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Y. TRie itconse ahall be deencd to rontaln and te subjec: o the

the addittonal condlttone speclfled or o

tonditione wpr. Lfled (n the folloving Commisnton - g ettt

In 10 CFR Chaprer 1 Porc 20, Sect’sa W Y of “arg v
Section &0 .41 . Part 40, >ections 39,9 and 30 .9 qt'r;n 30
ond Sectton 70 )2 of Part "0, 1o eub ect to all !

appllicatile
:;o::olo?no ot "he Act and t. the tules, requiatinne gt orders
¢ Cremianion nov ur herealter (n ellect; aut 19 subijret 1o

hurpnreced he limg

A Neximum Pover Livel

Commonwealtn Edleon fs authoriszed to operate Quad-(ities

Unie . 8
“”:” 4t pover leveli not Ln excess of 2511 wmegavatts

Technical Soectficattons

The Techni y! Specifications contafned In Jppenaices
A and B, 45 revised through Amendment No. 47 are
heredy incorporated n the )icense. The Vicensee
shal! operate the factiity 1n accordancr with the
Technica! ‘“pec!ifications,

3.0 Restrictions

D.

— e

Operation in the coastdown mode is permitted to 40%
power. Should off-normal feeawater heatiny be
necessary for extended geriods during coastdown
(i.e., greater than 24 hours) the Licensee shall
perform a safet{ evaluation to determine if the
MCPR Operating Limit and calculated peak pressure

remain bounding for the new condition.

for the worst ~ase abnormal operating transient H

Equalizer Valve Restriction

Tho valves in the Cuulizer piping between the r -

circulation lovps .i
oy op‘ru;gn,“‘“ be closed at all tumes du; irg

E. Security Plan

The licensee shall maintain in effect and fully implement all
provisicns of the Commission-approved physica) security plan,
including amendments and changes made pursuant to the authority
of 10 CFR 50.54(p). The approved security plan consists of
documents withheld from pudlic disclosure pursuant to 10 CFR
2.790(d), referred to as Quad Citfes Nuclear Power Station
Unfts Nos. 1 and 2 Physical Security Plan dated as follows:

Plas - November 18, 1977
Revi.ion 1 - May 19, 1978

Revisfon 2 - May 27, 1978
Revisfon 3 - July 28, 1978 1 25\? 8\6
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: @ Y. Shutdown - The reactor is in a shutdown condition when the reactor mode switch is in the Shutdown
position and no core alterations are being performed.

I. Hot Shutdown means conditions as above, with reactor coolunt temperature greater than 212° F.

2. Cold Shutdown means conditions as above. with reactor coolant temperature equal 10 or less than
212 F.

Z  Simulated Automatic Actuation - Simulated automatic actuation means applying a simulatec signal to
the sensor to actuate the circuit in question.

BB. Transition Boiling - Transition boiling means the boiling regime beiween wucleate und ilm boiling.

Transition boiling is the regime in which both nucleate and film boiling occur + stermittently. with neither
*ype being completely stable.

- Critical Power Ratio (CPR) - The critical power ratio is the ratio of that assembly power which causes
some point in the assembly 1o experience transition boiling o the assem b'y power at the reactor condition
of interes' s calculated by application of the GEXL correlation (reference NEDO-10958).

| bl ot Can b AT —n

DD. Minimum Critical Power Ratio (MCPR) - Th. .inimum incore critical powerr o corresponding to the
most limiting fuel assembly in the core.

Q EE. Surveillunce Interva! - Each surveillance requirem=nt shall be performed within the specified surveil-
lance interval with: ‘

A A maximum allowable extension not 10 exceed 25% of the surveillance interval.

b. A total maximum combined interval time for any 3 consecutive surveillance intervals not to exceed
3.25 uimes the specified surveillance interval.

FF. Fraction of Limiting Power Dens’ty (FLPD) - The fraction of limiting power !
density is the ratin of the linear heat generation rate (LHGR) existing at
a given location to the design LEGR for that bundle type.

oy

B lee ool

(MILPD) « The maximum fraction of
limiting power dersity i: the highest value existing in the.core of the
fraction of limiting power density (FLED). .

—————

GG.. Maxizurm Fraction of Liziting Power Density

HH, Fraction of Rated Power (FRP) - The fraction of rated pover is the ratio of
core thermal power to rated thermal power of 2511 Mwth,

.
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Reactor Water Level (Shutdown Condition)

whenever the rcactor is in the shut-
down condition with irradiated fuel
in the reactur vessel, the water
level shall not be less than that
corresponding to 12 inches above the
top of tue active fuel® when it is
seated in the core.

*Top of active fuel is defined to be
360 inches above vessel zero (Sec
Bases 3.2).

Where:

FRP = fraction of rated
thermal power
(2511 MwWt)

MFLPL = maximum fraction of
limiting powc: dens-
ity where the limit-
ing power density
for .ach bundle is
the design linear
heat generation rate
for that bunle,

The ratio of FRP/MFLPD shall be
set equal to 1,0 unless the actu-
al operating value 1s leass tlin
1.0 in whica case the actual
operating value will be uced.

This adjustment may ~1so be per formed
by increasing the APRM gain by the
inverse ratio, MFLPD/FRP, which
accomplishes the same degree of pro-
tection as reducing the trip setting
by FRP/MFLPD.

2. APRs! Flux Scram Trip Setting (Re-
fueling or Startup and Hot Standby
Mode)

When the reactor mede switch is in the
Refuel or Startup Hot Staniby posi-
tion, the APRM scram shal' be set at
less than or equal to 15% of rated
aeatron flux.

3. IRM “lux Scram Trip Setting

The IRM flux scram setting shall be set at
less than or equal to 120/125 of full
vle.

4. When the reactor mode switch is in the

startup or run position, the reactor shall
not be operated in the natural circula-
tion flow mode.

B. APRM Kod Block Setting

The APRM rod block setting shall be as shown
in Figure 2.1-1 and shall be:

S = (65Wp+ 43)

1252 018
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The definitions used above for :he APRM
scram trip apply. 1In the event of oper-
ation with a maximum fraction limi’ing
power density (MFLPD) gyreater than the
fraction of rated power (FRP), the setting
shall be modified as follows:

JIRE_

The definitions used above for the APRM
scram trip apply.

The ratio of FRP to MFLPD shall be set
equal to 1.0 unless the actual operat.ng
value is less than 1.0, in which case
the actual cperating value will be used.
This may also be perl rmed by increasing
the APRM gain by *he inverse ratio, MFLPD/FRP,
which accomplishes the same degree of pro-
tection as reducirg the trip setting by
FRP/MFLPD,

C. Reactor low water level scram setting
shall be 144 inches above the top of the
active fuel* at normal o jerating condi-
tions.

D. Reactor low water level ECCS initiation
shall be 84 inches (+4 inches / 0 inch)
above the top of the active fuel* at
normal operating conditions.

E. Turkins stop valve scram shall be < 10% valve
closure from full open.

F. Turbine control valve fast closure scram shall
initiate upon actuation of the fast closure sole-
noid valves which trip the turbine control
valves.

G. Main steamline isoluiot; valve closure scram
shall be < 10% valve closure from full open.

H. Main steamline low .essure initiation of main
steamline isolation valve clusure shall be
2 850 psig.

#*Top- of active fuel 1s defined to l

be 360 inches above vesseL zero
(See Bases 3.2)

1252 019
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1.1 SAFETY LIMIT BASIS

The fuel cladding integrity limit is se* such that no calculated fuel damage would occur as a resul* of an
abnormal operational transient. Because fuel damage is not directly observable, 2 step-dack apgroach is
ueed to establish a safety limit such that the minimum critical power ratio (MCPR) is no less than the fuel
cladding integrity safety limit, MCPR > the fuel cladding integrity sofety limit represents a concervaz:ive !
margin relative to the conditions required to maintain fucl cladding integrity.

The fuel cladding is one of the physical barrvicrs which separate radiosctive materiuls from the esvirs-s,
The ntegrity of ! cladding barrier is rolated to its reclative frerdom from perforastions or crackirjz.
Alt _ugh some cor:...ion or use-related cracking may occur during the life of the cladding, fissicen proiuct
migre”’ - this source is incrementally c'mulative and continuously measurable. Fuel claddirg per-
fora <+ however, can result from thermal stresses which orcur [rom reactor cperotion significantly above
desiyn conditions and the protection system safety rettings, WVhile fission produci m ~ '*° Eron clsZdin:
perforation is just is mesasurable as that from ute-related cracking, the thermally coused claddi:: pericy
stions signal a threshold boyond which still greater thermal stresses may cause gross rather thar in:ie¢ oni-
al cladding deterioraticn. Therefore, the fuel claddinc safcty limit io defined with margin to the ccrdi-
tions which would produce onset of transition boiling (1'CPs of 1.0), Thcse conditlons represent a signiti-
cant degarture fron the condition intend * by design for planned operation. Therefore, the fuel ciadl:nre

Sntegrity szfefy linm?t i: cstablisred suea that no calgulated fuel damage § d to o as
is expecte e

a result Of ansbmormal eperational transient. Basis of the values derived for this
sach fuel type is GOCumected in Referemce 1.

A. Reactor Pres.are ¥ 800 paiyg and Core Flow > 10X of Rated

Onset of :ransition boiling results in a decrease in heat transfer f(rom the cladding and therafore

“+  glevated cladding tempersiure and the possibility of cladding failure. However, tno exic:irnze of
eritical power, or boiling transition is not a directly obscrvable paremeter in an Cperpt.ny Teict-
or. Thercfore, the margin to boiling transition is celculated frow plent operating var:—aters tuch
a8 core power, core flow, feedwater temperature, and core power distribution. The marg.n for “rz¢
fuel assembly is characterized by the critical power ratio (CPR), which is th: ratio of - Basnad
gower which would produce onsot of transition boiling divided by the actusl Lunile po~er. . -
ainimum val o of this ratio for any bundle in the core is the minimum critical power ratio ( I77).
It is assumed that the plant operation is controlled to the nominal protective setponts via inao
instzumented variables (Figure 2.1-3).

The MCPR fuel cladding integrity safety limit has sufficient con.ervatism to assure that in the ever:|
of an sbnormal operational transient initiated from the rormal operating condition, more tnan %3.9;
of the fuel rods in the coru are expected to avoid boiling transition., The margin betwecn MCPR of
1.0 {onset of transition boiling) and the safety limit, is derived from a detaoiled statistical !
analysis considering all of the uncertainties in monitoring the core operating state, includirng
uncertainty in the boiling transition correlation (se. e.g., Roference 1). Becausc the boilirg
transition correlation is based on a large quantity of full-scale Jdata, there is a very high con-
fidence that operation of a fuel assembly at the condition of MCP% = tho fuel cladding integrizy l
safoty limit would not produca boiling transi ion,

Haover, if boiling transition were to occur, cledding perforation would not be expected. Cladding
temperatures would increase to approximately 1100%, which is below the perforation temperature of
the cladding material. This has becn verified by tests in the General Electric Test Reactor (CETR) .,
where similar fuel operated above the critical heat flux for a significant period of time (3C =in-
utes) without cladding perforation.

1f reactor pressurc should ever exceod 1400 psia during normal power operation (the limit of
applicability of the boiling trancition correlation), it would be assumed that the fuel cladding
integrity safety limit has been viclated,

Iin addition to the boiling transition limit (MCPR) operation is constrained to a maximum LMCRz17.%
kw/ft for 7 x 7 fuel and 13.4kw/ft for all 8x8 fuel types. This constraint is established by

Specification 3.5.0 to provide adequate safety margin to_l% plastic
strain for abnorma operat?ngqtransfentsyxnlt?ate from %1gh

power conditions. Specification 2.1.A.1 provides for equivalent
safety margin for transients initiated from' lower power con=
ditions by adjusting the APRM flow-biased scram setting by tlre

ratio of FRP/MFLPD.

1.1/2.1-4 1252 020
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An increas in the APRM scram trip setting would decrease the margin present before the

fuel cladding integrity safety limit is reached. The APRM scram trip setting was determined
by an analysis ¢ margins required to provide a reasonable range for maneuvering during
operation. Reducing this operating margin would increase the frequency of spirious scrams,
which have an adverse effect on reactor safety because of the resulting therr.al stresses,
Thus, the APRM scram trip setting was selected becouse it provides adejuate margin for_the
fuel cladding integrity safety limit yet allows operating margin that reduces the possibil-

ity of unnecessary scrams.

The scram trip setting must be adjusted to ensure that the LHGR transient peak is not
increased for any combination of maximum fraction of limiting power density (MFLPD) and
reactor core thermal power. The scram setting is adjusted in accordance with the formula
in Specification 2.1.A.1, when the MFLPD is greater than the fraction of rated power (FRP).
The adjustment may be accompiished by increasing the APRM gain by the reciprocal

of FRP/MFLPD. This pProvides the same degree of protection as reducing

the trip setting by FRP/MFLPD by raising the initial APRM rgadlngs
closer to the trip settings such that a scram wou;d be received at
the same point in a transient as if the trip settings had been re-
duced by FRP

YIFLPD"

2. APRM Flux Scram Trip Setting (Refuel or Startup/Hot Standby Mode)

For operation in the Startup m-de while the reactor is at low pressure, the APRM scram setting
nf 15X of rated power provides adequate thermal margin between the setpoint and the safety
limit, 25% of rated. The margin is adequate to accommodate anticipated maneuvers associated
with power plant startup, Effects of increasing pressure at z2ero or leow void eonten: ara

minor, cold water rrom soure '} » durdng otartup 13 not much colder tuun tuut ulready la vhe
system, temperature coerl.c.ents ae small, and control roi patterns are constrained to be
uniform by operating procedures backed ug Oy the rod worta minimizer., Of all possible sources
of reactivity input, uniform control rod withdrawal is the most probable cause of significant
power rise. Because the flux distribution associated with uniform rod withdrawals does not
involve high local peaks, and because several rods must be moved to change powe. by a signifi-
cant percentage of rated power, the rate of power rise is very slow. Generally, the heat flux
is in near equilibrium with tha fission rate. In an assumed uniform rod withdrawal approach
to the scram level, the rate of power rise is no mo.e than 5% of rated power per minute, and
the APRM system would be more than adequats to assure a scram before the power could exceed
the safety limit, The 15X AFRM scram remains active until the mode switch is placed in the
Run position. This cwitch occurs when reactor pressure is greater than 850 psig.

3. IRM Plux Scram Trip Setting

The IRM system consists of eight chambers, four in each of the reactor protection system logic
channels. The IRM is a 5-decade instrument which covers the range of power level between that
covered by the SRM and the APRM. The 5 decades are broken down into 10 ranges, each being
one-half a decade in size.

The IRM scram trip setting of 120 divisions is active in each range of the IRM, For example,
if the instrument were on Range 1, the scram satting would be 120 divisions for that range; '

likewise, ix the instrument were un Range 5, the scram would be 120 divisions on that range.

Thus, as the IRM is ranged up to accommodate the increase in power level, the scram trip set-
ting is aleso ranged up.

' The most significant sources of reactivity change during the power increase are due to control
l i roéd withdrawl., 1In order to ensure that the IRM provides adequate protectior against the
single rod withdrawal error, a range of rod withdrawal accidents was analyzed. This analvsis
| included starting the accident at various power levels, The most severa case involves an
| initial condi ion in which the reactor is just subcritical and the IRM system is not yet on
! scale.

Mditional conservatism was taken in this analysis by assuming that the IRM charnelcloze=t
the withdrawn rod is bvpassed. The results of this analysis show that the reactor is scrammed
and peak power limited to 1% of rated power, thus maintaining MCPR above the fuel cladding
integrity safety limit. Based on the above analysis, the IRM provides protection against
local control rod withdrawal errors and ccntinuous withdrawal of control rods in sequence and
provides backup protection for the APRM.

1252 021
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B. APRM Rod Block “rip Setting

Reactor power level may be varied by moving control rods or by varying the recirculaticn flow
rate. The APRM system provides a contrel rod block to prevent gross ri® withdrawal at constant
recirculation flow rate to protect against grossly exceedinc 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 due to
control rod withdrawa). The flow variable trip setting provides substantial margin from fuel
damage, assuming a steady-state operation at the trip setting, over the entire recirculation
flow range. The marcin to the safety limit increases as the flow decreases for the speciried
trip setting versus flow relationship; therefore the worst-case MCPR which could occur during
steady-state operation is at 108% 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
sequences and is monitored continuously by the incore LPRM system, As with APRM scram trip
setting, the APRM rod block trip setting ‘s adjusted downward if the maximum fraction ¢f limit-
ing power density exceeds the fraction of rated power, thus preservins the APRM rod %lock
safety margin. As with the scram setting, this may 1- complished by adiusting the APRM gains.

C. Reactor Low Water Level Scram

The reactor low water level scram is set at a point which will zssure that the water level used
in the bases for the safety limit is maintained. The scram setpoint is based on normal operat-
ing temperature and prensure conditions becausc the level instrumentat:ion is density compensated.

D. Reactor Low Low Water Level ECCS initiation Trip Point

The emergency core cooling subsystems are d.signed to provide sufficient cooling to the ore

to dissipate the energy associated withthe loss-of-ccolant accident and to llalt fuel - widing
temperature to well below the cladding melting cemperature to assure that core geomeiry r:mains
intact and to limit any cladding metal-water reaction to less than 1%. To acc 3plish t =»ir
intended function, the czapacity of each emergency core cooling system component was estadblis’ ed
based on the reactor low water level scram setpoint. ToO lower the setpoint of the low water
level scram would increase the capacity requirement for each of the ECCS components. Thus, the
reactor vessel low water level scram was set low enough to permi: margin for op.2ration, 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 prev:iously
set parameters: the maximum break size, the low water level scram se.point, and the ZCCS

initiation setpoint. To lower the setpoin* for initiation of the ECCS could lead to a lcus of
effective core cooling, To raise the ECCS initiation setpoint would be in a safe direction,
but it would reduce the margin established ‘o prevent actuation of the ECCS during normal
operation or during normally expected transients,

E. Turbine Stop Valve Scram

The turbine stop valve closure scra:m trip anticipates t“e pressurs:, neutron flux, and heat flux
increase that could result from rapid closure of the tuibine stop valves., With a scram trip
setting of 107 of wvalve closurc from full open, the resultant increase in surface heat flux is
limited such that MCPR remains above the MCPE fuel cladding integrity safety limit even during '
the worst-case transient that assumes the turbine bypass is closed.

P. Turbine Control Valve Fast Closure Scram

The 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 valves due %o a
load rejection and subsecguent failure of the bypass, i.e., it prevents MCPR from beccning less
than the MCPR fuel cladding integrity safety limit for this transient, FOY the lcad

rejection without bypass transient from 100% power, the peak heat flux
(and therefore LHGR) increascs on the order cf 15% which provides wide
margin to the value corresponding to 1% plastic strain of the cladding.

1.1/2.1-9
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1.2 SAFETY LIMIT BASES

The reacior coolant sysiem integrity is an important " arricr in the prevention of uncontrolled release of fission
products. [t is essentiz” *hatthe intezrity of this system be protecied by establishing a pressure limit 10 be observed
for all operating conc.aons and whenever thers is irradiated fuel in the reactor vessel.

The pressurc safety limit of 1325 psig as measured by the vessel steain space pressure indicatof is equivalent to
1375 psig at the lowest clevation of the reactor coolant system. The 1375 psig value is Cerived from the design
pressures of the reactor pressure vessel and coolant system piping. The respective design pressures are 1250 psig
at 575° Fand 1175 psig a1 560° F. The presure safety linut was chosen as the lower of the pressure transizats
permitied by the applicable design codes ASMF Boiler and Pressure Vessel Code Section 111 for the pressure ves.el,
and USASI B31.1 Code for the reactor coolant system piping The ASME Boiler and Pressure Vessel Code permus
pressure transients up 10 10 over design prossure (110% x 1250 = 1375 psig), and the USASI Code permits
pressure transients up 10 20% over the design pressure (120% x 1175 = 1410 psig) The safety limit pressure of
1375 psig is referenced 1o the lowest elevation of the primary coolant sysiem. Evaluation

d assure that this safety limit pressure
Tgtgggoégggeggg fgg any relosd is documentzd in Reference 1
The design basis for the reactor pressure vesscl 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 no greater
than 26.700 psi at an internal pressure of 1250 psig; this is a factor of 1.5 below the yield strength of 40,100 psi
a1 575° F. Atthe pressure limit of 1375 psig, the general membrane stoess will only be 29,400 psi, sull safely below
the yield sirength

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

The normal operating pressure of the reactor coolant tystem is 1000 psig. For the turbine 1:ip or loss of electrical load
uansients, the turbine trip scram or generator load rejection scram together with the turbice bypass syste 1 limis the

pressure (o approxumately 1100 psig (References 2 3 andyy ). In addition, pressure relief valves have been provided o
reduce the probabiity of the safety “alves operatuig in the event that the tuthine bypass should fa

Finally, the safcty valves are sized to keep the reactor coolan. system pressure below
i375 psig with no credit taken for relief valves during the postulated full closure of all MSIVs without direct (valwe
position switch) scram. Credit is taken for the neutron flux scram, however.

The indirect flux scram and safety valve actuation, provide adequats margin
below the peak allowable vessel p. sssure of 1375 pug.

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

References

1. "Generic Reload Fuel Application”, NEDE-24011-2-A*
2. SAR, Section 11,22

3. Quad Cities 1 Nuclear Power Station first reload license
submittal, Section 6.2.4.2, February 1974,

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

* Approved revision number at time relodd analyscs are performed.

1752 023
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2.2 LIMLITING SAFETY SYSTEM SETTING BASES

In compliance with Section III of the ASME Code, the safety valves must be
set tc open at no higher than 103% of design pressure, and they must limit
the reactor pressure to no more than 110% of design pressure. Both the
high neutron flux scram and safety valve actuation are required to prevent
overpressurizing the reactor pressure vessel and thus exceeding the
pressure safety limii. The pressure scram is available as backup protection
to the high flux scram. Analyses are performed as described in the
"Generic Reload Fuel Applicatior " NEDE-24011-P-A (approved revision
number at time reload analyses are performed) for each reload to assure
that the pressure safety limit is not exceeded. If the high-flux scram
were to fail, a high-pressure scram would occur at 1060 psig.

1252 024
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3.174.1 REACTOR PROTECTION SYSTEM

LIMITING CONDITIONS FOR OPFERATION

Applicubility:
Applies 10 the instrumentation d asseviated Jo-
vices which initiate & reaetor scram.

Objective:

To assure the operahility of the reacton protection
shalem.

SURVEILI ANCE RFEQUIREMENTS

Applicability:

Applies to the surveillance of the instrumentation

and  associaied  devices

«hich initiate  reactor

scram.

Objective:

To specity the type #nd frequency o surveillance 10
be applied 10 the protection insirumentation.

SPECIFICATIONS

A The setpoints. minimum number of trip sys-
tems, ond minimum numbyer of instrument
channels that must be operable for euch posi-
uon of the reactor mode switch shall be an
given in Tables 3.1-1 through 3.1-4. The sysiem
response times ftom the opening of the sensor
contact up to and inciuding the opening of the
trip actuator contacts shall not exceed 100
milhseconds.

A.

If, during operatica, the maximum

fraction of limiting power dens-
ity exceeds the fraction of rated

pover when operating above 25%

rated thermal power, either:
1. the APRM scram and rod

block settings shall be

reduced to the valuer
given by the ccuations
in
and 2.1.8.
be accomplished by
increasing the e RM
gain as described

Tuls way

there.n.
- £ the power listribution

cl. 11 be changed suzh

‘7-4.(:1‘... { Gal .v..i...‘,
also

>4

that the maximum fraction
of limiting power density

no longer cxecrceds the
fraction oi

rat.d power,

C. When it is Jetermined that o

Instrumentation systems shall be functionally
tested and calibrated as indicated in Tables
4.1 and 4.1-2 respectively

Daily during reacios power operation. the core
now~r distrihution shall iw checked for max imum
fraction of limiting power dens-

ity (MFLPD) and compared with the

fraction of rated power (FRP)
when operating above 25% rated
thermal power,

Ranmd s faled
in the unsafe conditi 2 and Ce amn 1 of Ta-
ble: 3.1-1 through 3.1-3 cunnot be met, that
trip system must be put in ihe tripped condition
immediately. Ali other RPS chunnels thut mon-

itor the ~ome variable shail b2 funcnglly
wated within 8 bours The trin svstemn aith thia
faieed channel may be untnpped for 3 period of

time not W exeeed 1 hour 10 gonduct this
testing. As long as the trip system with the
failed chaane! contuins at least one operable
channe! mionitoring that same varnable. that
trip system may he placed in the uniripped
position for short periods of time to allow
functional testing of all RPS instrument chan-
nels as specified by Tuule 4.1-1. The trip sysiem
may be in the untrippad position for no more
than 8 hours per funcuonal test perin! for this
festing.

1952 022

3.1/4.1-1



POOR ORIGINAL e

b. the delayed neutron fraction chosen for the bounding reactivity curve l
¢c. a beginning-of-iife Doppler reactivity feedback

d. scrav times slower than the Technical Specification rod scram insertion
rate (3ection 3.3.C.1)

e. the maximum possible rod drop velocity of 3.11 fps
f. the design accident and scram reactivity shape function, and
g€. the moderator temperature at which criticality cccurs

In most cases the worth of insequence rods or rod segments in conjunction l
with the actual values of the other important accident analysis parameters
described above, would most likely result in a peak fuel enthalpy sub-
stantially less thar 2% 22al/g design limit. l
Should a contro. drop accident result in a peak fuel energy content of 280 cal/g. fewer than 660 (7 x
7) fuel rods are conservatively estimated to perforate. This would result in an offsite dose well below
the guid=line value of 10 CFR 100. For 8 x 8 fuel, fewer than 850 rods are conservatively estimated
1o perforate, with nearly the same consequences as for the 7 x 7 fuel case because of the rod power

differences.

T .od worth minimizer provides automatic supervision o assure that out of sequence control rods
will not be withdrawn or inserted; ie, it limits operator deviations from planned withdrawa:
sequences (refererice SAR Section 7.9). It serves as a backup to procedural control of control rod
worth. In the event that the rod worth minimizer is out of service when required, a licensed operator
or other qualified technical employee can manually fulfill the control rod pattern conformance
function of the rod worth minimizer. In this case, the normal procedural controls are backed up by
independent procedural controls to assure conformance.

4. The source range monitor (SRM) system performs no automatic safety system function, i.e., it has
no scram function It does provide the operator with a visual indication of neutron level This is
needed for knowledgeable and efficient reactor startup at low neutron levels. The consequences of
reactivity accidents are functions of the initial neutron flux. The requirement of at least 3 counts per
second assures that any transient, should it occur, begins at or above the initial value of 10* of rated
power used in the analyses of transients from cold conditions. One operable SRM channel would be
adequate to moni.0f the approach to criticality using homogeneous patterns of scattered control rod
withdrawal. A minimum of two operable SRM's is provided as an added conservatism.

. The rod block monitor (RBM) is designed to automatically prevent firel damage in the event of
erroneous rod withdrawal from locations of high power density during high power operation. Two
channels are provided, and one of these may be bypassed from the console for mainter.ance and/or
testing. Tripping of one of the channels will block erroneous rod withdi. al soon enougr to preven!
fuel damage. This system backs up the operator, who withdraws control rods according 1o a writien
sequence. The specified restrictions with one channel out of service consei vatively assure tnat fuel
damage will not occur due to rod withdrawal errors when this condition exists. During reactor _

operation with certain limiting control rod patterns, the withdrawal of
& designated single control rod could result in one of more [uel rods with
MCPR's less than the MCPR fuel cladding integrity safety limit.During use of such patrern,
it is judged that testing of the RBM system to assure its operability prior to withdrawal of such rods
will assure that improper withdrawal does not occur. It is the responsibility of the Nuclear Enpinee:
to identify these limiting patterns and the des.gnated rods either when Lor ot
established or as they develop due 1o the vccurrence ol it perahie CUnITOL FEdy o

tterns. ~N ADY
patierns N 125‘_ qu
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The control rod system is analyzed to bring the reactor subcriti
a rate fast enough to prevent fuel damage, i.e., to prevent the XCPR
from hecoming less than the fuel cladding integritv safety limit.

pro.ecticn, and MCFR remains grea
safety limit.
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Scram Insertion Times

Analysis of the limiting power «ransient shows that the negative
reactivity rates resulting from the scram
all the drives as given in the above specification, provide tne raquire.
ter than the fuel cladding integrity

The minimum amount of reactivity
10 be inserted during a scram is controlled by permitiing no more than 10% of the operable rods to have
long scram times. In the analytical treatment of the transients, 390 milliscconds are allowed between a
neutron se.isor reaching the scram point and the start of motion of the control rods. This is adequate and
conservative when compared to the typically observed ume 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, control 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
milliseconds 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 init’ 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 prog.am was developed on the basis of the statistical approach outlined below
and judgment.

The history of drive performance uccumulated to date indicates that the 90% insertion times of new and
overhauled drives approximate a normal distribution about the mean which tends to become skewed
toward longer scram times s operduing ime is accumulated. The probability of & drive not exceeding the
mean 90% insertion time by 0.75 seconds is greater than 0.999 for a normal distribution. The
measurement of the scram performuance of the drives surrounding 4 drive exceeding the expecied ran 2
of scram nerformatice will Juie it ocel varals Lo provide asséiance that local scram time himits
are no eneoodid. Contmued monitoning of othur dnves exceeding the expected range of scram umes
provides surveillance of possible anomalous performance.

The numerical values assigned to the predicted scrari performance are based on the analysis of the
Dre<den 2 startup data and of data from othe: BWR's such as Nine Mile Point and Oyster Creck.

The occustunce o i, . : s averaee. should B viewe,)
as an ndication o @ systemalic peoblem Wit conbiob ied oo v if Ui BUGIGEE OF GEINGS
exhibiting such seram times excesds cight, Gie allowabie nu. le rods.
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Average Planar LHGR

During steady-state power operation, the average
linear heat generation rate (APLHGR) of all the
rods in any fuel assembly, as a function of average
planar exposure, at any axial location, shall not
exceed the maximum average planar LHGR
shown in Figure 3.5-1, If at any time |
during operation it is determined by n.rmal sur-
veillance that the limiting value for APLHGR is
being exceeded, action shall be wnitiated viii..* 15
minutes to restore operation to ithin the pre-
scribed limits. If the APLHGR is not returned in
within the prescribed limits within 2 hours, the
reactor shall be brought to the cold shutdown
condition within 36 hours. Survedlance and
corresponding action shall continue until reactor
operation is within the prescribed limits.

Local LHGR

During steady-state power operation, the linear
heat generation rcte (LHGR) of any rod in any
fuel assembly at any axial location shall not
exceed the maximum allowable LHGR. |
If at any
time during operation it is determined by normul
surveillance that the limuung value tor LHGR 1s
being exceeded, action shall Le initiated within 15
minutes to restore operation to within the pre-
scribed limits. If the LHGR is not returned to

15/4.5-9

QUAD-CITIFS

cycle by i ¢ that water can be
run throug.. the dran hings and
actuating the air-operated valves
by operation of the following
Sensors:

1) lossof air

2) equipment drain sump high
level

3) vault high level

d. The condenser pit 5-foot trip cir-
cuits for each channel shall be
checked once a morth. A logic
system fu: ctional te: * shall be per-
formed ouring each refueling
outage.

Average Planar LHGR

Daily during steady state operation
abgve 25% rated thermal power,
the average planar LHGR shall
be determined. |

Local LHGP.

Daily during steady-state power rperaton
above 25% of rated thermal power. the local
LHGR shall be determined. “
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within the prescribed himits within 2 hours, the
reactor shali be brought to the cold shutdown
condition within 36 hours Surveillance and cor-
responding action shall continue until reactor

QUAD CITIES
DPR-30

operation is within the prescribed limits.
Ma§imum allcwable L'IGR for all
8XC fuel types is 13.4 Kw/ft.

For 7X7 and mixed oxide fuel, the
maximum allowable

l.l'l(‘»ltm_.<l.HGRJ 1 -(aAP/Py, (L/L))
where

LHGR, = dJesign LHGR

L,

L

K.

(AP/P),,,

= 17.5 AW/,

= 035 imtial core fuel

- 029 reload 1. 7 x 7 fuel

LHGE. is as follows:

= maximum power spiking penalty

= 028 reload 1,7 x 7 mixed oxide fuel ||

= total core length
= 12 feet

= Axial distance from bottom ol core

Minimum Critical Power Ratio (MCPR)

During steady-state operation MCPR shall bhe
greater than or equal to

1.35 (7 x 7 fuel)

1.35 (8 x 8 fuel)

at rated power and flow If at any time during
operation it is determined by normal surveillance
that the limiting value for MCPR is being exceeded,
action shall be initiated within 1S minutes to
restore operation to within the prescribed limits
If the steady-state MCPR s not returned to within
the prescribed linuts withun 2 hours, the reactor
shall be hiou ta the cold shuidown atlan
within Jo howrs. Suivedlaase and correpeading
action shall continue until resctor opersiion Is
within the prescribed lniits. For core flow s other
than rated, these nonnngd valaes of MCPK shadl
be increased by a factor of kg where kg is as
shown in Figure 352

1574510

Minimum Critical Power Ratio ({MCOPR)

The MCPR shall be determined daily duniny
steady-state power operation ahote 137 ol
rated thermal power

1252 029



