Calculating Best Achievable Heat Rate Using Energy
Balance Calculations

William C. Kettenacker
Performance Engineering, Inc.
Robin R. Frederickson

Northern States Power Company



CALCULATING BEST ACHIEVABLE HEAT RATE
USING ENERGY BALANCE CALCULATIONS

William C. Kettenacker
Performance Engineering, Inc.
P.O. Box 292606
Lewisville, TX 75029
(214) 724-1092

Robin R. Frederickson
Northern States Power
2807 West County Road 75
Monticello, MN 55362
(612) 295-1377

Abstract

The Institute for Nuclear Power Operations' (INPO) revised thermal performance indica-
tor (TPI) is defined as the best achievable heat rate (BAHR) divided by the average ad-
justzd actual gross heat rate (AAHR). This indicator is uscd to monitor the nuclear
industry's progress in achieving efficient thermal operation. However, determining the
BAHR to be used in calculating the TPI can be a difficult task. The BAHR must repre-
sent performance of the as-built plant configuration without degraded components, refer-
enced to 100% power. Although testing the plant is one option in determining BAHR, a
large scale performance test, such as might be needed to calculate the BAHR, may not be
justified on a cost basis. A thermal computer model, however, provides a mechanism to
calculate the BAHR in a cost-effective manner.

In early 1995, Performance Engineering, Inc. developed a thermal computer model of the
Monticello Nuclear Generating Plant to determine its BAHR. This model was developed
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using the PEPSE' computer software package. PEPSE, a modular heat balance program,
allows for the development of a model that simulates all the major plant components
(pieces of hardware) either as originally designed, currently as-built, or in a proposed fu-
ture configuration. Because of this, it may be used to calculate the plant performance
(and hence the BAHR) using component specifications that are not degraded and that are
operating under specified conditions such as circulating water inlet temperature.

This paper describes the development of the Monticello PEPSE computer model and the
use of this model to calculate the BAHR.

Unit Description

The Monticello Nuclear Generating Plant has a boiling water reactor designed and built
by General Electric (GE). Its turbine-generator set was also manufactured by GE. The
turbine is a horizontal, tandem compound unit with one single-flow high pressure (HP)
turbine, and two double-flow low pressure (LP) turbines. The original turbine vendor rat-
ing was 569 MWe at valves-wide-open (VWO).

Monticello has ten feedwater heaters in two strings of five heaters each - a total of four

high pressure heaters and six low pressure heaters. All are closed heaters and have inter-
nal drain coolers except the two lowest pressure heaters, which have external drain cool-
ers. The condenser is a two zone design with each zone operating at a different pressure.

The unit came on line in 1971.

Thermal Performance Indicator

The purpose of the INPO revised thermal performance indicator is to monitor the nuclear
industry's progress in achieving and maintaining efficient thermal operation”. It is defined
as the BAHR divided by the AAHR. The AAHR is determined from weekly heat rate
calculations on the unit. BAHR is determined from historical operating data from the
plant or may be calculated based on historical information, design information, re-design
information, or a combination of these sources. It represents the best performance the
unit can achieve at 100% power at a reference value of circulating water inlet tempera-
ture. Using the BAHR to calculate the thermal performance indicator reduces the uncer-
tainty in using the design value of gross heat rate because it reflects a more realistic value
of what the unit can achieve. Design heat rate is typically a guarantee value and may
contain varying degrees of conservatism.
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Calculating BAHR for Monticello

Unfortunately, no acceptance test was performed on Monticello during its initial start-up.
Therefore, original or "new" cycle performance and individual component/hardware per-
formance is difficult to determine.

To overcome the lack of initial data, a thermal computer model of Monticello was con-
structed using the PEPSE computer software package. This model appears in Figure 1.
The PEPSE model was built based on the original turbine vendor heat balance diagrams
and modified to reflect the as-built plant configuration.

By using a thermal computer model such as PEPSE, predictions can be made as to the
best achievable performance of the system. This is done by individually characterizing
the components using information that describes their best operating condition, such as
original design, new as-tested data, re-design data, monthly performance data, or engi-
neering judgment as to the best achievable component performance. In addition, any
boundary condition can be simulated, such as reactor thermal power to the turbine cycle,
circulating water inlet temperature, and others. By doing this, a computer calculation can
predict the best achievable heat rate under specified operating conditions and specified
component performance. The key is to characterize the components as to their best
achievable non-degraded performance.

For the Monticello model, several sources of data were used to describe the best perform-
ance of each component. Some start-up data (not acceptance test data) was used in com-
bination with design data and data from re-designed components. For all cases, the
start-up data was assumed to represent the best achievable performance unless the com-
ponent had been re-designed, in which case the re-designed data was used. When no
start-up data or re-design data was available, the original design information was used.
This combination was determined to represent the best achievable performance of the
components in the plant and thus represent the best achievable response or heat rate cal-

culation.

Results

Figure 2 shows a graph of the BAHR for Monticello based on the results of several
PEPSE cases. Figure 3 shows the generation based on circulating water inlet temperature
for several other PEPSE cases.

Based on the results from the PEPSE study shown in Figure 2, the BAHR is 1.4% lower

than the heat rate determined during a recent ASME PTC 6.1 test on the unit at the same
power level. Monticello personnel suspected that they were indeed above the BAHR,
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however, they could not verify the heat rate increase until the PEPSE study was per-
formed. These results indicate that one or more plant components are operating below
their optimum performance.

Conclusions

Thermal simulation calculations such as PEPSE can be used to calculate BAHR because
of their flexibility in allowing the characterization of the individual pieces of plant equip-
ment. When there is a lack of acceptance test data, a computer simulation can be the best
alternative to the calculation of BAHR. Monticello personnel will continue to use their
PEPSE model to make future calculations of BAHR and study a variety of other issues
related to thermal performance.
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