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EQUIVALENT AVAILABILITY FACTOR

PURPOSE

The purpose of the equivalent availability factor indicator is to monitor
progress in attaining high unit and industry equivalent availability. It
provides an indication of the effectiveness of plant programs and practices in
maximizing electrical generation and provides an overall indication of how
well a plant is operated and maintained. Experience has shown that units with
high equivalent availability factors and low forced outage rates are often
well maintained, follow good operating practices, and can be expected to have
a higher margin of safety.

DEFINITION

This indicator is defined as the ratio of gross available generation to gross
maximum generation, expressed as a percentage. Available generation is the
energy that can be produced if the unit is operated at the maximum power level
permitted by equipment and regulatory limitations. Maximum generation is the
energy that can be produced by a unit in a given period if operated contii-
uously at aximum capacity.

Equivalent ailability factor is used rather than capacity factor because it
does not penalize units for load following or reserve shutdown and thus allows
more realistic comparisons among units.

DATA ELEMENTS

The following data are required to determine each unit's value for this
indicator:

o service hours: the time that the unit (generator) is synchronized
(electrically connected) to the system

o reserve shutdown hours: the time that the unit is available to the system
but not synchronized for reasons of economy -- This is sometimes referred
to as n economy shutdown.

o equivalent forced derated hours: the number of equivalent full capacity
hours that are lost as a result of unplanned reductions of capacity that
cannot be postponed beyond the end of the next weekend

Note: Equivalent full capacity hours are the number of hours that the unit
would have to operate at full power (gross maximum capacity) to replace the
energy production lost during the derate.

o equivalent maintenance derated hours: the number of equivalent full
capacity hours that are lost as a result of unplanned reductions of
capacity that can be deferred beyond the end of the next weekend, but not
until the next planned outage
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o equivalent planned derated hours: the number of equivalent full capacity
hours that are lost as a result of unit deratings that are scheduled well
in advance and are of a predetermined duration (e.g., periodic tests or
fuel coastdowns that are included in fuel cycle planning)

o period hours: the actual number of hours in the period for which the data
is being complied -- Period hours include service hours, reserve shutdown
hours, and all outage hours.

a gross maximum capacity: the maximum gross electrical output that a unit
can sustain over an extended period of time (e.g., one day) -- When this
capacity is established by formal demonstration it should be adjusted to
reflect minimum restrictions due to ambient conditions. When a demon-
stration test has not been conducted, an estimated maximum capacity of
the unit is used. The units of measurement are megawatts-electric.

o gross dependable capacity: the gross maximum capacity adjusted for
restrictions due to ambient conditions during the time period -- The
units of measurement are megawatts-electric.

CALCULATIONS

The equivalent availability factor (EAF) is determined for each period as
follows:

o value for a unit = [(SH + RSH - EUNDH + ESDH) x 100%
PH

where SH + RSH = available hours
and EUNDH'+ ESDH = total equivalent derated hours

SH = service hours
RSH = reserve shutdown hours
PH = period hours

EUNDH equivalent unit derated hours = EFDH + EMDH + EPDH
(EFDH = equivalent forced derated hours)
(EMDH = equivalent maintenance derated hours)
(EPDH = equivalent planned derated hours)

ESDH equivalent seasonal derated hours = (GMC-GDQ
GMC x(SH+RSH)

(GMC = gross maximum capacity, MW electric)
(GDC = gross dependable capacity, MW electric)

Note: equivalent seasonal derated hours are the equivalent full
capacity hours that are lost as a result of unit deratings due
to seasonal variations in heat sink temperature.

For periods longer than a qarter, the sum of the quarterly values for
each term should be used in the above equation.
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To allow more meaningful comparisons of performance among units, the
equivalent availability factor is presented for a three-year period to
minimize the impact of annual variations due to refueling and planned
maintenance outages.

o value for the industry = average (mean) of the unit values

DATA QUALIFICATION REQUIREMENTS

Data collection begins January of the first full calendar year following
full power licensing for U.S. units (following commercial operation for
international units). Data for U.S. units are included in the calculation of
industry values beginning January of the second full calendar year following
full power licensing. In addition, data elements must be provided for at
least 50 percent of the time period in order to be included in the industry
values.

CLARIFYING NOTES

o Equivalent unit derated hours are the time that a unit cannot produce
full power because of operational r equipment failures or limitations,
external restrictions, testing, work being performed, or some adverse
condition. Operation at reduced power for reasons of economy or for load
following is not considered a derate. However, a "fuel coastdown is
considered a derate because of equipment limitations. Derates are
reported as equivalent derated hours; this is the difference between the
energy actually produced and the energy that could have been produced if
the unit had been operating at the gross dependable capacity, divided by
the gross maximum capacity.

o The gross dependable capacity may vary over time depending on actual
ambient conditions but should not exceed gross maximum capacity. Gross
dependable capacity represents the daily average capacity the unit could
maintain if operated at full power during the period, limited only by
ambient losses and not by any equipment, operating, or regulatory
restrictions. If the value of gross dependable capacity exceeds the
current gross maximum capacity then the gross maximum capacity level
should be reestablished.

o The gross maximum capacity of a unit is based on total energy produced by
the generator and is not reduced to account for station loads. If data
is collected as "net" instead of "gross," the gross values can be
obtained by adding the amount of station capacity used to supply service
or auxiliary loads.

o If the unit is operating at full power, the gross dependable capacity for
the day is the average gross power level, If the unit is operating at
less than full power, then the full power value can be estimated by
correcting for power reductions. For example, if a unit operating at an
average of 80 percent of full power reported an average daily power level
of 800 MWe gross, then the unit's gross dependable capacity for that day
can be estimated as 800)/(.8)=1000 MWe.
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o The equivalent availability factor definition and calculation are
consistent with that used by the Generating Availability Data System
(GADS) of the North American Electric Reliability Council (NERC).
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SAFETY SYSTEM PERFORMANCE

PURPOSE

The purpose of the safety system performance indicator is to monitor the
readiness of important safety systems to respond to off-normal events or
accidents. A low value of the safety system performance indicator indicates a
greater margin of safety for preventing reactor core damage and less chance of
extended plant shutdown due to failure of a safety system to function during
an operational event. The safety systems monitored by this indicator are the
following:

PWRs

o high pressure safety injection system

o auxiliary feedwater system

o emergency AC power system

BWRs

o high pressure coolant injection (or high pressure core spray or
feedwater coolant injection) and reactor core isolation cooling (or
isolation condenser) system

o residual heat removal system

o emergency AC power system

These systems were selected for the safety system performance indicator based
on their importance in preventing reactor core damage or extended plant
outage. They include the principal systems needed.for decay heat removal
following a reactor trip, for maintaining reactor coolant inventory following
a loss of coolant, and for providing emergency AC power following a loss of
normal plant offsite power.

DEFINITIONS

The performance indicator is calculated separately for each of the three-PWR
systems and each of the three BWR systems. The safety system performance
indicator is defined for each safety system! dS the sum of the unavailabilities
of the components in the system during a time period, divided by the number of
trains in the system. This definition is further explained as follows:

o component unavailability: the fraction of time that a component is
unable to perform its intended function when it is required to be
available for service -- The component unavailability is the ratio of the
hours the component was unavailable (unavailable hours) to the hours the
system was required to be available for service.
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o component: the equipment for which the unavailable hours are recorded --
The components to be included for each safety system are based on the
scope of the equipment reported to the Nuclear Plant Reliability Data
System (NPROS). An attachment for each safety system provides additional
guidance for determining the components for which unavailable hours are
monitored. The attachments are the following:

Attachment A: PWR high pressure safety injection system

Attachment B: PWR auxiliary feedwater system

Attachment C: BWR high pressure coolant injection, high pressure
core spray, feedwater coolant injection, reactor core isolation
cooling, and isolation condenser systems

Attachment 0: BWR residual heat removal system

Attachment E: Emergency AC Power system (PWR and BWR)

Data for the BWR high pressure coolant injection (or high pressure core spray
or feedwater coolant injection) and the BWR reactor core isolation cooling (or
isolation condenser) systems are collected separately. However, for
calculating the safety system performance indicator, the data for these two
BWR systems are combined to represent a single, multi-train system that
functions at high pressure to maintain reactor coolant inventory and to remove
decay heat following a loss of main feedwater event, or to mitigate a small
break LOCA. For the PWR and BWR emergency AC power systems, the definition
previously used for the diesel generator unavailability indicator will be ued
for the safety system performance indicator.

DATA ELEMENTS

The following data elements are required to determine each unit's values for
this indicator for each safety system:

o component unavailable hours: the sum of the hours that each component in
the system was unavailable to perform its intended function, while the
system was required to be available to perform its safety function --
(Unavailable hours are determined differently for the emergency AC power
system than for the other systems. See discussion below.)

For each system (except the emergency AC power system), only unavailable
hours based on component failures are included. These unavailable hours
consist of the following two elements:

--------------------

1 For 1988, component unavailability will be based on failures only, to
facilitate data collection. After 1988, component unavailability will be based
on all causes, thereby achieving consistency between the performance indicator
for the emergency AC power system and each of the other systems.
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known component unavailable hours: the hours required to correct the
Tailure and restore the component to its normal operating function

estimated component unavailable hours: the hours a component was in
a failed state prior to discovery of the failure -- This time s
estimated as one-half the time since the last successful operation or
test of the component, unless an event external to the equipment
(e.g., lightning) caused the failure at a known time.

Unavailable hours are recorded for a component only when the Safety
system is required to e available for service. The number of
unavailable hours for d component is the sum of the above two items.
This definition of component unavailable hours due to failures is
consistent with the NPROS Reporting Procedures Manual (see clarifying
notes, below) and the methodology used in INPO Report 86-021, "Safety
System Unavailability Monitoring."

The emergency AC power system is treated at the train level, rather than
the component level. Therefore, unavailable hours re recorded only when
the train (which includes emergency generator subsystems, as explained in
AttaEhment E) is unavailable. Unavailable hours for the emergency
generator (diesel or gas turbine) are based on all causes. This ensures
consistency with the previous reporting for the emergency diesel
generator unavailability indicator. The data elements are as follows:

known hours out of service: the hours an emergency generator is
removed from service for preventive maintenance, corrective
maintenance following a failure, modifications, support systems out
of service, or for special tests requiring the emergency generator to
be placed in an inoperable status -- Usually the time for normal
testing is not counted because the emergency generator remains in an
operable status, i.e., testing configurations are usually overridden
by valid starting signals. This data element is further defined in'
the clarifying notes.

estimated hours out of service: an estimate of the average time
(hours) that the emergency generator was in a failed state prior to
being discovered by a test or operational demand -- This is defined
as one-half the time (hours) between a start failure and the last
successful start, or one-half the time between a dd-run filure and
the last successful load-run operation. Note that hours out of
service due to corrective maintenance are reported as known hours out
of service. This data element is further defined in the clarifying
notes.

o hours system required: the hours the system is required to be able to
perform its safety function -- This value is determined as follows for
each system:

-- emergency AC power system: This value is estimated by the number of
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hours in the reporting period, because emergency generators are
normally expected to be available for service during both plant
operation and shutdown.

BWR residual heat removal system: This value is estimated by the
number of hours in the reporting period, because the residual heat
removal system is required to be available for decay heat removal at
all times.

all other systems: This value is estimated by the number of critical
hours during the reporting period, because these systems are usually
required to be in service only while the reactor is critical, and for
short periods during start up or shutdown. This data element is
already provided as part of the station generation data.

o number of trains in the system: The number of trains in a system is
determined as follows. Additional details for selecting the number of
trains for pump systems are provided in Attachments A through .

pump systems: the number of principal pumps in the flow system
(e.g., number of auxiliary feed pumps)

isolation condenser system: The isolation condenser system is
considered to be a single-train system for units with one isolation
condenser and a two-train system for units with two 100 percent
capacity or four 50 percent capacity isolation condensers.

emergency AC power system: the number of emergency (diesel or gas
turbine) generators at the station that are installed to power safe
shutdown loads in the event of a loss of offsite power, including the
diesel generator dedicated to the BWR HPCS system

CALCULATIONS

The unit and industry values for this indicator are determined for each
system, except emergency AC power systems, s follows:

o unit value for a system.=

(known component unavail. hurs) + estimated component unavail. hoursl
(hours system required) x (number of trains)

o industry value for a system- average (mean) of the unit values
for the system

Because emergency generators (EGs) at multi-unit stations often serve more
than one unit, this indicator is calculated as a station value for emergency
AC power systems, as follows:

o station value =

(known hours out of service) estimated hours out of service)
(hours system required) x (number of EGsT
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o industry value = average (mean) of the station values

An example of the data collected for this performance indicator and a sample
calculation are provided in Attachment F.

DATA QUALIFICATION REQUIREMENTS

Data collection begins January of the first full calendar year following
full power licensing for U.S. units (following commercial operation for
international units). Data for U.S. units are included in the calculation of
industry values beginning January of the second full calendar year following
full power licensing. Data elements must be provided for 100 percent of the
time period in order to be included in the industry values.

CLARIFYING NOTES

o Those BWRs that do not have a high pressure coolant injection system
should monitor the components in the high pressure core spray system or
the feedwater coolant injection system. Those BWRs. that do not have a
reactor care isolation cooling system should monitor components in the
isolation condenser system.

o Component unavailable hours due to failures can be obtained from the
NPROS data be. The time the component was unavailable prior to
discovery of the failure (estimated component unavailable hours) can be
obtained from the difference between the NPROS failure "discovery time"
and the failure start time." The time required to restore the component
to perform its function (known component unavailable hours) can be
obtained from the difference between the NPRDS failure "end time" and the
failure "discovery time."

o While determining component unavailable hours from NPROS failure reports,
the failure reports must be reviewed to determine if the component's
function was made unavailable by the failure. For example, if a normally
open valve were found failed in the open position, and this was the
position required for the system to perform its function, there would be
no unavailable hours for the time the valve was in a failed state
(estimated hours). However, there would be unavailable hours counted for
the repair of the valve (known hours), if the repair required the valve
to be closed or required the line containing the valve to be isolated,
and this degraded the full capacity of the system.

o When two or more components in a system re out of service concurrently,
the unavailable hours for each component are counted separately when
determining the sum of component unavailable hours for the system.

o When a component failure is detected, the time since the last successful
test or operational demand may include some time when the system was not
required for service (e.g, refueling). In this case, the estimated
component unavailable hours are estimated as one-half the time the system
was required to be available since the last successful test or
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operation. Therefore, the estimated component unavailable hours
determ ned from MPRDS should be modified to account for t e ours w en
the system was not required for service. For example, if the last
successful surveillance test of a PWR HPSI pump occurred when the plant
was in refueling, and the system was not required to be in service in
this mode, but the HPSI pump failure was detected when the plant was at
power, then the unavailable hours are estimated as one-half the time the
plant was operating in a mode in which HPSI operability was required
since the last successful test.

o BWR residual heat removal (RHR) systems, are normally required to be in
service during all modes of operation. However, for this system,
component unavailable hours are not counted for certain components when
the reactor is in a mode that allows the component (e.g., RHR pump) to be
out of service for an unlimited time without incurring a limiting
condition for operation (LCO), and the component is electively removed
from service (i.e., no failure has occurred). Following a failure,
however, both estimated and known component unavailable hours are
counted, even when unlimited removal of the component from service is
allowed.

o Annunciators, transmitters, etc., that do not affect the function of a
system's principal components are not included in the scope of components
to be monitored. For example, a pressure transmitter that provides only
an indication of pressure or a control room alarm would not be
monitored. However, a pressure transmitter whose failure could prevent a
pump from starting would be monitored.

o The dedicated emergency diesel generator associated with the BWR high
pressure core spray system is included in the emergency AC power system
scope.

o The following clarifications apply to emergency generator (EG) known
hours out of service:

Known hours do not include hours out of service when the reactor is ina
mode (e.g., refueling) that allows an EG to be out of service for an
unlimited time without incurring a limiting condition for operation
(LCO), and the EG is electively removed from service (i.e., no failure
has occurred). Following a failure, however, both known and estimated
hours out of service are counted, even when unlimited removal of the EG
from service is allowed.

Emergency generator known hours out of service are not necessarily the
same as the hours in an LCO condition. For example, an LCO that occurs
because a surveillance test was late does not count as out of service,
because the EG is not inoperable.

a The-following clarifications apply to emergency generator estimated hours
out of service:

The last successful load-run operation is defined as the last completion
of a load-run of one hour or more.
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The hours an EG is in a failed state prior to discovery of the failure is
always estimated as one-half the time since the last successful operation
or test, with the following two exceptions:

An event external to the equipment (e.g., lightning) caused the
failure at a known time. Time that elapsed between the occurrence of
the event and the discovery of the failure would be reported as the
estimated hours out of service.

The failure was annunciated in the control room while the EG was in
standby (e.g., annunciation of low lube oil pressure). In this case,
no time elapsed between the time of the failure and the time of
discovery, and the only out of service time would be the known time
for corrective maintenance.

Estimated hours out of service are not counted for a failure to eet
design or technical specifications, if the emergency generator would
still start, load, and run. For example, an overspeed trip setpoint that
is set too high may not prevent operation in an emergency.

Estimated hours out of service should not be counted for failures of an
EG to start or load-run if the failure can be definitely attributed to
any of the following:

spurious operation of a trip that would be bypassed in the emergency
operating mode

malfunction of equipment that is not required to operate during the
emergency operating mode (e.g., synchronizing circuitry)

small water or oil leaks that would not preclude safe EG operation
during an emergency

operating errors that definitely would not prevent the EG from being
restarted and brought to load within a few minutes (i.e., no
corrective maintenance needed)
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ATTACHMENT A

PWR High Pressure Safety Injection Syste

This attachment provides additional guidance for the safety system performance
indicator for the PWR high pressure safety injection (HPSI) system. The
components monitored for the HPSI system are those used following a small cold
leg loss of coolant accident (LOCA).

a Scope of HPSI system: There are design differences among HPSI systems
that affect the scope of the components to be included for the HPSI
system function. Figure 1.1 shows a generic schematic of the HPSI
system, indicating the components for which unavailable hours are
monitored. These components are in the reporting scope of NPRDS. Plant-
specific design differences may require additional components to be
included.

The HPSI system is assumed to be required for an extended period of time
during which the initial supply of water from the refueling water storage
tank is depleted and recirculation of water from the containment sump is
required. Therefore, components in the flow paths from both of these
water sources are included.

Annunciators and transmitters, etc., that do not affect the function of
the system's principal components are not included.

Some Westinghouse plants have high head pumps in the chemical and volume
control system (CVCS) that are considered part of the high pressure
safety injection system. For these plants, the CVCS high head pumps and
associated HPSI flow path should be included in the scope of components
for the HPSI safety system performance indicator. Figure 12 shows a
schematic of the components to be included for this HPSI configuration.

Some plants have one HPSI train continuously operating in the charging
mode. Such a continuously operating HPSI train is included in the scope
of the HPSI system components to be monitored. Unavailable hours would
be counted only for the repair time of a continuously operating train,
because the time of any failure would be accurately known.

At some plants, recirculation of water from the containment sump requires
that the high pressure injection pump take suction via the low pressure
injection/residual heat removal pumps. For these plants, the low
pressure injection/residual heat removal pumps and the associated valves
in the flow path from the sump to the HPSI pumps are included in the
scope of components for the HPSI system. Figure 13 shows a schematic of
the components to be included for this HPSI configuration.

Some plants have a HPSI train that requires a manual start. For the
purpose of this performance indicator, this train is included in the
scope of components for which unavailable hours are monitored.
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o Number of system trains: The number of HPSI system trains is defined by
the number of high pressure pumps used to perform the HPSI function. For
example, a system with two dedicated HPSI pumps and two high head CVCS
pumps that start on a safety injection signal is considered a four-train
HPSI system. When high pressure pumps are required to take suction from
low pressure system pumps, the low pressure pumps should not be
considered as additional trains.
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ATTACHMENT 

PWR Auxiliary Feedwater System

This attachment provides additional guidance for the safety system performance
indicator for the PWR auxiliary feedwater (AFW) system. The components
monitored for the AFW system re those used following a loss of main
feedwater.

o Scope of AFW system: Figure 2 shows a generic schematic, indicating the
components for which unavailable hours are monitored. These components
are in the reporting scope of NPROS. Plant-specific design differences
may require other components to be included.

Some plants have a startup feedwdter pump that requires a manual start.
Startup feedwater pumps are included in the scope of the AFW system for
this performance indicator.

Annunciators and transmitters, etc., that do not ffect the function of
the system's principal components are not included.

Extended operation of the system is assumed, requiring water initially
from the CST followed by water from an alternative water source (e.g.,
the service water system). Therefore components in the flow paths from
both of these water sources are included; however, the lternative water
source (system) is not included.

o Number of system trains: The number of system trains is determined by
the number of AFW pumps in the system, not by the number of injection
lines. For example, systems with three AFW pumps are defined as three-
train systems, whether they feed two, three, or four injection lines, and
regardless of the flow capacity of the pumps.
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ATTACHMENT C

BWR High Pressure Coolant Injection, High Pressure Core Spray
Feedwater Coolant Injection, Reactor Core Isolation Cooling,

and Isolation Condenser Systems

This attachment provides additional guidance for the safety system performance
indicator for five systems: high pressure coolant injection (HPCI), high
pressure core spray (HPCS), feedwater coolant injection (FWCI), reactor core
isolation cooling (RCIC), and the isolation condenser. Plants should monitor
either HPCI, HPCS, or FWCI, and either RCIC or the isolation condenser,
depending on which systems are installed. However, for calculating the safety
system performance indicator, the data for these two systems are combined to
represent a single, multi-train system that functions at high pressure to
maintain reactor coolant inventory and to remove decay heat following a loss
of main feedwater event, or to mitigate a small break LOCA.

o Scope of systems: Figures 31, 32, 33 34, and 35 show generic
schematics for the HPCI, HPCS, RCIC, isolation condenser, and FWCI
systems respectively. These schematics indicate the components for which
unavailable hours are monitored; these components are in the reporting
scope of NPRDS. Plant- specific design differences may require other
components to be included.

Annunciators and transmitters, etc., that do not affect the function of
the system's principal components are not included.

Extended operation of the system is assumed, requiring water initially
from the condensate storage tank followed by recirculation of water from
the suppression pool. Therefore, components in the flow paths from both
of these water sources are included.

The HPCS system typically includes a "water leg" pump to prevent water
hammer in the HPCS piping to the reactor vessel. The "water leg" pump
and valves in the "water leg" pump flow path are not included in the
scope of the HPCS-system for the performance indicator.

The HPCS system has a dedicated emergency diesel generator. This diesel
generator is not included in the scope of the HPCS system, but is
included in'the emergency AC power system scope.

HPCI and RCIC turbines and associated valves and piping for steam supply
and exhaust are in the scope of these systems.

o If a failure occurs in a continuously operating FWCI system, unavailable
hours are counted only for the time required to restore the failed
component to service, because the failure time is accurately known.

o Number of system trains: The HPCI system is considered a single-train
system. The booster pump and other small pumps shown in Figure 31 are
not used to determine the number of trains; however, the unavailable
hours for these pumps are included in the safety system performance
indicator.
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The RCIC system is also considered a single-train system. The condensate
and vacuum pumps shown in Figure 33 are not used in determining the
number of trains; however, the unavailable hours for these pumps are
included in the safety system performance indicator.

The isolation condenser system is considered to be a single-train system
for units with one isolation condenser, and a two-train system for units
with two 100 percent capacity or four 50 percent capacity isolation
condensers.

For the feedwater coolant injection system, the number of trains is
determined by the number of main feedwater pumps used in this operating
mode. Condensate and feedwater booster pumps are not used to determine
the number of trains.

The number of trains in the combined system is the sum of the number of
trains in the individual systems. Thus, a plant with a single-train HPCI
system and a single-train RCIC system would be defined as having a two-
train system for determining the value of the safety system performance
indicator.
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ATTACHMENT 

BWR Residual Heat emoval System

This attachment provides additional guidance for the safety system performance
indicator for the BWR residual heat removal (RHR) system. The RHR system has
several modes of-operation. The two modes considered to be of greatest
importance for preventing core damage (based principally on IDCOR results) are
the suppression pool cooling mode and the shutdown cooling mode. The
suppression pool cooling mode is used whenever the suppression pool (or torus)
water temperature exceeds a high temperature setpoint (e.g., following most
relief valve openings). The shutdown cooling mode is used following any
transient requiring long term heat removal from the reactor vessel.

o Component scope for the residual heat removal system: Figure 4 shows a
generic schematic indicating the components in the RHR system-for which
unavailable hours are monitored. These components are in the reporting
scope of NPRDS. Plant-specific design differences may require other
components to be included.

Components used only in the low pressure injection mode of operation are
not included.

Annunciators and transmitters, etc., that do not affect the function of
the system's principal components are not included.

Components on the secondary side of the RHR heat exchangers are not
included.

o Number of system trains: The number of trains in the RHR system is
determined by the number of RHR pumps and not by the number of RHR heat
exchangers. Thus, a typical system with four RHR pumps and two RHR heat
exchangers is considered to be a four-train system for the purpose of the
safety system performance indicator.

-26-



H e a S P I a 

Reactor

Ve s s e I

I Om
R e c i a I a t i n L p

RHR R H
P u ni P

RHR RHR
Heat Strainers RHR Heat

E x c h o e r Pump K;;I P UfnP E x c h a n e r
[/\"I El-

hYA Suppressi on
PI 1% o

.Figure 4 Residual et Removal System, Example of Reporting Scope



12/87

ATTACHMENT E

Emergency AC Power Systems (PWR and BWR)

This attachment provides additional guidance for the safety system performance
indicator for the emergency AC power system.

o Component scope for the emergency AC power system: Data for the
emergency AC power system is collected at the train level. This ensures
consistency with previous reporting for the diesel generator
unavailability indicator, which is being used to support several industry
initiatives.

The emergency generator includes subsystems such as air start, lube oil,
fuel oil, etc. However, for this safety system performance indicator,
unavailable hours are counted only when the emergency generator itself
fails to start or load, For example, if a component fails in one train
of a redundant support system, the emergency generator is still operable,
and no unavailable hours are counted.

Diesel generators dedicated to providing emergency power for WR high
pressure core spray (HPCS) pumps are included as part of the emergency AC
power system.

o Number of system trains: The number of emergency AC power system trains
is equal to the number of emergency generators at the station that are
installed to power safe shutdown loads in the event of a loss of offsite
power, including the diesel generator dedicated to the BWR HPCS system.
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ATTACHMENT F

Example Safety System Performance Indicator

The following is an example illustrating the principal steps in determining
the data elements required for the safety system performance indicator. Also
shown is the calculation of the safety system performance indicator from the
data elements. The table shows example data for component unavailable hours
for each failure event that occurred during a quarter, for a PWR auxiliary
feedwater system.

COMPONENT UNAVAILABLE HOURS
1988

Fourth Quarter

System: Auxiliary Feedwater

Plant Estim. Known
Cause of Date Date mode comp. comp. Total

Item component Event return last when unavail unavail unav.
No. unavailability date service oper. discov hours hours hrs
---- -------------- -------- -------- -------- ------ ------- -----
1 Flow control 10/02/88 10/03/88 09/07/88 1 312 12 324

valve AOV2A
failed to
control in test

2. Motor-driven 11/01/88 11/11/88 10/03/88 4 240 0 240
pump failed
to start
during test

3. MS10OA failed 12/07/88 12/09/88 1 48 48
to open after
closing during
test

612

Following is an explanation of each item in the table:

Item 1: The pneumatic operator failed to control during a test on 10/2/88.
Since it was not known how long the valve had been unable to perform its
control function, the failure time ws estimated as one-half the time since
the last successful operation: 112 x 26 days = 312 hours. In addition, 12
hours of corrective maintenance were needed to return the component to
service. Thus, the total unavailable hours for the component failure was 324
hours.
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Item 2 The motor-driven pump failed to start during a test on 11/1/88.
However, because the plant had been in mode 4 since 10/22/88, the AFW system
was not required to be operable for 10 days prior to the test. In this case,
the failure time was estimated as one-half the time the system was required to
be operable since the last operation: 112 x 20 days = 240 hours. Also the time
spent on corrective maintenance was not counted as unavailable hours because
the plant was in mode 4 The total unavailable hours for the event was 240
hours.

Item 3 A steam supply valve (MS100A) to the turbine-driven AFW pump, which
is normally open, failed to reopen after closing during a test on 12/7/88 No
estimate of the time the component was in a failed state prior to discovery of
the failure was needed because the safety function of the valve (i.e., to
remain open) was not affected. The failure did cause unavailability of the
valve when it failed closed. Therefore, the corrective maintenance time
required to restore the valve to its proper function (i.e., remaining open)
was counted as unavailable hours for the valve. The total corrective
maintenance time was 48 hours, and thus the total unavailable hours for the
event was 48 hours.

Calculation:

o value for the quarter: The total unavailable hours for a three-train AFW
system for the quarter was 612 hours. The number of hours the plant was
critical during the quarter was 2083. Therefore, the system
unavailability for the quarter is calculated as follows:

(estimated Component unavail. hours) (known component unavail. hoursl
(hours system required) x (number of trains)

612 .098
(2083) x 3)

o value for the year: Example unavailable hours and critical hours for the
year are as follows:

Unavailable Critical
Quarter hours hours
------- ----------- --------
first 223 1227
second 646 2183
third 407 2208
fourth 612 2083

The value for the year is calculated as follows:

(223 646 407 612) .082
T12-27 2183 2208 2083) x 3)
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UNPLANNED AUTOMATIC SCRAMS WHILE CRITICAL

PURPOSE

The purpose of the unplanned automatic scrams while critical indicator is to
monitor industry performance in reducing the number of unplanned automatic
reactor shutdowns. It provides an indication of how well a plant is operated
and maintained because scrams result from equipment failures or personnel
errors that cause undesirable and unplanned thermal-hydraulic or reactivity
transients. Manual scrams and automatic scrams as a result of manual turbine
trips to protect equipment or mitigate consequences of a transient are not
counted because operator-initiated scrams and actions to protect equipment
should not be discouraged.

DEFINITION

The indicator is defined as the number of unplanned automatic scrams (reactor
protection system logic actuations) that occur while the reactor is critical.
The indicator is further defined as follows:

o Unplanned means that the scram was not part of a planned test or
evolution.

o Scram means the automatic shutdown of the reactor by a rapid insertion
of all control rods that is caused by actuation of the reactor
protection system. The scram signal may have resulted from exceeding a
setpoint or may have been spurious.

o Automatic means that the initial signal that caused actuation of the
reactor protection system logic was provided from one of the sensors
monitoring plant parameters and conditions, rather than the manual scram
switches or, in certain cases described below, manual turbine trip
switches (or pushbuttoms) in the main control room.

o Critical means that during the steady-state condition of the reactor
prior to the scram, the effective multiplication factor (keff) was equal
to one.

DATA ELEMENTS

The basic data element required to determine each units value for this
indicator is the number of unplanned automatic scrams while critical. In the
U.S., the number of scrams is determined by INPO from an analysis of licensee
event reports that are submitted-by the utilities to the U.S. Nuclear
Regulatory Commission.

In addition to the number of scrams, sufficient data must be available for
calculating the cumulative capacity factor for the period (see Calculations
and Data Qualification Requirements below). The data elements necessary for
calculating cumulative capacity factor are as follows:

o gross electrical generation (defined under the thermal performance
indicator)
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o gross maximum capacity (defined under the equivalent availability factor
indicator)

o period hours (defined under the equivalent availability factor
(indicator)

CALCULATIONS

The unit and industry values for this indicator are determined as follows:

o value for a unit = sum of unplanned automatic scrams while critical

o value for the industry = average (mean) of the unit values

The cumulative capacity factor (CCF) for the period is calculated as follows:

o CCF = (total gross electrical generation) x 100%
(period hours) x (gross maximum capacity)

DATA QUALIFICATION REQUIREMENTS

Data collection begins January I of the first full calendar year following
full power licensing for U.S. units (following commercial operation for
international units). Data for U.S. units are included in the calculation of
industry values beginning January of the second full calendar year following
full power licensing. However, in order to be included in the industry
values, data elements must be provided for the entire time period, and the
unit must have a cumulative capacity factor of at least 25 percent for the
time period. Requiring this capacity factor minimizes the effects of plants
that are shut down for long periods of time and whose limited data may not be
statistically valid.

CLARIFYING NOTES

o Scrams that are planned to occur as part of a test (e.g., a reactor
protection system actuation test), or scrams that are part of a normal
operation or evolution and are covered by controlled procedures, are not
included.

o Reactor protection system actuations that occur while all control rods
are inserted are not counted because no control rod movement occurred as
a result of the actuation.

o Each scram caused by intentional manual tripping of the turbine will be
analyzed. Those scrams which clearly involve a conscious decision by
the operator to manually trip the turbine to protect important equipment
or to minimize the effects of a transient will be counted as manual
scrams.
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o During a startup, shutdown, or changing power condition, the reactivity
transients may cause the reactor to go subcritical or super-critical for
a short period of time. However, the plant is considered critical for
purposes of this indicator if the reactor was critical prior to the
reactivity transient and may be assumed to return to a critical
condition after the transient is completed (e.g., a plant is considered
to remain critical after initial criticality is declared on a reactor
startup, and to be critical until taken permanently subcritical on a
reactor shutdown).
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UNPLANNED SAFETY SYSTEM ACTUATIONS

PURPOSE

The purpose of the unplanned safety-system actuation indicator is to monitor
progress in reducing the number of occurrences of significant off-normal plant
conditions. Emergency core cooling system (ECCS) actuations indicate events
that are severe from a thermal-hydraulic perspective, while emergency AC power
system actuations indicate a significant degradation of a vital support
system. Limiting the number of unplanned safety system actuations indicates
that a larger margin of nuclear safety is being maintained.

DEFINITION

This indicator is defined as the sum of the following safety system
actuations:

o the number of unplanned ECCS actuations that result from reaching an ECCS
actuation setpoint or from a spurious/inadvertent ECCS signal

o the number of unplanned emergency AC power system actuations that result
from a loss of power to a safeguards bus

An unplanned safety system actuation occurs when an actuation setpoint for a
safety system is reached or when a spurious or inadvertent signal is generated
(ECCS only), and major equipment in the system is actuated. Unplanned means
that the system actuation was not part of a planned test or evolution.

For PWRs, the ECCS actuations to be counted are actuations of the high
pressure injection system, the low pressure injection system, or the safety
injection tanks (accumulators, core flood tanks). For BWRs, the ECCS
actuations to be counted are actuations of the high pressure coolant injection
system, the low pressure coolant injection system, the high pressure core
spray system, or the low pressure core spray system. Safety systems that may
be used during normal plant operations (e.g., startup, shutdown) have not been
included.

DATA ELEMENTS

The following data are required to determine each unit's value for this
indicator:

o the number of unplanned ECCS actuations that result from reaching an ECCS
actuation setpoint or from a spurious/inadvertent ECCS signal

o the number of unplanned actuations of emergency AC power systems that
result from a loss of power to a safeguards bus
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CALCULATIONS

The unit and industry values for this indicator are determined as follows:

o value for a unit (number of ECCS actuations) (number of
emergency AC power system actuations)

o value for the industry = average (mean) of the unit values

DATA QUALIFICATION REQUIREMENTS

Data collection begins January of the first full calendar year following
full power licensing for U.S. units (following commercial operation for
international units). Data for U.S. units are included in the calculation of
industry values beginning January of the second full calendar year following
full power licensing. In addition, data elements must be provided for the
entire time period in order to be included in the industry values.

CLARIFYING NOTES

o Reactor protection system actuations are not included, because unplanned
automatic reactor scrams are a separate performance indicator.
Actuations of other sdfety-related systems such as auxiliary feedwater,
reactor core isolation cooling, or residual heat removal, are not
included since they are often actuated during normal operations (e.g.,
startup, shutdown) that do not represent significant off-normal plant
conditions.

a Only one ECCS actuation is counted for each event that actuates one or
more ECCS systems. For example, actuation of bth the high pressure
injection and the low pressure injection systems during the same event
would count as one ECCS actuation. The intent is to count actuation
events, not individual system actuations.

o For actuations to be counted, major equipment (e.g., pumps, diesels) must
be actuated. For examples the spurious opening of one motor-operated
valve in the high pressure injection system would not count as an ECCS
actuation.

o Emergency AC power system actuations due to spurious or inadvertent
starts of the emergency AC power source are not counted because these
actuations represent no degradation in plant safety, and the inadvertent
start does not cause a plant transient. ECCS system actuations due to
spurious or inadvertent starts are counted because these actuations can
result in a plant transient or equipment damage.

o When power is lost to one or more safeguards buses at a unit, only one
emergency AC power system actuation is counted.

o Safety system actuations (as defined above) are counted during all plant
conditions (e.g. operating, shutdown).
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FORCED OUTAGE RATE

PURPOSE

The purpose 'of the forced outage rate indicator is to monitor industry
progress in minimizing unplanned outages that are forced as a result of
equipment failure or other conditions. This indicator reflects the
effectiveness of plant programs and practices (e.g., preventive maintenance
and the correction of design problems) in maintaining systems available for
safe electrical generation. Experience has shown that units with high
equivalent availability factors and low forced outage rates are often well
maintained, follow good operating practices, and can be expected to have a
higher margin of safety.

DEFINITION

This indicator is defined as the percentage of time that the unit was
unavailable due to forced events compared to the time planned for electrical
generation. Forced events are failures or other unplanned conditions that
require removing the unit from service before the end of the next weekend.
Forced events include startup failures and events initiated while the unit is
in reserve shutdown (i.e., the unit is available but not in service).

DATA ELEMENTS

The following dta is required to determine each unit's value for this
indicator:

o forced outage hours: the time attributable to unit startup failures and
unscheduled outages required before the end of the next weekend -- Forced
outage hours include the time from opening the output breaker or
declaring the unit unavailable for synchronizing to the grid, until the
output breaker is closed or the unit is declared available in reserve
shutdown.

o service hours: the time during which the unit is synchronized to the
system

CALCULATIONS

The unit and industry values for this indicator are determined as follows:

o value for a unit = (forced outage hours for the time period) x 100
(sum of the forced outage hours and service

hours for the time period)

o value for the industry = average (mean) of the unit values
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DATA QUALIFICATION REQUIREMENTS

Data collection begins January I of the first full calendar year following
full power licensing for U.S. units (following commercial operation for
international units). Data for U.S. units are included in the calculation of
industry values beginning January of the second full calendar year following
full power licensing. In addition, data elements must be provided for at
least 50 percent of the time period in order to be included in the industry
values.

CLARIFYING NOTES

o If a unit is in an unplanned outage that was (or could be) deferred past
the next weekend after the problem was identified, but could not have
been deferred until the next planned outage, then the unit is in a
"maintenance outage" rather than a forced outage. Also, a unit is in a
"planned outage" rather than a forced outage if it is unavailable due to
inspection, maintenance, testing, overhaul, or refueling which has been
scheduled "well in advance." This usually means at the start of the
current fuel cycle.

o In some cases, the opportunity exists during forced outages to perform
some maintenance that wuld have been performed during the next planned
outage. If the additional work extends the outage beyond that required
for the forced outage, the remaining outage time is considered a planned
or maintenance outage.

o If the duration of a "planned outage (bdSiC)," i.e., the initially
scheduled outage period, is extended to complete planned and scheduled
work that was originally defined as a part of the planned outage, but
could not be completed as scheduled, then the period of extension is
called a "planned outage (extended)." Any condition identified during
the planned outage (basic) that was not initially scheduled, requires
corrective action t Make the unit available, cannot be completed during
the planned outage (extended) period, and cannot be deferred, should be
considered a forced outage. The forced outage hours are counted from the

,time a planned outage (basic) was terminated until the unit is made
available.

o The forced outage rate definition and calculation are consistent with
that used by the Generating Availability Data System (GADS) of the North
American Electric Reliability Council (NERC).
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THERMAL PERFORMANCE

PURPOSE

The purpose of the thermal performance indicator is to monitor industry
progress in achieving and maintaining efficient thermal operation. It
provides an indication of success toward meeting design capabilities and
allows comparison among units. A plant operating at or near design values for
thermal performance reflects emphasis on thermal efficiency and attention to
detail in maintenance of balance-of-plant systems. An efficient plant enables
operators to detect abnormal trends and correct them early.

DEFINITION

The thermal performance indicator is defined as the ratio of the design gross
heat rate (corrected) to the adjusted actual gross heat rate.

Gross heat rate values will be used to determine industry gross heat rate
trends. Gross heat rate is defined as the ratio of total thermal energy in
British thermal units (Btu) produced by the reactor to the total gross
electrical energy produced by the generator in kilowatt-hours (kWh).

DATA ELEMENTS

The following data is required to determine each unit's value for this
indicator:

o design gross heat rate (corrected): the minimum theoretical heat rate
that can be attained at design operating conditions for 100 percent
power, expressed in Btu per kilowatt-hour(electric) -- This value is
determined by correcting the initial plant design gross heat rate to
include the demonstrated effects of modifications, such as, the addition
of cooling towers or the replacement of moisture separator-reheaters.
The cumulative impact of all such modifications to date should be used to
make the design correction. In addition, the design gross heat rate
should also be adjusted for operating deviations from the original
thermal design. Examples of such deviations include changing system
lineups or operating a once-through steam generator to maximize
superheat. The design gross heat rate (corrected) should be updated
following plant modifications or operating deviations, but should not
reflect degraded equipment performance.

o total correction to design gross heat rate: the cumulative total
correction to the design gross heat rate due to modifications and
operating deviations from original thermal design -- This value is
reported initially, and whenever plant modifications or operating
deviations have been made that affect the design gross heat rate.
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o adjusted actual gross heat rate: the gross heat rate attained in the
normal equipment lineup during a 24-hour period in Btu per kilowatt-hour
(electric) -- Power level should be greater than 80 percent. This value
should be adjusted to account for circulating water inlet temperature
deviations from design values; curves relating electric power output to
circulating water temperature may be used for this adjustment (if curves
are not available, the adjustment may be based on condenser back
pressure). Also, when the design gross heat rate is based on motor-
driven main feedwater pumps, but more efficient steam-driven main
feedwater pumps are used during the adjusted actual gross heat rate
measurement, the energy used to power the steam-driven feedwater pumps
should be added to the electrical energy produced. Initial design values
for steam or power usage for steam-driven feedwater pumps may be used for
this correction.

o total adjustment to actual gross heat rate: The circulating water inlet
temperature and steam-driven feedwater pump adjustments (if required) are
reported in Btu per kilowatt-hour(electric) for information, and are being
used to establish a benchmark for the thermal performance indicator.

o circulating water inlet temperature (degrees F): This value is reported
for information, and is being used to establish a benchmark for the
thermal performance indicator.

o power level at which the actual gross heat rate was determined
(percent): This value is reported for information.

o thermal generation: the total thermal energy produced by the reactor in
megawatt-hours (MWh) (thermal)

o gross electrical generation: the total gross electrical energy produced
by the generator in megawatt-hours (electric)

The conversion from kilojoules to Btu's is 1 kilojoule = 1.055 Btu's.

CALCULATIONS

The thermal performance indicator is determined each calendar quarter as
follows. The indicator value for longer periods is the average of the
quarterly values in those periods.

o quarterly value for a unit = 100% x (design gross heat rate (corrected))
adjusted actual gross heat rate

o yearly value for a unit average (mean) of the quarterly values for the
year

o value for the industry average (mean) of the unit values
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Gross heat rate (Btu/kWh) is determined over a specified time period as
follows:

o value for a unit

total thermal generation in MWh during the period x 3413
total gross electrical generation in MWh during the perTo-d

where 3414 is a factor that converts the ratio to Btu's per kilowatt-
hours

a value for the industry

sum of thermal generation for all units during the period x 3413
sum of gross electrical generation for all units during the perio

By measuring thermal performance and gross heat rate each quarter, the effects
of seasonal changes on this indicator can be taken into account.

DATA QUALIFICATION REQUIREMENTS

Data collection begins January of the first full calendar year following
full power licensing for U.S. units (following commercial operation for
international units). Data for U.S. units are included in the calculation of
industry values beginning January I of the second full calendar year following
full power licensing. 'In addition, data elements must be provided for at
least 50 percent of the time period in order to be included in the industry
values.

CLARIFYING NOTES

a Thermal performance indicator data should be taken during a 24-hour
period when the plant is at greater than 80 percent power. These
operating restrictions do not apply to the cumulative thermal generation
and gross electrical generation data collected for a calendar quarter to
determine gross heat rate values for industry trends.

o Adjustment for the use of steam-driven main feedwater pumps is intended
to be used only when the unit design gross heat rate is based on
electric-driven pumps, but more efficient steam-driven pumping capability
is used. Plants with design gross heat rate values based on the use of
steam-driven pumps should not correct or adjust for the pumps. This
correction Is to prevent a penalty for using the most efficient made of
operation when both steam- and electric-driven feed pumps are available.

a Gross heat rate rather than net heat rate is used to eliminate data
variances caused by auxiliary lads, particularly where auxiliary loads
are shared dmong multi-unit facilities.
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o Thermal generation should be measured by using a secondary calorimetric
for pressurized water reactors and a reactor heat balance for boiling
water reactors. These measurements must be corrected for conditions that
do not conform to design assumptions; for example, if steam generator
blowdown is not used in the design heat rate calculation, but is used
during the calorimetric, the effects of the blowdown should be removed
from the calorimetric calculation.

o If the unit consistently operates at a gross heat rate lower than what is
currently considered to be the design gross heat rate, then the design
gross heat rate value should be re-evaluated. The design gross heat rate
must be corrected to reflect plant modifications and operating deviations
from original thermal design.
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FUEL RELIABILITY

PURPOSE

The purpose of the fuel reliability indicator is to monitor industry progress
in achieving and maintaining high fuel integrity, and to foster a healthy
respect for preservation of fuel integrity. Failed fuel represents a breach
in the initial barrier preventing off-site release of fission products. It
also has a detrimental effect on operating cost and performance, and increases
the radiological hazards to plant workers. The indicator provides a
relatively simple measure of fuel integrity while allowing comparison among
units.

DEFINITION

Due to design differences, this indicator is calculated differently for
boiling water reactors (BWRs) and pressurized water reactors (PWRs).

o BWRs: The indicator is defined as the combined steady-state off-gas
release rate of the six primary noble gas fission products,
corrected for the tramp uranium (recoil release) contribution.

o PWRs: The indicator is defined as the steady-state primary coolant 1131
activity, corrected for the tramp uranium contribution and
normalized t d common purification rate.

Tramp uranium is fuel which has been deposited on reactor core internal from
previous defective fuel or is present an the surface of fuel elements from the
manufacturing process.

Steady state is defined as continuous operations above 85 percent power for at
least seven days.

DATA ELEMENTS

The following data is required to determine ech unit's value for this
indicator:

a BWRs: the release rate (microcuries/second) of the krypton-85m, krypton-
87, krypton-88, xenon-133, xenon-135, and xenon-138 isotopes

o PWRs: the reactor coolant activity (microcuries/gram) for iodine-131 and

iodine-134, and the purification rate constant (seconds-1)
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CALCULATIONS

The unit and industry values for this indicator are determined as follows:

BWR Fuel Reliability Indicator

o The monthly value of the BWR indicator is usually calculated using the
following equation because it provides an accurate estimate of fuel
integrity under most conditions (see clarifying note on next page).

FRIM = 19.5 A3 + 1.88 A - 0106 8

where FRIM (fuel reliability indicator) is the steady-state
diffusion contribution to the sum of the six fission gas release
rates for month M

A3 is the measured steady state release rate of xenon-133 in
microcuries/second

A5 is the measured steady state release rate of xenon-.13 in
microcuries/second

A8 is the measured steady state release rate of xenon-138 in
microcuries/second

However, if the calculated monthly value of the BWR fuel reliability
indicator is larger than the measured sum of the six monthly primary
noble gas fission product release rates, then the measured sum of the six
release rates is used as the monthly fuel integrity value as follows:

FRIm = sum of the monthly release rates for Kr-85m, Kr-87, Kr-88,
Xe-133, Xe-135, Xe-138

This could occur if the equilibrium mechanism is a significant portion of
the release rate, because the tramp uranium correction estimate is least
accurate when equilibrium release is the dominant contributor to the
total release rate. Refer to Attachment A for additional explanation.

o value for a unit = sum of the FRIm values in the time period

number of months in the time period

o value for the industry = average (mean) of the unit values

PWR Fuel Reliability Indicator_

o The monthly value of the PWR indicator is calculated as follows:

FRIM = A131)N - kA134)N

where FRIM is the steady-state primary coolant I131 activity corrected
for the tramp uranium contribution and normalized to a common
purification rate for month M
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(A131)N is the steady-state activity of I131 in the coolant
normalized to a common purification rate and expressed in micro-
curies per gram

(A134)N is the steady-state activity of I134 in the coolant
normalized to a common purification rate and expressed in micro-
curies per gram

k(AI34)N is the 1131 activity contributed by tramp uranium. (This
term represents the A131)N from tramp uranium).

Refer to Attachment for additional explanation.

o value for a unit = sum of the FRIm values in the time period

number of months in the time period

o value for the industry = average (mean) of the unit values

DATA QUALIFICATION REQUIREMENTS

Data collection begins January I of the first full calendar year following
full power licensing for U.S. units (following commercial operation for
international units). Data for U.S. units are included in the calculation of
industry values beginning January of the second full calendar year following
full power licensing. In addition, data elements must be provided for at
least 50 percent of the time period in order to be included in the industry
values.

CLARIFYING NOTE

o The measured release rates for krypton isotopes were not used in the
equation to estimate the BWR fuel reliability indicator, because the
krypton yields from uranium and plutonium differ greatly. The krypton
yields from plutonium fission are more than twice the yields from uranium
fission, while the xenon yields from plutonium differ by less than 30
percent from those from uranium fission. A detailed evaluation of
measured release rates is needed to estimate the relative contribution of
uranium and plutonium fission to these rates. To maintain a simple
calculation and provide accurate results while minimizing the impact of
different fission yields, the average of uranium and plutonium fission
yields for xenon isotopes is used. The krypton isotopes are included
when the measured sum of the six release rates is used as the fuel
reliability indicator. This occurs when the measured sum of the six
release rates is less than the calculated fuel reliability indicator
based on xenon.
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ATTACHMENT A

Supplementary 8WR Fuel Reliability Indicator Information

To determine the BWR fuel reliability indicator, the tramp uranium
contribution to the fission gas release rate must be determined and subtracted
from the total release rate or each isotope. Also, since diffusion of
fission gas from the fuel rods is a relatively slow process, the short-lived
nuclide xenon-138 is primarily produced by recoil release from tramp uranium,
and its release rate can be subtracted from the total fission gas release
rate. The calculation of the tramp uranium contribution from long-lived
nuclides is shown below using xenon-133 as an example.

The tramp uranium contribution of xenon-133 can be estimated as follows:

Tramp uranium contribution (Xe-133) A x R8 3/8

where:

(a) AB = measured release rate of xenon-138 (all attributed to tramp
.uranium)

(b) R3 - ratio of the tramp uranium release rates of xenon-133 and
xe4o8n-138 based on known production rates -- (Xenon-133 is the
numerator value in the ratio.)

Once the tramp uranium contribution for xenon-133 is determined, the diffusion
(ncn-recoil release) contribution must be calculated. The diffusion release
rate of xenon-133 is estimated by:

Diffusion contribution = - (A8 x R3/8)

where:

(a) A = the measured release rate of xenon-133

(b)--(A x R ) = the contribution to the xenon-133 release rate from8 3/8.
tramp uranium

By knowing the diffusion contribution of xenon-133, the total release rate for
all fission gases due to diffusion can be estimated as follows:

I. (S6)N = RS/3 [A3 - (A8 x R3/8)]

where:

(a) (S6) - the total fission gas release rate due to diffusion for all
Six 1ssion gases (also known as the sum of the six fission gas
release rates due to diffusion)

(b) RS/ - the calculated ratio of the total fission gas release rate due
to if-fusion to the diffusion release rate due to xenon-133 Xenon-
133 is the denominator value in the ratio.)
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(C) A - (A8 x R3/8) = the release rate of xenon-133 due to the diffusion
process.

The total fission gas release rate due to diffusion (S6)N can also be
estimated using other isotopic ratios. In all cases, the value of (S6)N
should be approximately equal. The other isotopic ratios are as follows:

II. (S6)N = RS/5 A5 - (A8 x R5/8)]

where:

(a) RS/ - the calculated ratio of the total fission gas release rate due
to Diffusion to the diffusion release rate due to xenon-135

(b) A = measured release rate of xenon-135

(c) R548 ratio of the tramp uranium release rates of xenon-135 and
xe on-138 based on known production rates -- (Xenon-135 is the
numerator value.)

(d) A5 (A x R rate of xeno
process8 5/8) = the release n-135 due to the diffusion

III. (S6)N = RS/3 [A3 - (A5 x R3/5)]

where:

(a) R345 = ratio of the tramp uranium release rates of xenon-133 and
xe on-135 based on known production rates -- (Xenon-133 is the
numerator value.)

(b) A - (A5 x R3/5) = the release of xenon-133 due to diffusion

To minimize data scatter, the total fission gas release rate from diffusion
(S6)N for all three calculations should be averaged.

Substituting values from Tables A-1 and A-2 into the three equations for the
total fission gas release rate from diffusion (S6)N and averaging the
equations yields the following:

FRIM �-- (S6)N = 19.5 A3 + 1.88 A5 - 0106 8
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Table A-I

Calculated Ratios of Release Rates

Symbol Ratio Recoil Diffusion Equilibrium

RS/3 Sum/XeI33 496. 29.2 3.69

RS/5- Sum/XeI35 35.0 7.68 3.51

R3/8 XeI33/Xe138 0.00230 0.0532 1.23

R3/5 XeI33/Xe135 0.0706 0.263 0.976

R5/8 Xe135/Xe138 0.0325 0.202 1.26

The ratios listed above were calculated using an average of uranium and
plutonium fission yields.

Table A-2

Nuclear Data for Fission Gases

Fission Yield

Decay
Nuclide -*Half-life Uranium (U) Plutonium LEul U/Pu Constan

Kr-85m 4.48 H 0.0131 0.00550 2.38 4.30 x 10-5

Kr-87 76.3 M 0.0254 0.00949 2.68 1.52 x 10-4

Kr-88 2.86 H 0.0358 0.0132 2.71 6.88 x 10-5

Xe-133 5.26 0.0677 0.0698 0.97 1.52 x 10-6

Xe-135 9.11 H 0.0663 0.0746 0.89 2.10 x 10-6

Xe-138 14.3 M 0.0628 0.0490 1.28 8.14 x 10-4

*H=hours, M=minutes, D=days
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ATTACHMENT 

Supplementary PWR Fuel Reliability Indicator Information

The rate of reactor coolant letdown (or purification) affects the steady-state
concentration of iodine-131 and iodine-134 in the coolant. To overcome this
variability so that more meaningful comparisons among units can be made, the
measured I131 ang I134 activities are normalized to a purification rate
constant of 2x1O- per second by the equation:

AN = Am x + B)

( x + (2xlO-,))

where AN the normalized isotopic activity (microcuries/gram)

Am the measured isotopic activity (microcuries/gram)

x the decay constant of the nuclide (seconds-1)

B the actual purification rate (seconds-1) defined by

B letdown flow rate (volume/second)
reactor coolant volume (excluding the pressurizer)

Since the recoil release rate of a nuclide is proportional to its fission
yield, the activity ratio of I131 to I134 in PWR coolant due to tramp
uranium can be expressed as:

k xY/( x B)) 

%Y/( X+_�)T34

where Y = the isotopic fission yield in percent

Values for and Y are provided in Table B-1 below,

Table B-1

Decay Constants and Yield Fractions for I131 and I134

Isotope Decay Constant ( x ) sec-I Yield Fraction (Y)

I-131 1 x 10-6 0.029

I-134 2.2 x 10-4 0.077
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COLLECTIVE RADIATION EXPOSURE

PURPOSE

The purpose of the collective radiation exposure indicator is to monitor
efforts to minimize total radiation exposure at each facility and in the
industry as a whole. Radiation exposure has been demonstrated to be related
to health risks. This parameter is a measure of the effectiveness of
radiological protection programs in minimizing this health risk to plant
workers.

DEFINITION

Collective radiation exposure is the.total external whole-body dose received
by all on-site personnel (including contractors and visitors) during a time
period, as measured by the primary dosimeter, thermoluminescent dosimeter
(TLO) or film badge. Exposure measured by direct reading dosimeters should be
included only for those periods when more accurate data are not available.
Collective radiation exposure is reported in units of man-rem.

DATA ELEMENTS

The total collective radiation exposure for the station is the only data
required to determine each unit's value for this indicator. This indicator
value is normally based on data obtained quarterly. However, since TLD or
film badge information may not be available for the current quarter, the
following data is reported:

o total man-rem for the current quarter (TLO, film badge, or direct reading
dosimeter)

o total man-rem for the previous quarter (TLD or film badge only) -- This
replaces the data for the previous quarter which may have used direct
reading dosimeter values.

The conversion from Sieverts to rem is I Sievert = 00 rem.

CALCULATIONS

The unit and industry values for this indicator are determined as follows:

o value for a unit = total unit collective radiation exposure during the
(for periods of period
one year or less)

To allow more meaningful comparison of unit performance, collective
radiation exposure is presented for a three-year period to minimize the
impact of annual variations due to refueling and planned maintenance
outages. The unit values for the three-year period are determined as
follows:
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three-year unit value = average (mean) of the annual unit values

o value for the industry = average (mean) of the unit values

DATA QUALIFICATION REQUIREMENTS

Data collection begins January I of the first full calendar year following
full power licensing for U.S. units (following commercial operation for
international units). Data for U.S.. units are included in the calculation of
industry values beginning January of the second full calendar year following
full power licensing. In addition, data elements must be provided for at
least 50 percent of the time period in order to be included in the industry
values.

CLARIFYING NOTES

o For multi-unit tations that do not track collective radiation exposure
separately for each unit, unit values are estimated by dividing the sta-
tion data by the number of operating units at the station. This allows
for more meaningful comparisons among single and multi-unit stations.

o Due to design differences, this indicator is presented by reactor type
(e.g., BWR or PWR).

o This indicator measures the total exposure received on-site by all
personnel and therefore includes contractors and visitors.
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VOLUME OF LOW-LEVEL SOLID RADIOACTIVE WASTE

PURPOSE

The purpose of the vlume of low-level solid radioactive waste indicator is to
monitor progress toward minimizing the generation of low-level waste.
Minimizing the amoVn't of waste generated will reduce storage, transportation,
and burial needs, a'nd will improve public perception of the environmental
impact of nuclear power.

DEFINITION

This indicator is defined as the volume of low-level solid radioactive waste
produced, in final form ready for burial, during a given period. It is
calculated using the amount of waste actually shipped for disposal, plus the
change in inventory of waste in on-site storage in final form ready for
burial. The volume of radioactive waste that is not yet in final form ready
for shipment is not included. Low-level solid radioactive waste consists of
dry active waste, sludges, resins, and evaporator bottoms generated as a
result of nuclear power plant operation and maintenance. Dry active waste
includes contaminated rags, cleaning materials, disposable protective
clothing, plastic containers, and any other material to be disposed of at a
low-level radioactive waste disposal site, except resin, sludge, or evaporator
bottoms. Low-level refers to all radioactive waste that is not spent fuel or
a by-product of spent fuel processing.

DATA ELEMENTS

The following data is required to determine each unit's value for the
indicator. Volumes are measured in cubic meters.

o dry active waste, sludges, resins, and evaporator bottoms shipped off
site for burial

o dry active waste, sludges, resins, and evaporator bottoms in temporary,
on-site storage

o dry active waste, sludges, resins, and evaporator bottoms in long-term,
on-site storage

To allow a better analysis of the source of the low-level waste, U.S.
utilities report dry active waste separately from sludges, resins, and
evaporator bottoms.
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CALCULATIONS

The unit and idustry values for this indicator are determined as follows:

o value for a unit = volume shipped during change in on-site
(for periods of the period inventory during
one year or less) the period

where

volume shipped = volume of low-level solid radioactive waste
shipped for burial during the period

change in on- = volume of low-level solid radioactive waste
site inventory stored on site at the end of the report period (long

term and temporarily) minus the volume of radioactive
waste stored on site at the end of the previous period

This indicator value is normally based an data obtained quarterly.

To allow more meaningful comparisons of unit performance, low-level solid
radioactive waste volume is presented for a three-year period to minimize
the impact of annual variations due to refueling and planned maintenance
outages. The unit values for the three-year period are determined as
follows:

three-year unit value average (mean) of the annual unit values

o value for the industry average (mean) of the unit values

DATA QUALIFICATION REQUIREMENTS

Data collection begins January of the first full calendar year following
full power licensing for U.S. units (following commercial operation fr
international units). Data for U.S. units are included in the calculation of
industry values beginning January of the second full calendar year following
full power licensing. In addition, data elements must be provided for at
least 50 percent of the time period in order to be included in the industry
values.

CLARIFYING NOTES

o For consistency in the data, the volume of waste that is not yet in final
form ready for shipment is not included. For example, resin in temporary
storage tanks or uncompacted dry active waste should not be included in
the volumes reported.

o Material shipped offsite for further processing (super-compacting or
decontaminating) and not yet in final form and ready for shipment to a
burial site should not be reported. The volume of this material sent for
burial following additional processing should be reported.
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o For multi-unit stations that do not track solid radioactive waste
separately for each unit, unit values are estimated by dividing the
station data by the number of operating units at the station. This
allows for more meaningful comparisons among single and multi-unit
stations.

o Due to design differences, this indicator is presented by reactor type
(e.g., BWR or PWR).

o Volumes of radioactive liquids or gaseous effluents are not included.
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INDUSTRIAL SAFETY LOST-TIME ACCIDENT RATE

PURPOSE

The purpose of the industrial safety lost-time accident rate indicator is to
monitor progress in improving industrial safety performance for utility
personnel permanently assigned to the station. Lost-time accident rate was
chosen as the personnel safety indicator over other indicators, such as injury
rate or severity rate, because the criteria are clearly defined, utilities
currently collect this data, and the data are the least subjective.

DEFINITION

This indicator is defined as the number of accidents for all utility personnel
permanently assigned to the station, involving days away from work per 200,000
man-hours worked (100 man-years). This does not include contractor personnel.

DATA ELEMENTS

The following data is required to determine each unit's value for this
indicator:

o the number of lost-time accidents involving days away from work for
utility personnel permanently assigned to the station

o the number of man-hours worked by utility personnel permanently assigned
to the station

CALCULATIONS

The station and industry values for this indicator are determined as follows:

o value for a station =

(number of station lost-time accidents) x 200,000)
(number of station man-hours worked)

o value for the industry

(sum of the lost-time accidents for all stations) x 200,0001
(sum of the man-hours worked at all stations)

Station rather than unit values are used for this indicator because lost-time
accidents are not normally maintained separately for each unit. However,
since the station values are normalized by the number of man-hours worked,
meaningful comparisons among single and multi-unit stations can still be made.
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DATA QUALIFICATION REQUIREMENTS

Data collection normally begins January I of the first full calendar year
following full power licensing for U.S. stations (following commercial
operation for international stations). Data for U.S. stations are included in
the calculation of industry values beginning January I of the second full
calendar year following full power licensing. In addition, data elements must
be provided for at least 50 percent of the time period in order to be included
in the industry values.

CLARIFYING NOTES

o A lost-time accident is any injury that involves days away from work (at
least one full wrkday other than the day of the injury). On the federal
Occupational Safety and Health Act (OSHA) form 200, the number of lost-
time accidents is the total of column 3 which documents injuries
involving days away from work. Accidents that involve fatal injuries
(immediate or delayed fatalities) are not considered lost-time accidents.

o Utility personnel permanently assigned to the station include all utility
personnel, regardless of whom they report to. For example, a design
engineer who reports to a manager at the corporate office, but is
permanently assigned to the tation, would be included in lost-time
accident rate statistics. On the other hand, a utility electrician who
normally does not work at the station, but is temporarily assigned to the
station maintenance manager for a refueling outage, would not be included
in lost-time accident rate statistics.

o Lost-time accidents from events that occur off the employer's premises
are considered work related if the employee is engaged in a work activity
or if they occur in the work environment. Travel on company business
would be considered a work-related activity.

o For stations with both licensed units and units under construction, lost-
time accidents nd man-hours worked associated with units under
construction are not included. Lost-time accident data for new units
should be included in the station total when they receive their full
power licenses.


