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2 SAFETY LIMTTS AND LIM-ITING SAFETY SYSTEM4 SETT!ItGS 

'.2.1 SAFETY LIMIT., RZACTOR CORE 

Applicabili ty 

Applies to the limiting combinations of thermal power, Reactor 
Coolant System pressure, and coolant temperaure during four-loop 
and three-loop operation, and reactor coolant flow during four
loop. operation, 

Objective 

To maintain the integrity of the fuel. cladding, 

$pecification 

The combination of thermal oower level, coolant pressure, a..d 
coolant temperature shall not exceed the limits shown in Figures 

1 The safety limit is exceeded if the point 

defined by the combination of Reactor Coolant System average 
temperature and power level is at any time above the appropriate 
pressure line.
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Basis 

To maintain the integrity of the fuel cladding and prevent fission product 
release, it is necessary to prevent overheating of the cladding under all 

operating conditions. This is accomplished by operating the hot region of 
the core within the nucleate boiling regime of heat transfer, wherein the 
heat transfer coefficient is very large and the clad surface temperature 
is only a few degrees Fahrenheit above the coolant saturation temperature.  
The upper boundary of the nucleate boiling regime is termed departure from 

nucleate boiling (DNB) and at this point there is a sharp reduction of the 
heat transfer coefficient, which would result in high clad temperatures and 
the possibility of clad failure. DNB is not, however, an observable 
parameter during reactor operation. Therefore, the observable parameters: 
thermal power, reactor coolant temperature and pressure have been related 
to DNB through the W-3 L-grid correlation for analysis of the LOPAR fuel, 
and the WRB-1 correlation for evaluation of the OFA. These DNB 
correlations have been developed to predict the DNB flux and location of 
DNB for axially uniform and non-uniform heat flux distributions. The local 
DNB heat flux ratio, DNBR, defined as the ratio of the heat flux that would 
cause DNB at a particular core location to the local heat flux, is 
indicative of the margin to DNB. The DNB design basis is as follows: 

There must be at least a 95 percent probability that the minimum DNBR of 
the limiting rod during Condition I and II events is greater than or equal 
to the DNBR limit of the DNB correlation being used. The correlation DNBR 
limit is established based on the entire applicable experimental data set 

such that there is a 95 percent probability with 95 percent confidence that 

the DNB will not occur when the minimum DNBR is at the DNBR limit.  

In meeting this design basis, uncertainties in plant operating parameters, 
nuclear and thermal parameters, and fuel fabrication parameters are 
considered statistically such that there is at least a 95% probability with 

95% confidence level that the minimum DNBR for the limiting rod is greater 
than or equal to the DNBR limit. The uncertainties in the above plant 
parameters are used to determine the plant DNBR uncertainty. This DNBR 
-uncertainty, combined with the correlation DNBR limit, establishes a design 

DNBR value which must be met in plant safety analyses using values of input 
parameters without uncertainties. In addition, margin is maintained by 
performing DNB design evaluations to a higher DNBR value, called the Safety 
Limit DNBR. This margin is sufficient to cover applicable rod bow DNB 
penalties and provide margin for use in design and operational flexibility.  

The curves of Figure 2.1-1 show the loci of points of THERMAL POWER Reactor 
Coolant System pressure and average temperature below which the calculated 
DNBR is no less than the Safety Limit DNBR value or the average enthalpy at 
the vessel exit is less than the enthalpy of saturated liquid. These 
curves are based on a peak nuclear hot channel factor of 1.62 for the LOPAR 
fuel and a 1.65 for the OFA and a 1.55 cosine axial power shape.
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= Average temperature, *F 
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= Pressurizer pressure, psig 
= 2235 psig 

1.25 
= 0.022 
= 0.00095

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

(i) For qt - q between -36% 
percent RATED POWER in 
respectively, and qt + 

POWER;

(ii) 

(iii)

and +7%, f (AI) = 0, where qt and qb are 
the top and bottom halves of the core 
qb is total POWER in percent of RATED

For each percent that the magnitude of q - q exceeds -36%, the 
AT Trip Setpoint shall be automatically reduced by 2.14% of its 
value at RATED POWER; and 

For each percent that the magnitude of q q exceeds +7%, the 
AT Trip Setpoint shall be automatically reduced by 2.15% of its 
value at RATED POWER.

(5) Overpower 4T 

AT T [K -K5d 
0 4 5 7T - K6 (T - T")]

where: AT = Measured AT by hot and cold leg RTDs, *F 

T 0 IndicatedAT at rated power 
0 

T = Average temperature, 0F

if 

T = Indicated full power T 

K 4 1.074

at rated power t-_ 567.7'F

K = Zero for decreasing average temperature 

K5  0.188, for increasing average temperature (sec/*F) 

K6 7. 0.0015 for TtT"; K6 = 0 for T4 T" 

-dT Rate of change of T __



(6) Low reactor coolant loop flow: 

(a) >90% of normal indicated loop flow 

(b) Low reactor coolant pump frequency - _ 57.5 cps 

(7) Undervoltage - > 70% o~f normal voltage 

C. Other reactor trips 

(1) High pressurizer water level - < 92% of span" 

(2) Low-low steam generator water level - ' 5% of narrow rat ;e 

instrument span.
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2. Protective instrumentation settings for reactor trip interlocks 
shall satisfy the following conditions: 

A. The reactor trips on low pressurizer pressure, high 

pressurizer level, and low reactor coolant flow for two or 
more loops shall be unblocked when: 

1) Power range nuclear fluxlU% of rated power, or 

2) Tarbine first stage pressure 2 10% of equivalent full 
load.  

B. The single loop loss of flow reactor trip may be bypassed 
when the power range nuclear instrumentation indicatesi- 60% 
of rated power._........  

C. The anticipatory reactor trip upon turbine trip shall be 
unblocked when the 'p r range nuclear instrumentation 
indicates a. 35% of rated power.  

3. The Control Rod Protection Systems 

the reactor trip breakers during RCS cooldown prior to Tcold 
decreasing below 3500F.  

Basis 

The high flux reactor trips provide redundant protection in the power 
range for a power excursion beginning from low power. This trip was used 
in the safety analysis. (l) 

The power .ange nuclear flux reactor trir high set point protects the 
reactor core against reactivity excursions which are too rapid to be 
protected by teperature and pressure proteictive circuitry. The 
prescribed set point, with allowance for errors is consistent with the 
trip point assumed in the accident analysis. (2) (35 

The source and intermediate range reactor trips do not appear in the 
specification as these settings are not used in the transient and 
accident analysis .FSAR Section 14). Both trips provide protection 
during reactor startup. 7he former is set at about 10+5 counts/sec and 
the latter at a current proportional to approximately 25% of rated full 
power.

Amendment No. 2.3-4



The high and low nreusure reactor trips limit the pressure range in which 
reactor operation -is permitted. The high pressurizer pressure reactor 
trip is backed up by the pressurizer code safety valves for overpressure 
protection, and is therefore set lower than the set pressure for these 
valves (2485 psig). The low pressurizer pressure reactor trip also trips 
the reactor in the unlikely event of a loss of coolant accident. Its setting 

limit is consistent with the value assumed in. the loss of coolant analysis. (4) 

The overtemperature Delta-T reactor trip provides core protection against 
DNB for all combinations of pressure, power, coolant temperature, and axial 
power distribution, provided only that (1) the transient is slow with 
respect to piping transit delays from the core to the temperature datecto
(about 4 seconds) (5), and (2) pressure is within the range between the 
high and low pressure reactor trips. With normal axial power distribution, 

(2) the reactor trip limit, with allowance for errors 2 , is always belQw the 
core safety limit as shown on Figure 2.1-1. If axial peaks are greater than 
design, as indicated by difference between top and bottom power range nuclear 

detectors, the reactor trip limit is automatically reduced. ( 6 ) ( 7 ) 

The overpower Delta-T reactor trip prevents power density anywhere in the 
core from exceeding 118%of design power density, 

and includes corrections for 
-change in density and heat capacity of water with temperature, and dynamic 
compensation for piping delays from the core to the loop temperature 
detectors. The specified set points meet this requirement and include 
allowance for inst-umenc errors.

2. 3-5



The low flow reactor trip protects the core against DIB in the event of a loss of one or two reactor coolant p=ps. The undarvoitage reactor trip protects the core against DNB in the event of a loss of two or more reactor coolant pumps. The set points specified are consistent with the values used in the accident analysis.(8) Tie low frequency reactor coolant pump trip also protects against a decrease in flow. The specified set point assures a reactor trip signal by opening the reactor coolant pump breaker before the low flow trip point is reached.  

The high pressurizer water level reactor trip protects the pressurizer safety valves against water relief. Approximately 1600 ft3 of water (39.75 ft above the lower instrument tap) corresponds to 92. of span. The specified set point aLlows margin for instrument error and transient level overshoot beyond their trip setting so that the trip function prevents the water level from reaching the safety valves.  

The low-low steam generator water level reactor trip protects against postulated loss of feedwater accidents. The specified set point assures that there will be sufficient water inventory in the steam generators at the time of trip to allow for starting delays for the Auxiliary Feedwater 
System. (9) 

Specified reactor trips are blocked at low power where they are not requirud for protection and would otherwise interfere with normal plant operations.  The prescribed set point at which these trips are unblocked assures their availability in the power range where needed.  

Above 1OZ power, an automatic reactor trip will occur if two reactor coolant pumps are lcst during operation. Above 60% power, an automatic reactor trip will occur if any pump is lost. This latter trip will. prevent the minimum value of the DNB ratio, DNBR, from going below the safety limit DNBR's during normal operational transients.

2.3-6



A Turbine Trip causes a direct reactor trip, when operating at or above 
35% power, in order to reduce the severity of the ensuing transient. No 
credit was taken in the accident ai~lyses for operation of this trip.  
Functional capability at the specified trip setting is required to 
enhance the overall reliability of the Reactor Protection System.  

The steam-feedwater flow mismatch trip does not appear in the 
specification as this setting is not used in the transient and accident 
analysis (PSAR Section 14).  

To avoid mechanical interference due to thermal contraction between the fuel and the control rods., an automatic backup -to manual tripping 

of the control rods is provided. Prior to Tcold decreasing below 
350OF during RCS cooldown, the Control Rod Protection System will open 
the reactor trip breakers which unlatches the control rod drive shafts 
from the CRDMs.  

References 

(1) FSAR 14.1.1 
(2) FSAR 14.1.2 
(3) FSAR Table 7.4.2 
(4) FSAR 14.3.1 
(5) PSAR 14.1.2 
(6) FSAR 7.2 
(7) FSAR 3.2.1 
(8) FSAR 14.1.6 
(9) FSAR 14.1.9

Amendment No. 2.3-7



capability for removing decay heati but single failure considerations require 
that at least two loops be operable. The reactivity change rate associated 
with boron reduction will, therefore, be within the capability of operator 
recognition and control.  

The residual heat removal pump wiii circulate the primary system volume in 
approximately one half hour. The pressurizer is of no concern because of the 
low pressurizer volume and because the pressurizer boron concentration will be 
higher than that of the rest of the reactor coolant system.  

Heat transfer analyses show that reactor heat equivalent to 10% of rated power 
can be removed with natural circulation only (M)I hence, the specified upper 
limit of 2% rated power without operating pumps provides a substantial safety 
factor.  

The specification that all reactor coolant pumps be -operational during power 
operation is to assure that adequate core cooling vill be provided. This -flow 
will keep the minimum departure from nucleate boiling- ratio above the safety limit D4BRs; 
therefore, cladding damage and release o; fission -products will not occur.  

The Overpressure Protection System (OPS) is designed to relieve the RCS 
pressure for certain unlikely overpressure transients to prevent these 
incidents from causing the peak RCS pressure from exceeding 1OCFRS0, Appeidix 
G limits. When the OPS is "armed" MOVs 535 and 536 are in the open position, 
and the PORVs will open upon receipt of the appropriate signal. This OPS 
arming can be accomplished either automatically by the OPS when the RCS is 
below a pre.scribed temperature or manually by the operator.  

The OPS will be set to cause the PORVs to open at a pressure sufficiently low 
to prevent exceeding the Appendix G limits for the following events: 

1. Startup of a reactor coolant pump with no other reactor coolant pumps 
running and the steam generator secondary side water temperature 
hotter than the RCS water temperature.  

2. Letdown isolation with three charging pumps operating.  

3. Startup of one safety injection pump.  

4. Loss of residual heat removal causing pressure rise from heat 
additions from core decay heat or reactor coolant pump heat.  

5. Inadvertant activation of the pressurizer heaters.  

Consideration of the above events provides bounding PORV setpoints for other 
potential overpressure conditions. caused by heat or mass additions at low 
temperature.

Amen .,ent No.1 3.2.A-4



G. REACTOR COOLANT SYSTEM PRESSURE, TEMPERATURE, AND FLOW RATE 

Specifications 

The following DNB related parameters pertain to four loop steady-state 

operation at power levels greater than 98% of rated full power: 

a. Reactor Coolant System T av 573.5-F 

b. Pressurizer Pressure .>. 2206 psig 
C. Reactor Coolant System Total Flow Rate 7..331,84O gpm 

Item (b), pressurizer pressure, is not applicable during either a 
thermal power change in excess of 5% of rated thermal power per 
minute, or a thermal power step change in excess of 10% of rated 
thermal power.  

Under the applicable operating conditions, should reactor coolant 
temperature, T g, or pressurizer pressure exceed the values given in 

items (a) and (b), the parameter shall be restored to its applicable 
range within 2 hours.  

Basis 

The Reactor Control and Protection System is designed to prevent any 
anticipated combination of transient conditions that would result in a 

-DNBR of less than the safety limit DNBRs.  

The limits on reactor coolant system temperature, pressure and loop 
coolant flow represent those used in the accident analyses and are 
specified to assure that the values assumed in the accident analyses 
are not exceeded during steady-state four loop operation. Indicator 
uncertainties have not been accounted for in determining the DNB 
parameter limits on temperature and pressure.  

Compliance with the specified ranges on reactor coolant system 
temperature and pressurizer pressure is demonstrated by verifying that 
the parameters are within their applicable ranges at least once each 
12 hours.  

Compliance with the specified range on Reactor Coolant System total 
flow rate is demonstrated by verifying the parameter is within it's 
range after each refueling cycle.

3. 1. G-1



3*12 CHEMICAL.AND VOLUME CONTROL SYSTEM 

SApplicability 
Applies to the operational status of the Chemical and Volume Control System.  
Obctive 

To define those. conditions. of the Chemical and Volume Control System necessary 
to ensure safe reactor operation.  

Specification 

A. When fuel ix in the reactor there shall be at least one flow path to the 
core for boric acid injection.  

3. The reactor shall not be' made critical unless the following Chemical and Volume Control System conditions are met.  

1. Two charging pumps shall be operable.  

2. The boric acid storage system shall contain a minimum of 6000 gallons of 11 1/2% to 13% by weight (20,000 ppm to 22,500 ppm of boron) boric acid solution at a temperature of at least 1450 F, and at least one 
boric acid transfer pump #hall be operable.  

3. System piping and valves- shall be operable to the extent of establishing one flow path from the boric acid storage -system and one flow path from the refueling water storage tank (RWST) to the Reactor 
Coolant System.  

4. Two channels of heat tracing shall be operable for the flow path from 
the boric acid storage system.  

C. During power operation, the requirements of 3.2.3 may be modified to allow any one of the following components to be inoperable. If the system is not restored to meet the requirements of 3.2.3 within the time period specified, the reactor shall be placed in the hot shutdown condition 
utilizing normal operating procedures. f the requirements of 3.2.B are not satisfied within an additional 48 hours, the reactor shall be placed in the cold shutdown condition utilizing normal operating procedures.  

1. one of the two operable charging pumps may be rbmoved from service 
provided a second charging pump is restored to operable status within 
24 hours.  

2. The boric acid storage system (including the boric acid transfer pumps) may be inoperable provided the RWST is operable and provided that the boric acid storage system and at least ort boric acid transfer pump is restored to operable status within 48 hours.

Amendment No. 3.2-1



3. one channel of beat tracing for tha flow path fro, the boric acild.  
storage systam to the Reactor Cooant tystem ay be out of~carvice 
provided thd failed channel is restored to an aper ble status vithin 

7days and the redundzt channel Is de-mon.-trated to be3 operable Gaily 
during that period.  

* 4, Dzth channels of heat tracing for the f low path from the boric Lzid 
storage sy'temn to-the Aactcr Coolant Sygton =ay be out of service 

provided at least on* channal in restored to operable status wihi 

48 hours# the required flow path is shown to be clear of blockage, 
* and the second channel is rest~red to operable status within 7 day's.  

th ~2en iAS tacperature In leo than or equal to 29507, the rsr4rczents of! 
Table V1l*A-2--regarding the ai-:her charging p~ps allowed to be energize-, 
*shall be ad~ered too 

ChOezmical and .Volume Contol System provides control of the R~eactor Icolat 

Cyst=m boron inventory. Chin In normally accc=pliuhad by using any one of t-be 

th'ree c.arging pips In series with either on* of the two boric acid tranzfcr 
p~u.Am alternate mathod of boration will b4 to une the charsing P=?3 

taking auction diretly fz:m the refueling water storage tankc.  

IL third method will bU to depresourizo a~nd use tha safety injoctiom. pnz 

There arc three sources of boxated water available for injectlom throu-, 3 
4iffrcnt Pdtbae 

(1) Zia boric &aid traacfar p~pa can deliver the contents of tbra Uoric acid.  
* torage systan to the charging Pimp2.  

(2) =4 charging p~pa can take suction from the refueling water atzrnge 
t2313c* (2000 ppm boron *solutioa)* M~fereco is made to Techr..±cal 
Specificationk 3.3.1.  

(3) Tba, safety--injection piPs can tak~e their auction C--= the 
refueling water storage tak .  

Thi "antit7 of boric acid In gt~raqa from either the boric acid ctorage 

srystam or the refueling water storage tank Is gg=fficient to borate the reactocr 

coolazt In order to reach cold shutdown at any %1i6o diring core Ilfe.  

Jpproxciately 5 7 0 0 gallong of the 11 1/2% to 13% by weight (20,000 Spm to 

22,500 ppm of boron) of boric acid are required to waet cold htdi 

thas, a r.inL of 6000 gallons In tha boric acid .storage cyste.= isi 
specified* JU% upper concentration lirmit of 13% (22,S00 ppm of baron) bori c 

acid In* the boric &ad storage system In specified to' naintarn solution 

* solubility at the specified low temperatue. limit of lA5. Oas of two 
channels of beat tracing Is sufficient to mAintain the specified 1lo4 

)mcnAAeCt Hoe 3222

....................................



3.3 XNGZNEMMD SAFTY rEA2VRES 

JApicabi1ity 

Applies to the operating status of the nginered Safety Features.

Objective 

To define those limiting conditions for operation that are necessary •() to 
remove decay beat from the core In emergency or normal shutdown situations, 
(2) to remov heat from containment In normal operating and emergency 
situations, (3) to remove airborne Iodine from the containment atmosphere 
following a Design basis Accident, (4) to mdnLmise containment leakage to the 
environment subsequent to a lesign Basis Acident.  

specification 

fhe following specifications apply except. 4uring low temperature physics.tests.  

A. Safety InJection and 1Residual seat Reoval systems % 

. 1.- Vhe reactor shall not be made critical, except for low tserature.  
physics tests, unless the following oonditionsa maet:at 

ao The refueling water storage tank contains not les than 34S,000 
- gallons of water with a boron.ooncentration oif at least 2000 ppm.  

. .e~te 

.o the. four accumuators are pressurized to at least 615 psig and 
each contains a ULaimm of 787.5gt 3 and a m zimum of 802.5ft 3 

of water with a boron concentration of at least 2000 pPm. ine 
of esefour accumulators my be Isolated.  

do Three safety Injection PU1s together with their associated 
piping and valves are operable.  

e. Tvo residual beat removal pWs and heat exchagers together 
with their associated piping and valves are operable.  

t0 V@ recirculation pumvs together with the associated piping and 
valves are operableo 

Amundment N o. 3e3-1 
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1) Assuring with high reliability that the safeguard uystem will 
function properly If required to do so.  

2) -Allowances of sufficient time to effect repairs using safe and proper 
procedures& 

Assuming the reactor has been operating at full rated power for it least 100 
days, the uagnitude of the decay heat decreases after Initiating bet 
whutdown. hus the requirement for core cooling In case of & Postulated 
-3oas-of-coolant accident while In the hot shutdown condition Is s gnificantly 
reduced below the vrquirmaents for a postulated loss-of-coolant -accident 
during power operation. iPutting the reactor In the hot 4hutdown condition 
significantly reduces the potential ionsequences of a loss-of-coolant 

-accident, -and also alloawis ore tree access to qsome of the engineered 
-- afeguards components In order to affect repairs.  

Vailure to eomqlete repairs 4ithin -41 bours of 4going to the hot shutdown 
-ondition is considered Indicative of a requirement for major maint nance-and 
therefore In much a case the reactor ts to be -put into he sold shutdown 

-WOAodition.

- *. S ~ 
.4 -&- -.-. -

- ..-. *a-~ 
. . .  

- * .*.-- .. ~*.., * 4 ~.. Wf~VS ns~ *. .. . 9.* 7.  

- --. - * .  
- U . **.--~ - p 

- ~ I -
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Valves 1X0, 744 and 82 are kept in the open position during plant operetion 
to essure that flow passage from the refueling water -storage tank will be 
available durLng the Injection phase of a loss-of-coolant acident. As an 
,dditional assurance of flow passage availability, the valve abotor operators 

S-are de-enervisod to prevent an extremely unlikely spurious closure of these 
-valves to take place. 1his additional precaution is acceptable in~e failure 
tw .mnually we-*stablish power to close valves 1910 and *82. following thl 
4njectLon phase, ts tolerable as a single failure. Valve 744 will oat used to 
be closed following the Injection phase. 2he accumulator Isolation -valve 
motor operators are de-energised to prevent an extremely unlikely spurious 
closure of *ese valves fro m ocuring when accmulator ore cooling flow Is 
required.  

with respect to the core cooling function, there Is some functional redundancy 
for wertain ranges of break iLss.( 3 ) 2be iasue of effectiveneas of the 
safety Unjection system In the Ability of the pumps and accumulators to keep 
the core flooded or to reflood the core rapidly where the wore has been 
uncovered for postulated large area rpturos. I * result of the.per oruance 
Is to sufficiently limit any Increase In clad teeierature below a value where 
onaersny core ooolIng objectives *rs set* (9) :o ages ore 

protection as a functLon of break diameter provided by the verious componenta
of the Safety Injection Mystem is presented In ligure 6.4-6 of thoJSU, -.  

j - "ndeent do. 3.3-9
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for repair after a loss-of-coolant accident.(6) During the recirculation 
phase following a loss-of-coolant accident, only one of the three component 
cooling pumps is required for minimum safeguards. (7) 

A total of six service water pumps are installed, only two of the set of three 
service water pumps on the header designated the essential header are required 
immediately following a postulated loss-of-coolant accident. (8) 

During the second phase of the accident, one additional service water pump on 
the non-essential header will be manually started to supply the minimum 
cooling water requirements for the component cooling loop.  

The limits for the accumulators, and their pressure and volume assure the 
required amount of water injection following a loss-of-coolant accident, and 
are based on the values used for the accident analysis.(9) 

Two independent diverse systems are provided for removal of combustible 
hydrogen from the containment building atmosphere: (a) the hydrogen 
recombiners, and (b) the post accident containment venting system. Either of 
the two (2). hydrogen recombiners or the post accident containment venting 
system are capable of wholly providing this function in the event of a design 
basis accident.  

Two full rated hydrogen recombination systems are provided in order to control 
the hydrogen evolved in the containment following a loss-of-coolant accident.  

, Either system is capable of preventing the hydrogen concentration from 
exceeding 2% by volume within the containment. Each of the systems is 
separate from the other and is provided with redundant features. Power 
supplies for the blowers and ignitors are separate, so that loss of one power 
supply will not affect the remaining system. Hydrogen gas is used as the 
externally supplied fuel* Oxygen gas is added to the containment atmosphere 
through a separate containment feed to prevent depletion of oxygen in the air 
below the concentration required for stable operation of the combustor (12%).  
The containment atmosphere sampling system consists of a sample line which 
o ginates in each of the containment fan cooler units. The fan and sampling 
-pump head together are sufficient to pump containment air in a loop from the 
fan cooler through a containment penetration to a sample vessel outside the 
containment, and then through a second penetration to the sample termination 
inside the containmente The design hydrogen concentration for operating the 
recombiner is established at 2% by volume. Conservative calculations indicate 
that the hydrogen content within the containment will not reach 2% by volume 
until 13 days after a loss-of-coolant accident. There is therefore no need 
for imediate operation of the recombiner following an accident, and the 
quantity of hydrogen fuel stored at the site will be only for periodic testing 
of the recomhiners.  

The Post Accident Containment Venting System consists of a common penetration 
---- line whih -acts as a supply line through which hydrogen free air can be 

admitted to the containment, and an exhaust line, with parallel valving and 
-. .pjping, through which hydrogen bearing gases from containment may be vented 

through a filtration system.
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'rhe control room 'wotilation uyth~s is e6quipp*d with a toxia &an detection £Qyutwa consisting of redundant swoitors capable of detecting ahlorine, wnhYdrous uaona and hydroaen oyauid.. Thode toxic gee detection &ystWaa re d*i±pnd to isolate the control room from outside air upon detection of toxic aoncentration or the zLonitoz-od sas"e In the control r-ooma voutilatiba uystee Thba operability of the toxi*c asa detbction systanl gravid"s ass rance thait the nontrol rooau aperatorw Will b&Ye adequate tuae to take protective action in this qvent or an accidental toxic &-az release. Selection of the gases to be uoanitored and the autpoint establiabe4 for the honitors are baLsed on the rumaults dascribed in the Indian Point Unit Was. 2 Control loan Habitability 
Ztudy dated Nuys 91 

T'hw cable tunnal Ua equipped with tuno texperatur-controlled ventilation fAks.  "cb ran has a capacity of 21,000 a ra and is connectud to a Ji8Ov bus. one ran wiill ataurt automatically Ubhen the temperature in the tunnel reaches 1000F.  Under the worst conditions, i-,e. loss of outside power and all the Engineered S~L~tY P'atuare In operation, one 'ventilation ran isi capable of waintsininj the tuanel temperature below 1040Y. Under the &am* worst conditions, it no _vNiailation tans iiere operuting, the natu;rml air circulation through the tulnel uould be surioiwt to li-Wit the gross tunnel temperature below tolerable Yalue or 140 0F. Nowever, in order to provide for ample tunnel ventilation capacity, tkto WOVentilation fazs kre required to be operable when the roator is u~da critic"l. Ir, one Yuntilation fan In round inoperable, the other fan will anzsure that 'cable tunnel ventilation is available.  

Vail1~ V56A, C, - ID nd 'M ae aainU ined. Ia the oen paosition during plant 9 p.*ratiort to ass=#a a flow path for h~tgh-head OafatY InJaction during* the Inj~ction phave of a Icss-of-cool&Ut accident. -'VAlVes 9562 and .* are "Lhihaind in the closed position during plant operation to Vrevent. bot log Injection during the Injection phase of a loss-of-coolant accident. As an additional &suxance of preventing hot log injection, the vulve uotor 
- p~ratorv aLr* de-.srnrgizea to prevent spurious oporing of t".eas valveji. _*avoer will koa rniorwd to these vaives ut an appropriate timae in accordancv -vith plant optrating .. rcedures after a loue-cf-cm-olant accidwnt ini ordir to wstjibl&h Lot leg recirculation* 

V&Ivwi 442 abd 043 In the bein-f lov return Uri& tram the divcharge of the " fivtY inJiction P%idp to the refumling vater atorage tank are do-unargized In tL4 open ]POaition to prevuut a extremely uzlikely surious closure which* ul CAUse the *afiity injectionk pumps to ovurheat If the zeactar colant uyetau priguaure Is, abovu the ahutoff head of the pum~pa.  

Vh*e bW)eifiwd qUantitiee Of mWatar for the XWET include WUavilabi, watar (4637 vailu) ib the tanhk battoge, Inaccuraclas (6200 gals) In the alarm stpoints, and 6"INgz quatit1 required =iuzn Injection (2460000 VIlS) (1 01  &Aid re~ciraulatian Xhaeeg (610#000 4ila)&(~ te MiuWWa kdWW"(~. 4,O W&ale)-providais approxiwiAtaly u.100 Vallons uWkx~ine The- minimum RWST boron -Concentration ensures that the reactor core will .remain subcriiical.  during long term recirculation with all Control rods fully withdra.Nr
fr.,llowing a p~stulated large break LOCA.
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Table 3.5-1 (1 of I

ENGINEERED SAFETY FEATURE INITIATION INSTRUMENT SETTING LIMITS

No. FUNCTIONAL UNIT CHANNEL SETTING LIMITS

1. High Containment Pressure 
(Hi level) 

2. High Containment Pressure 
(Hi-Hi level) 

3. Pressurizer Low Pressure 

4. High Differential Pressure 
Between Steam Lines 

5. High Steam Flow in 2/4 Steam 
Lines Coincident with Low 

Tavg or Low Steam Line 
Pressure 

6. Steam Generator Water Level 
(low-low) 

7. Station Blackout 
'PIdervoltage) 

Sa. 480v Mergency Bus 
Underviltage (Loss of 
Voltage) 

Sb. 480v Emergency Bus 
Undervoltage (Degraded 
Voltage) 

Amendment No.

Safety Injection 

a. Containment Spray 
b, Steam Line Isolation 

Safety Injection 

Safety Injection 

a. Safety Injection 

b. Steam Line Isolation 

Auxiliary Feedwater 

Auxiliary Feedwater

.2.0 psig 

,30 psig 

b1829 psig 

£150 psi 

<40% of full steam 
flow at zero load 
<40% of full steam 
flow at 20% load 
kCI10% of full steam 
at full load 
!540°F Tavg 
7600. psig steam 
line pressure 

*5% of narrow range 
'instrument span each 
steam generator 

'W40% nominal vol
toge

220V + 1OV, -20V 
3 sec + 1 sec 

403V + 5V 
180,sec + 30 sec

0



S S 
3.6 CONTAINMEN SYSThfl 

APPLICABILITY 

Applies to the integrity of reactor containment 

OBJECrIVE 

To define the operating status of the reactor containment for plant operation 

SPECIFICATION 

A. CONTAINMEN' INTEITY 

. The following requirements shall be satisfied: (a) whenever the reactor is above cold shutdown or (b) whenever the reactor vessel head is less than fully tensioned and,(i) the shutdown margin is <5% 4k/k: or, (ii) the boron concentration within the reactor is less than 2000 ppm.  
a. All non-automatic containment isolation valves which are. not required to be open during accident conditions are closed and blind flanges installed where required. Thse non-auomtic containment isolation valves listed in Table 3.6-1 and any test connection valves which are located between containment isolation valves and which are ormally closed with threaded caps or blind flanges installed, may be opened if necessary* for plant operation or for testing and only as long as becessazy to perform the intended function.  

b. All automatic contairme=t Isolation valves are either operable or in the closed position or isolated by a closed manual valve or flange that meets the sae design criteria as the isolation valve.  

c. The equipment door is properly closed.  
d. At least one door in each personnel air lock is properly 

closed.  

e. The WC&PPS requirements of Specification 3.3.D are being 
satisfied.  

f. Containment leakage has been verified in accordance with the surveillance requirements of Specification 4.4.  
2. The following additional requirements shall be satisfied during power operation-:

Amendment No. 3.6-I



B. Internal Pressure 

If the internal pressure e:;ceeds 2 psig or the internal vacuum exceeds 

2.0 psig, the condition shall be corrected or the reactor shutdown.  

C. Containment Temperature 

The reactor shall not be taken above the cold shutdown condition unless 
the containment ambient temperature is greater than 500 F.  

BASIS 

The Reactor Coolant System conditions of cold shutdown assure that no steam 
will be formed and hence there would be no pressure buildup in the contain
ment if a Reactor Coolant System rupture were to occur.  

.....The shutdown -margins.are selected based on the type of activities that are 
beir.g carried out. The shutdown margin requirement of specification 
3.8.8.2. when the head is off precludes criticality during refueling.  

.When the reactor head is not to be removed, the specified cold shutdown 
margin of 1% Ak/k precludes criticality at cold shutdown conditions 

Regarding internal pressure limitations, the containment calculated peak 
accident pressure of 47 psig would not be exceeded if the internal pressure 
before a major loss-of-coolant accident were as much as 8 psig. The con

tainment can withstand an internal vacuum of 2.5 psig. (2) The 2.0 psig vacuum 
specified as an operating limit avoids any difficulties with motor cooling.  

The requirement of a 50°F minimum containment ambient temperature is to 
assure that the minimum service metal temperature of the containment liner 
is well above the NDT + 30°F criterion for the liner material. (3) 

Table 3.6-1 lists non-automacic valves that are designated as part of the 
containment isolation function. During periods-of normal plant operations 
requiring containment integrity, valves on this Table will be -pen either 
continuously or in-termittently depending on requirements of the particular 

AmenmentNo. .6-
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6. The requirements for RHR pump and heat exchanger 
operability/operation in Specifications 3.8.A.3 and 3.8.A.4 may be 
suspended during maintenance, modification, testing, inspection, 
repair or the performance of core component movement in the 
vicinity of the reactor pressure vessel hot legs. During 
operation under the provisions of this specification, an alternate 
means of decay heat removal shall be available when the required 
number of RHR pump(s) and heat exchanger(s) are not operable.  
With no RHR pump(s) and heat exchanger(s) operating,.the RCS 
temperature and the source range detectors shell be monitored 
hourly.  

7. The reactor Tavg shall be less than or equal to 1400 F.  

8. Specification 3.6.A.1 shall be adhered to for reactor 
subcriticality and containment integrity.  

B. With fuel in the reactor vessel and when: 

i) the reactor vessel head is being moved, or 
ii) the upper internals are being moved, or 
iii) loading and unloading fuel from the reactor, or 
iv) .heavy loads greater than 2300 lbs (except for installed crane 

systems) are being moved over the reactor with the reactor vessel 
head removed, 

the following specifications (1) through (12) shall be satisfied: 

1. Specification 3.8.A above shall be met.  

2. The minimum boron concentration shall be a2000ppm and shall provide a shutdown margin >, 5% 4 k/k. The required boron 
concentration shall be verified by chemical analysis daily.  

3. Direct communication between the control room and the refueling 
cavity manipulator crane shall be available whenever changes in 
core geometry are taking place.  

4. No movement of fuel in the reactor shall be made until the reactor 
has been subcritical for at least 131 hours.

Amendment No. 3.8-2



The shutdown margin requirements will keep _the core subcritical, 

During refueling, the reactor 
refueling cavity is filled with borated water. The minimum boron 
concentration of this water is the more restrictive of either 2000ppm 
or else sufficient to maintain the reactor subcritical by at least 5% 
Ak/k in the cold shutdown condition with all rods inserted. These 
limitations are consistent with the initial conditions assumed for 
the boron dilution incident in the safety analyses.  

Periodic checks of refueling water boron concentration ensure the proper shutdown margin. The specifications 
allow the control room operator to inform the manipulator operator of any 
impending unsafe condition detected from the main control board indicators 
during fuel movement.  

In addition to the above safeguards, interlocks are utilized during refueling 
to ensure safe handling. An excess weight interlock is provided on the 
lifting hoist to prevent movement of more than one fuel assembly at a time.  
The spent fuel transfer mechanism can accommodate only one fuel assembly at a 
time.  

The 131-hour decay time following plant shutdown and the 23 feet of water 
above the top of the reactor vessel flanges are consistent with the assump
tions used in the dose calculations for fuel-handling accidents both inside 

.o' and outside of the containment. The analysis of the fuel handling accident 
j • inside of the containment is based on an atmospheric dispersion factor (X/Q) 

of 5.1 x 10-4 sec/m 3 and takes no credit for removal of radioactive iodine by 
charcoal filters. The requirement for the fuel storage building charcoal 
filtration system to be operating when spent fuel movement is being made 
provides added assurance that the offsite doses will be within acceptable 
limits in the event of a fuel-handling accident. The additional month of 
spent fuel decay time will provide the same assurance that the offsite doses 
are within acceptable limits and therefore the charcoal filtration system 
would not be required to be operating.  

The requirement that at least one RHR pump and heat exchanger be in operation 
ensures that sufficient cooling capacity is available to maintain reactor 
coolant temperature below 1400 F, and sufficient coolant circulation is 
maintained through the reactor core to minimize the effect of a boron 
dilution incident and prevent boron stratification.  

The requirement to have two RHR pumps and heat exchangers operable when 
there is less than 23 feet of water above the vessel flange ensures that a 
single failure will not result in a complete loss of residual heat removal 
capability. With the head removed and at least 23 feet of water above the 
flange, a large heat sink is available for core cooling, thus allowing

Amendment No. 3.I3.8-5
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adequate time to initiate actions to cool the core in the event of a single 
failure.  

The presence of a licensed senior reactor operator at the site and designated 
in charge provides qualified supervision of the refueling operation during 
changes in core geometry.  

The fuel enrichment and burnup limits in Specification 3.8.C.1 assure the 
limits assumed in the spent fuel safety analyses will not be exceeded.  
Within this specification adjacent location means those four locations 
directly contacting the four sides (faces) of a fuel assembly but excludes 
those four locations which contact the four corners of a fuel assembly..  

References 

(1) FSAR Section 9.5.2

Amendment No.38- 3.8-6
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3.10 CONTROL ROD AND POWER DISTRIBUTION LIMITS 

Applicability: 

Applies to the limits on core fission power distributions and to the 
limits on control rod operations.  

Objectives: 

To ensure: 

1. Core subcriticality after reactor trip, 

2. Acceptable core power distribution during power operation in 
order to maintain fuel integrity in normal operation and 
transients associated with faults of moderate frequency, 
supplemented by automatic protection and by administrative 
procedures, and to maintain the design basis initial conditions 
for limiting faults, and 

3. Limit potential reactivity insertions caused by hypothetical 
control rod ejection.  

Specifications: 

3.10.1 Shutdown Reactivity 

The shutdown margin shall be at least as great as shown in Figure 3.10-1.  

3.10.2 Power Distribution Limits 

3.10.2.1 At all times, except during low power physics tests, the hot 
channel factors defined in the basis must meet the following 
limits: J!, 

(a) FNH: 1.62[1 + 0.3 (l-P)] 

(b) For - 25% steam generator tube plugging: 

FQ(Z):-(2.32/P) x K(Z) for P > .5 

FQ(Z)_(4.64) x K(Z) for P __.5 

Where P is the fraction of full power at which the core is 
operating; K(Z) is the fraction given in Figure 3.10-2 and 
Z is the core height location of FQ.

Amendment No. 3.10-1



b) there is no simultaneous indication of a misaligned 
control rod, reduce thermal power to lese than 50% of 
rated thermal power within 2 hours and reduce the power 
range high flux trip eetpoint to less than or eaual to 
55% of rated thermal power within the next 4 hours.  

3.10.3.3 The rod position indicators shall he monitored and logged 
once each shift to verify rod position within each bank 
assignment.  

3.10.3.4 The tilt deviation alarm shall be Pet to annunciate whenever 
the excore tilt ratio exceeds 1.02 except as modified in 
specification 3.10.10.  

3.10.4 Rod Insertion Limits 

3.10.4.1 The shutdown rods shall be fully withdrawn when the reactor 
is critical or approaching criticality U.e., the reactor is 
no longer subcritical by an amount eausl to or greater than 
the shutdown margin in Figure 3.10-1).  

3.10.4.2 -When the reactor is critical, the control banks shall be 
. limited in physical insertion to the insertion limits shown 

in Figure 3.10-3 .  

3.10.4.3 Control bank insertion shall be further restricted if: 

a. The measured control rod worth of all rods, less the 
worth of .the most- reactive rod (worst, case stuck rod), 
is osles. than* the reactivity reuired to- provide the 
design value of available shutdown, 

b. A rod is inoperable (Specification 3.10.7).  

3.10.4.4 Insertion limits do not apply during physics tests or during 
periodic exercise of individual rode. However, the shutdown 
margin indicated in Figure 3.10-1 must be maintained except 
for the low power physics test to measure control rod worth 
and shutdown margin. For this test the reactor may be 
critical with all but one control rod inserted.

Amndment No. 3.10-5



3.10.7 Inoperable Rod Limitations 

3.10.7.1 An inoperable rod is a rod wiich does not trip or whici is declared 
inoperable under Specification 3.10.5 or fails to 'r-et the requirements 

of 3.10.8.  

3.10.7.2 Not more than one inoperable control rod shall be allowed any time 
the reactor is critical except during physics tests requiring intentional 
rod misalignment. Otherwise, the plant shall be brought to the hot shut

down condition.  

3.10.7.3 If any rod has been declared inoperable, then the potential .  
worth and associated transient power distribution peaking factors snal! 
be de.ermined by analysis within 30 days. The aralysis shall include 
due alilowance for non-uniform fuel depletion in the neighborhood of the 
inoperahie rod. If the analysis results in a more limiting hypct:hecizal 
transient than the cases reported in :he safety analysis, the plan: 
power level shall be reduced to an analytical!y determined part power 
level which is consistent with the safety analysis.  

3.10.8 Rod Drop Time 

At operating temperature and full flow, the drop time of each 
control rod shall be no greater than 2.4 seconds 2rcM 

gripper release to dashpot entry.  

3.10.9 Rod Position Monitor 

If the rod position deviation monitor is inoperable, individual rod 
positions shall be logged once per shift and after n load change 
greater than 10 percent of rated power.  

3.10.10 Uuadrant Power Tilt Monitor 

If one or both of the quadrant power tilt monitors i3 inoperable, 
individual upper and lower excore detector calibratad ou:putu shall

Ameudment No, 3. lo--7



* be logged once per shift and 'after a load change greater than 10 

percent of rated power.  

Basis 

Design criteria have been chosen for normal operations, operational 

transients and those events analyzed in FSAR Section 14.1 which are 

consistent with the fuel integrity analyses. These related to fission 

gas release, pellet temperature and cladding mechanical properties. Also 

the minimum DNBR in the core must be greater than the safety limit DNBRs 
in normal operation or in short .term transients.  

In addition to the above conditions, the peak linear power density must 

not exceed the limiting Kw/ft values which result from the large break 
loss of coolant accident analysis based on the ECCS acceptance criteria 

limit of 2200 F. This is required to meet the initial conditions 

assumed for loss of coolant accident. To aid in specifying the limits on 
power distribution the following hot channel-factors are defined.  

F Q(Z), Height Dependent Heat Flux Hot Channel Factor, is defined as the 
maximum local heat flux on the surface of a fuel rod at core elevation Z 

divided by the average fuel rod heat flux, allowing for manufacturing 

tolerances on fuel pellets and rods.  

E 
FQ Engineering Heat Flux Hot Channel Factor, is defined as the 

allowance on heat flux required for manufacturing tolerances. The 

engineering factor allows for local variations in enrichment, pellet 

density and diameter, surface area of the fuel rod and eccentricity of 

~cthe g p between pellet and clad. Combined statistically the net effect 
is a 'actor of 1.03 to be applied to fuel rod surface heat flux.  

Amendment No. 3.10-8
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FNAH, Nuclear Enthalpy Rise Hot Channel Factor, is defined as the 
ratio of the integral of linear power along the rod with the highest 
integrated power to the average rod power.  

It should be noted that FNA.H is based on an integral and is used as 
such in the DNB calculations. Local heat fluxes -are obtained by using 
hot channel and adjacent channel explicit power shapes which take into 
account variations in horizontal (x-y) power shapes throughout the core.  
Thus the horizontal power shape at the point of maximum heat flux is not 
necessarily directly related to p O 

The upper bound envelope of the total peaking factor (FQ) of 
specification 3.10.2.1 times the normalized peaking factor axial 
dependence of Figure 3.10-2 has been determined from extensive analyses 
considering all operating maneuvers consistent with the technical 
specifications on power distribution control as given in Section 3.10.  
The results of the loss of coolar.t accident analyses based on the 
specified FQ times the normalized envelope of Figure 3.10-2 indicate a 
peak clad temperature of less than 2200OF for the worst case 
double-ended cold leg guillotine break.(l) 

When an FQ measurement is taken, both experimental error and 
manufacturing tolerance must be allowed for. Five percent is the 
appropriate allowance for a full core map taken with the moveable incore 
detector flux mapping system and three percent is the appropriate 
allowance for manufacturing tolerance.  

In the specified limit of FPNH there is a a percent allowance for 
uncertainties which means that normal operation of the core is expected 
to result in F IH 1.62/1.08. The logic behind the larger uncertainty 
in this case is that (a) normal perturbations in the radial power shape 
(e.go, rod misalignment) affect FMN&H, in most cases without 
necessarily affecting FQ, (b) the operator has a direct influence on 
FQ thorugh movement of rods, and can limit it to the desired value, he 
has no direct control over FNH and (c) an error in the predictions 
for radial power .shape, which may be detected during startup physics 
tests can be compensated for in FQ by tighter axial control, but 
compensation for FN4 H is less readily available. When a measurement 
of FN&H is taken, experimental error must be allowed for and 4 
percent is the appropriate allowance for a full core map taken with the 
moveable incore detector flux mapping system.

Amendment No. 3010-9



0 0 differences than permitted. Therefore, the specifications on poser distribution --ntrol'are not-applied during rhysics tests or excora calibrations; this is accco-ble due to the !cw probabillty of a sigificant accident occuring during these 

In some instances of rapid plant pcr-ar reduction, automatic rod motion will cause the flux differenca to deviate from the target bank when the reduced power level is reached. This does not necessarily affect the xenon distribution sufficiently to change the envelope of peaking factors which can be reached on a subsequent return to full power within the target bank, however to simplify the specification, a limitation of one hour in any period of 24 hours is placed on operation outside the band. This ensures that the resulting xenon distributions are not significantly 
different from those resulting from operation within the target band. The invtanta-neous consequences of being outside the band, provided rod insertion limits are observed, is not worse than a 10 percent increment in peaking factor for flux difference in the range +14 to -14 percent (+11 percent to -11 percent indicated) 
increasing by ± 1 percent for each 2 percent decrease in rated power. Therefore, 
while the deviation exists the power level is limited to 90 percent or lcwer 

pending on the indica~ad flux difference.  

j for any reason, flu:* difference is not controlled within the ±5 percent band for as long a period as one hour, then xenon distributions may be significantly 
changed and operation at 50 percent is required to protect against potentially more 
severe consequences of soma accidents.  

As discussed above, the easence of the procedure is to maintain the xenon distribution in the core as close to the equilibrium full power condition as possible. This is accomplished by using the boron system to position the control rods 
to produce the required indicated flux difference.  

For Condition II events the core is protected from overpower and a minimum DNBR of less than the safety limit DNBRs by an automatic protection system. Compliance with operating procedures is 
assumed as a precondition for condition II transients, however, operator error and 
equipment alfunction-i are separately assumed to lead to the cause of the transients 

considered.  

).m endment No, 3.10-12



accident for an isolated fully inserted rod will be worse if the 
residence time of the rod ls long enough to cause significant non-uniform fuel depletion. The 4 week period is short compared with the time 
interval required to achieve a significant non-uniform fuel depletion.  

The required drop time to dashpot entry is consistent with safety 
analysis.  

REFERENCE 

1. FSAR Section 14.3 

Amendment No. 3.10-16



FIGURE 3.10-2 
HOT CHANNEL FACTOR NORMALIZED OPERATING ENVELOPE 

(For S.G. Tube Plugging Levels up to 25%)
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Figure 3.10-3 

.ROD BANK INSERTION LIMITS 
(Four Loop Operation) 
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3.11 MOVABLE IN-CORE INSTRUMENTATION 

Applicability 

Applies to the operability of the movable detector instrumentation 

system.  

Objective 

To specify functional requirements on the use of the in-core instrumentation 

system, for the recalibration of the excore axial off-set detection system.  

Specification 

A. A minimum of 2 thimbles per quadrant and sufficient movable in-core 

detectors shall be operable during re-calibration of the excore axial 

off-set detection system.  

B. Power shall be limited to 90Z of rated power 

if re-calibration requirements 

for excore axial off-set detection system, identified in 
Table 4.1-1, are not met.  

Basis 

The Movable In-core Instrumentation System (1) has six drives, six detectors, 

and 50 thimbles in the core. Each detector can be routed to sixteen or mo-e 

thimbles. Consequently, the full system has a great deal more capability 

than would be needed for the calibration of the ex-core detectors.  

To calibrate the excore detectors system, it is only necessary that the 

Movable In-core System be used to determine the gross power distribution 

in the core as indicated by the power balance between he top and bottom 

halves of the core.  

Amendment no.
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Reference 

(1) 
(2) D 
(3) D 
(4) D 
(5) F 
(6) F

3. Th,-onal flud yolime of the. reactor coolant sYtem, at rated 
operating condi£tonsand with 0% Steam Generatcr tube plugging 
is 11,350 cubic feet.  

SAR Section 3.2 
eleted 
eleted 
leeted 
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SAR Table 4.1-9
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