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Dear Commissioners and Staff:
In accordance with 10 CFR 50.90, enclosed is an application for amendment to
Facility Operating License Nos. DPR-80 and DPR-82 for Units 1 and 2 of the Diablo
Canyon Power Plant (DCPP), respectively. The enclosed license amendment
request (LAR) proposes to revise Technical Specification (TS) 3.3.1, "Reactor Trip
System (RTS) Instrumentation."
This LAR proposes to revise Surveillance Requirements (SRs) 3.3.1.2 and 3.3.1.3 of
TS 3.3.1, "Reactor Trip System Instrumentation." The change to SR 3.3.1.2
responds to a concern raised by Westinghouse Technical Bulletin
ESBU-TB-92-14-Ri, "Decalibration Effects of Calorimetric Power Measurements on
the NIS High Power Reactor Trip at Power Levels less than 70 % RTP," dated
February 6, 1996, and is consistent with NRC approved Industry/Technical
Specifications Task Force (TSTF) Standard Technical Specification Change
Traveler, TSTF-371. The change to SR 3.3.1.3 is editorial in nature.
These SRs are only applicable to Function 2.a and Function 6 of TS Table 3.3.1-1,
"Reactor Trip System Instrumentation."
PG&E is submitting this LAR in conjunction with an industry consortium of six plants
as a result of a mutual agreement known as Strategic Teaming and Resource
Sharing (STARS). The STARS group consists of the six plants operated by TXU
Generation Company LP, Ameren Union Electric Company, Wolf Creek Nuclear
Operating Corporation, Pacific Gas and Electric Company, STP Nuclear Operating
Company, and Arizona Public Service Company. A similar LAR has been approved
for Ameren Union Electric Company's Callaway Plant and Wolf Creek Nuclear
Operating Corporation's Wolf Creek Plant.
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Enclosure 1 contains a description of the proposed change, the supporting technical
analyses, and the no significant hazards consideration determination. Enclosures 2
and 3 contain marked-up and revised (clean) TS pages, respectively. Enclosure 4
the marked-up TS Bases changes for information only. TS Bases changes
are provided for information only and will be implemented pursuant to TS 5.5.14,
"Technical Specifications Bases Control Program." Enclosure 5 provides a copy of
the plant-specific evaluation based on the guidance in Westinghouse Technical
Bulletin ESBU-TB-92-14-R1 to determine the power level below which power range
channel adjustments in a decreasing power direction become a concern.
PG&E has determined that this LAR does not involve a significant hazard
consideration as determined per 10 CFR 50.92. Pursuant to 10 CFR 51.22(b), no
environmental impact statement or environmental assessment needs to be prepared
in connection with the issuance of this amendment.
The change in this LAR is not required to address an immediate safety concern.
PG&E requests approval of this LAR no later than March 1, 2004. PG&E requests
the LAR be made effective upon NRC issuance, to be implemented within 60 days
from the date of issuance.
Sincerely,

Gr•g Vy
M.P ueger
S~enlo, Vice President - Generation and Chief Nuclear Officer
nih/4259
Enclosures
cc:

cc/enc:

Edgar Bailey, DHS
Ellis W. Merschoff
David L. Proulx
Diablo Distribution
Girija S. Shukla
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AFFIDAVIT
Gregory M. Rueger, of lawful age, first being duly sworn upon oath states that he is
Senior Vice President - Generation and Chief Nuclear Officer of Pacific Gas and
Electric Company; that he has executed license amendment request LAR 03-01 on
behalf of said company with full power and authority to do so; that he is familiar with
the content thereof; and that the facts stated therein are true and correct to the best
of his knowledge, information, and belief.
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1.0

Description
This License Amendment Request (LAR) would revise Surveillance
Requirements (SRs) 3.3.1.2 and 3.3.1.3 of Technical Specification (TS) 3.3.1,
"Reactor Trip System Instrumentation." The change to SR 3.3.1.2 responds to a
concern raised by Westinghouse Technical Bulletin ESBU-TB-92-14-R1,
"Decalibration Effects of Calorimetric Power Measurements on the NIS High
Power Reactor Trip at Power Levels less than 70 % RTP," dated
February 6, 1996, and is consistent with NRC approved Industry/Technical
Specifications Task Force (TSTF) Standard Technical Specification Change
Traveler, TSTF-371. The change to SR 3.3.1.3 is editorial in nature. These SRs
are only applicable to Function 2.a, "Power Range Neutron Flux - High," and
Function 6, "Overtemperature AT," of TS Table 3.3.1-1, "Reactor Trip System
Instrumentation."
The associated SR 3.3.1.2 Bases changes provide a summary justification for
the TS surveillance change and clarify when channel adjustments must be made.
Associated SR 3.3.1.3 Bases changes reflect the relocation of its Note 1.
A plant-specific evaluation based on the guidance in Westinghouse Technical
Bulletin ESBU-TB-92-14-R1 was performed to determine the power level below
which power range channel adjustments in a decreasing power direction become
a concern. This evaluation is documented in Enclosure 5 of this LAR.

2.0

Proposed Change
SR 3.3.1.2 currently states: "Compare results of calorimetric heat balance
calculation to Nuclear Instrumentation System (NIS) channel output." Note 1 of
SR 3.3.1.2 currently states: "Adjust NIS channel if absolute difference is > 2%."
Note 2 of SR 3.3.1.2 currently states: "Not required to be performed until
24 hours after THERMAL POWER is > 15% RTP, but prior to exceeding
30% RTP."
This LAR would revise SR 3.3.1.2 to move the content of Note 1 to the body of
the SR. SR 3.3.1.2 would be revised to state:
"Compare results of calorimetric heat balance calculation to power range
channel output. Adjust power range channel output if calorimetric heat
balance calculation results exceed power range channel output by more
than + 2% RTP."
This LAR would also revise SR 3.3.1.3 to move the content of Note 1 to the body
of the SR for consistency with the change made to SR 3.3.1.2. SR 3.3.1.3 would
be revised to state:

1
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"Compare results of the incore detector measurements to Nuclear
Instrumentation System (NIS) AFD. Adjust NIS channel if absolute
difference is Ž_3%."
Enclosures 2 and 3 contain marked-up and revised (clean) TS pages,
respectively. Enclosure 4 provides the marked-up TS Bases changes for
information only.
The Bases changes provide a summary justification for the surveillance changes
and clarify when channel adjustments must be made. In addition, the basis for
not requiring performance of a secondary power calorimetric measurement until
reaching 15 percent rated thermal power (RTP) is clarified. The power level of
15 percent RTP was chosen as the minimum power level for the NIS power
range daily surveillance based on the Westinghouse nuclear steam supply
system design basis capability of being able to achieve stable control system
operation in the automatic control mode.
Enclosure 5 provides a copy of the plant-specific evaluation based on the
guidance in Westinghouse Technical Bulletin ESBU-TB-92-14-R1 to determine
the power level below which power range channel adjustments in a decreasing
power direction become a concern.
3.0

Background

3.1

System Description of NIS Channels
The primary purpose of the NIS is to measure the number of neutrons leaking
from the core to:
*
*
*
*
*

Provide indication of reactor power level and rate of change
Provide indication of power distribution within the core
Provide reactor power level indication following a design basis accident
Supply nuclear power control signals to the Full-Length Rod Control System
Supply nuclear power protection signals to the Reactor Protection System

The NIS power range channels provide indications of reactor power to the
Reactor Trip System (RTS). This is for the RTS trip of the reactor on power
range high neutron flux. The daily NIS power range surveillance of SR 3.3.1.2 is
to ensure that the power range channels accurately reflect the reactor power
based on the calorimetric heat balance equation. A low power indication in the
NIS power range channels would nonconservatively affect the RTS, and
therefore the protection of the reactor.

2
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3.2

Decalibration Effects of Calorimetric Power Measurements on NIS
The changes to SR 3.3.1.2 and SR 3.3.1.3 address an issue identified in
Westinghouse Technical Bulletin ESBU-TB-92-14-Ri, "Decalibration Effects of
Calorimetric Power Measurements on the NIS High Power Reactor Trip at Power
Levels less than 70 % RTP," dated February 6, 1996.
Westinghouse Technical Bulletin ESBU-TB-92-14-Ri identified potential effects
of decalibrating the NIS power range channels at part-power operation. The
decalibration can occur due to the increased uncertainty of the secondary side
power calorimetric when performed at power levels less than 45 percent RTP.
This power level was determined on a plant-specific basis following the guidance
of the Technical Bulletin, and the calculation is included in Enclosure 5 of this
LAR. When NIS channel indication is reduced to match calculated power, the
decalibration potentially results in a nonconservative bias. The proposed
amendment to the TS removes the requirement to adjust the NIS power range
channels in the decreasing power direction when the indicated power is greater
than the calorimetric heat balance calculation by an absolute difference of more
than 2 percent RTP.
The primary error contributor to the instrument uncertainty for a secondary side
power calorimetric measurement is the feedwater flow measurement, which is
determined by a AP measurement across a feedwater venturi. While the
measurement uncertainty remains constant in AP span as power decreases,
when translated into flow, the uncertainty increases as a square term. Therefore,
a 1 percent flow error at 100 percent power can approach a 10 percent flow error
at 30 percent RTP even though the AP error has not changed. Westinghouse
Technical Bulletin ESBU-TB-92-14-R1 discusses how the potential effects of this
error increase at lower power levels. In the example presented, for a 10 percent
error in the secondary side power calorimetric, the NIS power range could be
sufficiently biased in the nonconservative direction to preclude a reactor trip
within the assumptions of the safety analyses. One affected safety analysis is
the rod withdrawal at power, as discussed in the Updated Final Safety Analysis
Report (UFSAR) Section 15.2.2.
Westinghouse Technical Bulletin ESBU-TB-92-14-RI recommends that caution
be exercised if the NIS power range channels are adjusted in the decreasing
power direction when the power range channels indicate a higher power than the
secondary side power calorimetric measurement at low power levels. This
recommendation is in conflict with the power range daily SR 3.3.1.2, which
currently requires channel adjustment whenever the absolute difference
is greater than 2 percent and the plant is operating at greater than or equal
to 15 percent RTP.
Diablo Canyon Power Plant (DCPP) initially evaluated Westinghouse Technical
Bulletin ESBU-TB-92-14-R1 in 1996. Interim administrative controls were
3
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implemented at that time to address the conflict within the TS. The concerns
expressed by the Westinghouse Technical Bulletin ESBU-TB-92-14-Ri regarding
the issue of increased calorimetric uncertainties at reduced power levels were
understood by reactor engineering personnel, and DCPP operating procedures
were revised to account for the increased uncertainty. This was done by
requiring reduced NIS trip setpoints for adjustments made below 45% RTP.
It has been determined a nominal 109 percent RTP high flux trip setpoint is
adequately conservative for NIS adjustments performed at or above 45 percent
RTP. For NIS adjustments at lower powers, the trip setpoints were set more
conservatively to address the effects discussed in the Technical Bulletin.
Originally, the power range high power reactor trip was reduced from 109 percent
to 85 percent as recommended by the Technical Bulletin. The plant procedures
have been revised to require setting trip setpoints to 76 percent prior to power
ascension (this was determined to be adequate to accommodate an NIS
adjustment at 15 percent RTP).
3.3

Purpose for Proposed Amendments
These changes are requested to help avoid the potential nonconservative effects
of decalibrating the NIS power range channels at part-power operation, as
discussed in Westinghouse Technical Bulletin ESBU-TB-92-14-R1. In addition,
moving the content of SR 3.3.1.2 Note 1 to the body of the SR and using the
"power range channel" terminology would provide consistency with
NUREG-1431, "Standard Technical Specifications, Westinghouse Plants,"
Revision 2. SR 3.3.1.3 would also be revised to move the content of its Note 1 to
the body of the SR for consistency. Associated SR 3.3.1.2 Bases changes clarify
when channel adjustments must be made. Associated SR 3.3.1.3 Bases
changes reflect the relocation of its Note 1.

4.0

Technical Analysis
The following analysis assesses the impact of the proposed NIS power range
daily surveillance change on the licensing and design basis and demonstrate that
the change will not adversely affect the safe operation of the plant.

4.1

Power Range Instrumentation and RTS Design Functions
When operating at or above 15 percent RTP, each power range channel is
checked on a daily basis to see if its indication matches the thermal power
calculation results based on the secondary side heat balance (i.e., calorimetric).
Currently, if the absolute difference exceeds 2 percent RTP, then a normalization
or calibration is performed by adjusting the gain of each channel summing
amplifier such that the NIS power range channel output matches the calorimetric
heat balance calculated power. The amplifier output (0 percent to 120 percent
RTP) provides the input signals to the associated channel reactor trip,
4
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permissive, and control interlock bistables as well as the associated power level
indicators. Therefore, the proposed change to the NIS power range daily
surveillance potentially impacts the following power range NIS functions:
"* power range indications;
"* power range RTS trip functions (high flux high setpoint, high flux low setpoint,
and high positive rate) and permissive functions (P-8, P-9, and P-10);
"* power range control system functions (control interlock C-2 power range high
flux rod stop and automatic reactor control system nuclear power input); and
"* miscellaneous alarm functions (power range channel deviation and Quadrant
Power Tilt Ratio alarms).
Power Range Indications
Reactor power is monitored by the plant operators to assure that the unit is
operated within the limits of the operating license and the safety analyses. The
revision to the criteria for implementation of the daily surveillance will have a
conservative effect on the power range channel indication (i.e., indicated power
will be verified to be greater than or equal to actual power or will be adjusted in
the increasing power direction). With regard to the core safety limits, reactor
power is one of four operating parameters with uncertainties explicitly used in the
Improved Thermal Design Procedure (ITDP). As discussed in UFSAR
Section 4.4.1.1.2, plant parameter uncertainties, including a reactor power
uncertainty, are used to statistically derive a design departure from nucleate
boiling ratio (DNBR) limit which must be met in those plant safety analyses that
use the ITDP. For those non-ITDP accidents listed in UFSAR Table 15.1-4,
a ± 2 percent RTP power uncertainty is assumed in the analyses' initial
conditions, as discussed in UFSAR Section 15.1.2.2. Plant-specific setpoint
calculations demonstrate that the secondary side power calorimetric
measurement uncertainty at full power conditions is less than this ± 2 percent
RTP assumption. Since these plant-specific setpoint calculations are not
invalidated by the proposed power range surveillance method change, the
uncertainty assumption of ± 2 percent RTP continues to be a bounding allowance
for the core safety limits and safety analyses. Therefore, the NIS power range
indications are not adversely impacted by the proposed change.
Power Range RTS Trip Functions and Permissive Functions
The setpoint uncertainty assumptions associated with the methodology used to
calculate the RTS trip setpoints account for the NIS power range daily
surveillance specified by the TS. The setpoint uncertainty calculations
demonstrate conservative margin between the associated nominal trip setpoints
and the corresponding safety analysis limits (SAL). Since the daily surveillance
will continue to be performed and the maximum allowed nonconservative
deviation will continue to be less than or equal to 2 percent RTP, the power
5
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range high and low reactor trip
analysis limits are not affected
power range high positive rate
time-delay relative comparison
positive rate trip is not affected

setpoint calculations and applicable safety
by the surveillance change. With respect to the
reactor trip, this trip function is generated by
circuits. As such, the NIS power range high
by the proposed change.

One potential nonconservative impact on the NIS RTS functions could occur
when the power range channel indication is greater than the calorimetric heat
balance calculated power during a unit shutdown. In this situation, the proposed
change to no longer require adjustment of the power range channels in the
decreasing power direction could delay the reset of permissive P-10. Reset of
permissive P-10 (at z 10 percent RTP) is required to enable the power range
high neutron flux low setpoint reactor trip function which provides reactor
protection for uncontrolled reactivity transients from subcritical and low power
conditions (i.e., less than 10 percent RTP). There is no adverse impact on the
P-10 reset function since the potential conditions with respect to actual and
indicated reactor power remain bounded by the conditions assumed in the
UFSAR Chapter 15 events. Diverse protection is also provided by the power
range high positive rate, OTAT, OPAT, high pressurizer pressure, and high
pressurizer water level reactor trip functions. In addition, administrative controls
which require trip setpoint changes prior to channel adjustments in the
decreasing power direction will continue to be imposed as detailed in the
SR 3.3.1.2 Bases. Therefore, the NIS power range RTS trip functions and
permissive functions are not adversely affected by the proposed change.
Power Range Control System Functions
The power range channels also provide input to the C-2 control interlock (i.e.,
power range high flux rod stop), which blocks automatic and manual control rod
withdrawal, and provide the nuclear power input signal to the power mismatch
circuits associated with automatic reactor control as shown in UFSAR
Figure 7.7-1.
These control system functions are not required for plant safety, as discussed in
UFSAR Section 7.7. Nevertheless, the proposed NIS power range daily
surveillance change continues to limit the maximum allowed nonconservative
calibration error; therefore, the change will not adversely impact the NIS power
range control system functions.
Miscellaneous Alarm Functions
Miscellaneous alarm functions also use input signals from the NIS power range
channels. These alarm functions are the power range channel deviation and
Quadrant Power Tilt Ratio (QPTR) alarms. The channel deviation and QPTR
alarms are generated by comparison of the power range channel output signals.
Since these are relative comparisons between channels, these NIS power range
6
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alarm functions are not adversely affected by the proposed daily calibration
change.
4.2

Power Range Instrumentation Safety Analysis Basis
LOCA and LOCA-Related Analyses
The following loss-of-coolant accident (LOCA) and LOCA-related analyses are
not adversely affected by the proposed change to the NIS power range daily
surveillance:
"*
"*
"*
"*
"*

large and small break LOCA;
reactor vessel and loop LOCA blowdown forces;
post-LOCA long term core cooling subcriticality;
post-LOCA long term core cooling minimum flow; and
hot leg switchover to prevent boron precipitation.

These analyses either do not credit any NIS functions or are limiting based on
assuming full power conditions, which are not impacted since the full power
calorimetric accuracy remains within ± 2 percent RTP. The proposed
amendment does not affect the normal plant operating parameters, the
safeguards systems actuation and accident mitigation capabilities important to
LOCA mitigation, or the assumptions used in the LOCA-related analyses. The
surveillance change does not create conditions more limiting than those
assumed in these analyses. In addition, the proposed amendment does not
affect the steam generator tube rupture (SGTR) analysis methodology or
assumptions, and it does not alter the SGTR event analysis results.
Non-LOCA Related Analyses
The non-LOCA safety analyses presented in UFSAR Chapter 15 are not
adversely affected by the proposed NIS power range daily surveillance change.
As discussed in the UFSAR Section 15.1.2.2, the non-LOCA safety analyses
assume a ± 2 percent uncertainty in reactor power to bound the calorimetric
calculation. The proposed NIS surveillance requirements ensure that the
potential range of uncertainty associated with a low power calorimetric NIS
adjustment remain bounded by the UFSAR. Adjustment of the NIS power range
channels in the upward direction could result in an NIS power channel output that
is more than 2 percent greater than the actual power level. A plant transient from
this condition would result in a less limiting power increase since the power range
neutron flux reactor trip setpoint high setting (SAL = 118 percent RTP) would be
reached earlier than what is assumed in the UFSAR.
As discussed above, the increased uncertainty in the calorimetric calculation at
low power levels only affects the NIS power range channel output. There is no
7
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change in any plant operating parameter (e.g., RCS Tavg and pressurizer
pressure) and no impact on the assumed initial thermal margin with respect to
core power level, such that the UFSAR events which credit non-NIS reactor
protection functions (e.g. OTAT and high pressurizer pressure) are not impacted.
Therefore, the conclusions presented in the UFSAR remain valid.
P-10 Reset Evaluation
The P-10 reset function and associated setpoint (10 percent RTP) establish
which power range neutron flux reactor trip setpoint is credited.for mitigation in
the DCPP safety analysis. This function is bounded in the DCPP safety analysis
based on crediting the power range neutron flux reactor trip low setting for
transients which are assumed to initiate below 10 percent RTP, and crediting the
power range neutron flux reactor trip high setting for transients which are
assumed to initiate above 10 percent RTP. The safety analyses assume a
nominal P-1 0 reset value of 10 percent RTP, since the uncertainty of ± 2 percent
RTP is conservatively bounded by the assumed initial power level and the
credited NIS reactor trip setpoint. There are two cases with respect to the P-1 0
reset function which need to be evaluated due to the increased uncertainty
associated with a low power calorimetric NIS adjustment. The first case is that
the actual reactor power is greater than the NIS power range channel output,
such that the P-1 0 reset occurs with actual reactor power greater than 10 percent
RTP. Conversely, the second case is that the actual reactor power is less than
the NIS power range channel output, such that the actual reactor power has
decreased below 10 percent RTP and the P-10 reset has not yet occurred. This
evaluation assumes the case conditions are obtained during a power decrease
associated with a plant shutdown. However, these case conditions could also be
obtained during a subsequent plant power ascension. For the purposes of
evaluating a transient from these two potential case conditions, only the initial
conditions with respect to actual and indicated power matter, not how they were
obtained. The following evaluation concludes that both of these potential cases
remain bounded by the safety analysis.
In the first case, the P-10 reset has occurred and the power range neutron flux
reactor trip low setting is automatically enabled, however, the actual reactor
power remains above 10 percent RTP. There are only two DCPP safety
analyses that credit the power range neutron flux reactor trip low setting function.
These are the Uncontrolled Rod Cluster Control Assembly (RCCA) Bank
Withdrawal from a Subcritical Condition, described in UFSAR Section 15.2.1, and
the Rupture of a Control Rod Drive Mechanism Housing (RCCA Ejection),
described in UFSAR Section 15.4.6. In both of these safety analyses, the core is
assumed to be critical at an initial reactor power level (typically 10 5 percent RTP)
that is well below the value at which nuclear heating effects are predicted to
occur (typically 103 percent RTP). This allows a significant increase in the
reactor power level before any nuclear heating and doppler reactivity feedback
occurs and maximizes the net nuclear power increase rate for a given reactivity
8
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insertion. The rate at which nuclear power is increasing when the reactor trip
occurs (along with the associated delays) determines the magnitude that the
nuclear power increases above the trip setpoint before the negative trip reactivity
terminates the increase. The safety analyses verify that the power range neutron
flux reactor trip low setting (SAL = 35 percent RTP) occurs in time to maintain the
peak reactor power and associated DNBR values within acceptable limits. For
this P-1 0 reset case, the actual initial reactor power level would be greater than
10 percent RTP. Therefore, the reactor trip low setting (intermediate range)
would be reached much earlier and the nuclear power overshoot for this case
would remain bounded by the RCCA Bank Withdrawal from a Subcritical
Condition or RCCA Ejection events analyzed in the DCPP UFSAR.
In the second case, the actual nuclear power would be less than 10 percent RTP,
but the power range neutron flux reactor trip low setting has not been
automatically enabled. The DCPP safety analyses bound transients initiated at a
power level > 10 percent RTP, based on crediting the power range neutron flux
reactor trip high setting (SAL = 118 percent RTP). This safety analysis includes
the uncertainties, which bound the ± 2 percent surveillance accuracy for
adjusting the NIS power range channel output. The safety analyses verify that
the power range neutron flux reactor trip high setting occurs in time to maintain
the peak reactor power and associated DNBR values within acceptable limits.
For this case, the NIS channel output is greater than the actual power. This
offset between actual and indicated power levels represents a proportional gain
bias which cannot become smaller as the actual power level increases.
Therefore, during a power increase transient, the NIS power range channel
output would reach the neutron flux reactor trip high setting of 118 percent RTP,
well before the actual reactor power reaches this value. Therefore, the actual
reactor power and associated DNBR values for an event from this condition
would remain bounded by the DCPP UFSAR.
In conclusion, there is no adverse impact on the P-10 reset function, since the
potential conditions with respect to actual and indicated power remain bounded
by the conditions assumed in the DCPP UFSAR.
4.3

Related Design Considerations
Mechanical Components and Systems
The surveillance change as described does not affect the reactor coolant system
component integrity or the ability of any system to perform its intended safety
function. The proposed amendment does not affect the integrity of plant auxiliary
fluid systems or the ability of those auxiliary systems to perform their design
functions.

9
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Instrumentation and Control Protection and Control Systems
With the specific exception of the NIS power range reactor trip and indication
functions discussed above, the proposed NIS power range daily surveillance
change does not involve other electrical systems, components, or
instrumentation considerations. Direct effects as well as indirect effects on
equipment important to safety have been considered. Indirect effects include
conditions or activities which involve non-safety-related electrical equipment
which may affect Class 1E, post-accident monitoring, or plant control systems.
Consideration has been given to seismic and environmental qualification, design
and performance criteria per Institute of Electrical and Electronics Engineers
(IEEE) standards, functional requirements, and TS.
The proposed amendment does not affect systems that respond to design
transients or maintain the margin to trip setpoints, nor does the proposed
amendment affect the low temperature overpressure mitigation system.
RTS and ESFAS Setpoints
With the specific exception of the NIS power range reactor trip and indication
functions discussed above, the proposed change to the NIS power range daily
surveillance does not affect the RTS or the Engineered Safety Feature Actuation
System (ESFAS) setpoints. This proposed change does not alter the current trip
setpoints or instrument operability requirements identified in the TS. It will assure
the continued operability of the NIS power range high neutron flux high setpoint
reactor trip function at part-power conditions consistent with the safety analysis
assumptions. Therefore, the proposed amendment has no effect on the RTS
and ESFAS safety functions.
Other Safety-Related Areas and Analyses
The following safety-related areas and analyses are not affected by the proposed
surveillance change:
"*
"*
"*
"*
4.4

containment integrity analyses (short term/long term LOCA release);
main steamline break mass and energy release;
radiological analyses; and
emergency response procedures.

Power Range Instrumentation Probabilistic Risk Assessment (PRA)
Evaluation
The power range instrumentation is not explicitly modeled in the PRA model.
The implicit assumption is that the instrumentation is designed and is operated
per licensing and design requirements. Therefore, there is no impact on the
10
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DCPP PRA model on the basis that functional capabilities of the instrumentation
will continue to be demonstrated by the surveillance requirements listed in TS
Table 3.3.1-1 for Function 2.a. Revising SR 3.3.1.2 for Function 2.a of TS
Table 3.3.1-1 will continue to assure that the NIS power range channels perform
their intended function. The editorial change to SR 3.3.1.3 has no PRA impact.
4.5

Power Range Instrumentation Summary/Conclusion
The proposed amendment changes the NIS power range daily surveillance
requirement by only requiring a calibration adjustment when power range
indicated power is less than the calculated secondary calorimetric power
by greater than 2 percent RTP. The proposed surveillance change will assure
the continued performance of the NIS power range high neutron flux high
setpoint reactor trip function consistent with the safety analysis assumptions.
Deletion of the requirement to adjust the power range channels in a decreasing
power direction when their output is greater than calorimetric heat balance
calculated power allows the channels to not be adjusted in a nonconservative
direction at part-power conditions. This prevents the introduction of an error that
has not been accounted for in the setpoint uncertainty calculations and the safety
analyses associated with the power range high neutron flux high setpoint reactor
trip function.
The analyses presented above assess the potential impact of the proposed daily
surveillance change on applicable safety analyses and NIS power range
indications, RTS trip functions and permissives, control system functions, and
alarms. The assessments demonstrate that the change will not adversely affect
the design basis, safety analyses, NIS power range functions, or the safe
operation of the plant.

5.0

Regulatory Safety Analysis

5.1

No Significant Hazards Consideration
PG&E has evaluated whether or not a significant hazards consideration is
involved for Diablo Canyon Power Plant (DCPP) with the proposed change
based on the three standards set forth in 10 CFR 50.92(c) as discussed below:
(1)

Does the proposed change involve a significant increase in the
probability or consequences of an accident previously evaluated?

Response: No
The proposed change to Technical Specifications (TS) Surveillance Requirement
(SR) 3.3.1.2 and SR 3.3.1.3 is consistent with the NRC approved
Industry/Technical Specifications Task Force Standard Technical Specification
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Change Traveler, TSTF-371, and NUREG-1431, "Standard Technical
Specifications, Westinghouse Plants," Revision 2.
Overall protection system performance will remain within the bounds of the
previously performed accident analyses since there are no hardware changes.
The reactor trip system (RTS) instrumentation will be unaffected. Protection
systems will continue to function in a manner consistent with the plant design
basis. All design, material, and construction standards that were applicable prior
to the request are maintained.
The probability and consequences of accidents previously evaluated in the
Updated Final Safety Analysis Report (UFSAR) are not adversely affected
because the change to the nuclear instrumentation system (NIS) power range
channel daily surveillance assures the conservative response of the channel
even at part-power levels.
The proposed change modifies the NIS power range channel daily surveillance
requirement to help assure the NIS power range functions are tested in a manner
consistent with the safety analysis and licensing basis.
The proposed change will not affect the probability of any event initiators. There
will be no degradation in the performance of, or an increase in the number of
challenges imposed on, safety-related equipment assumed to function during an
accident situation. There will be no change to normal plant operating parameters
or accident mitigation performance.
The proposed change will not alter any assumptions or change any mitigation
actions in the radiological consequence evaluations in the UFSAR.
Therefore, the proposed change does not involve a significant increase in the
probability or consequences of an accident previously evaluated.
(2)

Does the proposed change create the possibility of a new or different
kind of accident from any accident previously evaluated?

Response: No
There is no hardware change or change in the method by which any safety
related plant system performs its safety function. This change will not affect the
normal method of plant operation or change any operating parameters. No
performance requirements or response time limits will be affected. The NIS
power range high trip setpoint adjustment requirements, prior to adjusting
indicated power in a decreasing power direction, will ensure the reactor power
level is consistent with assumptions made in the safety analysis and licensing
basis.

12
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No new accident scenarios, transient precursors, failure mechanisms, or limiting
single failures are introduced as a result of the proposed change. There will be
no adverse effect or challenges imposed on any safety-related system as a result
of the change.
This amendment does not alter the design or performance of the Eagle 21
System, NIS, or Solid State Protection System used in the plant protection
systems.
Therefore, the proposed change does not create the possibility of a new or
different kind of accident from any previously evaluated.
(3)

Does the proposed change involve a significant reduction in a margin
of safety?

Response: No
The proposed change requires a revision to the criteria for implementation of NIS
power range channel adjustments based on secondary power calorimetric
calculations; however, the change does not eliminate any RTS surveillances or
alter the frequency of surveillances required by the Technical Specifications. The
revision to the criteria for implementation of the daily surveillance will have a
conservative effect on the performance of the NIS power range channels,
particularly at part-power conditions. The nominal trip setpoints specified in the
Technical Specification Bases and the safety analysis limits assumed in the
transient and accident analyses are unchanged. None of the acceptance criteria
for any accident analysis is changed.
There will be no effect on the manner in which safety limits or limiting safety
system settings are determined nor will there be any effect on those plant
systems necessary to assure the accomplishment of protection functions. There
will be no impact on the overpower limit, departure from nucleate boiling ratio
limits, heat flux hot channel factor (FQ), nuclear enthalpy rise hot channel factor
(FAH), loss of coolant accident peak cladding temperature, peak local power
density, or any other margin of safety. The radiological dose consequence
acceptance criteria listed in the Standard Review Plan will continue to be met.
The imposition of appropriate surveillance testing requirements will not reduce
any margin of safety since the change will assure that safety analysis
assumptions on reactor power are verified on a periodic frequency.
Therefore, the proposed change does not involve a significant reduction in a
margin of safety.

13

Enclosure 1
PG&E Letter DCL-03-011
Conclusion
Based on the considerations above, PG&E concludes that the proposed
amendment presents no significant hazards consideration under the standards
set forth in 10 CFR 50.92(c) and, accordingly, a finding of "no significant hazards
consideration" is justified.
5.2

Applicable Regulatory Requirements/Criteria
The regulatory bases and guidance documents associated with the systems
discussed in this LAR are discussed in this section.
GDC-1 3 requires that instrumentation shall be provided to monitor variables and
systems over their anticipated ranges for normal operation, for anticipated
operational occurrences, and for accident conditions as appropriate to assure
adequate safety, including those variables and systems that can affect the fission
process, the integrity of the reactor core, the reactor coolant pressure boundary,
and the containment and its associated systems.
GDC-20 requires that the protection system(s) shall be designed (1) to initiate
automatically the operation of appropriate systems including the reactivity control
systems, to assure that specified acceptable fuel design limits are not exceeded
as a result of anticipated operational occurrences and (2) to sense accident
conditions and to initiate the operation of systems and components important to
safety.
GDC-21 requires that the protection system(s) shall be designed for high
functional reliability and testability.
GDC-22 through GDC-25 and GDC-29 require various design attributes for the
protection system(s), including independence, safe failure modes, separation
from control systems, requirements for reactivity control malfunctions, and
protection against anticipated operational occurrences.
Regulatory Guide 1.22 discusses an acceptable method of satisfying GDC-20
and GDC-21 regarding the periodic testing of protection system actuation
functions. These periodic tests should duplicate, as closely as practicable, the
performance that is required of the actuation devices in the event of an accident.
10 CFR 50.55a(h) requires that the protection systems meet IEEE 279-1971.
Sections 4.9 - 4.11 of IEEE 279-1971 discuss testing provisions for protection
systems.
There have been no changes to the RTS instrumentation design that could affect
compliance with the above regulatory requirements and guidance. This LAR
14
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revises surveillance testing requirements on the NIS power range neutron flux
channels consistent with those requirements and guidance documents.
Therefore, the requirements and guidelines in GDC-13, GDC-20, GDC-21,
GDC-22, GDC-23, GDC-24, GDC-25, GDC-29, Regulatory Guide 1.22, and
10 CFR 50.55a(h) will continue to be met.
Based on the considerations discussed above, (1) there is reasonable assurance
that the health and safety of the public will not be endangered by operation in the
proposed manner, (2) such activities will be conducted in compliance with the
Commission's regulations, and (3) issuance of the amendment will not be inimical
to the common defense and security or to the health and safety of the public.
6.0

Environmental Consideration
PG&E has determined that the proposed amendment would change
requirements with respect to the installation or use of a facility component
located within the restricted area, as defined in 10 CFR 20, or would change an
inspection or surveillance requirement. PG&E has evaluated the proposed
amendment and has determined that the amendment does not involve (i) a
significant hazards consideration, (ii) a significant change in the types or
significant increase in the amount of effluent that may be released offsite, or (iii) a
significant increase in the individual or cumulative occupational radiation
exposure. Accordingly, the proposed amendment meets the eligibility criterion
for categorical exclusion set forth in 10 CFR 51.22 (c)(9). Therefore, pursuant to
10 CFR 51.22(b), an environmental assessment of the proposed amendment is
not required.
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These changes were also approved for Farley Units 1 and 2, in Farley License
Amendment Nos. 144 (Unit 1) and 135 (Unit 2) dated October 1, 1999.

16

Enclosure 2
PG&E Letter DCL-03-011

MARKED-UP TECHNICAL SPECIFICATIONS

REMOVE PAGE
3.3-8

INSERT PAGE
3.3-8

RTS Instrumentation
3.3.1
SURVEILLANCE REQUIREMENTS
---------------------NOTE
-----------------------------Refer to Table 3.3.1-1 to determine which SRs apply for each RTS Function.
SURVEILLANCE
SR 3.3.1.1

Perform CHANNEL CHECK.

SR 3.3.1.2

----------

FREQUENCY
12 hours

NOTE -----.-.-............---------

1. Adjust NIS chaRnel if absolute diffcrencc is > 2%.
2L

Not required to be performed until 24 hours after
THERMAL POWER is > 15% RTP, but prior to
exceeding 30% RTP.

Compare results of calorimetric heat balance
calculation to Nuclear Instrumentation System (NIS)
Gha
elutput. •
Insert A
SR 3.3.1.3

-..--

......---------------

24 hours

NOTE -----................---------

%
1. Adjust UIS c~hannel if absolute diff-ec i---2L. Not required to be performed until 24 hours after
THERMAL POWER is > 50% RTP.
Compare results of the incore detector
Insert B
measurements to NIS AFD. 4
SR 3.3.1.4

SR 3.3.1.5

31 effective full
power days
(EFPD)

NOTE -----------...........
.-----This Surveillance must be performed on the reactor
trip bypass breaker, for the local manual shunt trip
only, prior to placing the bypass breaker in service.
-

----------

Perform TADOT.

31 days on a
STAGGERED
TEST BASIS

Perform ACTUATION LOGIC TEST.

31 days on a
STAGGERED
TEST BASIS

(continued)
Insert A: power range channel output. Adjust power range channel output if calorimetric heat
balance calculation results exceed power range channel output by more than + 2% RTP
Insert B: Nuclear Instrumentation System (NIS) AFD. Adjust NIS channel if absolute difference
is > 3%
DIABLO CANYON - UNITS 1 & 2
3.3-8
Unit 1 - Amendment No. -35
TAB 3.3 - R2
Unit 2 - Amendment No. 435
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REVISED TECHNICAL SPECIFICATIONS

RTS Instrumentation
3.3.1
SURVEILLANCE REQUIREMENTS
--NNOTE-Refer to Table 3.3.1-1 to determine which SRs apply for each RTS Function.
SURVEILLANCE
SR 3.3.1.1
SR 3.3.1.2

FREQUENCY

Perform CHANNEL CHECK.
-----------

12 hours

NOTE --------------------------------

-I

Not required to be performed until 24 hours after
THERMAL POWER is > 15% RTP, but prior to
exceeding 30% RTP.
Compare results of calorimetric heat balance
calculation to power range channel output. Adjust
power range channel output if calorimetric heat
balance calculation results exceed power range
channel output by more than + 2% RTP.
SR 3.3.1.3

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

NOTE

24 hours

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

-1

Not required to be performed until 24 hours after
THERMAL POWER is > 50% RTP.
Compare results of the incore detector
measurements to Nuclear Instrumentation System
(NIS) AFD. Adjust NIS channel if absolute difference

31 effective full
power days
(EFPD)

is > 3%.
SR 3.3.1.4 --

SR 3.3.1.5

-------------NOTE-------------This Surveillance must be performed on the reactor
trip bypass breaker, for the local manual shunt trip
only, prior to placing the bypass breaker in service.
Perform TADOT.

31 days on a
STAGGERED
TEST BASIS

Perform ACTUATION LOGIC TEST.

31 days on a
STAGGERED
TEST BASIS
(continued)

DIABLO CANYON - UNITS 1 & 2

TAB 3.3 - R2

3.3-8

Unit 1 - Amendment No. 435

Unit 2 - Amendment No. 435
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PROPOSED TECHNICAL SPECIFICATION BASES CHANGES
(for information only)
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SURVEILLANCE
REQUIREMENTS
(continued)

SR 3.3.1.2
SIR 3.3.1.2 compares the calorimctric heat balance caIcUlation to) the
,IS power indication,.
s evey 24 hours. If the cl,.oriemetric exceeds the
NIS n,.wer indicatienn h,- 2°.- RTP~the NMS k not de.,.!red........J
-.

Insert A

Insert B.

.

.

inoprabe, ut the excore channel gains, must be ad~justed consistent
with the calorimetri power. if the NIS power indications cannot be
properly adjusted, the ch-annel is dec-lared inoperable.
Two Notes modify SR 3.3.1.2. The first Note indicates that the NIS
power indications shall be adjusted consistent with the calorimnetri
results if the absolute difference between the NIS power indications
and the calorimetri is, > 2%4 RTP.
At lower power levels (<45% RTP), calorimetric data are inaccurate.
Discretion must be exercised if the power range channel output is
adjusted in the decreasing power direction due to a part-power
calorimetric (<45% RTP). This action could introduce a non
conservative bias at higher power levels which could delay an NIS
reactor trip until power is above the power range high safety analysis
limit (SAL) of 118% RTP. The cause of the non-conservative bias is
the decreased accuracy of the calorimetric at reduced power
conditions. The primary error contributor to the instrument uncertainty
for a secondary side power calorimetric measurement is the feedwater
flow measurement, which is determined by a AP measurement across
a feedwater venturi. While the measurement uncertainty remains
constant in AP span as power decreases, when translated into flow, the
uncertainty increases as a square term. Thus, a 1% flow error at 100%
power can approach a 10% flow error at 30% RTP even though the AP
error has not changed.
To assure a reactor trip below the power range high SAL, the maximum
allowable Power Range Neutron Flux-High trip Setpoint is limited
according to DCPP surveillance procedures, prior to adjusting the
power range channel outpuhlwenever the calorimetric power is
between 15% and 45% RTP. * Insert C
Insert C
For example, to assure a reactor trip below the power ra e high SAL,
the Power Range Neutron Flux-High trip Setpoint is reduc
as
necessary prior to adjusting the power range channel outpu whenever
the calorimetric power is >_15% RTP and <45% RTP. The maximum
allowable Power Range Neutron Flux-High trip Setpoint may be
increased with increasing RTP in accordance with surveillance
procedures. Following a plant refueling outage, it is prudent to reduce
the Power Range Neutron Flux-High trip Setpoint prior to startup.
(continued)

B 3.3-48

Revision 1
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BASES

SURVEILLANCE
REQUIREMENTS
(continued)

Before the Power Range Neutron Flux-High trip Setpoint is re-set to its
nominal full power value (<109% RTP), the power range channel
calibration must be confirmed based on a calorimetric performed at
_>
45% RTP.
L I

I

I

Ipe

iI

i

II

•

c is
nhe secoana Plate cIrivtos tnm; this uvi
S.. eonuirnri onllfit
reactor power is 1_5% RTPR and-that 24, hoursq is allowed for
I

I

..

Insert D

Insert E

"i .....

I

I

....

Ip

j,

o,

peforming the first Surveillance afteFr reahing 15-0. RTP but
. prior to

exceeding 30% RTP. The 24-hour allowance after increasing
THERMAL POWER above 15% RTP provides a reasonable time to
attain a scheduled power plateau, establish the requisite conditions,
perform the required calorimetric measurement, and make any required
adjustments in a controlled, orderly manner and without introducing the
potential for extended operation at high power levels with
instrumentation that has not been verified to be acceptable for
subsequent use.
The FrequeRny of ever' 2• hours i6 adequate. it is based On uni
operating experIene considering instrument reliability and operating
hito' dat
II fo r instrument drift. Together these factors demonstrate
the change in the absolute differencrlfe betwee;n IS an heat balanc•
calculated poer rael exceeds 2%; in any 21 hour period.
In addition, control room operators periodically monitor redundant
indications and alarms to detect deviations in channel outputs.
SR 3.3.1.3
SR 3.3.1.3 compares the incore system to the NIS channel output
every 31 EFPD. If the absolute difference is > 3%, the NIS channel is
still OPERABLE, but must be readjusted.*'he comparison checks for
differences due to changes in core power -tribution since the last
calibration.
N
Insert from next page
If the NIS channel cannot be properly readjusted, the channel is
declared inoperable. This Surveillance is performed to verify the f(AI)
input to the overtemperature AT Function.

(continued)
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BASES
SURVEILLANCE
REQUIREMENTS
The Note
to SR 3.3.1.3

This Note-1

SR 3.3.1.3 (continued)
Move to previous page*,,•
T-we Notes modify SR 3.3.1.3. Note I indicates that tThe excore NIS
channel shall be adjusted if the absolute difference between the incore
and excore AFD is _>
3%. Nete-2 clarifies that the Surveillance is
required only if reactor power is > 50% RTP and that 24 hours is
allowed for performing the first Surveillance after reaching 50% RTP.
Not-2 allows power ascensions and associated testing to be conducted
in a controlled and orderly manner, at conditions that provide
acceptable results and without introducing the potential for extended
operation at high power levels with instrumentation that has not be
verified to be acceptable for subsequent use. Due to such effects as
shadowing from the relatively deep control rod insertion and, to a lesser
extent, the dependency of the axially-dependent radial leakage on the
power level, the relationship between the incore and excore indications
of axial flux difference (AFD) at lower power levels is variable. Thus, it
is prudent to defer the calibration of the excore AFD against the incore
AFD until more stable conditions are attained (i.e., withdrawn control
rods and higher power level). The AFD is used as an input to the
Overtemperature AT reactor trip function and for assessing compliance
with ITS LCO 3.2.3, "AXIAL FLUX DIFFERENCE." Due to the DNB
benefits gained by administratively restricting the power level to 50%
RTP, no limits on AFD are imposed below 50% RTP by LCO 3.2.3;
thus, the proposed change is consistent with LCO 3.2.3. requirements
below 50% RTP. Similarly, sufficient DNB margins are realized through
operation below 50% RTP that the intended function of the
Overtemperature AT reactor trip function is maintained, even though
the excore AFD indication may not exactly match the incore AFD
indication. Based on plant operating experience, 24 hours is a
reasonable time frame to limit operation above 50% RTP while
completing the procedural steps associated with the surveillance in an
orderly manner.
The Frequency of every 31 EFPD is adequate. It is based on unit
operating experience, considering instrument reliability and operating
history data for instrument drift. Also, since the changes in neutron flux
are slow during the fuel cycle, the expected change in the absolute
difference between the incore and excore AFD will be less than 3
percent AFD during this interval.

(continued)
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Insert A
SR 3.3.1.2 compares the calorimetric heat balance calculation to the power range
channel output every 24 hours. If the calorimetric heat balance calculation results
exceed the power range channel output by more than + 2% RTP, the power range
channel is not declared inoperable, but the excore channel gains must be adjusted.
The power range channel output shall be adjusted consistent with the calorimetric heat
balance calculation results if the calorimetric calculation exceeds the power range
channel output by more than + 2% RTP. If the power range channel output cannot be
properly adjusted, the channel is declared inoperable.
Insert B
To assure a reactor trip consistent with the safety analysis, adjustments to the power
range channel in the decreasing direction are not required. This allowance does not
preclude making indicated power adjustments, if desired, when the calorimetric heat
balance calculation power is less than the power range channel output. To provide
close agreement between indicated power and to preserve operating margin, the power
range channels are normally adjusted when operating at or near full power during
steady-state conditions.
Insert C
in the decreasing power direction
Insert D
The Note to SR 3.3.1.2 clarifies that this Surveillance is required only if reactor power is
__15% RTP and that 24 hours is allowed for performing the first Surveillance after
reaching 15% RTP, but prior to exceeding 30% RTP. A power level of 15% RTP is
chosen based on plant stability, i.e., automatic rod control capability and the turbine
generator synchronized to the grid.
Insert E
The Frequency of every 24 hours is adequate. It is based on unit operating experience,
considering instrument reliability and operating history data for instrument drift.
Together these factors demonstrate that a difference between the calorimetric heat
balance calculation and the power range channel output of more than + 2% RTP is not
expected in any 24 hour period.

Enclosure 5
PG&E Letter DCL-03-011

LOW POWER NIS ADJUSTMENT UNCERTAINTY CALCULATION
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acific Gas & Electric Company
Diablo Canyon Power Plant

I. Purpose
The purpose of this calculation file is to determine the required NIS high-flux trip
setpoint as a function of the power at which the NI calibration is performed for 24 month
fuel cycles (see AR A0439874). This calculation was originally performed in Revision 0
of this calculation file for 18 month fuel cycles. Revision I replaces Revision 0 in its
entirety.

II. Summary Of Results
The results of this calculation file show that the values previously obtained for 18 month
fuel cycles will bound 24 month fuel cycles. This is because the 24 month uncertainty
analysis (WCAP-1 1594, Rev. 2) took credit for two operable feedwater flow transmitters
per loop, whereas the old 18 month analysis assumed only one operable flow transmitter
per loop. In STP R-2B I, the operator is instructed to check the quality code of the
computer points used in the PPC heat balance calculation. If the summary page outputs
from the calorimetric calculation are not either "GOOD" or "DALM", then STP R-2B2
must be used. STP R-2B2 uses the Barton AP gauges, whose uncertainty is bounded by
the assumption of two operable flow transmitters per loop.
Attachment 8.6 of STP R-2B2 (Rev. 7, OTSC dated 9/10/97 is the latest) can be changed
as follows, if desired. Since the new numbers are less restrictive, the change is not
required.
TABLE 1
Calorimetric
Power
?:45% RTP
>40% RTP

>35% RTP
>_30% RTP
>25% RTP
>20% RTP
>15% RTP

OLD NIS Trip
Setpoint
<109% RTP
<107% RTP
<105% RT?
:<102% RTP
<97% RTP

<88% RTP
<72% RTP

NEW NIS Trip
Setpoint
<109% RTP
<107% RTP
<106% RTP
<103% RTP

<99% RTP
<91%RTP
<76% RTP
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NSSS Calculation N-212, Rev. 1
Page 2 ofs

NIS Trip Setpoint Calculation
A. Trip Setpoint Uncertainty Equation

We wish to calculate the highest allowable high flux trip setpoint for the power range
excore Nuclear Instrumentation System (NIS) adjustments/calibrations done at various
reactor power levels. This is given by setting the total allowance for uncertainty (Safety
Analysis Limit - Nominal Trip Setpoint) equal to the total setpoint uncertainty (i.e., the
Channel Statistical Allowance defined in Table 3-1 of WCAP-1 1082, Rev. 5). We obtain
the following quadratic equation where the unknown is NTS, the Nominal Trip Setpoint
in %RTP.
SAL - NTS = 1.2 [PMA 2 + SCA2 + SD 2 + (RCA + RCSA + RD)Y + RTE 2]J'
(EQN. I)

where the factor of 1.2 is used to convert the % span errors into % RTP errors for the 0
120% RTP range of the NIS % RTP indication (i.e., 1.2 x (%span error)=(%RTP error)).

SAL = Safety Analysis Limit = 118% RTP [Table 3-25 of WCAP- 11082, Rev. 5]
NTS = Nominal Trip Setpoint = the unknown being solved for (units of %RTP)
PMA = Process Measurement Accuracy = 4.20% span [Table 3-1 of WCAP
11082, Rev. 5]
SCA = Sensor Calibration Accuracy (units of% span) = (E.ý/1.2) x (NTS/P.)
where E. = heat balance error (at power, P,, where the heat balance is
performed) in units of %RTP
P.. = power level of NI calibration (%RTP)
SD = Sensor Drift (units of% span) = (D/1.2) x (NTS/P,)
where D = maximum allowable NI drift (%RTP) = 2.00% RTP
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NSSS Calculation N-212, Rev. I
Page 3 of5

RCA = Rack Calibration Accuracy = 0.5% span [Table 3-1 of WCAP- 11082,
Rev. 5]
RCSA = Rack Comparator Setting Accuracy = 0.25% span [Table 3-1 of WCAP
11082, Rev. 5]
RD = Rack Drift = 1.0% span [Table 3-1 of WCAP-1 1082, Rev. 5]
RTE = Rack Temperature Effects = 0.5% span
[Table 3-1 of WCAP-1 1082, Rev. 5]
The above PMA term covers all transient effects which can cause the NI calibration error
to increase, e.g., xenon effects, temperature effects, control rod effects, etc. Also, note
that both the SCA and SD terms include the effect of "gaining" these uncertainties as
power increases to the trip setpoint during a power transient.
Rearranging Equation 1 gives the following quadratic equation:
a x NTS 2 + b x NTS + c = 0

(EQN. 2)

The constants in this equation can be expressed as:
a = 1 - (E.

2

+ D2)/Pj 2 = 1 - (EL,

2+

4)/Pw2

(EQN.3)

b = -2 x SAL = -236
c = SAL2 - (I .2)2[PMA2 + (RCA + RCSA + RD) 2 + RTE2] = 13893.8284

The power calorimetric uncertainty in units of %RTP, E.,, is a function of power. It will
be determined in the next section.
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B. Solution Of NIS Trip Setpoint Equation
Before Equation 2 can be solved, E, has to be determined as a function of power. This
was previously determined for 18 month fuel cycles on Page 6 of N-212, Revision 0. The
general approach is to begin with the full power heat balance uncertainty, subtract the
component due to feedwater AP uncertainty and then add the power-dependent

component of the feedwater AP uncertainty. The equation becomes:
EA(%RTP) = [((&1Jm-)2

-

(c po%,)2/ N,.) (P,/I00) + (Sp x Ep(inches)) 2/Nk,]'.
(EQN. 4)

where

the relative error of the full power heat balance (%)
= 1.72% [Calc File N-228, Rev. 0]

.,IOWA =

CAP'= the loop feedwater AP component of the total full power relative
heat balance error (%)
= 1.227% [Page 27 of WCAP-1 1594, Rev. 2]
SA = the feedwater AP uncertainty sensitivity factor (%RTPrmches AP)

= (8P/O(AP))
= 5 7 .85 0 /P'-3 [Pages 5-6 of N-212, Rev. 0]
E~p(inches) = uncertainty in loop feedwater flow transmitter
differential pressure reading (inches of water)
(.01 86X546.2") = 10.2" [Page 5 of Calc File J-121,
Rev. 1, and Page 26 of WCAP-1 1594, Rev. 2]
-

Nto0• = number of feedwater loops = 4
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Ilhe solution of Equation 2 is just a standard quadratic equation solution.
NTS = (-b - (bW - 4ac)"2 )/(2a)

Using Equation 4 in Equation 3 gives the following results:
TABLE 2
,.,(%RTP)

S_ (%RTPýinch) E, ,(%RTP) NTS(%RTP)
111.764
1.726

0.1239
0.1426
0.1669
0.1995
0.2450
0.3125
0.3597
0.4269

1.688
1.669
1.683
1.760
1.952
2.121
2.367

35

0.5030

2.726

30

0.6179

3.260

25

0.7882

4.083

20
15

1.0616
1.5584

5.440
7.941

100
90
80
70
60
50
45
40

#

ation N-212, Rev. I
r'abb %-amcu
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111.620
111.417
111.116

110.631
109.765

109.051
107.991
106.350

103.686
99.149
91.048
76.096

IV. Conclusion
The current Nominal Trip Setpoint at full power is 109% RTP. Table 2 shows that this
setpoint is valid when the power calorimetric is done at >_45% RTP. Otherwise, at lower
power levels, the required setpoint becomes more restrictive (lower) to accommodate the
additional power uncertainties associated with the heat balance and with the NI gain
effect on the calibration uncertainties.
Truncating the setpoint values in Table 2 gives the results summarized above in Table 1.
These results are valid for both 24 month and 18 month fuel cycles. These setpoints are
bounded by the values previously obtained for 18 month fuel cycles which are currently
in STP R-2B2. Therefore, STP R-2B2 need not be revised at this time.
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Summary
This calculation is in response to Westinghouse Technical Bulletin ESBU-TB-92-14-R1, dated
March 21, 1996 (Reference 1), which discusses increased NIS high flux trip setpoint
uncertainties which arise as a result of performing NIS adjustments at less than full power.
The purpose of this calculation is to evaluate the effect of low power NIS adjustments on
the acceptability of the Power Range NIS channel high flux trip setpoints (see Reference 2).
The bulletin raises two concerns which must be addressed for impact on DCPP procedures
and setpoints:
1. Performing NIS normalizationsvia gain adjustments, as opposed to offset
adjustments, at less than full power. DCPP performs NIS normalizations
by adjusting the fine adjust gain pot in the NIS summation circuit (this is
labeled "R303" in Figure 1). The concern with this practice is that the
effect of a given gain uncertainty on NIS power is proportional to the
power. Therefore, errors or uncertainties present in the NIS gain at low
power produce increasingly larger NIS power uncertainties as power is
increased toward the trip setpoint. This effect is illustrated in Figures 3
and 4 of Attachment 3 to Reference 1.
2. Feedwaterflow uncertainty increasessignificantly as power decreases..
DCPP uses feedwater AP measurements to determine feedwater flow and
calorimetric reactor power (References 3 and 4). Because flow is
proportional to the square root of the measured AP, the flow uncertainty
is inversely proportional to the measured flow. As a result, the
calorimetric power uncertainty due to the uncertainty in AP increases as
power decreases.
During a postulated transient from low power, these effects combine to dramatically
increase the uncertainty in the NIS power at the high flux trip setpoint from its nominal
value based on full power calorimetrics and NIS adjustments. During performance of an NIS
adjustment at low power, the calorimetric uncertainty is increased due to the increased
feedwater DP uncertainty. Then as power approaches the trip setpoint, the effect of this
uncertainty grows in term of % RTP. Also, if additional calorimetrics are performed at low
power following the low power NIS adjustment, the NIS power may be left reading as much
as 2% RTP below calorimetric power. The effect of this difference also multiplies as power
is increased. There is no explicit allowance for this difference in the current nominal
setpoint, though there is margin, under nominal conditions, to cover this difference (see
Section 6.1.1.1 of Reference 5).
Evaluation of these factors for impact on DCPP procedures and setpoints results in the
following limitation which must be incorporated into Reference 4: Whenever NIS
adjustments are performed at less than 45% RTP (calorimetricpower), the NIS trip setpoints
must be set according to the following table:
Calorimetric
Power
40% RTP
_35% RTP
>_30% RTP
2t 25% RTP
> 20% RTP
_>15% RTP

Required NIS
Trip Setpoint
<5107% RTP
_5105% RTP
< 102% RTP
_597% RTP
< 88% RTP
_<
72% RTP

Table 1: Required NIS High Flux Trip Setpoints as a function of Calorimetric Power
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Figure 1: Simplified Circuit Diagram for Power Range NIS Channel
NIS Gain Adjustment
Discussion
A simplified circuit diagram for the Power Range NIS channels is presented in Figure 1. The
voltage Vs represents the summator input voltage; this is proportional to the sum of the raw
NIS detector currents. The summator circuit multiplies Vs by a gain, g, which is adjusted as
necessary to normalize the indicated NIS power. The gained voltage is the indicated NIS
power which is in volts as seen by the NIS trip circuit and in % RTP on the NIS drawer
meter. For indicated NIS power and its uncertainty, we have the following equations:
PNIS

= g Vs

8

= 6g (SPNISlag)

PNIS

= bg (Vs)
= sg/g (PNIs)

Eqn. 1

Eqn. 2

It is assumed that NIS response is linear with respect to reactor power, meaning that g and
6g are is constant with respect to power. The power uncertainty, in units of % RTP, is thus

2-

5-03;12:52PM;DCPP

FIFTH

FL.

EAST

;805+545+3459

Pacific Gas & Electric Company
Diablo Canyon Power Plant

5

NSSS Calculation N-212, Rev. 0
Page 3 of 35

proportional to the NIS power and therefore to reactor power. Thus a gain error which
results in a 2% RTP error in NIS power at 50% RTP results in a 4% RTP error at 100% RTP.
Uncertainty in the NIS Gain
At the time of NIS normalization, the gain is defined and set such that PNs is equal to P,.g
(calorimetric power), which means (using this equality and Equation 1):
g

= P=/Vs

Eqn. 3

At the time of NIS normalization, the only error present in g is that due to the error in
calorimetric power. Following the same steps as in Equation 2, we arrive at the following
for the fractional uncertainty in gain:
8g/g

= 8P.A/Pa

Eqn. 4

At subsequent calorimetrics, Pms will not be exactly equal to Pa and g may be left with PNIS
differing from P, by as much as 2% RTP. To obtain an expression for this gain error, we
may substitute 2% RTP for the 8PNIs term in Equation 2 and rearrange:
Bg/g

= 2% RTP/PNIS

Eqn. 5

It is important to note that in these expressions for the gain errors, the powers are those
which exist at the time of the calorimetric power calculation. The total gain error is an
SRSS combination of these two independent effects:
Bg/g

= [(SP_,I/P') 2 + (2% RTP/PNts) 2]1

2

Eqn. 6

Effect on the Accuracy of the NIS High Flux Trio Setpoints
The uncertainty in indicated NIS power is presented in Equation 2. It is important to note
that the PNIs term in that equation refers to current indicated power. For the uncertainty in
Ps at the time of trip, we substitute PTS (the trip setpoint in units of % RTP) for P~s in
Equation 2 and combine Equations 2 and 6 to obtain an expression for the uncertainty in the
NIS trip setpoint as a function of the powers at the time of the calorimetric:
6 PTS = [(6 PCI(PTs/P1,.I)2 + (2% RTP(PTs/Ps) 2]1/2
Eqn. 7
We see that the individual trip setpoint error terms are proportional to the ratio of the trip
setpoint to the power at the time of the calorimetric. Thus, the setpoint uncertainty is
inversely proportional to the power at the time of the calorimetric.
Feedwater Flow Uncertainty as a Function of Reactor Power
Discussion
For AP flow measurements, the measured flow is primarily a function of the square root of
the measured AP. The uncertainties associated with the AP channel are constant, in units of
AP, across the AP scale (e.g., an uncertainty of ±5" of water at 500" AP is still an
uncertainty of ±5" of water at 50" AP). Since the conversion from AP to flow is nonlinear,
these uncertainties are not constant after coiversion to units of flow. The conversion from
AP uncertainty (typically reported in units of % FS AP, where FS denotes Full Scale) to flow
uncertainty is derived in Section 4.10 of Reference 5 and is:
BFm,...

= F,.. [ SAP / (2)(100)] [F.. / F"ne.]

2

Eqn. 8
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uncertainty in measured flow, in flow units
= measured flow
= uncertainty in AP, in units of % FS AP
= Full Scale indicated flow

If we combine all of the constant terms, we may rewrite this equation as:
8F.

Eqn. 9

= C 1 / F.

Thus the flow uncertainty, in flow units, is not constant across the flow scale but is
inversely proportional to the measured flow. Therefore as flow is decreased from nominal,
the flow uncertainty is increased from its nominal value by a multilplier of F
Calculational Methodologv
In order to quantify the effect of the increased flow uncertainty on the NIS trip setpoint
uncertainties, we employ the methodology which was used to calculate the calorimetric
power uncertainty in Reference 6. This consists of performing heat balance calculations at
representative conditions in order to arrive at the appropriate sensitivities. These
sensitivities are then used in combining the input parameter uncertainties and arriving at the
calorimetric power uncertainty (see Section 3 of Reference 6). For the power calorimetric
uncertainty in % RTP due to AP uncertainties, we have the following:
SPel,.p

=

SAP (aP,,W/AP)

Eqn. 10

where BAP
= uncertainty in AP in units of % FS AP
8P.j i/AP = sensitivity of calorimetric power to changes in AP
The sensitivity then includes conversion of uncertainty from AP units to flow units, as we
see by rewriting the sensitivity in terms of the measured flow sensitivity:
8P.W.,P

=

SAP [(aP,/8F.) (aFr•,,/aAP)]

Eqn. 11

We may rearrange Equation 8, combining all the constant terms except for SAP, to express
the last term as

aFm...1/AP = SFm.aISAP = C 2 / F..

Eqn. 12

Equation 11 may then be written as
BP=•.•p

= SAP [{WPmi/aF8F)

(C2 I Fr,)]

Eqn. 13

As power and measured feedwater flow decrease from nominal, the second term in the
If no other input parameters to the
sensitivity increases by a factor of (F•/F.).
calorimetric heat balance calculation were to change, then the first term would remain
constant (i.e., power would be directly proportional to feedwater flow and aP=,,laF.•. would
be constant). However as power is decreased, thermodynamic conditions are changed
(feedwater temperature and pressure, etc.), slightly changing the proportionality of
calorimetric power to feedwater flow and thus making M, 11/aF . somewhat dependent on
power. Therefore we expect the sensitivity to be approximately but not exactly inversely
proportional to feedwater flow
Calculation of Calorimetric Power Sensitivity to chanaes in AP as a Function of Power

Heat balance calculations were performed using the OPHB2B code and representative plant
data to provide empirical values for aP=./I8AP (see Equation 10). The input parameters need
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only be approximate since the effect of minor input parameter variations on the sensitivities
would be negligible - the results of these calculations are used only in a relative sense, not
absolute. The plant data was taken from Unit 1 Cycle 8 power ascension STP R-281 data
(Appendix 2); this ensures that the data represents reasonably stable plant conditions and
has the added advantage of already having been reviewed for reasonableness via the normal
STP review process.
Calorimetric calculations were performed at each R-2B1 statepoint for each of three
feedwater AP values: nominal, -10* and + 10" (Appendix 1). The change in power was
divided by the change in AP for each perturbation and the maximum value at each plateau
was taken as the sensitivity. This is equivalent to the loop power sensitivity calculations of
Reference 6, except that by perturbing all 4 loops it yields a loop averaged sensitivity. From
the preceding derivations, we expect this fit to be close to an inverse linear relationship.
Figure 2 presents a logarithmic plot of calorimetric power sensitivity to AP as a function of
calorimetric power. (Note that if a function y is of the form y=axb, then by taking
logarithms of both sides we may write log y = b(log x) + log a. The slope of a linear least
squares fit to log y vs. log x is therefore equal to the exponent b, and the log of the
intercept of the fit is equal to the coefficient a.) The powers and sensitivities are presented
below and the result, as seen in Figure 2, is thatthe sensitivity is equal to
57.850/Power'.334.
Calculated Calorimetric Power (% RTP)
AP=nominal
AP=nom-10" AP-nom+10"
100.02
98.78
101.24
95.77
94.45
97.06
86.63
85.13
88.11
71.14
69.19
73.03
48.99
45.81
51.97
28.82
22.26
34.17

Sensitivity (% RTP/inch AP)
Actual
Fit
0.124
0.124
0.132
0.131
0.150
0.150
0.195
0.195
0.318
0.321
0.656
0.652

Table 2: Calorimetric Power Sensitivity to AP as a Function of Calorimetric Power

o 00e+0

-1.00e-1

.2300.1

,•-300.-1

.-5.00e.1
.-7.00a.1

.800e.1

-9 00e-1

-1 O0e+O0.
1.4000E+00

1 5000E+00

1 60OOE+00

1.7000E+Oa

1.OOOE÷00

1.9000E+00

2 0000E.00

log[Power 1% RTP)]

Figure 2: Calorimetric Power Sensitivity to tP vs. Calorimetric Power
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Calculation of Calorimetric Power Uncertainty as a Function of Power
N

The next step in our evaluation is to recalculate the calorimetric power uncertainty as a
function of power level. The nominal calorimetric power calculations from Reference 7
provide the starting point for this calculation and are summarized below:
Parameter
FW Temp
FW Pressure
K (AMAG)
FW DIP
STM Press
BD Flow
Alpha
NPHA
X

Sensitivity
1.84E-01
4.1OE-04
4.11E-03
1.24E-01
3.40E-03
9.24E-03
7.28E+04
3.52E-08
8.70E+01

Uncertainty
4.20E+00
8.00E+01
3.44E+02
1.20E+01
3.70E+01
1.50E+01
4.OOE-07
2.40E+06
2.50E-03

Product
0.774
0.033
1.414
1.488
0.126
0.139
0.029
0.085
0.217

Wt
3
1
1
4
4
4
1
1
1

Sum of Weighted Squares (SWS):
8Pear = Square Root of SWS:

ProductA/Wt
0.1997
0.0011
1.9989
0.5539
0.0040
0.0048
0.0008
0.0071
0.0473
2.8177
1.68

Table 3: Breakdown of Nominal (100% RTP) Calorimetric Power Uncertainty
Table 3 was generated at nominal 100% RTP conditions, so we must scale the sensitivity
and uncertainty values as a function of calorimetric power. The dependence of calorimetric
power sensitivity to feedwater AP on calorimetric power has been addressed in the previous
section. For the remainder of the terms, we make the following assumptions:
1) The uncertainty terms, which are shown in engineering units, remain constant
with power. Any deviations from this assumption are expected to be of small
magnitude and would result in negligible effects on SPear since it is heavily
dominated by the feedwater AP error as power decreases.
21

The remainder of the sensitivity terms are scaled as a function of calorimetric
power. This is based on the assumption that the effect in percent of calculated
power is constant for a given input error in engineering units. The translation
from % of calculated power to % RTP requires multiplying by (P1 .'/1 00% RTP),
hence the assumed proportionality. As above, any deviations from this
assumption are expected to be of small magnitude and would result in negligible
effects on 8P., since it is heavily dominated by the feedwater AP error as power
decreases.

Given these assumptions, we calculate the revised SWS as a function of calorimetric power
by subtracting the old AP contribution to SWS, rescaling the remainder (i.e., the non-AP
sensitivities), and then adding in the revised AP SWS term which uses the power dependent
sensitivity equation from Figure 2:
SWS'

= [SWS - (SzO.o(8AP}) 2 ,W](PTsIP.,) + [S~pr..,(8AP)] 2 /W
= [SWS - 0 .5 5 3 9](PTs/Pat) + 157.850/(Pcal'.3348)}(1 2.0)]2/4

Eqn. 14
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The revised calorimetric power uncertainty as a function of power is simply the square root
of the revised SWS. The calculated Sap.,w terms and the revised SWS and calorimetric
uncertainties are presented below vs. calorimetric power:

Calorimetric
Power
100%
90%
80%
70%
60%
50%
45%
40%
35%
30%
25%
20%
15%

Sensitivity

SWS

Bp=a

(%RTP)
1.24E-01
1.43E-01
1.67E-01
1.99E-01
2.45E-01
3.13E-01
3.60E-01
4.21E-01
5.03E-01
6.18E-01
7.88E-01
1.06E+00
1.56E+00

2.82E+00
2.77E+00
2.81E+00
3.02E+00
3.52E+00
4.65E+00
5.68E+00
7.28E+00
9.90E+00
1.44E+01
2.29E+01
4.10E+01
8.78E+01

1.68
1.66
1.68
1.74
1.88
2.16
2.38
2.70
3.15
3.80
4.79
6.40
9.37

Table 4: Revised Calorimetric Power Uncertainty Terms
Calculation of Required NIS Trip Setpoint
The NIS high flux trip setpoint is relied upon for overpower protection. The safety analysis
limit for the high flux trip is 11 8% RTP (References 8 and 9). The actual setpoint must be
such that at the setpoint, the sum of the indicated NIS power (i.e., the setpoint) and the NIS
Channel Statistical Allowance (CSA) is less than or equal to the safety analysis limit. The
CSA is presented in Reference 9 and in terms of % span (which corresponds to 120% RTP
for the NIS channels) is

CSA

2 2
= [ (1.7)2 + (4.2)2 + (0.5 + 0.3 + 1.0)2 + (0.5) J"
= 4.9% span

Eqn. 15

The first term (1.7% span) is the PMA term for the calorimetric power uncertainty applicable
to the most recent NIS adjustment. See Reference 9 for discussion of the other terms; none
of these terms are affected by Reference 1 nor do they change as a result of any of the
assumptions of this analysis. We will modify the CSA equation as follows:
1) Combine all terms other than the calorimetric error and treat the combination as
a constant based on the above justification.
2) Convert those constant terms from % span to % RTP by multiplying the sum of
their squares by (%RTP/%span) 2 = (120/100)2= 1.44.
3) Replace the calorimetric power uncertainty PMA term {(1.7)2) with the square of
the combined calorimetric and difference uncertainty term (SPTs) from Equation 7.
The resulting CSA equation is:

CSA

= i(8Pc1AiPTs/P,.1)) 2 + (2% RTP(PTS/Pt1S)) 2 + 1.44(21.13)1112

Eqn. 16
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In order to protect the safety analysis limit, the allowable NIS high flux trip setpoint, PTs,
must -be set such that:

PTS

_5118 - CSA

Eqn. 17

Substituting the above expression in for the CSA, isolating the radical and squaring, we
obtain:
PTs 2 - 236 PTs + 1182 < -[(SPaa(PTSlP/I)) 2 + (2% RTP(PTs/PNts)) 2 + 30.427]

Eqn. 18

Putting this into standard quadratic form (ax 2 +bx+c=0):
2
[1-PaI/P=.i)
+ (2% RTP/PNIs) 2 ]Prs 2 -236 PTs + (1182 _ 30.427) < 0

Eqn. 19

We may now solve for PTS as a function of Pcal (we assume that PNIS = Pcal, which is
acceptable since we are explicitly accounting for a 2% RTP random difference) using the
quadratic formula, replacing "= " with "5":

x < (1/2a) (-b - (b2 - 4ac)" 2)

Eqn. 20

where a, b and c are the appropriate coefficients from Equation 19. The resulting trip
setpoint requirements as a function of calorimetric power are presented below (and in
summary form in Table 1):

Calorimetric
Power
100 % RTP
a 90 % RTP
> 80%RTP
>

Required NIS Trip
Setpoint
< 112 % RTP
g 112 % RTP
•I111%RTP

70%RTP

_<111%RTP

_ 60%RTP.
> 50 % RTP
445%RTP
> 40%RTP
> 35%RTP
> 30%RTP
> 25%RTP
_> 20%RTP
> 15%RTP

<111%RTP
<110 % RTP
5<109%RTP
<107%RTP
<105%RTP
<102%RTP
< 97%RTP
5 88%RTP
< 72%RTP

Table 5: Required NIS High Flux Trip Setpoints as a function of Calorimetric Power
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