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Unit | on\y {
i~ REACTOR TRIP SYSTEM INSTRUMENTATION TRIP SETPQINTS
:
> FUNCTIONAL UNIT IRIP SETPOINT ALLOWABLE VALUE
= Manual Reactor Trip ) N.A. N.A.
= 2. Power Range, Neutron Flux
i a, High Setpoint <109% of RTP* <110.9% of RTP*
b, Low Setpcint <25% of RTP* €27.1% of RTP*
3. Power Range, Neutron Flux, <5% of RTP* with a $6.3% of RTP* with
High Pasitive Rate time constant a time constant
2 2 seconds 2 2 seconds
4, Intermediate Range, Neutron Flux <25% of RTP* <31% of RTP*
"
I’i) 5. Source Range, Neutron Flux $10° cps <1.4 x 10° cps
6. Overtemperature AT See Note 1 See Note 2
7. Overpower AT See Note 3 See Note 4
8. Pressurizer Pressure-Low 21945 psig 21938 psig***
9. Pressurizer Pressure-High <2385 psig £2399 psig
10. Pressurizer Water Level-High <92% of instrument span <93.8% of instrument span
11. Reactor Coolant Flow-Low 290% of loop minimum 288.9% of loop minimum
measured flow** © measured flow**

*RTP = RATED THERMAL POWER 9$soo0

**{oop minimum measured flow = 967256 ?pm
***Time constants utilized in the lead-lag controller for Pressurizer Pressure-Low are 2 seconds for lead

and 1 second for lag. Channel calibration shall ensure that these time constants are adjusted to
these values.
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NOTE 1: OVERTEMPERATURE AT

(Lens) (__L ) (Lt 1.s) - ; :
m“ 125) (1 % 1a5) = 47, (K,-K,“ {7 < T') ¢ K (P - P') - £, (ALY

+ 7g8) (1 + 7,5)

= Measured AT by Loop Narrow Range R7Ds;

Lead-lag compensator on measured AT;

Time constants utilized in lead-lag compensator for AT, r, = 12 s,
r,=35s;

Lag compensator on measured AT;

Time constants utilized in the lag compensator for AT, r, = 0
Indicated AT at RATED THERMAL POWER;

1953 11954

0-83363/°F 0.0337

The function generated by the lead-lag compensator for T,
dynamic compensation;

Time constants utilized in the lead-lag compensator for T, 7, = 22 s,
rs =4 $:

Average temperature, °F;

Lag compensator on measured T, ;

Time constant utilized in the measured T, lag compensator, ry = 0;
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TE 1: OVERTEMPERATURE AT

Lanl) (L) 2 an, - (LI 1 s - T ek (P - 1) - 1 (A1)
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TABLE NOTATIONS

1 + 7g5) 1 + 1,S)

= Measured AT by Loop Narrow Range RTDs;

Lead-1ag compensator on measured AT;

Time constants utilized in lead-lag compensater for AT, r, = 12 s,
r,=35;

Lag compensitor on measured AT;

Time constants utilized in the lag compensator for AT, r, = 0;
Indicated AT at RATED THERMAL POWER;

1.1953

0.03163/°F

The function generated by the lead-lag compensator for T,
dynamic compensation;

Time constants utilized in the lead-lag compensater for T, 7, = 22 s,
75 =45s;

Average temperature, °F;

Lag compensator on measured T ;

Time constant utilized in the measured T, lag compensator, ry = C;
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NOTE i:  (Continued)

1' < 5$90.8'F (Nominal T, allowed by Safety Analysis);

K, = -8-883434; 0.00|529
P = Pressurizer pressure, psig;

p* = 2235 psig (Nominal RCS operating pressure);

§ - Laplace transform operator, s';

and f,(Aa1) is a function of the indicated difference between top and bottom detectors of the power-

range neutron iow cha

mbers; with gains to be selected based on measured instrument response during

plant STARTUP tests such that:

{1

(11)

(111)

NOTE 2:

~42.0 + 8.0
for q, - G, between —39-9% and +3-9%,

f,(Al) = 0, where q, and g, are percent RATED THERMAL POWER in the top and botiom halves of

the core respectively, and g, + g, is total THERMAL POWER in percent of RATED THERMAL POWER:

- 42.0

for each percent Al that the magnitude of q, - q, 15 more negative than =39-8%,
Setpoint shall be automatically reduced byg—.-zi_"g% of AT,; and

8.0
For each percent Al that the magnitude of q - q, is more positive than -‘;-3-10%. the AT Trip
Setpoint shall be automatically reduced by M‘LM % of AT,.
(o)

the AT Trip

The channel's maximum Tri Setpoint shall not exceed its computed Trip Setpoint by more
than 3-8% 4.5 Reted Thermal Fower
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JABLE 2.2-] (Continued) !
TABLE NOTATIONS (Continued] ' !
. {Continued) ]
:
- T' = §90.8°F (Nominal T, allowed by Safety Analysis); ‘
'é K, = 0.001414; !
jl P = Pressurizer pressure, psig; I
B p* = 2235 psig (Nominal RCS operating pressure); :
s = Laplace transform operator, s; :
and £,{al) is a function of the indicated difference between top and bottom detectors of the power- '
range neutron ion chambers; with gains to be selected based on measured instrument response during ;
slant STARTUP tests such that: ;
{§) For g, - g, between -39.9% and +3.0%, !
!
L £,{al) = 0, where g, and g, are percent RATED THERMAL POWER in the top and bottom halves of |
‘)’G the core respectively, and g, + q, is total THERMAL POWER in percent of RATED THERMAL POWER;
A
(1) For each percent Al that the magnitude of g - g, is more negative than -39.9%, the AT Trip
Setpoint shall be autcmatically reduced by 3.910% of AT,; and
2 {1i1) fFor each percent Al that the magnitude of q - g, is more positive than +3.0%, the AT Trip |
-3 Setpoint shall be automatically reduced by 2.316% of AT,. |
9 ]
|
e ROTE 2: The channel’s maximum Trip Setpoint shall not exceed its computed Trip Setpoint by more
_g. than 3:8% 4.5 79 ﬁa“"d ‘T'!-eml Powu'
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NOTE 3:

OVERPOWER AT

wWhere: AT -
L—I’ ‘5) -
1 +1,8
w1 =
Flls! [ssdil =
I+ 7,8
’s -
at, =
K‘ -
I -
1 + 1,8
T, -
s RS
I+ 7,5
'. -

.k N

W

J
TABLE 2.2-1 {Continued) Un,'—L lOn/\/ ,
TA ATIONS (Continu S = d
\&/\_/\JI\"M’

Al ((ll_’i_;'(;sﬁ)) ((ro_lr,—S;) s AT, (X, - Ks((_.lrL) Rt (. K, [T ST T 1"} - (A1)}

1 +1,5) (1 ¢ 1,5) {1 + rS)

As defined in Note |,

As defined in Note |,

As defined in Note |,

As defined in Note 1,

As defined in Note !,
As defined in Note 1|,

+0819- [ 08Ss

0.02/°F for increasing average lemperature and 0 for decreasing average
temperature,

The function generated by the rate-lag controller for T__ dynamic
compensation,

Time constant utilized in the rate-lag controller for T . r, = 10 s,
As defined in Note 1,

As defined in Note |,
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TABLE 2.2-1 (Continued)
TABLC NOTATIONS (Continued)

HOTE 3 ‘Continued)

o 0012 b2
K, = 9-001293/°F for T > 590.8°F and K, = 0 for T < 590.8°F,

T = As defined in Note 1,

7" = Indicated T, at RATED THERMAL POWER (Calibration temperature for AT
instrumentag?Bn, < 590.8°F),

S « As defined in Note 1,

and f, (&I) is a function of the indicated differences between top and bottom detectors
of the power-range neutron ion chambers; with gains to be selected based on measured
instrument response during plant startup tests such that:

(i) for q, - vetween -35% and +35% Al; f, (41) = 0, where q, and g, are percent RATED
THERMAL POHE& in the top and bottom halves of the core respectively, and g, + g, is total
THERMAL POWER in percent of RATED THERMAL POWER;

(i1) for each percent &I that the magnitude of g, - gP {s more negative than -35% &I,
the AT Trip Setpoint shall be automatically reduced by 7.0% of AT ; and

(iii) for each percent Al that magnitude of q, - is more positive than +35% AL, the
AT Trip Setpoint shall be automatically reduced By 7.0% of AT,.

The channel’s maximum Trip Setpoint shall not exceed its computed Trip Setpoint by more

than 2-8%
3.0 %e Rited Thermal Power
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TABLE 2.2-]1 {Continued)
TABLE NOTATIONS (Continued)

NOTE 3: (Continued)
K, = 0.001291/°F for T > 590.8°F and K, = 0 for T < 590.8°F,

T = As defined in Note 1,

1" = Indicated T._. at RATED THERMAL POWER (Calibration temperature for AT
1nstrumentaf75n, < 590.8°F),

S = As defined in Note 1,

and f, (41) is a function of the indicated differences between top and bottom detectors
of the power-range neutron fon chambers; with gains to be selected based on measured
instrument response during plant startup tests such that:

(i) for g, - q, between -35% and +35% Al; f, (A1) = 0, where g, and g, are percent RATED
THERMAL POWER in the top and bottom halves of the core respectively, and q, + g, is total
THERMAL POWER in percent of RATED THERMAL POWER;

{(ii) for each percent Al that the magnitude of g, - q {s more negative than -35% &I,
the 4T Trip Setpoint shall be automatically reduced by 7.0% of AT,; and

(i1i) for each percent Al th.® .agnitude of q6 -;qb;s more positive than +35% &I, the
y /. .

AT Trip Setpoint shall be automatically reduced of AT,.
NOTE 4: The channel’s maximum Trip Setpoint shall not exceed its computed Trip Setpoint by more
than -2+-8%.

3.370f Robed Thermal Tower
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Attachment 11
Justification and Safety Analysis

Over time, degraded steam generator tubes have been plugged or
sleeved, resulting in a reduction of reactor coolant system flow.
In addition to this, the hot leg streaming phenomenon affects the
accurate measurement of flow. As a result of these effects, it
will become difficult to ensure meeting the minimum flow
requirement (Table 2.2-1 Item 11, as annotated) reguired by
Technical Specifications to maintain 100% power operation. The
proposed reduction in minimum measured flow is applicable to
Catawba Unit 1 only.

To alleviate this concern, analyses have been performed to
justify reduction in the minimum RCS flow to 382,000 gpm. These
analyses show that the reduced flow rate will not have a
significant impact on any accident analyses presented in Chapters
3, 4, 6, or 15 of the Final Safety Analysis Report (FSAR).

The overtemperature delta T (OTaT) and overpower delta T (OPaT)
setpoint equation constants have been revised to support the
reduction in minimum measured flow. The methodology used to
generate the constants is described in the April 26, 1993 letter
from T. C. McMeekin, Duke Power Company, to USNRC Document
Control Desk, Supplement to Technical Specification Amendment
Relocation of Cycle-Specific Limits to the Core Operating Limits
Report. The proposed revision to the OTaT and OPaT constants is
applicable to Catawba Unit 1. The change is not applicable to
Catawba Unit 2, because the steam generators in Unit 2 have not
degraded and have not regquired tube plugging or sleeving to the
extent of the other three units. This is consistent with Duke's
current plans to replace the steam generators in both McGuire
units, and Unit 1 only at Catawba. The higher minimum flow in
Unit 2 is being retained to provide increased flexibility in fuel
cycle design work.

The changes to the OPaT setpoints for Catawba Unit 1 also
necessitated recalculation of the Technical Specification
allowable values of the trip functions. The revised OPaT
allowable values are more restrictive than the existing values.
In the course of these calculations, a minor error was discovered
that affected the existing allowable values for all four units.
This resulted in a recalculation of the allowable value for
Catawba Unit 2, as well as the three units affected by the flow
reduction. Since the setpoint is, by administrative controls,
reset whenever it is found to be different from the correct value
by about 1%, past operability is not considered to be a concern.
This item is discussed in more detail in Duk~2's response to a
request for additional information (Reference letter, M. S.
Tuckman to Document Control Desk, December 3, 1993). Also, to
improve clarity, the allowable vajiues of OPaT and OTaT are now
expressed in units of % Rated Thermal Power.
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Effect of Reduced Flow on FSAR Analyses

LOCA Blowdown Forces, FSAR Chapter 3

The primary factors which affect the blowdown forces resulting
from a LOCA are RCS pressure, vessel inlet and outlet fluid
temperatures, and to a smaller degree, the loop and vessel
flowrates. The LOCA analyses have been performed with a flow
which corresponds to a minimum measured flow (MMF) less than
382000 gpm, and therefore a reduction in MMF to 382000 gpm will
not affect the assumptions in the blowdown forces analysis.

Thermal Hydraulic Design, FSAR Section 4.4

The thermal hydraulic design for Catawba Unit 1 was analyzed with
the reduction in RCS minimum measured flow (MMF) to 382,000 gpm.
The reduced flow rate resulted in a slight reduction of the
margin in the core DNB limits. Technical Specification Figure
3.2-1, Reactor Coolant System Total Flow Rate Versus Rated
Thermal Power - Four Loops In Operation, was revised to reflect
the lower allowable flcw rate. The Axial Flux Difference limits,
Technical Specification Section 3.2.1, are unchanged and all of
the current thermal hydraulic design criteria are satisfied at
the reduced flow conditions.

#8 previously noted, revised core thermal limits were generated
to reflect the reduced minimum measured RCS flow of 382,000 gpm.
Based on these new protection limits, the overtemperature delta T
{OTaT) setpoint equation constants (Note 1 of Table 2.2-1), and
the overpower delta T (OPaT) setpoint equation constants (Note 3
of Table 2.2-1 for Catawba) were revised to reflect the necessary
changes. The impact of the reduced flow on the coefficients was
partially offset by a reduction in the margin assumed in the
calculation of the coefficients.

Mass and Energy Releases for Containment Analyses, FSAR Chapter 6

The reduction in MMF flow can affect the mass and energy releases
for containment analysis only through a change in the NC system
temperature input assumption. RCS average temperature will
remain unchanged with the change in MMF. Therefore, the RCS
initial fluid and metal stored energy will remain unchanged.
Further, a constant PCS average temperature implies that the
driving temperature di.ference for primary to secondary heat
transfer will remain unchanged. These two parameters, initial
energy content and rate of energy transfer, are the means by
which mass and energy releases influence containment response for
the transients analyzed in Chapter 6 of the FSAR. Since the
reduction in MMF is being made with a negligible change in RCS
temperature, the mass and energy releases calculated in FSAR
Chapter 6 will not be affected.



Accident Analyses, FSAR Chapter 15

All of the FSAR Chapter 15 accident analyses which are applicable
to Catawba Nuclear Station have bren explicitly analyzed with an
initial RCS flow assumption which corresponds to a MMF of 382000
gpm, or have been evaluated to determine the impact of a
reduction in MMF of 3000 gpm.

As shown in the updated FSAR, the following analyses have been
analyzed with an initial RCS flow ansumption which is less than
or equal toc a MMF flow of 382000 gpm. The resuits of the
analyses demonstrate that all acceptance criteria are met, and
therefore a MMF of 382000 gpm is acceptable:

15.1.5" sSteam System Piping Failure

15.2.3b Turbine Trip - Peak Primary Pressure

15.2.5 Loss of Non-emergency AC Power

15.3.7 Loss of Normal Feedwater Flow

15.2:8 Feedwater System Pipe Break

15.3.1 Partial Loss of Reactor Coolant System Flow
15.3.2 Complete Lcss of Reactor Coolant System Flow
15.3.3 Locked Rotor

15.4.1 Uncontrolled Bank Withdrawal from Subcritical
15.4.2% Uncontreolled Bank Withdrawal at Power
15.4.3% Rod Assembly Misoperation

15.4.8" Rod Ejection
15.6.3% Steam Generator Tube Rupture
15.6.5 Loss of Coolant Accident

Notes: 1) The updated FSAR Table 15-4 is incorrec* for
these events. The steam system piping failure,
FSAR 15.1.5, and the rod ejection accident, FSAR
15.4.8, analyses have been submitted in Duke
Power topical report DPC-NE-3001-PA. Table 15-4
for each station will be corrected in the next
FSAR update.

2) The uncontrolled bank withdrawal at power, FSAR
15.4.2, and rod assembly misoperation, FSAR
15.4.3, events rely on cycle-specific reload
analyses. Since the cvcle specific analyses will
be performed with a flow assumption of 382,000
gpm, FSAR Table 15-4 will be revised in the next
FSAR update.

3) The steam generator tube rupture (SGTR), FSAR
15.6.3, event was inadvertently omitted from Table
15-4 of the updated FSAR. Table 15-4 of the
Catawba Oct 91 FSAR update presented the correct
input assumptions for the Catawba SGTR analysis.
Table 15-4 will be corrected in the next FSAR
update.



As stated in Duke Power Topical Report DPC-NE-2702-A, certain
events are bounded by other more limiting events, and therefore
are not analyzed and the results of these events are not
affected by a change in MMF. The events which are bounded by
other more limiting events are:

15.1.1 Reduction in Feedwater Temperature

15.1.4 Inadvertent Opening of a Steam Generator KRelief
Valve

15.2.2 Loss of External lcad

15.2.4 Inadvertent Closure of Main Steam Isolation
Valves

15.2,.5 Loss of Condenser Vacuum and Events Causing
Turbine Trip

15.3.4 Reactor Coolant Pump Shaft Break

15.5.1 Inadvertent Operation of ECCS

15.5.2 Increase in Reactor Coolant Inventory

The remaining Chapter 15 events which apply to Catawba Nuclear
Station are events which are analyzed with the acceptance
criterion of no DNB. These transients are non-limiting with
respect to DNB, and DNB is not seriously challenged in any of
these events. Therefore, a reduction in MMF of 3000 gpm is not
significant to the results of the following analyses:

15:1.2 Increase in Feedwater Flow
15.3:7 cxcessive Increase in Secondary Steam Flow
15.4.4 Startup of a Reactor Coolant Pump at an
Incorrect Temperature
15.6.1 Inadvertent Opening cf a Pressurizer Relief
Valve
Conclusions

As shown above, all of the applicable FSAR analyses have been
explicitly analyzed with an initial assumption which corresponds
to a MMF of 382,000 gpm, or have been evaluated to dztermine the
impact of a reduction in MMF of 3,000 gp.a. Therefore, a decrease
from 385000 gpm to 382000 gpm in the Catawba Technical
Specification minimum measured flow will not adversely affect the
steady state or transient analyses documented in Chapters 3, 4,
6, and 15 of the FSARs.



The following analysis, performed pursuant to 10 CFR 50.91, shows
that the proposed amendment will not create a significant hazards
consideration as defined by the criteria of 10 CFR 50.92.

1. This amendment will not significantly increase the probability
or conseguence of any accident previously evaluated.

No component modification, system realignment, or change in
operating procedure will occur which could affect the
probability of any accident or transient. The reduction in
flow will not change the probability of actuation of any
Engineered Safeguard Feature or other device. The
consequences of previously-analyzed accidents have been found
to be insignificantly different when the reduced flow rate is
assumed. The system transient response is n-t affected by
the initial RCS flow assumption, unless the initial
assumption is so low as to impair the steady-state core
cooling capebility or the steam generator heat transfer
capability. This is clearly not the case with a <1% reduction
in RCS flow

2. This amendment will not create the possibility of any new or
different accidents not previously evaluated.

No component modification, system realignment, or change in
operating procedure will occur which could create the
possibi’ ity of a new event not previously considered. The
reduction in flow will not initiate any new events.

3. This amendment will not involve a significant reduction in a
margin of safety.

As described in Attachment II, the decrease in RCS flow has
been analyzed and found to have an insignificant effect on the
applicable transient analvses found in the FSAR. In order

to support the reduced flow rate, the OTaT and OPaT setpoint
equation constants have been revised. There is no significant
reduction in a margin of safety.



