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Director of Nuclear Licensing
Commonwealth Edison Company Attorney, OELD

P. 0. Box 767

Chicago, I11inois 60690

Dear Mr. Peoples:

By letter dated March 20, 1980, we {ssued Amendment No. 51 to the

Quad Cities Unit

2 Technical Specifications. During our review,

several changes to your submittal were discussed with you and were
agreed to by your siaff. Certain changes were Inadvertently not
incorporated into the substftute pages sent to you. Please correct
this situation by replacing previously sent substitute pages with
the enclosed corrected pages.

Enclosure:

Sincerely,
Original Signed by

T. A, lppolo
Thomas A. Ippolito, Chief
Operating Reactors Branch #2
Division of Licensing

Technical Specification pages 1.1/2.1-4, 1.1/2.1-9,
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President
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Mr. John W. Rowe

Isham, Lincoln & Beale

Counselors at Law
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Chicago, I1linois 60603

Mr. Nick Kalivianakas

Plant Superintendent

Quad Cities Nuclear Power Station
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Cordova, I1linois 61242
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504 - 17th Street
Moline, I1linois 61265
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Assistant Attorney General
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1.1 SAFETY LIMIT BASIS

The fuel cladding integrity limit is set such that no calculated fuel dumage would accur as a resul+ of an
abnormal operational transient. Beecause fuel damage is not directly observable, 2 step-back approach is
used to establish a safety limit such that the minimum eritical power ratio {MCPR) is no lecss than the fuel
cladding integrity safety limit,MCPR > the fuel cladding integrity safety limit represents a conservative
margin relative to the conditions required to maintain fuel cladding integrity.

The fuel cladding is onec of the physical harricrs which separate radiocactive materials from the environs
The integrity of this cladding barrier is related to its relative freedom from perforutions or ctackand.
Although some corresion or use-relatecd cracking may oceur during the life of the cladding, fission pzod;ct
migration from this source is incrementally cumulative and continuously measurable. Fuel cladding per-
forations, however, can result from thermal stresses which oceur from reactor operation significantlv'abOVc
design conditions and the protection system safety settinga, While fission product migration from cleﬁdin
perforation is just zs measurable as that from use-related cracking, the thernally cuused cladding De;for-J
ations signal a threshold beyond which still greater thoermal stresses may cause gross rather than iﬁc:cmaut-
al cladding deterioration. Therefore, the fucl cladding safety limit is defined with margin to the ccnéi-
tions which would produce onset of transition boiling (MCPR of 1,0). These conditions represent a Signiti-
cant departure from the condition intended by desigyn for planned operation, Therefore, the fuel clgdiing
integrity safety limit is cstablished such that no calculated fuel damage shall result from an
abnormal operational transient. Basis of the values derived for this safety limit for each fuel type is
documented in Reference 1.,

A. Reactor Pressure ¥ 800 psig and Core Flow > 10% of Rated

Onset of transition boiling results in a decrease in heat transfer from the cladding and therafore
elevated cladding temperature and the possibility of cladding failure. However, the existence of
critical power, or boiling transition is not a directly observabloe parameter in an operating react-
or., Thercfore, the margin to boiling transition is calculated frem plant operating parcmeters such
as core power, core flow, feedwezter temperature, and core power distributiun. The margin for esev,
fuel assembly is characterized by the critical power ratio (CPR), which is th: ratio of the Lundle
power which would produce onsct of transition boiling divided by the actual bLundle power, The
minimum valuc of this ratio for any bundle in the core is the minimum critical power ratio (:4CPRY .,
It is assumed that the plant operation is controlled to the -nominal protective sctponts via the
instrumented variables (Figure 2.1-3).

The MCPR fuel cladding integrity safety limit has sufficient coniervatism to assure that in the cvernil
of an abnormal operational transicent initiated from the normal operuting condition, more Lhan 29.9
of the fuel rods in the core are cxpected to avoid boiling transition. The margin between SCPR of
1.0 (oncet of transition boiling) and the safety limit, is derived from a detailed statistical ¥
analysis considering all of the uncertainties in monitoring the core operating state, including
uncertainty in the boiling transition correlation (sce €.g., Reference 1l)}.  Becausc the boiling
trancition correclation is hased on a large quantity of full-scale data, there is a very high con-
fidence that operation of a fuel assembly at the condition ©of MCPR = the fuel cladding integrity l
safety limit would not produce boiling transition,

However, if boiling transition were to occur, cladding perforation would not be eoxpected. Cladding
temperatures would increasc to appromimately 1100°F, which is belew the perforation temperature of
the cladding material. This has been verified by tests in the General) Electric Test Reactor (GETR),
where similar fuecl operated above the critical heat flux for a significant period of time {3C min-
utes) without cladding perforation.

If reactor pressure should ecver exceed 1400 psia during normal power operation (the limit of
applicability of the boiling transition correlation), it would be assumed that the fuecl cladcéing
integrity safety limit has been violated,

In addition to the boiling transition limit (MCPR) operation is constrained to a maximum LHGRz17.S
Xw/ft for 7 x 7 fuel and 13.4kw/ft for all 8x8 fuel types. This constraint is established by
Specification 3.5.J. i dega margin to % i
strain for abno§§air8§é§§t§n§'%§§§s§2§%§yinit§ate§ f%ompégéﬁ ¢
power conditions. Specification 2.1.A.l1 provides for equivalent
safety margin for transients initiated from' lower ower con=-
ditions by adjusting the APRM flow-biased scram setting by tke

ratio of FRP/MFLPD. .

1.1/2.1-4
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B. APFRM Rod Block Trip Settirg

Reactor power level may be varied by moving control rods or by varying the recirculaticn flow

rate. The APRM system provides 2 control rod block to prevent gross rod withdrawal ai constant
; - gecireulaticn flow rate to protect against grossly exceeding the MCPR Fuel Cladding Integrity l
Safety Limit. This rod block trip setting, which is automatically varied with recirculation
loop flow rate, prevents an increase in the reactor power level to excessive values dus to
econtrel rod withdrawal. The flow variable trip setting provides substantial margin from fuel
damage, assuming a steady-stata operation at the trip setting, over the entire recirculation
flow range. The margin to the safety limit increases as the flow decreases for the spacified
trip se:tting versus flow relationship; therefore the worst-case MCPR which could occur during
steady-state operation is at 108X of rated thermal power because of the APRM rod block trip
setting. The actual power distribution in the core is established by specified control rod
secuences and is monitored continucusly by the incores LPRM system. As with APRM scram trip
setting, the APRM rod block trip setting is adjusted downward if the maximum fraction of limit-
ing power density exceeds the fraction of rated power, thus preserving the APRM rod bloex
safety margin. . ' i

€. Reactor Low Water Level Scram

The reactor low water level scram is set at a point which will assure that the water level used
in the bases for the safety limit is maintained, The scram setpoint is based on normal oosrat-
ing temperature and pressure conditions because the level instrumentation is density compensated,

D. Reactor Low Low Water level ECCS Initiation Trip Point

The emergency core cooling subsystems are designed to provide sufficient cooling to the core
to dissipate the energy associated withthe loss-of-coolant accident and to limit fuel cladding
tenperature to well below the ¢cladding melting temperature to assure that core gecmeiry remains
intact and to limit any cladding metal-water reaction to less than 1%. To accomplish tleir
_ intended function, the capacity of each emergency core cooling system component was established
based on the reactor low water level scram setpoint. To lower tha setpoint of the low water
level szcram would increase the capacity requirement for each of the ICCS components, Thus, the
reactor vessel low water level scram was set low encugh to permit margin for operation, vet will
not be set lower because of ECCS capacity requirements.

The design of the ECCS components to meet the above criteria was dependent on three previously
set parameters: the maximum break size, the low water Yevel scram setpoint, anrd the ZTCS

initiation setpoint. To lower the setpoint. for initiation of the ECCS could lead to a foss of
effective core cooling. To raise the ECCS initiation setpoint would be in 2 safe direction, .
but it would reduce the margin established to prevent actuation of the ECCS Jduring normal
operatiocn or during normally expected transients,

2. !ﬁxbinn Stop Valve Scram

t Phe turbine stop valve closure scram trip anticipates the pressure, neutrecm flux, and heat flux
increase that could result from rapid closure of the turbine stop valves. With a scram trip
setting of 100 of valve closure from full open, the zresultant increase in suxrface heat flux is
limited such that MCPR remains above the MCPR fuel cladding integrity safety lamit even during ‘
the worst-case transient that assumes the turbine bypasgs is closed,

P. Turbine Control Valve Fast Closurs Scram

#he turhine control valve fast closure scram is provided to anticipate the rapid increase in
pressure and neutron flux resulting from fast closure of the turbine control wvalves due %o a
load rejection and subsequent failure of the bypass, i.e., it prevents MCPR from bgcomjirng less
than the MCPR fuel cladding integrity safecy limit for this transient. For the ioaé
reiection without bypass transient from 100% power, the peak heat flux
(and therefore LHGR) increases on the order of 15% which provides wide
margin to the value corresponding to 1% plastic strain of the cladding.

1.1/2.1-8
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1.2 SAFUTY LIMIT BASES

The reactor coolant system integrity is an important barrier in the prevention of uncontrolled releasc of fission
products. It is essential that the integrity of this system be protected by establishing a pressure linvit to be obscrved
for all operating conditions and whenever there is irradiated fuel in the reactor vessel.

The pressure safety limit of 1325 psig as measured by the vessel steam space pressure indicator is equivalent to
1375 psig at the lowest clevation of the reactor coolant system. The 1375 psig value is decived from the design
pressures of the reactor pressure vessel and coolant system piping. The respective design pressures are 1250 psig
at 575° F and 1175 psig at 560° F. The pressure safety limit was chosen as the lower of the pressure transients
permitted by the applicable design codes: ASME Boiler and Pressure Vessel Code Section [ for the pressure vessel,
and USASI B31.1 Codc for the reactor coolant system piping. The ASME Botler and Pressure Vessel Code permits
pressure transients up to 107 over design pressure (110% x 1230 = 1375 psig), and the USASI Code permits
pressure transients up to 20% over the design pressure (120% x 1175 = 1410 psig). The sufety limit pressure off

1375 psig is referenced to the lowest elevation of the primary coolant system. Evaluation methodology

to assure that this safety limit pressure is not exceeded for

any reload is documented in Reference 1.
The design basis for the reactor pressure vessel makes evident the substantial margin of protection against failure

at the safety pressure limit of 1375 psig. The vessel has been designed for a general membrane stress ao greater
than 26,700 psi at an interaal pressure of 1250 psig; this is a factor of 1.5 below the yield strength of 40,100 psi
at 575° F. Atthe pressure limit of 1375 psig, the general membrane stress will onty be 29,400 psi, sull safely below
the yield strength.

The relationships of stress levels 10 yield strength are comparable for the primary system piping and provide a
similar margin of protection at the established safety pressure limit.

The normal operating pressure of the 1eactor coolant system is 1000 psig. For the turbine trip or loss of elcctrical load
transicnts, the turbine trip scram or generator load rejection scram together with the turbice bypass system limits the

pressure to approximately 1100 psig (References2,3 andl} ). In addition, pressure relief valves have been provided to
reduce the probability of the safety valves opetating 1n the event that the tutbine bypass should fajl. .

Finally, the safety valves are sized to keep the reactor coolant system pressute below
137S psig with no credit taken for relief valves during the postulated full closure of all MSIV's without ditect (valve
position switch) seram. Credit is taken for tie neutron flux scram, however,

’ The indirect flux scram and safety valve actuation, provide adequate margin
below the peak allowable vessel pressure of 1375 psig.

Reactor pressure is continuously monitored in the control room during operation ont a 1500 psi full-scale pressure
recorder. :

Refercuces

1. "Generic Reload Fuel Application", NEDE-24011-P-A*
2. SAR, Section 11.22

3. OQuad Cities 1 Nuclear Power Station first reload license
submittal, Section 6.2.4,2, February 1974,

4. GE Topical Report NEDO-20693, General Electric Beoiling Water
Reactor No. 1 licensing submittal for Quad Cities Nuclear
Power Station Unit 2, December 1974,

* Approved revision number at time relodd analyses are performed.

1.2/2,2-2
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C. Scram Insertion Times

The control rod system is analyzed to bring the reactor subcritical at
a rate fast enough to prevent fuel damage, i.e., to prevent the WCPR
Prom hecoming less than the fuel cladding integritv safety limit.

“Analysis of the limiting power sransient shows that the negative
reactivity rates resulting from the scram with the average respclse o
all the drives as given in the above specification, provide tne ragulirel
protection, and MCFR remains greater than the fuel cladding integrity

safety limit.

The minimum amount of reactivity
10 be inserted during a scram is controlled by permitting no more than 10% of the operable rods to have
long scram times. In the analytical treatment of the transients, 390 milliseconds are allowed between a
neutron sensor reaching the scram point and the start of motion of the control rods. This is adequate and
conservative when compared to the typically observed time delay of about 270 milliseconds. Approx-
imately 70 milliseconds after neutron flux reaches the trip point, the pilot scram valve solenoid
deenergizes. Approximately 200 milliseconds later, contro! rod motion begins. The time to deenergize the
pilot valve scram solenoids is measured during the calibration tests required by Specification 4.1. The 200
milliscconds are included in the allowable scram insertion times specified in Specification 3.3.C

The scram times for all control rods will be determined at the time of each refueling outage. A -

representative sample of control rods will be scram tested following a
shutdown. '

Scram times of new drives are approximately 2.5 to 3 seconds; lower rates of change in scram times
following initial plant operation at power are expected. The test schedule

provides reasonable assurance of detection of slow drives before system deterioration beyond the limits
of Specification 3.3.C. The program was developed on the basis of the statistical approach outlined below

and judgment.

The history of drive performance accumulated to date indicates that the 90% insertion times of new and
overhauled drives approximatc a normal distribution about the mean which tends to become skewed
toward longer scram times as operating time is accumulated. The probability of a drive not exceeding the
mean 90% insertion time by 0.75 seconds is greater than 0.999 for 2 normal distribution. The
measurement of the scram performance of the drives surrounding a drive exceeding the expected range
of scram performance will detect local variations and also provide assurance that local scram time limits
are not excceded. Continued monitoring of other drives cxceeding the expected range of scram times
provides surveillance of possible anomalous performance.

The numerical valucs assigned to the predicted scram performance are based on the analysis of the
Dresden 2 startup data and of data from other BWR's such as Nine Mile Point and Oyster Creck.

The occurrence of scrain times within the limits, but significantly longer than average, should be viewed
as an indication of a systematic problem with control rod drives, especially if the number of drives
exhibiting such scram times exceeds eight, the allowable number of inoperable rods.

3.37/4.3-10
Amendment No.



