure and turbine load; the expansion
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line end-point efficiency maintains a constant level regardless of operating
conditions. The Herep can be calculated from Huygep and the total exhaust loss
curves submitted by turbine manufacture with following equation:

h  =h_ —TELx(1-0.01Y)x0.87x(1-0.0065Y) Eq. A-13
Where:

TEL = Total exhaust loss (from exhaust loss curve)

Y = % weighted average moisture at the expansion line end point
0.87 = Low-pressure exhaust fictitious stage dry efficiency

1-0.0065Y = Moisture loss correction

The flow function defined in the equation below is the flow passing capacity of
the turbine stage, and if this value changes, the stage steam path must be the
reason. Increased leakage areas, damage, and deposits to either rotating or
stationary blades can cause the flow function to change.

Flow Function (K) = £= a constant Eq. A-14

v

Where:

Q_ = Steam flow into the next stage

P = Pressure of steam into the next stage

V= Specific volume of steam into the next stage

Moisture Separator Reheater Performance Parameters

During expansion through the high-pressure section, the moisture content in the
steam increases to approximately 12% at the high-pressure turbine exhaust.
Moisture in the cycle steam reduces the mechanical efficiency in the low-pressure
turbines and causes erosion of low-pressure turbine components in the steam
path. The function of moisture separator reheater, located between the high-
pressure and low-pressure sections, is to remove moisture from the steam in the
high-pressure turbine exhaust and to reheat the dried steam before it flows into
the low-pressure turbine sections.

Four factors contribute to determining the overall thermal performance of the
moisture separator reheater and its effect on the net electrical output. The two
most important performance parameters are the pressure drop of the cycle steam
as it passes through the moisture separator reheater and the moisture content, or
quality, of the cycle steam leaving the moisture separator.
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The other two, terminal temperature difference (T'TD) and excess heating steam
flow, have less effect on the net electrical output. It is desirable to have low cycle
steam pressure drop, low moisture content in the cycle steam exiting moisture
separator, and low thermal temperature difference to optimize the benefit of the
moisture separator reheater’s effect on the plant performance, because the
reheater uses the cycle steam for a heating source. Also, excess steam flow should
be held at a value as low as practical that is consistent with reheater design
requirements in order to minimize a negative impact on the net electrical output.

Following are calculation procedures for the performance parameters of the
moisture separator reheater configured in Figure A-1.

QHF’HS hHPHS
| Main steam )
QLPHS hLPHS
|HPturbine >
l v
PLPOUT
QMSRIN hMSR!N Moisture PMSOUT 1St Steam TLPOUT 2nd Steam QMSFiOUT hMSROUT
—_— »
separator reheater reheater "
PMSRIN hMSOUT hLPOUT PMSROUT TMSROUT
QMSDRN
hMSDRN
OLPDHN LPDRN QHPDRN hHPDHN
QLF’EXS LPEXS QHPEXS hHPEXS
Figure A-1

Korean Standard Nuclear Power Plant Optimized Power Reactor-1000 Moisture

Separator Reheater Configurations

Moisture Separation Effectiveness

One of the significant parameters involved in the moisture separator reheater
performance calculation is the moisture separator outlet quality, or moisture
separation effectiveness. As the moisture separator outlet quality decreases,
increased surface amounts of reheater tube bundles are required to evaporate the
moisture that is exiting the separator. This results in increased reheater thermal
temperature and increased heating steam flow.

The moisture separator outlet quality, or moisture separation effectiveness, can be

calculated from direct measurement of moisture separator drain flow or from the
reheater energy balance method with following steps.
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Step 1. Quispry is assumed for the first iteration

O visorn_ Assumed = ASsumed Value Eq. A-15

Step 2. Using the thermal energy balance, determine the cycle steam interstage
enthalpy at the moisture separator outlet.

h O, rory % (hLPHS = hppry) Eq. A-16

hMSOUT = Mypour —

QMSRIN - QMSDRN_Assumed
Where:

Quisrin = Moisture separator reheater inlet cycle steam flow
= High-pressure turbine inlet throttle steam flow
- CV steam leak-off flow (from Design C-Factor)
- High-pressure interstage extraction steam flow to heater #6
- High-pressure interstage extraction steam flow to low-pressure reheater
- High-pressure interstage extraction steam flow to heater #5

- High-pressure shaft packing leak-oft steam flow (from Design C-Factor)
Quispry = Moisture separator drain flow
hipour = Low-pressure reheater outlet cycle steam enthalpy
[Note: Refer to low-pressure (first reheater) thermal temperature difference

calculation.]

hipns = Low-pressure reheater heating steam enthalpy
[Note: From the high-pressure turbine expansion line]

Qrepory = Low-pressure reheater drain flow

hipory = Low-pressure reheater drain enthalpy

Step 3. With the moisture separator reheater inlet cycle steam flow and moisture
content, which are obtained from the turbine cycle heat balance calculation, an

iterative method is used to determine the moisture separator drain flow for which
difference with the value from following equation converges at 0 (zero).

QMSDRN _ QMSRIN x hMSRIN - (QMSI;:N - QMSDRN_Assumed) x hMSOUT Eq. A7

MSDRN

Where:

Quisriv' = Moisture separator reheater inlet cycle steam flow
hmsrin - = Moisture separator reheater inlet cycle steam enthalpy
hmsour = Moisture separator outlet cycle steam enthalpy

hmspry = Moisture separator drain enthalpy
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Step 4. Then the moisture separator effectiveness is determined from the
tollowing formula:

O vispry

Mys = Eq. A-18
M \isr1y

Where:

Nus = Moisture separation effectiveness, %

Quispry = Moisture separator drain flow, kg/hr

Musrin = Moisture content entering moisture separator, kg/hr

After moisture separation and removal, another function of the moisture
separator reheater is to reheat the main cycle steam, performed in either one or
two stages, before it enters the low-pressure turbine. The method for evaluating
the performance of this heating function is by determination of the thermal
temperature difference for each stage.

Terminal temperature difference for the low-pressure (or first stage) reheater is
determined with following process:

TTD,p = Tipus_sar ~ Trrour Eq. A-T9

Where:

TTDr = Terminal temperature difference for the low-pressure reheater

Treussar =  Saturation temperature of heating steam entering the low-
pressure reheater

Trrour = Temperature of cycle steam at the low-pressure reheater outlet

Using the thermal energy balance method, determine the cycle steam interstage
enthalpy at the low pressure reheater outlet (hrpour).

_ Qurory X (Mypus — hyppry )

hypour = Mysrour 0 —0 Eq. A-20
MSRIN MSDRN

Where:

Qumspry = Moisture separator drain flow

hmsrrour = Moisture separator reheater outlet cycle steam enthalpy

huprs = High-pressure reheater heating steam enthalpy (= hma steam)

Queorny = High-pressure reheater drain flow

hrppry = High-pressure reheater drain enthalpy
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P _ Pusour = Pusrour Ea. A21
LPOUT — q. A-
2
Where:
Prrour = Pressure of cycle steam at low-pressure reheater outlet

Pusrour = Moisture separator reheater outlet cycle steam pressure

Pusour = Moisture separator outlet cycle steam pressure

Then Trrour which is a function of the cycle steam interstage pressure, Prrour,
and enthalpy, hrrour, can be determined using the steam property table.

The thermal temperature difference of the high-pressure (second stage) reheater
is determined with following equation:

TTDyp = Typys_sar ~ Tusrour Eq. A-22

Where:

TTDwup = Terminal temperature difference for the high-pressure reheater

Tupussar = Saturation temperature of the heating steam entering the high-
pressure reheater

Tusrour = Moisture separator reheater outlet cycle steam temperature

In this test program, design flow rate of excess steam in percentage of reheater
drain flow is used for the reheater energy balance calculation, as wet steam flow
measurement is not accurate and normally station permanent flow elements to
measure this flow are not even installed.

Moisture separator reheater shell side cycle steam pressure drop and tube side
heating steam pressure drop was also measured with static pressures transmitters.
These parameters will be used for the plant performance modeling.

Feedwater Heater Performance Parameters
Most nuclear turbine cycles have two strings of high-pressure feedwater heaters
and two or three strings of low-pressure feedwater heaters that preheat the

teedwater using the heat available in turbine extraction steam.

The two most commonly used measures of feedwater performance are the
terminal temperature difference and the drain cooler approach (DCA).

The thermal temperature difference of a feedwater heater is the difference

between the temperature of the extraction steam being condensed on the shell
side of the heater and the temperature of the feedwater leaving the heater.
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ITD= T,,,-T,, Eq. A-23
Where:

Tsar = Saturated steam temperature corresponding to the steam inlet pressure
Tour = Feedwater outlet temperature

The drain cooler approach of a feedwater heater is the difference between the
sub-cooled condensate leaving the heater and the feedwater entering the heater.
It can be a direct measure of the heat transfer capability of the drain cooler
section of the heater.

DCA= T, T, Eq. A-24

Where:
Torx = Drain cooling outlet temperature

Tin = Feedwater inlet temperature

A more rigorous approach is to use the manufacturer design data in conjunction
with basic heat transfer relationships to compute the expected thermal
temperature difference and drain cooler approach at reference conditions. These
calculations are outlined in detail in the ASME PTC 12.1 code, which outlines a
calculation procedure to compute expected thermal temperature difference, drain
cooler approach, and pressure drops for the feedwater heater for comparison with
the actual measurements. Unfortunately, this code was not used in this test
program because the detailed design information (listed here) required from the
manufacturer was not available:

= Heat transfer surface areas for each heater zone

» Steam- and water-side fouling resistances

= Steam- and water-side film resistances

* Expected heat transfer rate for each zone

* Expected inlet and outlet pressures, temperatures, and flows for the
extraction steam, feedwater flow, and drain flow

Pumps

The three most important pumps in the nuclear turbine cycle are the feedwater
booster pump, the main feedwater pump, and the condensate pump. These
pumps have a direct role in the thermodynamic efficiency of the turbine cycle
because they increase the enthalpy of the feedwater. However, the enthalpy rise is
very small relative to other components. Therefore, inefficiencies in these pumps
play a very minor role in affecting the net electrical output. Reliability is generally
of greater concern than efficiency for these pumps. The pumps efficiency is

defined as:
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ﬂpump — hSuction - hDXSI Eq A_25
hSuctian - hDischarge

Where:

hswion = Feedwater enthalpy at the pump suction

hpichage =  Feedwater enthalpy at the pump discharge

hpxs1 = Isentropic enthalpy at pressure rise from the pump suction to the

pump discharge
Condenser

A primary factor that affects the efficiency of the Rankin steam cycle is the
temperature at which the waste heat is rejected to the environment. The waste
heat is rejected to the environment by the condenser, and any performance
deficiencies in the condenser have a significant impact on the turbine cycle
performance.

There are several factors that contribute to determining the thermal performance
of the condenser. These performance parameters are condenser duty, log mean
temperature difference (LMTD), and overall heat transfer coefficient. These
parameters have a direct impact on the condenser steam pressure at a given
cooling water temperature and flow.

The first parameter required for condenser performance evaluation is the
condenser duty, Q,, which is the waste heat load that the condenser is rejecting
to the cooling water.

In this test program, all energy inputs and outputs around the condenser were

readily measured or calculated from the turbine cycle heat balance calculation,
which makes it possible to compute the condenser duty as below.

0,= (QLPEXH + Z o, j — OnorweLL Eq. A-26
0

Where:
Q. = Condenser duty
Qurrexn = Heat into condenser from low-pressure exhaust steam

Heat into condenser from other sources

Q
QuorweLL

Heat out of condenser

Once the condenser duty has been determined, the actual heat transfer coefficient
of the tube bundle is computed with following equation.
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k=91 Eq. A27
“ " AxLMTD

Where:
A = Heat exchange area
LMTD = Log mean temperature difference as defined below
LMTD = —Lour ~Tiw Eq. A28
ln[ Tsar =Ty ]
Tsar = Tour
Where:
Tsar = Saturation temperature of the turbine exhaust steam
T~ = Condenser inlet cooling water temperature
Tour = Condenser outlet cooling water temperature

In this test program, the ASME PTC 12.2 code was also used to calculate the

difference between the test adjusted and the design reference steam pressure.
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Appendix B:Modeling Sample

Attachment 1: Measurement Posting Diagram for the Yong Gwang Nuclear
Power Plant (YGN) #4

Attachment 2: Test Cycle Heat Balance at Test Condition for YGN #4

Attachment 3: Performance Data Calculated from Test Cycle Heat Balance at
Test Condition for YGN #4

Attachment 4: Test Cycle Heat Balance at Rated Condition for YGN #4

Attachment 5: Simulation Variables of Test Cycle Heat Balance at Rated
Condition for YGN #4
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20642 F ,_l 165720 F l_‘ 32678 F I_; 76486 F 79800 F
X9 X9 [~
81.0627 137.28T 69.4%( 1.48 AH  1.47 AH [70.1% 62547 7133 P
235857 [ HTR#TB 139.21H 137.771  137.80T 113407 | HTR#3C | 98.50T
24329 H Ofssss0p 86678 O N371H 98.69 H
2909506 F >1212.06 T 142387 2.50TID 139.71H_ 139.73H 1168876 F >{103.31T  324T1D 70877 1.15TID 38.331
216.77H 183.49 H [EEFZEN 5.10 DC 103.44 H 70.86 H 38.34 H
353389 F  32.87TR 519109 F 1095824 F  38.71TR 051 AH 32678 F 1491 1R 109164F  35.96 TR 188964 F

0403 P

0.0380 P

0.0387 P

2.30 H

3.84% AP

LP Bowl
9.7389 P
267481
712.52H
3555570 F

Q@  Pressure
X Temperature
[3  VenturiNozzle

Neaseerep 91.148%
Neepisinn 86.778%
Newer 86.664%
n veer 79.527%
SHAFT PWF 666,114 kW

Generator

1,057,900 KW
P.F.

H2 Press.
Fixed Loss
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Attachment 2

1.428H
136.94T
138.24H
46.189 P

1398H
136.98T
138.26H
45.684 P

O 4.13% &P
1.8182P

640.60 H
32678 F

76486 F

‘Enesco YONG-GWANG UNIT 4 TEST CYCLE HEAT BALANCE AT TEST CONDITIONS D
~0.18% 8P |rr-0.5003 nFWPT  66.68%
HP TBN Inlet 5553009 F 0.201% M i 1.55% op [9.8223P
71.478P  661.68H 0.03% 6P | 153792F 132747F 21.54TTD LPA 2.407 0H [263.23T
® rrosos | 33.292P 71.604P 12.277TTD LPB 710234
633.62H 661.68H_19.99 TTD LPC 31185 F 29.68 mmHg,
B 162%M [100355 7| [ [100236 7 [ oo | 297697 | » 572301 ® Moo  97.477%
g 10.0461P | 1.28% M % g‘ 220107 5 3 268.06 T 5 0.69% AP Ngaseciep  91.148%
2 2002252 F | 65676 1 || | es6.8a 1 | S[S | 712601 | o [1809332F 9.8647P 9.8591P 9.8777P LP TBN Bow Neiert s 86.778%
92.480% | |~ |18.487r0|®| |17.0a170| ® 264.30T 273587 265.85T 97389 P Nees  B6.664%
Nowyer  86.365% = ~0.05% &P 3.43% 0P, 0.84% 8P 71076 H 715.60 H 71156 H 267.48T nuee  79527%
N 83.766% o 10.0448p 32.149P 71.003P 127% 8 1.27%8 71252H SHAFT PWF 666,114 kW
Neseer  85.330% o 179517 236997 286.00 T 3555570 F
SHAFT PW 403,159 kW " 139811 F 130144 F 273.417
18L75H 244.41H 302.99H Generator
0.305C -0.385¢C -0.575¢C @saturationLine  Stage# 9 Stage#t 11 Stage# 10 Stage#t 12 stage# 13 [ (5¢) 1,057,900 kW
265323 F z a T 55.032P ez 0 13981F 2603 F 24722P 3.4854P 1.1040 P 2.0350P 0.5430 P Blowdown 0.2703 P M
B 82 e23n [ R 633.62H 661.68H 648.47H 662.62H 617.656 H 640.60 H 504.50H_ 21695F 82.93H _576.65H PF. 0.9947
3322F| |R 88 23 3322 F [IEREIIEUENN (5153792 F DI )32747 F 3.55% MR 10.09%MR 15509 F 508.10H  13.9% MR H2Press. _ 5.19P
10.1093 P 279.79H 31002H  4899F 3.890 AH 618.41H 598.10H 582.99H Fixed Loss _4,833 kW
680F /@\ @ 14.64% M n=87.12% n=86.13% GEN. Loss 6,540 kW
olz 592.53 H ® 57397P
33.303p wiste  Ffp 4184505 F 5% 8P |r¢-0.4597 3.4399 PA 11106 PA 450957 | 0.2750 PA
73.838 P eazH | euzen| 3ol 3.4113p8 111088 | [1.40%CH 2.0320 P8 14098 02686 P8 0.0407 P LPA 1,492 kW
0.003% M a3oss1F|  33zas7E < 0.13% 0P | 153638 F 132576 F 2077 TTD LPA 3.3957 pC 1.0245 PC 1.8965 PC 0.2510 PC 0.0383 P LPB Excitation Power
661.68 H | —|— #0007 | 33.259P 71515P 14317TTD LPB 666.51 H 101.97H 640.60 H 66.28H 0.0374p LPC
5819012 F 633.62H 661.68H_19.88TTD LPC 71011H 122179 F 4878 F | 714.48H 100255 F 71157H 37580F
1a63%m [1005227 [ [ [10.0550F [ g[o [ 295607 [ 264.99T 618.41H | 271457 @ 265.88T 58299 H 38434.3 m/sec
73.830p 73.846P O 10.0587p | 1335 m | B[S | 209737 [T|& | 267607 | T 0.72% 80 9.8771P 226529 | 98763 9.8779P 174240 2852704 F
a3 E1K Net kW Output
0.004% M 0.002% M 2002252 F | 65650k | |3 | esezn | 3[R 1810042 F
661.68H 661.68H 441385 F 92.225% | | | 1879 0| >
2902502 F 2916510 F ~0.05% 8P, 3.61% 0P, 231407 F 1.49% 0P | X Q[E] nFWPT 63.66% 249024 F Condenser
10.0572P 32.057p ® 2.7010H 9.8377P AVG. PRESS.  28.54 mmHg
179.721 236477 (C) 262217 ©)
139671 F 709.69H 538.36 H at38.1 mm Hg
243.82H 302.85H 812F . 32619F 3059 mmHg ELEPeasse
-0.02 SC -0.45 SC 578.66 H Heer=  531.699H
13967 F Hueer=  546.590 H
633.62H 661.68H (R
502.53 H 0553638 F 06 132576 F 1.9932p 0.2687P 28977 | 28397
Blowdwon 278289 F 279.25H 300.89H 640.60 H 462.39H l 25¢ | -0.49 5
oF 33354 F 84994 F
121367F_164.89T w 28.26T ()
] 3.55%0p [3.2948P  66651H 15777 30347 ° 28.27H
G Inlet (Avg) 6.205P ITR#1 A 8.74P
792607 [EECEERS [©) 116.10H 30.54H
PECRER N 2002502 F Doaerator 1168876 F 39.09 Makeup Condensate
23621 [REERLR ~ 30.19H  168TTD Pump
5819012 F 3506629 F| FERZETa &.850C |
T20% op 3.05% 8P 2.33% 8P ﬁ 4.564p
-0.35TTD 114.89H (R2sexee CL 36.353P
32.892p A 0.8739 P 136.43 1] 1.9739p 1.1061P 28.59T
633.71H 611,78 H ® 592,53 H 137.05H [1 640.60 H 607.53H 20.38H
167738 F 1 138287 F 5819012 F 34222 F 1 77540 F
] [ I [~
175871 115937 '\l_ 100387 ajua T
. HTRH6A | 84279 5.3626P [ 53811 6.235p 7170 HTR#2B | 7.83°p
243.36H 207.30H 178.85H 136177 | 136237 116.26H 100.58H 64.16H
2009506F  [210.63T 181.56 T 1168876 F 72827
215214 183.99H  2.207TTD 72.81 1 1.54TTD
353319 F 521057 F 111763 F

I

Program by DOH-HOON, KOO

H - ENTHALPY - kcal/kg
T - TEMPERATURE - C DEGREES

agon 1470 AT 50T G T~ e N
13921H 137777 137.80T 6.254P 7.13p |: TRH2C | 7.78P 873P 8.743P| SPE
139.71H 139.73H 113.71H 98.69 H 62.66 H 30.67 H 30.61H
2909506 F 14238 T 86.950P 86.678P 1168876 F 70.87 T 38.33 T
2.50 TTD 2893981 F 2925031 F 3.24TTD 70.86 H 1.15TTD 38.30 H 1.60 TTD
109164 F 7.86 DC °
ON 1967 ASME STEAM TABLES 1054645 KW 38.1 MM HG ABS. 0.2 PCT MU
VALVE BESTPOINT _ 5819012F x (661.68H - 243.62H ) + OF x (305.65H-243.62H) _ 500 s calkwh M- FLOW - kg/hr TCEF 43.0IN.LSB 1800 RPM
NET HEAT RATE 1,057,900 kW : TEST POINT 100% RTO1 (TRO1) P - PRESSURE AT - kglcm2 72.768 ATMA 660.40 KCAL/KG 2 STAGE REHEAT

GEN 1219600 KVA  0.90 PF
MKS UNITS
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Attachment 3

Assumed __ Difference
Test Cycle Heat Balance Conversion J Moist. Separator B Drain Flow 282921 F OF Pump Performance Specification
Moist. Separator A Drain Flow 282210 F 0F
LP Section Base ELEP 529.586 H 0000 H SPE H Rise
Turbine Inlet Throttl m Flow LP Section Efficiency Level 230655 000 H Rise from Condenser Hotwell to HTR#1A 227 8H
Mixture of Steam and Moisture to HTR #2 | _607.526 H 0,000 H H Rise from Condenser Hotwell to HTR#18 234 0H
Reactor MW Thermal Ext. Steam to HTR #7 Aft Mixing w. CVLO#]_633.714 H 0.000 H H Rise from Condenser Hotwell to HTR#1C 240 AH
Total Ext. to HTR #1 Aft Mixing w. 12th Sta| _462.387 H 0000 H
Turbine Inlet Steam Conditions c Extraction Pump
SGA SGB - Pump Enthalpy Rise 111 AH
Steam Generator Outlet Steam Pressure 73.830 P 73.846 P % Deviation from Design Excitation Power - Pump Discharge Pressure 36353 P
Steam Generator Outlet Steam Moisture 0.0037% 0.0024% - %DP From COP Dischare to HTR#1 75.95%
Steam Generator Blowdown Flow 00F 00F Cycle Steam Pressure Drop - %DP From HTR#1 Inlet to D/A Inlet 47.80%
LP A Turibne Exhaust Pressure 29.94 mmHg Steam Generator Outlet to MSV Inlet 320% Feedwater Booster Pump FWBP A FWBP B
LP B Turibne Exhaust Pressure 28.18 mmHg HP Exhaust to Moisture Separator Inlet 056% - Pump Suction Head from D/A 207 AP 209 AP
LP C Turibne Exhaust Pressure 27.49 mmHg MSR Outlet to Combined Intercept 110% - Pump Efficiency 7231% 73.09%
Generator Power Factor 09947 Through Combined Intercept Valve 135% - Pump Discharge Pressure 46.189 P 45684 P
Current Throttle Flow Ratio 05799 EWPT Performance Specification Main Feedwater Pump
FWPT A FWPT B - Pump Efficiency
Turbine Section Efficiency Level FWPT Efficiency 63.66% 66.68% - %DP From FWP Discharge to SG Out
HP Turbine Section 21812% FWPT Exhaust Steam Pressure Drop 6.72% 384% 29.73% 50.27%
LP Turbine Section 2.3065% FWPT Driving Steam Pressure Drop 149% 155% dditional Condition:
FWPT Driving Steam Hot Extraction Loss 270 A 241 O
Steam Turbine Stage Flow and Pressure AH Between HTR#3 Outlet & D/A 046 AH
Heater AH Between FWP & HTR#5A Inlet 051 AH
Stgae Flow | Stage Press Ethalpy AH Between FWP & HTR#5B Inlet 051 AH
HP Turbine STG' 1 5550176 | 55032 P 65239 H Ext Stm AP TID DC FW AP AH Between HTR#7 & SG-A Inlet -0.45 AH
HP Turbine STG' 3 4,802,895 | 33983 P 63362 H Heater #7A 1.24% 1.98 °C 7.76 °C 171% AP AH Between HTR#7 & SG-B Inlet -0.14 AH
HP Turbine STG" 5 4469437 | 18532 P 61178 H Heater #78 1.98% 162 °C 9.09 °C 1.61% AP AH Between D/A Outlet & BFWP A Inlet 023 8H
LP Turbine Bow! 3555570 | 97389P 71252 H Heater #6A 3.05% 220°C 5,69 °C 223% AP AH Between D/A Outlet & BFWP B Inlet 018 AH
LP Turbine STG' 9 3433391 34854 P 662.62 H Heater #68 293% 215 °C 5.09 °C 2.27% AP FW AP from HTR#7 Outlet to SG Inlet 218%
LP Turbine STG® 10 3333136 | 20350P 640.60 H Heater #5A 233% 262 °C 5.00 °C 2.92% AP AP Between LP TBN Bowl & LP-A Inlet 0.00%
LP Turbine STG® 11 3101720 11040P 61841 H Heater #58 233% 250 °C 5.10 °C 2.89% AP AP Between LP TBN Bowl & LP-B Inlet 001%
LP Turbine STG® 12 3064525 | 05430 P 598.10 H Dearator 3.55% 035 °C 3.89 AH Hot Extraction AP Between LP TBN Bowl & LP-C Inlet -001%
LP Turbine STG" 13 2852704 02703 P 58299 H Heater #3A 298% 374°C 524°C__| 12.92% AP
Heater #38 286% 327 °C 464°C__| 1305% P
team Turbine Extraction Stage Shell K-Factor Heater #3C 413% 324°C 482°C_ | 1232% 4P Flange Pressure Drop of LP TBN Stage Extraction for Each D/A & HTR#3.2.1
Heater #2A 044% 127 °C 9.51°C 8.67% AP
Deisgn K Test K Difference Heater #28 042% 154°C 877 °C 839% AP %DP from LP TBN A Stage#9 to D/A 1.30%]
HP Turbine STG' 1 147,969 140098 | 7871 Heater #2C 041% 115 °C 833 °C 833% AP %DP from LP TBN B Stage#9 to D/A 212%)
HP Turbine STG' 3 199,603 193158 | 6446 Heater #1A 230% 168 °C 885°C | 1077% AP %DP from LP TBN C Stage#9 to D/A 2.57%)
HP Turbine STG* 5 328,661 321,771 -6:889 Heater #18 234% 159 °C 976 °'C__| 1047% AP %DP from LP TBN A Stage#t10 to HTRA3A Ext ~095%]
LP Turbine Bow! 614,746 573588 | -41,158 Heater #1C 2.26% 160 °C 786°C_| 11.00% AP %DP from LP TBN B Stage#10 to HTRH3B Ext 0.15%)
LP Turbine STG" 9 1,444,465 | 15383490 | 60,975 %DP from LP TBN C Stage#10 to HTRH3C Ext 6.81%)
LP Turbine STG’ 10 2325483 | 2188779 136704 Condenser Performance %DP from LP TBN A Stage#t11 to HTRAZA Ext ~0.59%)
LP Turbine STG* 11 3,918,580 3,627,253 -291,328 %DP from LP TBN B Stage#11 to HTR#2B Ext -0.61%]|
LP Turbine STG' 12 7,158,028 7,036467 | -121,561 [Condenser A Jcondenser B [ Condenser C| %DP from LP TBN C Stage#11 to HTR#2C Ext 7.21%)
LP Turbine STG" 13 12726924 12,778234] 51310 Condenser Subcooling ~ [__-002°C | -049C | %DP from LP TBN A Stagefi13 to HTRH1A Ext 175%)
%DP from LP TBN B Stage#13 to HTR#1B Ext 0.62%]
CV & Packing Leakoff Flow actor %DP from LP TBN C Stage#13 to HTR#1C Ext. 7.13%]
MSR
Total Control Valve Leakoff Flow @VWO 0.05% MS Flow MSR A MSR B
NILP Packing Leakoff Flow C-Factor 427.421 HP Exhaust to Moisture Separator Inlet 0.50% 063%
N2LP Packing Leakoff Flow C-Factor 427.421 2" Reheater Heating Steam Pressure Drop [ __-0.05% 018%
LP TBN Seal Steam Supply Flow 4899 F 1° Reheater Heating Steam Pressure Drop [ __0.13% 003%
TBN Shaft End Packing to SPE Flow 3856 F Shell PD through 1 * Reheater 017% 0.16%
Shell PD through 2" Reheater 048% 047%
Stage to Flange Pressure Drop 2.00% Total Cycle Steam Pressure Drop 0.71% 0.69%
Through Combined Intercept Valve - LPA 140% 127%
Steam Turbine Design Specification Through Combined Intercept Valve - LPB 1.40% 1.27%
Through Combined Intercept Valve - LPC 1.40% 127%
VWO Throttle Steam Flow 5782335 F
VWO Throttle Steam Pressure 72768 P Moisture Separator Effectiveness 92.22% 92.48%
VWO Throttle Steam Enthalpy 66040 H 1 * Reheater TTD 16.74 °C 1689 °C
VWO HP TBN Exhaust Pressure 9.962 P 2" Reheater TTD to LP A 2091 °C 2170°C
VWO HP TBN Expansion Slope(AH/AS) 2632.894 2" Reheater TTD to LP B 1444 C 1242°C
TFR at First Admission Point 0.850 2" Reheater TTD to LP C 20.02 °C 2015 °C
LP Turbine Exhaust Pressure 00518 P MS Drain Tank Subcooling 046 °C 030 °C
1 ** Reheater Drain Tank Subcooling -0.02°C 038 °C
Generator Design Specification 2 Reheater Drain Tank Subcooling 045 °C 057 °C
1 * Reheater Excess Steam 10.00% 10.00%
Maximum Generator Capacity in KVA 1219600 KVA 2 Reheater Excess Steam 2.00% 2.00%
Rated Hydrogen Pressure 519 P Tube PD through 1 * Reheater 3.61% 343%
Tube PD through 2™ Reheater 0.70% 0.84%
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Attachment 4

YONG-GWANG UNIT 4 TEST CYCLE HEAT BALANCE AT RATED CONDITIONS

gmemETEY

~0.18% 4| nFWPT  66.68%
HP TBN Inlet 5554065 F 0.450% M 1.55% op [9.7901 P
72.768P  660.40 H 0.03%0P | 154623 F 136890F 21.54TTD LPA 2.407 A [264.43T
® 33.235p 72.896P 12.27TTD LPB 71089 H
632.19H 660.40H_19.99TTD LPC 33808 F
14.89% M [1000697 | o] 099087 [ oo ] 002227 Moo  97.476%
toows2p | 131w |25 | 20007 | EI& | 260277 [ Z| 060% 0 Nossocies 91.190%
2092297 F o I o [1804197F 9.8348P 9.8341P 9.8356 P LPTBN B N eLers s 86.916%
92.480% | |~ |18487110| @] |17.9a110| ® 265.51T 274797 267.06T 97094 P Neer  86.916%
Nowyeer  85.996% - ~0.71% P, 3.43% 0P, 0.84% 8P, 710.41H 716.25H 712224 268.70T Nuse  82.278%
Nwsvexn  83.299% s 10,0775 P 32.094P 72.284p 127% 127%( A 127% (A 71317 H SHAFT PWF 661,778 kW
Nesyeer  85.334% B 179377 236.90T 287217 3540159 F
SHAFT PW 403,658 kW ” 288100F 140567 F 134206 F 9.7094 P 9.7087p 9.7102p
244,30 H 304.53H Generator
©) -0.385¢ -0.575C @saturation Line  Stage#t 9 Stagett 11 Stagett 10 Stagett 12 staget 13| (54) 1,053,124 kW
273614F T ooz osasye  ooX 14057 F 2684F 242179 3.4751p 1.1002p 20271p 0.5412p Blowdown  0.2720P 0%
3 & 3 esosH 9 T 632.19H 660.40 H 64824 H 663.13H 618.09H 641.06 H 504.87H__ 21178F 82.839H _577.22H PF. 0.9000
2 58 28 @ @ n=88.94% 3.48% MR 9.99% MR 15450 F 598.41H 13.8% MR H2 Press. 2184 P
4899 F 3.890 AH 618.82H 598.41H 583.43H Fixed Loss 4,833 kW
/@\\ @ 14.91% M 7.17% n=86.17% n=85.72% GEN. Loss 7,879 kW
ol z 591.20H O
utlet (Ave) 33.246P wasp|  Bfg 4184594 F 5% P 3.4207 P2 11067 PA | 266.89 P 0.2768PA
75.170 P 62194  e0a2n| S| 14098  [s.a012p8 11069p8 | [1.40%( @ 2.0242 8 140978  0.2703p8 0.0518P LPA 1,700 kW
0.246% M azssssF|  3zas01F <|” 0.13%04P| 154468 F 136724F 2077 TTD LPA 3.3857 pC 1.0209 PC 1.8891 PC 0.2526 pC 0.0518p LPB rottation Power
660.40 H — 33.202p 72.805P 1431TD LPB 667.02 H 101.87H 641.06 H 66.42H 0.0518P LPC
5828359 F 632.19H 660.40H_19.88TTD LPC 71176 H 121413 F 4669F | 715.13H 99719 F 712.23H 36675 F
O 14.89%m 1002187 | [ [10.0051F | g | 595677 266.20T 618.82H| 272667 267.09T 583.43H 20684.5 m/sec
75.170P 75.170P 100283 | 1.36%m | B[S | 219607 [T |5 | 268817 | T 0723000 9.8472P 224330 | 9.8a6ap 9.8480 P 147264 F 2869461 F
3|3 E1 5 Net kW Output
0.246% M 0.246% M 632.30H 2092297 F RS N o [1804%07F
660.40 H 660.40 H 440446 F 92.225% | |® 1879110 > | | 1833 770| > 608.28H 45045 H
2014179F 2914179 F ETZAT 361% 0P 070% 0P 228999 F 1.a9%0p | ¥ Q[E] nFWPT 63.66% 220567 F Condenser
10.1288P 32.002p 72.297p ® @ 2.7010H 9.8079P AVG. PRESS.  38.10 mmHg
179.59T 236377 287117 263.427
287390F 140426 F 34043 F 71034 H 538.57H at 38.1 mm Hg
181.84H 243.71H 304.40H 821F 35138 F ELEPesse 529.99 H
.46 5C 0.025¢ -0.455¢ . Hee= 53857 H
14043 F | 2e81F Huep=  547.89H
632.19H 660.40 H
591.20H @ @ 33207 | 33.67T
277099 F | 025¢ | -0.49s¢
120501F 165.87T w 33.337
3.55%0p [3.2846 P 667.02H 15657 ° 33.33H
6.205p 7.80p
80.690 P @ 115.97H 64.75H
PECKER I 2014179 F (Deaerator )= 1165709 F Makeup Condensate
23521 [REEE Pump
5828359 F 3497126 F|
124% 8P 3.05% AP 2.33% 8P, ﬁ 4564
©) -0.35TTD 114.77H 2.86% 8P 0.42% 8P 36.353P
32.835p 17.574p ® 9.8428 P 136337 1.9662P 11022p 33.67T
610.42H 591.20 H 136.95 H [l 641.06 H 608.28H 34.40H
168472 F 1 137683 F 5828359 F 34041 F ) 76734 F
] [ [ [~
235827 175731 115817 ’\IJ 100287 64197 35497
82.460P HTRAGA_| 85.800 P 53520P | 53714 6235p [ ATRASB | 747p 7.83P 35.68H
243.26H 207.21H 178.72H 136,077 | 136137 116.14H 100.48H 64.31H
2014179F  |21053T 181.42 7 1165709F  [104.92T 45,257
215,11 H 183.85H  220TTD Booster Pump 105.07 H 3.27 1D 4524 1507TD
356901 F 525463 F 34041 F

@ 2.93% AP
17.506 P

610.42H
[

166429 F
HTR#6 B

235751 175.85T 137.217
82.524P 85.822P HTR#5B_| 139.16 H
243.18H 178.85H

2914179 F

2.15TTD.

1.428H
136.84T
138.13H
46.189 P

1538H
137.70T
139.66H
88.380 P
2898629 F 2929730 F

1398H
136.88 T
138.16H
45.684 P

1538H
137.737
139.69H
88.380 P

1165709F  [103.22T

4.13% 0P 0.41% &P
18112P 1.0168P 0.2469 P
641.06 H 608.28H 450.45 H
32504 F I_l 75691 F 70188 F
] [
113.28T ,\l ] 62.68T ,\l 35557
6.254P 7.78P 35.73H
113.58H 62.80H

VALVE BEST POINT 5828359F x (660.4H -243.52H ) + OF x ( 307.23H

-243.52H)

NET HEAT RATE 1,053,124 kW

Program by DOH-HOON, KOO

2307.21 keal/lkwh

TESTPOINT  100%RTO1  (TRO1)

ON 1967 ASME STEAM TABLES
M- FLOW - kg/hr

P - PRESSURE AT - kg/om2

H - ENTHALPY - keallkg

T - TEMPERATURE - C DEGREES

1054645 KW 38.1 MM HG ABS. 0.2 PCT MU
TC6F43.0IN.LSB 1800 RPM

72.768 ATMA 660.40 KCAL/KG 2 STAGE REHEAT
GEN 1219600 KVA  0.90 PF

MKS UNITS
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Attachment 5

Assumed __ Difference
OPTION  flun with Target MWL w7 THB Conversion l HP Exhaust Steam Flow 4184594 F OF Pump Perf
Generator Loss 7479 kW 0 kW
Enthalpy of Extraction Steam to HTR#7 63230 H 000 H SPE H Rise
Turbine Inlet Throttle Steam Flow Enthalpy of Extraction Steam to HTR#2 608.28 H 0.00 H H Rise from Condenser Hotwell to HTR#1A 227 8H
Enthalpy of Extraction Steam to HTR#1 45045 H 000 H H Rise from Condenser Hotwell to HTR#18 234 8H
Reactor MW Thermal H Rise from Condenser Hotwell to HTR#1C 2.40 AH
0.000 MWt Diff
Turbine Inlet Steam Conditions % Deviation from Design Excitation Power Condensate Extraction Pump
SG A SG B - Pump Enthlpy Rise 111H
Steam Generator Outlet Steam Pressure 75.170 P 75170 P le Steam Pressure Dre - Pump Discharge Pressure 36.353 P
Steam Generator Outlet Steam Moisture 02463% 0.2463% - %DP From COP Dischare to HTR#1 75.95%
Steam Generator Blowdown Flow 00F 00F Steam Generator Outlet to MSV Inlet [ 320% | - %DP From HTR#1 Inlet to D/A Inlet 47.80%
MSV Pressure Drop
LP A Turibne Exhaust Pressure 38.10 mmHg MSR Outlet to Combined Intercept Feedwater Booster Pump FWBP A FWBP B
LP B Turibne Exhaust Pressure 38.10 mmHg - Pump Suction Head from D/A 2.07 AP 2.09 AP
LP C Turibne Exhaust Pressure 38.10 mmHg - Pump Efficiency 7231 73.09%
Generator Power Factor 09000 FWPT Per - Pump Discharge Pressure 46.189 P 45.684 P
FWPT A FWPT B
Current Throttle Flow Ratio 09605 FWPT Efficiency 63.66% 66.68% Main Feedwater Pump
FWPT Exhaust Steam Pressure Drop 6.72% 3.84% - Pump Efficiency
Turbine Section Efficiency Level FWPT Driving Steam Pressure Drop 1.49% 1.55% - %DP From FWP Discharge to SG Out 1
HP Turbine Section 21812% FWPT Driving Steam Hot Extraction Loss 2708H | 2414H 49.73% 50.27%
LP Turbine Section 2.3065% Additional Conditions
Steam Turbine Stage Flow and Pressure Heater Performance Specification AH Between HTR#3 Outlet & D/A 0.462 AH
AH Between FWP & HTR#5 Inlet 0.513 AH
Stgae Flow | Stage Press Ethalpy Ext Stm AP D) DC FW AP AH Between HTR#7 & SG Inlet -0.292 AH
HP Turbine STG" 1 5,551,174 | 54937 P 650.89 H Heater #7A 1.24% 1.98°C 776°C_| 1.71% AP AH Between D/A Outlet & BFWP A Inlet 0.234 AH
HP Turbine STG" 3 4,803,227 | 33925P 63219 H Heater #78 1.98% 162°C 9.09°C | 161% AP AH Between D/A Outlet & BFWP B Inlet 0.175 AH
HP Turbine STG" 5 4468327 | 18496 P 61042 H Heater #6A 3.05% 2.20°C 569°C | 2.23%AP FW AP from HTR#7 Outlet to SG Inlet 2.185%
LP Turbine Bow! 3540159 | 97094 P 71317 H Heater #68 2.93% 215°C 509°C | 2.27% 4P AP Between LP TBN Bowl & LP-A Inlet 0.000%
LP Turbine STG' 9 3418746 | 34751 P 663.13 H Heater #5A 2.33% 2.62°C 5.00°C | 2.92% AP AP Between LP TBN Bowl & LP-B Inlet 0.008%
LP Turbine STG’ 10 3319027 | 20271P 641.06 H Heater #58 233% 250 °C 510°C | 2.89% AP AP Between LP TBN Bowl & LP-C Inlet -0.008%
LP Turbine STG" 11 3090028 | 11002 P 61882 H Dearator 3.55% 0.35°C_| 3.89 AH Hot Extraction
LP Turbine STG" 12 3053400 | 05412 59841 H Heater #3A 2.98% 374°C 5.24°C | 12.92% AP
LP Turbine STG* 13 2869461 02720 P 58343 H Heater #38 2.86% 3.27°C 464°C | 13.05% AP Flange Press. Drop of LP TBN Stage Extraction for Each D/A & HTR#3,2,1
Heater #3C 4.13% 3.24°C 482°C | 12.32% AP
Heater #2A 0.44% 127°C 951°C | 8.67% AP %DP from LPA 9th Stage to D/A Extraction Nozzlle 1.30% AP)
Steam Turbine Extraction Stage Shell K-Factor Heater #28 0.42% 154°C 877°C | 8.39% AP %DP from LPB 9th Stage to D/A Extraction Nozzlle 2.12% AP
Heater #2C 0.41% 115°C 833°C | 833%AP %DP from LPC 9th Stage to D/A Extraction Nozzlle 2.57% AP
Deisgn K| Test K Difference Heater #1A 2.30% 168 °C 8.85°C | 10.77% AP %DP from LPA 10th Stage to HTR#3A Extraction Nozzle -0.95% AP|
HP Turbine STG" 1 140,098 140,098 0 Heater #18 2.34% 159 °C 976 °C__| 10.47% AP 9DP from LPB 10th Stage to HTR#3B Extraction Nozzle 0.15% AP
HP Turbine STG" 3 193,158 193,158 0 Heater #1C 2.26% 1.60 °C 7.86°C_| 11.00% AP 9DP from LPC 10th Stage to HTR#3C Extraction Nozzle 6.81% AP
HP Turbine STG' 5 321,771 321,771 0 %DP from LPA 11th Stage to HTR#2A Extraction Nozzle -0.59% AP|
LP Turbine Bow! 573,588 573,588 0 %DP from LPB 11th Stage to HTR#2B Extraction Nozzle -0.61% AP|
LP Turbine STG" 9 1,383,490 | 1,383,490 0 [ Performance 9DP from LPC 11th Stage to HTR#2C Extraction Nozzle 7.21% AP
LP Turbine STG® 10 2188779 | 2188779 0 %DP from LPA 13th Stage to HTR#LA Extraction Nozzle -1.75% AP|
LP Turbine STG' 11 3,627,253 | 3,627,253 0 [Condenser A Condenser B | Condenser C| %DP from LPB 13th Stage to HTR#1B Extraction Nozzle 0.62% AP
LP Turbine STG" 12 7,036,467 | 7,036,467 0 Condenser Subcooling -0.02°C -0.49 °C 0.07°C %DP from LPC 13th Stage to HTR#1C Extraction Nozzle 7.13% AP
LP Turbine STG* 13 12,778,234 | 12,778,233 0
MSR Performance Specifi

CV & Packing Leakoff Flow C-Factor

Total Control Valve Leakoff Flow @VWO
NL1LP Packing Leakoff Flow C-Factor
N2LP Packing Leakoff Flow C-Factor

LP TBN Seal Steam Supply Flow

TBN Shaft End Packing to SPE Flow

Stage to Flange Pressure Drop
m Turbine Design ification

VWO Throttle Steam Flow

VWO Throttle Steam Pressure

VWO Throttle Steam Enthalpy

VWO HP TBN Exhaust Pressure

VWO HP TBN Expansion Slope(AH/AS)
TFR at First Admission Point

LP Turbine Exhaust Pressure

Generator Design Specification

Maximum Generator Capacity in KVA
Rated Hydrogen Pressure

0.05% MS Flow
427421
427421

4899 F
3856 F

2.00%

5782335 F
72.768 P
660.40 H

9.962 P
2632.894
0.850
0.0518 P

1219600 KVA
422 P

PD from HP Exhaust to MS Inlet

2" Reheater Heating Steam Pressure Drop
1% Reheater Heating Steam Pressure Drop
Shell PD through 1 * Reheater

Shell PD through 2™ Reheater

Total Cycle Steam Pressure Drop

Through Combined Intercept Valve - LPA
Through Combined Intercept Valve - LPB
Through Combined Intercept Valve - LPC

Moisture Separator Effectiveness

1 ** Reheater TTD

2" Reheater TTD to LP A

2" Reheater TTD to LP B

2" Reheater TTD to LP C

MS Drain Tank Subcooling

1 ** Reheater Drain Tank Subcooling
2" Reheater Drain Tank Subcooling
1 * Reheater Excess Steam

2" Reheater Excess Steam

Tube PD through 1 * Reheater
Tube PD through 2™ Reheater

92.22% 92.48%
16.74 °C 16.89 °C
2091 °C 21.70 °C
14.44 °C 1242 °C
20.02 °C 20.15 °C
-0.46 °C -0.30 °C
-0.02 °C -0.38 °C
-0.45 °C -0.57 °C
10.00% 10.00%
2.00% 2.00%
3.61% 3.43%
0.70% 0.84%
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