
5.3 -OSS OF UFFSI TE ?OWER Wi THOUT ;.'-AV,: -- T'-% P 

5.3.1 IDENTIFICATION OF CAUSES AND TRANMNU§.~T DESCRIPTION 

A comaplete loss of normal ac power to the station auxiliaries would 

restt from a loss of offsite power comz-,nea with a trip of the 

turbi ne/generator.  

If site and off-site power were lost, plant components requiring ac 

power would lose their normal power source. These components include 

reactor coolant pumps, condensate pumps, circulating water pumps, and 

main feedwater pumps (if main feedwater DJmps are motor-driven). The 

emergency diesel generators are started on an undervoltage signal on the 

plant emergency busses and begin to supply vital plant loads. Emergency ( 
power is also provided by the station batteries.  

Loss of power to the control rod motor/generator sets results in a loss 

of power to the rod drive mechanism gripper coils. This releasesý the 

rods to fall into the core independently of any protection system action 

to open the reactor trip circuit breakers. This method of rod release 

into the core is not part of the plant protection system, but is never

theless a consequence of a loss of offsite power.  

As a result of the power loss to the reactor coolant pumps, forced 

reactor coolant flow is lost as the pumps coast down. Reactor coolant 

flow decreases with pump speed to the point where natural circulation 

flow is established. If the reactor is at power at the time of the ( 
accident, the immediate effect of loss of coolant flow is an increase in 

the coolant temperature. The decrease in flow and increase in coolant 

temperature causes reduced margin to DNB resulting in prompt protection 

system action to generate a reactor trip. There are about 25 trip 

inputs to the Reactor Protection System fvaries stightly among plants), 

all of which operate on the deenergize-to-trip principle. In addition 

to -od mechanisms being ceenergizea by loss of power, the following trip 

der7ar.Js would occur to the motor/generator sets:



-Undervoltage cr ;nderfrequency on the reactor :c:Iant pump power 

supply busses.  

- Low reactor coolant loop flow.  

- Open reactor coolant pump circuit breakers.  

- Overtemperature 6T.  

- Overpower &T.  

- High pressurizer pressure reactor trip 

- High pressurizer water level reactor trip 

The auxiliary feed&ater system will be actuated on trip of the main 

feedwater pumps anz/or a blackout signal during a less of offsite 

power. The steam-driven auxiliary feed pump uses steam from the 

secondary system and exhausts to the atmosphere. The motor-driven 

auxiliary feed pump is supplied with power from the emergency diesel

generators. The pumps take suction directly from a condensate storage 

tank for delivery to the steam generators.  

5.3.2 ANALYSIS OF EFFECTS AND CONSEQUENCES 

During a loss of offsite power where normally expected protection system 

action occurs, the reactor is promptly tripped by reactor coolant pump 

bus undervoltage with no DNB or fuel damage even with extremely conser

vative initial conditions being assumed (such as not taking credit for 

the loss of power to the rod drive mechanism). ATWS analyses also 

assume that loss of power to the rod power supply motor/generator sets 

will be disregarded. In addition, all of the reactor trip signals are 

postulated not to result in a reactor trip.



T ne aralysis ,s-Ferfrmnea ,sing the JF*Y#AN, rACTRAN a .3THINC-II "cdes 

*Picn are discu-_sed in Section 4. . -E t:_ ;,.)"irq assurstic ls are maz-e: 

initial normal full power operation early in core life. Since -me 

negative temperat-re coefficient of reactivity reduces core power as 

the coolant temperature rises, ,-nd the temperature coefficient 

becomes more negative with core life, the ATlrT loss of offsite power 

is less severe later in core life.  

- Loss of off-site ac power occurs, causing: 

.. Reactor coolant pump coastdown to natural circulation in the coolant 

loops ( 

2. Loss of all main feedwater pumps 

3. Turbine trip 

4. Actuation of auxiliary feedwater pumps following start of emergency 

generators 60 seconds from the generation of the AMSAC signal.  

- Pressurizer relief valves are operable 

- Remaining plant control systems are not operable as a consequence of 

the loss of ac power 

- No credit for automatic reactor trip 

Assuming complete failure of the reactor scram system, auxiliary feed

water as described above would be initiated by AMSAC (ATWS Mitigating 

System Actuation Circuitry). AMSAC is a diverse set of circuitry 

designed to provide the initiating signals for mitigation systems 

recuired by an ATWS condition. The AMSAC circuitry is in addition to 

the -eactor scram system and is unaffected by a complete co.non-cause 

failire of the reactor scram system. AMSAC would initiate the auxiliary 

-eedqater system much sooner than tre 60 second delay assumed in this 

transient.



5.3.3 RESULTS

5.3.3.1 51 Series Steam Generator 

Analysis of the transient results due to a loss of offsite power ATWS 

was done for 51 Series steam generator plant configurations. -he 4-loop 

plant configuration (51 Series) is considered the reference case.  

The transient results of the loss of offsite power transient fzc the 

reference 4-loop, 51 Series steam generator case are shown in Figures 

5.3.1 through 5.3.12 and the sequence of events is listed in Taole 

5.3-1. The figures show that the rapid decrease in core flow, due to 

loss of the reactor pumps, causes a loss of secondary heat transfer with 

an associated rise in core inlet temperature, core average temperature, 

and pressurizer pressure. The minimum DNB ratio for the reference case 

is 1.37 at 21 seconds. Analysis utilizing a 3-loop configuration show a 

resulting minimum DNBR of 1.39.  

The lifting of the secondary safety valves limits the reactor coolant 

temperature and pressure increase. The peak pressurizer pressure is 

2532 psia, and the peak pressure in the Reactor Coolant System is 2611 

psia. A later increase in pressure with a lower peak occurred when the 

pressurizer fills with water. Core nuclear power decreases, due to the 

effect of negative reactivity feedback from a reduction in moderator 

density as the core average temperature increases. Core flow due to 

natural circulation equilibrates at about 9 percent of its nominal 

value. Primary coolant temperature increases during the transient, 

causing a slight nuclear power decrease due to the moderator heating.  

The steam space is recovered in the pressurizer at 500 seconds into the 

transient and the primary pressure begins to drop below the power

operated relief valve setpoint shortly thereafter. At 600 seconds, the 

operator is assumed to begin recovery and shutdown operations.



5.3.3.2 Model D *tean.  

The loss of offsite pover ATWS 4s analyzed for the minimum DNB ratio 

for olant configuratiors c- a ''-del D steam generator. The general 

plant transients that resulted from this analysis are similiar to those 

presented in this section for the referer:ce loss of offsite power case.  

The 4-loop, Model D plant configuration results in a minimum DNB ratio 

of 1.43. The minimum DNB ratio is 1.41 for the 3-loop plants.  

5.3.3.3 Model F Steam Generator 

The transient results for the Model F loss of offsite power ATWS are 

similar to the reference case. The minimvn DNB ratio that resulted from 

a 4-loop Model F loss of offsite power analysis is 1.30, with a corre

sponding DNBR or 1.68 for 3-loop Model F plants.  

5.3.3.4 44 Series Steam Generator 

The loss of offsite power ATWS was analyzed for plants with a 44 Series 

steam generator to determine the effect of the minimum DN ratio when 

compared to the reference case. The 4-loop, 44 Series plant configura

tion results in a minimum DNBR of 1.32.  

5.3.4 SENSITIVITY STUDIES 

Sensitivity studies on parameters that could affect the minimum DNB 

ratio occurring during the transient have been done on the loss of 

offsite power ATWS. The effect of various assumptions and initial 

conditions on the results of the transient are described below. A 

summary of the studies follow and can be found in Table 5.3-2.



.4. 1 Eifect if Variation r' Reactor Power 

The initial power level was ;3ried for the loss of offsite power ATWS 

referenc-ae case to determine tne effect on the minimum DNB ratios 

attained during the transient. An increase in initial power level of 2 

percent corresponds to a decrease of 12.5 percent in the minimum DUB 

ratio. A decrease of 2 percent in the initial power level corresponds 

to an increase in the minimur DNB ratio of 10 percent.  

5.3.4.2 Effect of Pressurizer Spray On 

The reference loss of offsite oower ATWS assumes that the pressurizer 

s~ray does not operate durino the transient. An analysis assuming 

proper operation of the pressurizer spray shows that there is no effect 

on the minimum DNB ratio.  

5.3.4.3 Effect of Variation in Pressurizer Level 

The reference case was analyzed with changes in the initial pressurizer 

water level of +10 percent. Neither case studied resulted in any signi

licant change in the minimum DI ratio attained during the transient.  

5.3.4.4 Effect of Variation in Steam Generator Water Inventory 

The initial steam generator water mass was varied by +10 percent. The 

resulting analyses show that there is essentially no effect on the mini

mum DNB ratio.  

5.3.4.5 Effect of One PORV Failing to Open 

"The reference case was analyzed with one power-operated relief valve 

failing to open upon demand during a loss of offsite power ATWS. The 

effect on the minimum DNB ratio was an increase of slightly less than 1 

Dercent.



C K.3.5 CON:-Js 31;S 

For the loss of offsite power withcut reactcr tri; the transient results 

snow that, based upon the calculatec( DNE ritio, nr significant clad 

damage is expected, and the peak Reactor Coclant System pressure will 

not cause impairrment of Peactor Coolant Syetem mechanical integrity.  

The transient equilibrates to a condition from which the eperator can 

commence shutdown procedures by boration, with decay heat removal, and 

cooldown can be accomplished with the auxiliary feedwater system.  

(



TABLE 5.3-1 

SEQUENCE OF EVENTS FOR LOSS OF OFFSITE POWER 
WITHOUT REACTOR TRIP - REFERENCE CASE 

Event Time (seconds) 

Loss of Site ac Power and Off-Site ac Power 0 

Undervoltage Reactor Trip Setpoint Reached and 
Underfrequency Reactor Trip Setpoint Reached 0 

Low Reactor Coolant Flow Reactor Trip Setpoint 

Reached 2.9 

Pressurizer Power-Operated Relief Valves Open 4.0 

Overtemperature 6T Reactor Trip Setpoint Reached 4.8 

Overpower 6T Reactor Trip Setpoint Reached 4.9 

High Pressurizer Pressure Reactor Trip Setpoint 
Reached 5.0 

Pressurizer Safety Valves Open 8 

Steam Generator Safety Valves Open 13 

Hiah Pressurizer Water Level Reactor Trip Setpoint 
Reached 18 

Minimum DNBR Occurs 21 

Pressurizer Fills with Water 30 

Auxiliary Feedwater Pumps Start Delivering Flow 60 

Steam Space Regained in Pressurizer 500 

*Reference Case: I-loop Alternative 3 plant with a 51 Series steam 

generator



TABLE F.3-2 

" A"ARY OF RESULTS F'V S, OFFSIT; :-WER 

WITHOUT A REACTOR TRIP 

Change Relative to Reference Case

Case Description 

Reference Case 

Initial Power +2 percent 

Initial Power -2 percent 

Pressurizer Spray On 

Pressurizer Level +10% 

Pressurizer Level -10% 

Initial SG Mass + 10 Percent 

Initial SG Mass - 10 Percent 

One PORV Fails to Open

(

Minimun 

DRNB 
Ratio

-12.5% 

+10.0% 

+0% 

+0% 

+0% 

+0% 

+0% 

+1%
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5.4 ATWS ACCIDENTAL DEPRESSURIZATION OF THE REACTOR COOLANT SYSTEM 

5.4.1 IDENTIFICATION OF CAUSES AND TRANSIENT DESCRIPTICN 

Depressurization of the Reactor Coolant System could result from acci

dental opening of a pressurizer relief valve, or from a leak in a sample 

line or instrument line connected to the Reactor Coolant System.  

Two types of pressure relieving devices are provided: power-operated 

relief valves and spring-loaded valves. Continuous blowdown from either 

type is not likely for tne following reasons: 

- The power-operated relief valves are pneumatic, air-to-open, with 

air pressure to the valve operator controlled by a ceenergize-to

vent electric solencod. The solenoids for the two relief valves are 

actuated by indepencent pressure control channels. A single failure 

in the actuation system could cause a single relief valve to open 

when not needed. However, an electric interlock is provided to 

independently close the valve on low pressure. This interlock is 

actuated by an independent pressure signal, and de-energizes the 

solenoid when pressurizer pressure drops significantly below normal 

operating pressure. Therefore, two independent sim.ltaneous fail

ures must be assumed to cause continuous, relief fror. a power-opera

ted pressurizer relief valve.  

The spring-loaded safety valves are self-actuated by system pressure 

such that no external failure could cause an undesired opening.  

Only a massive mechanical failure, such as failure of the spring, 

could cause the valve to remain open when the system pressure is 

below the set pressure. This type of mechanical failure is gen

erally considered as an ANSI-18.2 Condition III or iV event, i.e., 

the probability of occurrence is too low to consider as a Condition 

II event, "anticipated" transients.



"Not'.'ithstanding the above, a 3.6 in.2 ve.t area at the top of the 
pressurizer is selected for evaluaticr, :jr:o;es to bound all credible 
denressurization incidents. This size -s equal to the throat area of a 
sr'ing-loaded safety valve, and twice t-.! throat area of a 
power-operated relief valve. The area is larger than that which could 
result from any credible leak in a sam:'- line or instrument sensor 
line.  

This ATWS event releases the most mass and energy into the contairinent.  
It is presented here to show that ATWS events will not cause the con
tainment design pressure to be exceeded.  

Initially, the postulated blowdown results in rapidly decreasing the 
reactor system pressure until saturaticr occurs in the upper part of the 
core which slows down the pressure decrease. The effect of the pressure 
decrease is to decrease nuclear power by the lower moderator density.  
The coolant average temperature decreases slowly; but the pressurizer 
water volume increases. Thus, the reactor core is protected from damage 
by the following trips: 

- Overtemperature AT trip.  

- Pressurizer low pressure trip.  

- High pressurizer water level trip.  

5.4.2 ANALYSIS OF EFFECTS AND CONSEQUENCES 

The system transients during an accidental depressurization of the 
Reactor Coolant System are generated using the LOFTRAN, FACTRAN, and 
THINC-III codes.

The following assumptions are made in tVe analyses:



initial normal full power operation early in core life. Since the 

negative temperature coefficient of reactivity reduces core power as 

the coolant :emperature rises, and the temperature coefficient 

becomes more negative with core life, the ATWS accident depressuri

zation is less severe in later core life.  

MTC value expected to occur over 95% of core life (-8 pcm/OF) 

Normal operation of the following control systems: 

1. Automatic regulation of feedwater flow to maintain steam generator 

water level 

2. Pressurizer pressure control (heater actuation) 

3. Turbine governor valves in impulse pressure control prior to trip, 

and valve closure on turbine trip 

The blowdown rate is assumed to be 110 percent of rated steam flow 

for a single safety valve at a given pressure for steam relief, and 
homogeneous eqjilibriuan saturated flow for a single safety valve at 

a given pressure for water relief with 0.9 multiplier.  

Reactor Control System is assumed inoperative 

Feed Enthalpy remains constant 

5.4.3 RESULTS 

5.4.3.1 51 Series Steam Generator 

Tne accidental iepressurization of the reactor coolant system ATWS was 

analyzed utilizing a 51 Series steam generator. The 4-loop, 51 Series 
plant configuration is the reference case for the depressurization 

AT^S. The res-Iting DNB Ratio for this reference case is 1.60, well 
_ove :ne 95/9:ý v!'ue of 1.30. The 3-loop plant transients are sim'ar 

:zo .re reference :3se described below, with a rninirn.jm DýB ratio of b.7i.



The system transients for the reference plant are shown in Figures 5.4-1 

through 5.4.6. Tatle 5.4-1 shows the sequence of events for the base 

case. Initially, the pressure decreased rapidly at a rate of about 11.  

psi/ sec until the system pressure reached a value corresponding to the 

hot leg saturation pressure. At that time the pressure decrease slows 

considerably. Nurlear power decreases slowly as the density decreases 

with reduced pressure. Following saturation in the hot leg and the 

upper part of the core, the lower moderator density in the core causes 

the nuclear power to decrease at a faster rate. This continues until 

the pressurizer fills with water; the lower energy relief rate then 

retards the rate of pressure decrease. The rapidly decreasing nuclear 

power together with the relatively small change in the rate of energy 

removal across the steam generators following hot leg saturation, causes 

the average temperature to decrease rapidly. The pressurizer fills with 

water at about 128 seconds. Safety injection on low pressurizer pres

sure signal, will be actuated at 50 seconds. Safety injection will 

further decrease nuclear power and provide makeup for coolant lost by 

blowdown. However, automatic safety injection is not assumed in the 

analysis.  

Steam flow remains constant at its initial value until approximately 85 

seconds. The flow then starts to decrease, following the decrease in 

core power and temperature. The steam generator level remains constant 

throughout the transient.  

The containment pressure increase due to the mass and energy discharge 

from the pressurizer relief tank (Figures 5.4-7 and 5.4-8), wring the 

depressurization ATWS, is insignificant compared to the containment 

pressure produced by a loss of coolant accident (LOCA).  

5.4.3.2 Model D Steam Generator 

The depressurization ATWS analyzed for Model D plant configurations 

shows transient -esults that are similar to the reference case. The 

minimum DNB ratio for the 4 -loop Model D is 1.61. A 3-loop plnt confi

guration results in a 1.59 DNBR.



5.4.3.3 Model F Steam Generator 

A minimum DNB ratio of 1.60 results for an accidental depressurization 

of the RCS ATWS, when a 4-loop Model F plant configuration is analyzed.  

The 3-loop plant also results in a 1.60 minimum DNBR.  

5.4.3.4 44 Series Steam Generator 

The transient results for a depressurization ATWS analyzed for a 4-loop, 

44 Series steam generator follow those of the reference case closely.  

The DNB ratio for this case reaches a minimum of 1.45.



- E 5.4-1 

SEQUENCE OF EVENTS FOR :ýOCIDENTAL DEPRESSURIZATION OF 

THE REACTOR COOLANT SYSTEM WITHOUT REACTOR TRIP 

REF ERENCE CASE*

Event 

Safety Valve Opens 

Overtemperature AT Reactor Trip Setpoint Reached 

Low Pressurizer Pressure Reactor :-ip Setpoint Reached 

High Pressurizer Water Volume Reaczor Trip Setpoint 

Reached 

Minimum DNBR - 1.60 

Pressurizer Fills

Time (sec) 

0 

16.3 

37.9 

93.3 

128

S*Reference Case: 4-loop, Alterna:ive 3 plant with a 51 Series steam 
generator.

C
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5.5.1 UNCONTROLLED ROD CLUSTER CONTROL ASSEMBLY BANK WITHDRAWAL AT 

POWER WITHOUT REACTOR TRIP 

5.5.1.1 Identification of Causes and Transient Description 

A rod withdrawal accident could result from a Reactor Control System 

malfunction which would cause the rod speed programmer to request con

trol rod withdrawal in the absence of either a temperature dJ2viation or 

a power mismatch signal. In the event of such an occurence, a reactor 

trip signal from any one of the several protection systems would termi

nate the rod withdrawal.  

The result of an uncontrolled rod withdrawal would be the addition of 

reactivity to the reactor core resulting in an increase in core nuclear 

power and thermal flux. Because the heat extraction from the steam 

generator lags the increasing core power generation, the reactor coolant 

temperature rises, and if no action termintes the process, DNB may occur 

in the core resulting in possible fuel and cladding damage. Because of 

the nature of the transient, the magnitude of the nuclear and thermal 

excursions and the margin to DNB in the core are primarily a function of 

the total excess reactivity inserted by the rods and is only slightly 

affected by the rates of reactivity insertion.  

There are several features of the automatic Reactor Protection System 

which normally-would act to prevent core damage in the event of this 

accident. These include the following: 

- Two power range nuclear flux instrumentation channels in excess of 

the nuclear overpower setpoint actuate a reactor trip.  

- Two AT channels exceeding the overtemperature 6T setpoint actu

ate a reactor trip. The setpoint is automatically varied with axial 

power distribution, reactor coolant temperature, and reactor coolant 

pressure to protect against DNB.



Two 6T channels exceeding the overpower AT setpoint actuate a 

reactor trip. This setpoint is also automatically varied with axial 

power distribution to ensure that the allowable transient heat gen

erator rate iS not exceeded.  

Two Pressurizer level channels exceeding a fixed high pressurizer 

water level setpoint actuate a reactor trip.  

Two pressurizer pressure channels exceeding a fixed high pressure 

setpoint actuate a reactor trip.  

In addition to the above reactor trip functions, the following Rod Clus

ter Control Assembly withdrawal blocking setpoints would be reached in 

the event of an uncontrolled rod withdrawal transient: 

- One power range nuclear flux channel exceeding a high nuclear flux 

setpoint.  

- Two AT channels exceeding a overtemperature AT setpoint.  

- Two AT channels exceeding a overpower AT setpoint 

5.5.2 ANALYSIS OF EFFECTS AND CONSEQUENCES 

Three digital computer codes are used to analyze a rod withdrawal acci

dent without reactor trip. The total response during the transient is 

determined using a full digital plant simulation in the LOFTRAN code.  

Transient values of core heat flux, reactor coolant core inlet tempera

tures, reactor coolant pressures, and reactor coolant flows from LOFTRAN 

are then used in a detailed thermal/hydraulic code, THINC-III, to deter

mine the DNB ratio in the reactor core. If DNB occurs, the FACTRAN code 

is used to calculate fuel and cladding temperatures based on the nuclear 

power and reactor coolant temperatures and pressure from LOFTRAN.



The following assumptions were made in the an3lysis:

Initial normal full power operation early in core life. Since the 

negative moderator temperature coefficient of reactivity limits the 

overtemperature-overpower transient, and the moderator coefficient 

becomes more negative during core life, rod withdrawal later in core 

life would be less severe than the case studied. The moderator 

temperature coefficient assumed is valid for 95% of core life.  

- Normal operation of the following control systems: 

1) Automatic regulation of feedwater flow to maintain steam genera

tor water level.  

2) Both the power-operated and the spring-loaded relief valves.  

3) Turbine governor valves in impulse pressure control.  

- No credit for automatic reactor trip.  

- No credit for automatic rod stops.  

Continuous rod withdrawal at maximum rod speed of 45 in./minute (72 

steps/minute) until control rods are fully withdrawn.  

5.5.3 RESULTS 

5.5.3.1 51 Series Steam Generator 

The rod cluster control assembly bank withdrawal at power ATWS was 

analyzed for a 4-loop, 51 Series steam generator plant configuration.  

This is the reference rod withdrawal at power ATWS case.  

Figures 5.5.1 through 5.5.8 show the transient response of this type 

plant to an 0.3% Ak/k rod withdrawal from 100-percent power. An 

inserted rod worth of 0.3% Ak/k is typical of the available control



rod reactivity at 100-percent power, as discussed in Section 2. Table 

5.5-1 lists the sequence of events and the time of their occurrence 

during the transient. Included in the table are the times at which 

various Peactor Protection System trip points are reached. The minimum 

ONB ratio for the reference case during the transient was 1.58. A 

3-loop plant configuration results in a minimum DNBR of 1.58 also.  

As the rods were withdrawn, core power increased forcing core tempera

tures up because of the mismatch between core power and secondary plant 

power. The high nuclear flux trip was reached approximately 12.8 sec

onds after the rods began to be withdrawn. Core power increased to 

about 113 percent and core average temperature to about 6090. The 

nuclear power increase was stopped by Doppler and moderator feedback. ( 
The rapid insurge into the pressurizer resulted in opening of the power

operated relief valves and a peak reactor coolant system pressure of 

2428 psia.  

After the initial surge in power, the core power and secondary power 

extraction stabilized at about 99 percent of the nominal power level.  

The inserted reactivity was balanced by moderator feedback due to 

increasing core average terperature until the rod withdrawal ceased at 

62 seconds.  

5.5.3.2 Model D Steam Generator 

The rod withdrawal at power ATWS was studied for plants with a Model D 

steam generator. The transient results are similar to those described 

above. A 4-loop, Model D analysis resulted in a minimum DNB ratio of 

1.59, slightly better than the 51 Series steam generator case.  

5.5.3.3 Model F Steam Generator 

Plants with Model F steam generator were also studied for a rod with

arawal at power ATWS, with transient results similar to the reference 

case. A 4-loop, Model F configuration minimum DNB ratio was 1.54, while 

a 3-loop Model F resulted in a minimum DNB of 1.55.



: .53.4 44 Series Steam Generator 

"-he rod withdrawal at power ATAS analyzed with a 44 Series steam genera

tor resulted in a similar transient to the reference case. The minimum 

DNB ratio of 1.51 was slightly lower than the reference case.  

5.5.4 CONCLUSIONS 

Based upon the calculated DNB ratios, no significant clad damage is 

expected and because Reactor Coolant System pressures are below limiting 

values, no damage to the Reactor Coolant System is expected from an 

uncontrolled rod withdrawal at power without trip.

es



TABLE 5.5-1 

SEQUENCE OF EVENTS FOR ROD WITHDRAWAL AT POWER 

WITHOUT REACTOR TRIP REFERENCE CASE*

Event 

Rod Withdrawal Begins 

High Nuclear Flux Trip Setpoint Reached 

Overtemperature AT Reactor Trip Setpoint Reached 

Overpower &T Reactor Trip Setpoint Reached 

Pressurizer Power-Operated Relief Valves Open 

Pressurizer High Level Reactor Trip Setpoint Reached

Time (sec) 

0.0 

12.8 

15.7 

18.5 

20.0 

96.2

"Reference Case: 4-1oop Alternative 3 plant with 51 Series steam generator.

(
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6.0 STRESS LIMITS 

6.1 INTRODUCTION 

Appendix A to WASH-1270 states that in evaluating the reactor coolant 

system boundary for ATWS events, "the calculated reactor coolant system 

transient pressure should be limited such that the maximum primary 

stress anywhere in the system boumdary is less than that of the "emer

gency conditions" as defined in the ASME Nuclear Power Plant Components 

Code, Section III". This is the proposed requirement for Alternative 4 

plants. A demonstration of RCS integrity and valve operability is 

required of Alternative 3 plants. Therefore, if "emergency conditions" 

are not exceeded, then the Alternative 3 requirements would be more than 

met.  

To demonstrate that the components of the reactor coolant system bound

ary satisfy the above recommendation limits, analyses were performed to 

establish the pressure at which emergency condition stress intensity 

limits were reached. (If peak pressure is less than 110 percent of 

design pressure, this objective is met since the ASME Code, Section III, 

Subsection NB-7000 recognizes this as allowable for anticipated tran

sient.) The specific limits that were applied to the various components 

are given in the following ASME Section III Code paragraphs: 

COMPONENT PARAGRAPH 

Vessels, Pumps and Valves NB-3224 

Piping NB-3655 

Bolts NB-3234 

Results of the analyses are summarized below and are tabulated in Table 

6-1 where the material, material temperature, emergency conditions 

stress intensity limits, and maximum pressure for the locations of high 

stress in each component are listed. The allowable pressures shown in



Table 6-1 are conservative, since the actual average tenperature of the 

con•ponents will remain considerably lower than the pea< fluid tenpera

tures due to the relatively short duration of the transients.  

In addition to the analysis described above available test data is uti

lized to demonstrate the structural integrity and operability of reactor 

coolant system components such as reactor coolant pump seals, instru

mentation in the primary pressure boundary, and valves. The test data 

available clearly demonstrate the functionality of this equipment to 

withstand the effects of a peak ATWS transient. A description of the 

application of such data to an ATWS transient is provided in the fol

lowing discussions.  C 
6.2 COMPONENT SUMMARY 

6.2.1 REACTOR PRESSURE VESSEL 

Based on a review of reactor vessels for 2, 3, and 4-loop plants, the 

maximum allowable pressure for the reactor vessel is 3200 psig. At this 

pressure, and a temperature of 7000F, the general membrane stress 

intensity for the nozzle safe ends of a representative vessel equals the 

emergency condition stress intensity limit of 1.2Sm and the local mem

brane-plus-bending stress intensity for the studs of a representative 

vessel equals 0.997 times the emergency conditions stress intensity 

limit of 3.OSm. The above stress intensities represent the limiting 

case for all reactor vessels supplied by Westinghouse for Alternative 3 

plants regardless of the vessel manufacturer or design.  

6.2.2 PRESSURIZER 

A review of the pressurizers resulted in a maximum allowable pressure 

for the pressurizer of 3780 psig. At this pressure and a temperature of 

7000F, the general membrane stress intensity for the relief nozzle in 

the fabricated head pressurizer equals the emergency condition stress 

j intensity limit of I.OSy. Additionally, stress intensities for other



critical portions of the pressurizer such as the manway cover gasket, 

heater to bottom head welds, and heater tubing were reviewed and found 

acceptable. The above analysis applies to all pressurizers supplied by 

Westinghouse for Alternative 3 plants.  

6.2.3 STEAM GENERATOR 

The steam generators were able to be subjected to a maximum allowable 

primary to secondary differential pressure of 2980 psig at 7000F. For 

these conditions, the general membrane stress intensity for the tubes of 

the steam generator equals the emergency condition stress intensity 

limit of 1.2Sm and the local menmrane plus bending stress intensity for 

the tubesheet equals the emergency condition stress intensity limit of 

1.5Sy. The above limits apply to all steam generators supplied by 

Westinghouse for Alternative 3 plants.  

6.2.4 PIPING 

The maximum pressure that the reactor coolant piping can be subjected to 

and still remain within the ASME Section III emergency condition limits 

is 3727 psig. At this pressure, and a temperature of 7000F, the pres

sure limit of 1.5P is reached.  

6.2.5 REACTOR COOLANT PUMP 

A detailed finite element analysis of the reactor coolant pumps resulted 

in a maximum allowable pressure of 3231 psig. At this pressure, and a 

temperature of 150OF at the upper end of the main flange bolts, the 

local mentrane plus bending stress intensity at the bolts reaches the 

emergency condition limit. This analysis confirms the structural integ

rity of the reactor coolant pump for the peak ATWS pressure.  

The reactor coolant pumps are assumed to continue running during a post

ulated ATWS transient. Therefore, pump operability must be ensured by 

minimizing structural deformation in internal pump parts such as the 

impeller, thrust bearings, shaft, etc. and ensuring the integrity of the



punp seals. In- evaluating deformation due to internal AT1WS pressure it 

was concluded that such pressures would not significantly reduce clear

ances in internal pump parts and, therefore, operability would not be 

empeded. Structural integrity and operability of the pump seals is 

demonstrated by a system hydrostatic test at 3105 psi which is above the 

peak ATWS pressure. Temperature has no effect on the seals during 

either the system hydrostatic test or a postulated ATWS transient due to 

shielding by the thermal barrier.  

6.2.6 CONTROL ROD DRIVE MECHANISMS 

The results of the elastic stress analysis performed on the control rod 

drive mechanisms show that the cap (upper joint) experiences the maximum .  

stress intensity. The local menmrane plus bending stress intensity 

equals the emergency condition stress intensity limit of 1.8Sm at 3474 

psig and 6790F for this coniponent.  

6.2.7 RCS PRESSURE BOUNDARY VALVES 

To demonstrate structural integrity and operability for RCS pressure 

boundary valves, data was gathered on hydrostatic test results. The 

results of the hydrostatic test for valve bodies, bolts, and disks pro

cured to Section III of the ASME Boiler and Pressure Vessel Code are 

summarized below. In the development of this data for an ATWS event, a 

temperature of 550OF is assumed. This tenperature, which represents 

the normal RCS operating temperature, was selected because the pressure 

boundary valves are located in non-flow branch lines and would not be ( 
subjected to the ATWS thermal transient.  

6.2.7.1 Valve Bodies 

As required by Paragraph NB-3531 and Table NB-3531-9 of the ASME Boiler 

and Pressure Vessel Code, Section III all RCS pressure boundary valve 

bodies are hydrostatically tested at 5625 psig at ambient (1000F) 

te aperature. To compensate for material property degradation which



occurs at the :)E-ating temperature of 5500F, a ratio of stress intensities a, !C2OF and 55ooF is taken to scale the hydro test 
results to 550o.P Based upon this compensation for temperature, the 
hydrostatic test -esults provide verification of structural integrity 
for a pressure up to 4725 psig at 5500F.  

6.2.7.2 Valve ao;ting 

As mentioned previously, all RCS pressure boundary valves are subjected 
to a hydrostatic shell test. For those valves employing a body-to-bonnet 
bolted flange joint (typically globe and gate valves), the hydrostatic 
shell test is sý.iiicient to demonstrate structural integrity of the bolts. As required by Paragraph NB-3531 and Table NB-3531-g of the ASME 
Boiler and Pressure Vessel Code, Section I11, the hydrostatic shell test with bolting in- place is performed at 5625 psig at ambient (1000F) 
temperature. Using- the stress intensity ratios again to account for 
material degradation at 550OF, the test•ig pressure corresponds to 
4725 psig. Based upon these test results the structural integrity of 
valve bolting is ensured during an ATWS event.  

6.2.7.3 Valve Disks 

As required by Paragraph NB-3531 and Table NB-3531-6 of the ASME Boiler 
and Pressure Vessel Code, Section III, valve disks are hydrostatically 
tested at 3725 psia at ambient (1000F) temperature. This requirement 
to perform a disk hydrostatic test is contained directly or by reference 
in all equipment specifications for valves procured to the requirements 
of the ASME Code. To compensate for material property degradation which 
occurs at the operating temperature of 550 0 F, a ratio of stress 
intensities at 100OF and 550OF is taken to scale the hydrostatic 
test results to 550 0 F. Based upon this compensation for temperature, 
the hydrostatic test results provide verification of structural 
integrity for a pressure up to 3151 psig at 550 0 F. Additionally, 
following the tes:, the disk is exercised to demonstrate isolation valve 
operability at a :ressure of 31i51 psig.



6.2.7.4 Pressurizer Safety Valves

The structural integrity and operability of pressurizer safety valves 

procured to the requirements of the ASME Boiler and Pressure Vessel 

Code, Section III is demonstrated by satisfying the requirements of the 

ASME Code and the Westinghouse valve operability program. Under the 

ASME Code, a hydrostatic test of the valve inlet is performed at 3725 

psig (1.5 times the set pressure) at 6500F. Additionally, the valve 

body and outlet are hydrostatically tested at 2160 psig (1.5 times the 

secondary pressure) at 6500F. These hydrostatic tests demonstrate the 

structural integrity of ASME Code, Section Ill, pressurizer safety 

valves.  

The operability of pressurizer safety valves has been demonstrated as ( 
part of the Westinghouse valve operability program. In demonstrating 

operability of these valves faulted condition leads are applied to the 

valve after it has been pressurized to the system pressure. The pres

sure is then increased until the valve actuates. Actuation of the valve 

at the designated setpoint demonstrates the operability of the pres

surizer safety valves to perform its intended function. Operability 

testing of pressurizer safety valves has been performed under normal 

system and scaled down conditions.  

Additional testing of pressurizer safety valves is currently being 

planned by the Electric Power Research Institute (EPRI). The purpose of 

this testing is to evaluate the performance of the valves under the 

system and environmental conditions which are postulated during valve 

operation. This testing program will simulate flow conditions less 

severe than a postulated ATWS event. However, it may be possible to 

extrapolate the test results to ATWS conditions. Further, upon comple

tion of the initial test program an evaluation of the program will be 

made to determine the feasibility of performing full scale ATWS testing.



6.2.7.5 Pressurizer Power Operated Relief Valves

Pressurizer power operated relief valvos procured to the requirements of 

the ASME Boiler and Pressure Vessel Code Section III, exhibit the same 

structural characteristics for the body, bolting, and disks as these 

described in Sections 6.2.7.1, 6.2.7.2, and 6.2.7.3 for ASME Code Class 

1 valves.  

The proposed EPRI testing described in Section 6.2.7.4 will also include 

the pressurizer power operated relief valves.  

6.2.7.6 Summary 

Based upon the results of hydrostatic tests performed on valve bodies, 

bolts, and disks it is demonstrated that ASME Boiler and Pressure Vessel 

Code, Section IIl, RCS pressure boundary valves satisfy structural 
integrity and operability requirements for an ATWS event. Additionally, 

pressurizer safety and power operated relief valves procured to ASME 

Code, Section III are subjected to tests which demonstrate structural 

integrity. Operability of these valves under full flow conditions will 

be demonstrated by proposed industry testing which may be extrapolated 

to a postulate ATWS event through analysis or additional testing.  

6.2.8 PSARV DISCHARGE PIPING 

The pressurizer safety and relief valve (PSARV) discharge piping system 

provides overpressure protection for the reactor coolant system. If the 

pressurizer pressure exceeds the pressure set points, the three spring

loaded safety valves and the two power-operated relief valves lift and 
discharge steam and/or water depending on the condition of the pres

surizer at the time of valve lifting. The fluid, driven by high system 

pressure, generates transient hydraulic forces at each location where a 

change in flow direction or area occurs.



There are two distinct steps in the dynamic analysis of this PSARV dis

charge piping; 1' the development of time-history hydraulic forces to be 

applied at the nodes of the piping system and 2) a dynamic piping analy

sis of the model to determine the structural response due to the appli

cation of these forces. These two steps in the analysis process are 

further detailed below.  

After the development of the analysis techniques for the PSARV discharge 

piping application of the techniques to a standard PSARV discharge pip

ing layout will be performed. The results of such an analysis will 

provide an indication of the effect of an ATWS transient on this pip

ing. The techniques utilized in this analysis can be applied to all 

Alternative 3 plants. However, it is not apparent that the results 

obtained from the evaluation of the standard PSARV discharge piping 

layout would be applicable to a specific Alternative 3 plant because of 

the plant dependent nature of the layout (piping and supports).  

6.2.8.1 Methodology for Simulating Hydraulic Conditions 

The primary tool for determining hydraulic conditions during water solid 

discharge from pressurizer safety valves (as might occur during over

pressurization transients such as ATWS) is the ITCH (Implicit Transient 

CHaracteristic method) code. This code solves general transient one 

dimensional single or two phase flow problems in piping networks. The 

code uses an implicit numerical technique which is advantageous for 

transients where tracking high frequency pressure waves is not important.  

The current approach to calculating an overpressurization transient is 

to solve the problem in several steps as follows: 

1. Initial conditions are established by calculating steady steam flows 

from the pressurizer through the fully open safety valves down the 

piping system to the pressurizer relief tank. A simplified repre

sentation of the system is provided in Figure 6-1.



2. The transient is initated by introducing water at the outlet of the 

pressurizer at a pressure and tenperature typical of ATWS conditions 

(i.e., P r 2600 psia T -P 7000F).  

The water is assumed to have an Initial velocity which is the same 

as the steady initial steam flow.  

Between the steam which is initially in the outlet pipe of tie pres

surizer and the water being introduced a water/steam interface is 

assumed to exist. Because of the high pressure on the pressurizer 

side of the safety valve the water flowing from the pressruizer is 

.subcooled until it reaches the safety valve.  

3. A transient is run until the subcooled water reaches the safety 

valve. The velocity at which the water is moving just prior to 

reaching the valve determines the value for the hydraulic load on 

the valve.  

4. The problem is re-initiated after the water from the pressurizer 

penetrates the valve. The interface between the steam and water is 

removed. Due to the low pressure on the down stream side of the 

safety valve and the high water tenperature, the water is assumed to 

flash and choke in the valve.  

Homogeneous-equilibrium choking is assumed. The transient is then run 

until the flashing two phase mixture reaches the pressurizer relief 

tank. Hydraulic forces are determined by using momentum balances on the 

pipes and elbows.  

6.2.8.2 Dynamic PSARV Discharge Piping Analysis 

The loads imlposed on the piping and supports that result from the con

tinuous discharge of sub-cooled water through the safety and relief 

valves under a postulated ATWS condition must be analyzed using aporo

priate dynamic time-history methods. The loads on piping, sup:c-r*s, 

valves and equipment nozzles are all very sensitive to the R.'t (pip

ing and supports) of the system as noted above. "



Fluid acceleration inside the pipe generates reactor forces on all seg

ments of the line which are bounded at either end by an elbow or bend.  

Reaction forces resulting from fluid pressure and momentum variations 

are calculated. These forces can be expressed in terms of the fluid 

properties available from the transient hydraulic analysis. The momen

tum equation can be expressed in vector form as: 

Zýcv =c 2 +1'cc Y•(- .dA) 

From which the total force on the pipe can be derived: 

(1 - cos a,) (1 - cosa 2) 

pipe =F 1 -Fs F 2 -fslr sin ý fs 2 r 2  sin a 2 

r r_2 I-Cos a2 W 
r1  (1- cos al) aW + 2  2  w 

cc sin a1 a-t IBend I 9c sin a 2 at Bend 2 

1~ 5•" ci ct2W 

+c f traight at d 
cp pipe 

The terms are indicated on Figure 6-2 

Unbalanced forces are calculated for each straight segment of pipe from 

the pressurizer to the relief tank. The time-histories of these forces 

are stored on tape to be used for the subsequent structural analysis of 

the pressurizer safety and relief lines.  

The mathematical models for the safety and relief lines used in the 

dynamic seismic analysis are modified for the valve thrust analysis to 

represent the safety and relief valve discharge. The time-history 

hydraulic forces determined by the transient hydraulic analysis are 

applied to the piping system lump mass points. The dynamic solution for 

the valve thrust is obtained by using a modified-predictor-corrector

integration technique and normal mode theory.



The time-history solution is performed in subprogram FIXFM. The input 

to this subprogram consists of the natural frequencies and normal modes, 

applied forces, and non-linear gapped support elements, if required.  

The natural frequencies and normal modes for the modified pressurizer 

safety and relief line dynamic model are determined with the WESTDYN 

program. The time-history displacement response is stored on magnetic 

tape for later use in coaquting support loads and in performing stress 

evaluation of the pressurizer safety and relief line piping. The sup

port loads, F , are computed by multiplying the support stiffness 

matrix, K , and the displacement vector, A at the support point.  

The time-history displacements of the FIXFM subprogram are used as input 

to the WESDYN2 subprogram to determine the internal forces, deflections, 

and stresses at each end of the piping elements. For this calculation, 

the displacements are treated as imposed deflections on the pressurizer 

safety and relief line masses. The results of this solution are stored 

on tape for later use in the piping stress, support load and equipment 

nozzle evaluations.  

The loads and stresses resulting from the valve discharges are contined 

with the loads and stresses from other loading conditions as required 

and then evaluated to the Code equation 9 Level C condition limits.  

6.2.9 Pressurizer Relief Tank 

The pressurizer relief tank has been evaluated to determine the effect 

of pressurizing the tank to bursting. This postulated event conserva

tively assumes that the rupture disks, which are designed for over pres

sure protection, do not function as designed. The results of the evalu

ation indicate that the pressurizer relief tank will fail after the tank 

material's ultimate strength is exceeded in the area of a nozzle or 

other discontinuity. In this failure mode the material will separate 

and vent the internal pressure. The tank material will not fail in a 

brittle manner and fragmentation will not occur. This evaluation indi

cates that missiles from the pressurizer relief tank do not result from 

the postulated over pressurization of this tank .



6.2.10 Instrumentation 

Instrumentation which serves as part of the reactor coolant system pres

sure boundary is limited to resistance temperature detectors (RTDs) and 

various transmitters. Structural integrity of this instrumentation is 

demonstrated by a hydrostatic pressure test. Westinghouse identifies 

requirements for this pressure test in equipment specifications for the 

instrumentation. This test is performed at a pressure of 1.5 the design 

pressure.  

6.3 STEAM GENERATOR TUBE PLUGGING CRITERIA 

Westinghouse has evaluated the effects of steam generator differential 

pressure on tube plugging criteria for other transients which bound the 

ATWS transient. Specifically, WCAP-7832A evaluated the effects of local 

thinning due to wear and local crud accumulation at the tube supports on 

the burst strength of tubes. The results of the evaluation indicated 

that for a degraded tube with an infinitely long defect the burst pres

sure is approximately 2500 psi. For smaller length defects, the burst 

pressure is considerably higher. For exanple, the burst pressure for a 

one inch long part wall defect is approximately 4200 psig; for a one

half inch long defect the burst pressure is approximately 6200 psig.  

Westinghouse has also performed steam generator tube plugging analyses 

on a specific plant basis as required by Regulatory Guide 1.121.  

Although plant dependent, these analyses indicated results for burst 

pressure similar to those discussed above and in WCAP-7832A.



TABLE 6-1 
MAXIMUM PRESSURES FOR CC.PONEdTS 

EMERGENCY CONDITION 
MATERIAL, STRESS INTENSITY LIMITS MAXIMUM 

LOCATION AND TEMPERATURE m PRESSURE 

COMPONENT MATERIAL (OF) (psi) Ipsi) (psig) 

Reactor Shell & Head 700 1.0Sy 1.SSy a 3820 

Pressure SA533-B C1.1 33,100. 49,650.  
Vessel1.Sy=40 

Flanges 700 1.0Sy a l.SSy a 4490 

SASO C1.Z 33,100. 49,650.  

CROM Housing 700 1.2Sm = l.8Sm * 6690 

Flanges A182 20,040. 30,060.

Type 304 

CRDM Housing 700 1 .2Sm a 1 .8sm 3670. - CROM 

& Inst. Tubes 27,960. 41,940. 3510. - Inst.  

SB-I 67 
Tubes 

Nozzles 700 1.0Sy 1.5Sy a 3870.  

SA336 Gr. Fl .33,100. 49,650.  

Nozzle Safe 700 1.ZSm a 1.8Sm - 3200 

Ends 20,040. 30,060.  

SAl82-F316 

Studs 700 2.OSm = 3.0Sm w 3210 

SAS408-24CI.3 * 67,400. 101,100.  

Motor Tube 700 1.0Sy w 1.SSy a 5520 

AISI 74,000. 11T,000.  

Type 403 

Pressurizer Relief Nozzle 700 1.0Sy - 1.5Sy a 4200 

With Cast SA-216 WCC 32,400. 48,600.  
Heads 

40 

Surge Nozzle 700 1.0Sy 0 1.8sy, 

SA-216 WCC 32,400. 48,600.  

Manway Cover 700 1.0Sy a I.SSy a 4300 

SA-302-Gr. B 40,600. 60,900.  
2a.$way Bolts 700 2.OSm a 6600 

SA-193 B7 53,600. 80,400.



COMPONiENT 

Pressurizer 
With 
Fabricated 
Heads

Steam 
cenerator

MAT 
TEM 
(*F 

700 

700 

700 

700 

700

LOCATION AND 
MATERIAL 

Shell & Heads 
SA-533 Gr. A 
Cl.2 

Relief Nozzle 
SA-508 C1.2 

Surge Nozzle 
SA-508 Cl.2 

Manway Cover 
SA-302-Gr.. B 

Manway Bolts 
SA-193-87 

Tubesheet 
SA-508-CI.Z 

Tube SB-163 

Primary Head 
SA-216 Gr. WCC 

Primary Nozzle 
SA-216 Gr. WCC 

Manway Cover 
SA-533 Gr. A 
C1.1 

manway Bolts 
SA-193 87

700 

700 

700 

700 

700 

700

Maximum differential pressure (psi).

MAXIMUM 
PRESSURE 
(psig) 

4970

TABLE 6-1 (Cont) 
MAXIMUM PRESSURES FOR CO-IPONE;ITS 

EMERGENCY CO:NDITION 
ERIAL STRESS INTENSITY LIMITS 
IPERATURE Pm P P 

(psi) ips 

1.OSy 1 1.5Sy a 
60,000. 90,000.  

l.OSy a 1.5Sy a 
40,600. 60,900.  

1.0Sy - 1.SSy • 
40,600. 60,900.  

l.OSy - I.SSy a 
40,600. 60,900.  

2.OSm a 3.OSm a 
53,600. 80,400.  

1.0Sy a 1.SSy 
40,600. 60.900.  

1.2Sm - 1.8Sm a 
27,960. 41,940.  

1.0Sy a 1.sy a 
32,400. 48,600, 

1.OSy a 1.SSy a 
32.400. 48,600.  

1.OSy = l.Sy = 
40,600. 60,900.  

2.OSm - 3.0Sa a 
53,600. 80,400.

z980a 

2980a 

4150 

4150 

4300 

6600

(

(

3780 

4450 

4300 

6600



TABLE 6-1 (Cont) 
MAXIMUM PRESSURES FOR COIPO:JENTS

EMERGENCY COJDITION 

MATERIAL STRESS INfTENSITY LIMITS MAXIMUM 
LOCATION AND TEMPERATURE Pm PL + PB PRESSURE 

COMPONENT MATERIAL (*F) (psi) (psi) (psig) 

Piping SA-376 700 2.Z5Sm - 1.SP a 3727 
Type 304 35,775. 3727 

SA-351 700 2.25Sm - 1.5P = 3727 
Gr. CFBM 41,400. 3727 

SA-403 700 2.25Sm - 1.5P - 3727 
Gr. WP304 36,000. 3727 

Reactor Casinq 6 5 9 b 1.2Sm - I .8Sm a 3334 
Coolant SA35]-CF8 18,360. 27,540.  

Main Flange 2 2 0 b 1.2Sm a 1.8Sm a 3544 
SA182-F304 24,000. 36,000.  

Main Flange 15 0 b 2.OSm " 3.OSm a 3231 
Bolts 78,200 117,300 
SA540-Cl .4 
Gr. B24

Full Lengt 
Control Ro 
Drive 
Mechanism

Latch Housing 
SA351 Gr. CF8

Rod Travel 
Housing 
SA336 Gr. F8 

.CAP SA479 
Gr. 304 

Canopy 
.SA351 Gr. CF8

bNaterial temperature obtained from a thermal analysis of the component.

679 

679 

679 

679

1.2Sm a 
18,266.  

1.2Sm a 
19,226.  

1.2Sm 
19,226.  

1.ZSm • 
18,226

1.85m a 
27,399.  

1.8sm a 
28,839.  

1.8Sm = 
28,839.  

1.8Sm 
28,839

4376 

4149 

3474 

3794

:h 
)d



TABLE 6-1 (Cont) 
MAXIMUM PRESSURES FOR COMPONE.*TS

EMERGENCY CONDITIO3 
STRESS INTENSITY LIMITS 

MATERIAL Pm PL IAXIMUM 
LOCATION AMD TEMPERATURE L + PRESSURE 

COMPONENT MATERIAL (*F) (psi) (psi) (psig)

Part Length 
Control Rod 
Drive 
Mechanism

Rod Travel 
Housing 
SA336-Gr. F8 

Jack-Screw 
SA453 Type 660

679 

679

1.2Sm a 
19,226.  

2sm 
53,682.

1.8Sm a 
28,839.  

3Sm a 
80,523.

3651 

5324

Ci

(,
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7.0 CONTAINMENT PRESSURE

Under ATWS high pressure transients, the relief and safety valves on the 

pressurizer will open. First steam and later water, which flashes to 

steam, are released through the valves. The high pressure will cause 

the rupture disk on the pressurizer relief tank to blow, releasing the 

contents and all further blowdown into containment.  

At the beginning of the containment pressure buildup, the only major 

source of heat removal in the containment is heat transfer by 

condensation and convection to structures within the containment (i.e., 

walls, floors, decking etc.). The fan coolers will be turned on by an 

SI signal and will also begin to remove heat.  

When the heat sinks and fan coolers are capable of removing more heat 

than is added by the valve release, or when the valves reseat due to the 

decreased RCS pressure, the containment pressure will begin to decrease.  

The accidental depressurization of the reactor coolant system is the 

most severe containment pressure transient resulting from an AIWS condi

tion. The resulting containment pressure due to this transient is far 

below the containment pressure design limit, and is much less severe 

than the loss-of-coolant-accident. (See Figures 5.4-7 and 5.4-8 and 

Section 5.4).



8.0 RADIOLOGICAL ASSESSMENT OF ATWS TRANSIENTS

The ATWS transients given to NUREG-0460 were reviewed to determine the 

limiting transients from a radiological standpoint. Factors which are 

important to the determination are: steam generator water level, steam 

generator atmospheric relief and RCS pressurizer relief. Based on these 

considerations, the list of APSIS transients was reduced to two tran

sients. The accidental depressurization transient results in the 

largest release through the pressurizer-containment pathway while the 

loss of load transient results in the largest release through the steam 

generator relief pathway. The details of the radiological analyses of 

these two transients are given below.  

8.1 INITIAL CONDITIONS 

A four loop plant with a 3565 megawatt core thermal rating was chosen as 

the reference plant. Based on previous analyses, this reference plant 

will result in the largest releases of radioactivity. The initial 

conditions assumed for the reference case for each transient are given 

in Table 8-1.  

8.2 GENERIC TRANSIENT CONDITIONS 

There are several facets of the radiological model which are counon to 

both ATWS transients analyzed and described in the following sections.  

The assumptions common to both ATWS transients are described in Table 

8-2 and are used in the analyses as appropriate. Some of the parsoeters 

listed in Table 8-2 are further discussed below to indicate the ration

ale for the choice of numerical valves.  

8.2.1 CONTAINMINT ISOLATION 

Generically, containment isolation for Westinghouse PWI's occurs upon 

receipt of one of the following signals:



1. Safety injection signal or,

2. High containment pressure signal.  

Isolation of containment purge ventilation is also acconmplished upon a 

high radiation signal from radiation monitor in the purge system exhaust.  

For the ATWS dose evaluation, it was assumed that since there is no 

automatic reactor trip and no automatic safety injection, there is no 

containment isolation from a safety injection signal. This assumption 

is made to be consistent with the remainder of the ATWS analyses in 

spite of the numerous signals available to generate a safety injection 

signal.  

Further, it was assumed that there is no containment isolation signal 

generated from a high containment pressure signal. Die to the diversity 

in containment designs, high containment pressure setpoints and contain

ment purge system designs, it could not be assured that a containment 

isolation signal upon high containment pressure would be generated for 

all plants under consideration for ATWS transients occuring during con

tainment purging at power operation. Considerations also included the 

argument that there would be some ATWS event that would not generate a 

containment isolation signal from high containment pressure (e.g. a 

partially stuck open pressurizer relief valve) that would have to be 

determined and analyzed. This need to consider a spectrum of ATWS 

events in light of specific plant designs is circumvented by assuming 

that the high containment pressure signal to isolate containment is not 

generated, thus providing a bounding dose evaluation.  

Finally, isolation of containment purge via the high radiation level in 

the purge system was not taken into account, although it would be ex

pected to take place. The rational is similar to that above in that the 

monitor setpoint and purge system design varies from plant to plant.  

The assumption of no credit for this isolation signal allows the use of 

manual isolation at ten minutes to be a bounding generic case. It is 

noted here that the containment air gas and particulate monitors ýo not 

generally provide a containment isolation signal.



For the reasons given above, no credit for automatic containment isola

tion until ten minutes into the ATWS transient has been assumed. At ten 
minutes into the transient, it has been shown that sufficient informa

tion is available to the operator such that manual reactor trip and 

safety injection can be accomplished. The safety injection signal 
(manually generated) will generate a containment isolation signal or the 

isolation signal can be generated independent from SI.  

It is expected that containment purge isolation will be accomplished 

very early in the transient resulting in containment pressures similar 

to those calculated for the case of an isolated containment and given in 
Figure 5.4-2. The containment leakage contribution to the total offsite 

dose is based on this containment pressure figure. ( 
Finally, no credit is taken for primary coolant cleanup via the CVCS 

during the ATWS event due to the likelihood of containment isolation 

affecting this pathway.  

8.2.2 RELEASES TO CONTAINMENT 

The ATWS dose analysis assumes a retention factor of 1 for RCS leakage 

to containment during the ATWS event. The RCS leakage value of 50 

lb/day to containment atmosphere includes a retention factor of 1.0, 
consistent with the NRC position in the February 15, 1979 letter (page 

39) and NUREG 0460, Volume 2. Retention factors greater than 1.0, based 
on enthalpy of the released fluid, have been used for releases to con
tainment from open pressurizer relief valves. It was also assumed that 

0.01 of the iodine in the unflashed portion of the release from the 
pressurizer relief valves is volatized to containment atmosphere. These 

assumptions are consistent with the NRC position as given in note 7, 

page 39 of the February 15, 1979 letter and Appendix XVII, page 67 of 

NUREG-0460.  

8.2.3 RETENTION OF IODINE IN STEAM GENERATORS 

For calculation of releases from steam generators, NUREG-0409 was used 

since this document represents the latest staff position with respect to



iodine retention in PWR steam generators. Specifically, the Appendix to 

Standard Review Plan 15.1.5 states that a value of 100 may be used if 

there is no steam generator dryout and a value of 1 for periods of 

dryout.  

8.3 ACCIDENTAL DEPRESSURIZATION 

This transient is defined as the accidental opening of a pressurizer 

safety valve. The system parameters used in the radiological analysis, 

obtained from the LOFTRAN computer code, are given in Table 8-3. No 

fuel clad damage is predicted for this transient. For this transient, 

it is assumed that offsite power is available so that the condenser is 

available for steam dump during the transient and the subsequent cool

down. At 10 minutes into the transient, operator action to trip the 

reactor, initiate safety injection and isolate the containment was 

assumed.  

Prior to containment isolation, it was assumed that all discharge from 

the pressurizer was released directly to the atmosphere with a retention' 

factor based on the enthalpy of the released coolant. The retention 

factor was defined by assuming that all of the coolant which flashes is 

directly released along with 0.01 of the unflashed portion. This 

resulted in retention ranging from 2 in the initial stages of the acci

dent to 100 after the coolant temperature was brought below 212oF.  

Following containment isolation, it was assumed that the released acti

vity mixed completely in a containment volume of 2 x 106 cubic feet.  

As shown in WCAP-8330, Appendix D, the containment pressure from this 

ATWS transient is only a fraction of that predicted from a major LOCA 

transient. The radiological assessment was performed assuming that the 

containment pressure is such that the containment leaks at one-sixth of 

the design leak rate of 0.1 percent per day. This contribution was 

found to be less than a few percent of the total dose predicted for this 

transient.



The assessment also assumed an iodine spiking factor of 500 applied to 

the steady-state release rate of activity from fuel to coolant for the 

initial four hour period of the transient.  

Leakage to containment from reactor coolant system valves, flanges etc.  

was assumed throughout the transient as shown in Table 8-2. It was also 

assumed that the residual heat removal system leaks at its design rate 

for the period of time when the system is in service as shown in Table 

8-2.  

Since condenser vacuum is maintained for this transient, the only 

release path to the environs from the secondary side is via the conden

ser air ejector. Since the pressure differential across the steam gen- ( 

erator tubes does not exceed the pre-accident value, it is assumed that 

the primary to secondary leakage remains at its pre-accident value. All 

noble gases in the primary to secondary leakage are assumed released 

while a retention factor of 133.3 (per NUREG-017) was applied to the 

iodine leakage.  

It is assumed that cold shutdown is achieved 30 hours after the accident 

initiation thus terminating activity release.  

8.4 LOSS OF LOAD 

This accident is defined as the loss of condenser vacuum. The system 

parameters used in the radiological analysis, obtained from the LOFTRAN 

computer code are given in Table 8-4. No fuel clad-damage is predicted 

for the transient. For this transient, it is assumed that condenser 

vacuum cannot be restored and cold shutdown must be achieved using atmo

spheric steam dump and the RHR system. At 10 minutes into the tran

sient, operator action to trip the reactor, initiate safety injection 

and isolate containment is assumed.  

Prior to containment isolation, it was assumed that the discharge from 

the pressurizer was released directly to the atmosphere with a retention 

factor of 2 based on the enthalpy of the release. No pressurizer relief 

is indicated after containment isolation, thus, no contribution from the 

containment pathway is assumed following containment isolation.



The peak pressure differential across the steam generator tubes during 
the transient is 1902 psid. Based on experimental studies by Westing
house, the primary to secondary leak rate for a technical specification 
leak of 0.3 gpm at normal pressure differential would only increase to 
0.066 pound per second. A graphical representation of the results of 
this experiment are" given in Figure 8-1. However, to comply with the 
specifications of NUREG-0460, a total primary to secondary leak rate of 
2 gpm was assumed for the entire accident sequence. All noble gases in 

the leakage were assumed to be released directly to atmosphere. A 

retention factor of 1 was applied to all iodines for times that the 

steam generator water level was below 1600 cubic feet (approximate top 
of the tube bundle) and a retention factor of 100 for times that the 
water level is above 1600 cubic feet, based on the model given in NUREG
0409 and SRP 15.1.5. These retention factors, applied to the atmosphe

ric relief valve flow rate determine the iodine releases from the atmo

spheric steam dump.  

The assessment also assumed an iodine spiking factor of 500 applied to 

the steady-state release rate from fuel to coolant for the initial four 

hour period of the transient.  

As in the assessment of the consequences of the depressurization tran

sient, RCS leakage to containment from valves, flanges etc. and RHR 
leakage was assumed as given in Table 8-2.  

It is assumed that cold shutdown is achieved 30 hours after the accident 
initiation thus terminating releases to the environs.  

8.5 ADDITIONAL SINGLE FAILURES 

In order to comply with the specifications of NUREG-0460, the effect of 

second single failures have been analyzed for each of the reference 
cases described above. The second single fai lures analyzed, as speci
fied in NUREG-0460, are a pre-existing iodine spike and the failure of a 
pump seal in the residual heat removal system.



The first additional single failure is operation prior to the trnsiot 
with a reactor coolant iodine activity of 60 pjCi/gm of dose equivalent 
iodine-131 (technical specification limit). This is a result of reactor 
operations producing a "pre-existing" iodine spike.  

The second additional single failure analyzed is the failure of a pump 
seal in the RHR system. It is assumed the seal failure occurs at the 
time RHR cooling is initiated (6 hours after the transient Initiation 
for both reference cases). A pump seal failure in the RHR system would 
result in the release of 50 gpm of primary coolant. It is assumed that 
such a leak would be isolated within 30 minutes by operator action.  
Based on the enthalpy of reactor coolant at 6 hours, a retention factor 
of 10 was assumed. ( 

8.6 DOSE MODELS 

The calculated releases of noble gas and iodine activity were translated 
to doses using accepted NRC models from Regulatory Guide 1.4. Dose 
conversion factors for translating inhaled iodine activity to thyroid 
doses were taken from Regulatory Guide 1.109.  

Atmospheric dispersion factors used in the analysis were determined as 

follows: 

1. For the reference case, a fifth percentile, two hour dispersion 
factor and a fifth percentile, sixteen hour dispersion factor were 
defined. The basis for the numerical values was that it should be 
equal to the highest values used in accident analyses in safety 
analysis reports for Westinghouse plants. Values of 1.8 x 10-3 
sec/O 3 and g x 10-4 sec/m3 at the site boundary and 6 x 10-4 
sec/m3 and 2 x 10-4 sec/m3 at the LPZ for the 2 hour and 16 
hour time intervals were chosen.  

2. For additional single failure cases, a fiftieth percentile, two hour 
dispersion factor and a fiftieth percentile, sixteen hour dispersi.on



factor were defined on the same basis as above. A fiftieth percen

tile value of 2.9 x 1 0 -4 sec/m 3 at the site boundary for the 2 

hour time interval and fiftieth percentile values of 6.5 x 10-5 

sec/m3 and 3.0 x 10-5 sec/m 3 at the LPZ for the 2 hour and 16 

hour time intervals were chosen.  

8.7 RESULTS 

The results of the ATWS dose analysis are given in Table 8-5. The table 

presents results for the accidental depressurization transient and the 

loss of load transient. Table 8-6 gives the results for the additional 

single failure studies for each transient.  

Based on the results of these analyses, it is concluded that the offsite (1 
doses from ATWS transients are well within 1OCFR100 guidelines and do 

not compromise the health and safety of the public. There is sufficient 

margin in many assumptions such that these generic results should bound 

any plant specific analyses, thus negating the need for plant specific 

ATWS analyses.

*



TABLE 8-1

INITIAL CONDITIONS FOR ATWS DOSE ANALYSIS

3565 1Wt 

4 

2.5 x 108 

1.6 x 108 

75 gpm

Plant Power Level 

Number of Loops 

Reactor Coolant Volume 

Total Secondary Water Volume 

Letdown Purification Flow 

RCS activity 

Steam Generator Leak Rate 

Secondary Activity

gm 
, F

ANSI N 237 x 1.2 (equi

valent to 0.5 iuCi/gm 

dose equivalent 1-131) 

I gpm total 

ANSI N 237 times 1.2 and 

adjusted for increased 

leak rate



TABLE 8-2

TRANSIENT CONDITION OF ATWS

Containment Volume 

Containment Isolation Time 

Fraction of Containment Volume 

Used for Mixing Before Isolation 

Fraction of Containment Volume 

Used for Mixing After Isolation 

Containment Design Leak Rate 

RCS Letdown Purification Flow 

Iodine Spiking - fuel to coolant 

release rate 

Primary-to-secondary leak rate 

RCS leak rate to containment 

atmosphere 

RHR leakage to auxiliary building 

Retention Factor for Primary to Secondary 

leakage 

Retention Factor for RHR leakage

Retention Factor 

Retention Factor 

discharge

between SG and air ejector 

for Pressurizer Relief

2.0 x 106 ft 3 

10 minutes 

0.0 

1.0 

0.1% per day at 50 psi 

0 gpm 

500 times Steady-State 

Rate 

2 gpm total 

50 lb/day 

1600 cc/hr 

1.0 SG tubes uncovered£1 J 

100 SG tubes covered 

Based on enthalpy plus 100 

for unflashed leakage 

133.3 

Based on enthalpy plus 100 

for unflashed relief

(1)per NUREG 0409 and NRC SRP 15.1.5, rev. 1.



TABLE 8-3

ATWS ACCIDENTAL RCS DEPRESSURIZATION

RC S 
Pressure 
(psia) 

2250 
1548 
1159 
918 
768 
645 
543 
750 
1000 
1000 
700 
450 
400 
200 
100 
100

RCS Tem 

592 
575 
544 
519 
501 
484 
468 
450 
450 
450 
425 
400 
350 
300 
250 
200

- At 3600 sec, RCS temp reduction at 50OF per hour, pressure follows at Psat for temperature at 500F.

LOFTRAN run to 600 sec.  
containment isolation.  

No fuel clad damage.

At 600 sec, assumed operator actions of reactor trip and SI initiation and At 1/2 hour, operator initiates 50OF/hr cooldown and reduces RCS pressure.

Time 

0 
100 
200 
300 
400 
500 
600 
900 
1200 
1800 
3600 
2 hr 
3 hr 
4 hr 
6 hr 
6 - 30 hr

Secondary 
Pressure 
(psia) 

987 
884 
730 
617 
540 
470 
408 
450 
500 
500 
500 
400 
300 
200 
200 
100

SG Water 
Vol1 yne 
(ft) 

2000 
1983 
2056 
2155 
2210 
2254 
2287 
2250 
2250 
2250 
2250 
2250 
2250 
2250 
2250 
2250

Integrated 
Prz Flow 
(1b) 

0 
9009 
16170 
22012 
27700 
32926 
37546 
54106 
71164 
105280 
188654 
343654 
480454 
570454 
656854 
72000 lb/hr

Integrated 
SG Relief Flow 
(1b) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0



TABLE 8-4 

ATWS LOSS OF LOAD

RCS 
Pressure 
(psia) 

2268 
2533 
2527 
2204 
1907 
1652 
1587 
1221 
1479 
2187 
2200 
1000 
750 
500 
400 
400

RCS 
Tem (OFf 

589 
625 
661 
652 
637 
620 
608 
550 
500 
500 
450 
400 
350 
300 
200 
200

- No fuel clad damage.  

- Maximum RCS pressure 3136 psia @ 125 sec - Ap across SG - 1902 psid.  

- Operator Action @ 600 sec to trip reactor, initiate SI, isolate containment.  

- Operator Action @ 34.5 min to control aux feed to maintain - 2000 ft 3/SG.  

- Operator Action @ 30 min to decrease RCS temp by 500 F.  

- Operator Action @ 1 hr to bring reactor cold shutdown @ 50DF/hr using steam dump from secondary 
power operated relief valves.

T ime 

0 
100 sec 
200 sec 
300 sec 
400 sec 
500 sec 
600 sec 
900 sec 
1200 sec 
1800 sec 
3600 sec 
2 hr 
3hr 
4 hr 
6hr 
6-30 hr

Secondary 
Pressure 
(psia) 

921 
1234 
1234 
1234 
1234 
1234 
1234 
1053 
820 
580 
1000 
700 
500 
400 
300 
200

SG Water 
Vol £m 
(ftJ) 

2000 
261 
21 
40 
56 
90 
131 
539 
981 
1738 
2000 
2000 
2000 
2000 
2000 2000

Integrated 
Prz Flow 
(1 b) 

0 
5310 
86940 
92120 
92120 
92120 
92120 
92120 
92120 
92120 
92120 
92120 
92120 
92120 
92120 
92120

I ntegr ated 
SG Relief Flow 
(1b) 

0 
308790 
369580 
389580 
410580 
429600 
447080 
459431 
459431 
459431 
551264 
743264 
935264 
1127264 
1511264 
1511264

I



TABLE 8-5

SUMMARY OF RESULTS REFERENCE CASE

2 HOUR SITE 
BOUNDARY DOSE(REM)

30 HOUR LPZ 
DOSE (REM)

I. Accidental Depressurization 

Thyroid 

Gamma 

Beta 

II. Loss of Load 

Thyroid 

Gamma 

Beta

11.2 
0.043 

0.051

3.9 
0.015 
0.017

25.9 
0.088 

0.12

8.8 
0.029 

0.040



TABLE 8-6

SUMMARY OF RESULTS ADDITIONAL SINGLE FAILURE ANALYSIS 

2 HOUR SITE 30 DAY LPZ 
BOUNDARY DOSE (REM) DOSE (REM) 

I. Accidental Depressurization 

A. Pre Existing Spike 
Thyroid 59.6 13.4 
Gamna 0.13 0.03 
Bet a 0.04 0.009 

B. Failure of RHR Pump Seal 
Thyroid 1.8 0.59 
Gamna 0.007 0.003 
Beta 0.008 0.003 

II. Loss of Load 

A. Pre Existing Spike 
Thyroid 138.0 31.0 
Gamna 0.3 0.07 
Bet a 0.1 0.02 

B. Failure of RHR Pump Seal 
Thyroid 4.1 1.3 
G arma 0.02 0.004 

Bet a 0.03 0.005



Leakage Rate -vs- Pressure for 0.3 GPM Leak at-
100% Power

Data recorded while 
decreasing differential 
pressure

10"1 

9 

8 

7 

6 

5 

4 
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9.0 PLANT MITIGATING SYSTEMS

The NRC has issued a supplement to its ATWS position of April 1978 

(NUREG-0460, Volumes 1 and 2). In this supplement, designated Volume 3 

of NUREG-0460, the NRC allows that ATWS need not be a design basis acci

dent (DBA) and outlines four possible alternative solutions to the ATWS 

problem, each with its own assigned level of protection. The hardware 

modifications required for each NSSS design range from doing nothing 

(Alternative No. 1) to the installation of back-up scram systems and 

additional safety valves on some types of PWR's.  

The hardware modifications specified for Westinghouse PWR's are identi

cal for each of the three alternatives for which equipment modifications 

are required (Alternatives 2, 3, and 4). The NRC proposes that Westing

house plants be equipped with AMSAC (Alternate Mitigating Systems Actu

ation Circuitry) as the necessary plant modifications to resolve the 

ATWS issue.  

Westinghouse has shown in WCAP-8330 and in subsequent NRC submittals 

that the Westinghouse NSSS design can withstand the consequences of the 

postulated ATWS events. There are only two functions that are needed to 

mitigate the consequences of the most severe ATWS events prior to pro

ceeding to long term shutdown conditions. These functions are the actu

ation of the auxiliary feedwater system and the tripping of the main 

turbine for those events that result in a potential loss of heat sink 

such as the loss of load or the loss of main feedwater. Normally, these 

functions are obtained via the reactor scram signal and through solid 

state protection system (SSPS) logic. Since these are postulated to be 

unavailable during an ATWS, another method of guaranteeing auxiliary 

feedwater and turbine trip, which is independent of the scram system and 

unaffected by a common mode fault (CMF) in the SSPS, is required.  

ATWS events that do not lead to a loss of heat sink do not need short 

term mitigating actions. For example, a rod withdrawal ATWS will result 

in nominal power being re-established at an average coolant temperature



a few degrees higher than nominal. The excessive load increase tran

sient does not require a reactor trip, so short term mitigating actions 

are moot. The ATWS events that result in a reduction of secondary side 

inventory, or loss of heat sink, need mitigating actions to re-establish 

the heat sink. This means actuation of the auxiliary feedwater systems 

to supply cooling water to the steam generator and tripping the main 

turbine, if it hasn't already been tripped as in the loss of load tran

sient, so that the rate of loss of secondary inventory can be reduced.  

Given an ATWS event, if the assumed postulated common mode failure (CMF) 

is mechanical in nature, i.e., in the rod drives or vessel internals, 

then the mitigating functions of auxiliary feedwater and turbine trip 

would be provided by the existing NSSS protection system. If the CMF is ( 
electrical in nature (i.e., protection logic or main scram breakers) 

then an AMSAC system as noted above must be provided.  

A review of many Westinghouse PWR's has shown that many of the features 

of AMSAC are available in the balance of plant (BOP) design. These BOP 

features can be used to mitigate the consequences of ATWS. Table 9-1 

shows a summary of the most severe ATWS events and the required 

functions for effective mitigation.  

9.1 DESCRIPTION 

The Alternate Mitigating Systems Actuation Circuitry (AMSAC) for plants 

with Westinghouse PWR's utilizes balance of plant features as diverse 

backup for the Reactor Protection System (RPS). The design bases for 

AMSAC are discussed in Section 9.2. The function of AMSAC is to provide 

an alternate means to Initiate auxiliary feedwater and trip the main 

turbine given a low probability ATWS event. Therefore, all of the Class 

1E requirements Imposed upon the RPS do not apply to AMSAC. Although 

all criteria for Class 1E systems does not apply to AMSAC, this does not 

.4'mply that AMSAC does not meet any Class 1E criteria. AMSAC equipment 

is designed and procured to high quality standards. Because of its 

backup role to RPS, certain Class 1E requirements are factored into



AMSAC, placing it into the category of more than "control grade* but 

also not completely "protection grade*. Section 9.3 evaluates AMSAC and 

provides justification where a specific criterion does not apply.  

9.2 AMSAC DESIGN BASES 

9.2.1 CONDITIONS REQUIRING AMSAC ACTIONS 

Section 5 of this report provides the analytical basis for the AMSAC 

design. A summary of the station conditions for ATWS which may require 

AMSAC action is given in Table 9-i. It is important to keep in mind 

that ATWS is applicable only to Condition I and II events; therefore 

AMSAC should not be considered as an alternate mitigation system for 

Condition III and IV accidents. The conclusion to be drawn from Table 

9-1 is that AMSAC is required to function for those Class I and II 

events that result in a loss of heat sink such as loss of load or the 

loss of main feedwater in conjunction with the hypothesized failure of 

the RPS.  

9.2.2 VARIABLES REQUIRED TO BE MONITORED BY AMSAC 

For plants with Westinghouse NSS Systems, there are only two functions 

needed to mitigate the consequences of the most severe ATWS events prior 

to proceeding to a long term shutdown condition. These functions are 

actuation of the auxiliary feedwater system and the tripping of the main 

turbine. Table 9-2 lists the variables monitored by AMSAC to provide 

these functions. Selection of these variables maintains independence 

between AMSAC and the RPS. In other words, the variables used by AMSAC 

to initiate its action are not the same variables used by RPS to ini

tiate an action to protect against the same transient.  

9.2.3 NUMBER AND LOCATION OF SENSORS FOR AMSAC 

The type of sensors used to monitor the variables given in 9.2.2 above 

are also indicated on Table 9-2. Many of these sensors are located in 

the auxiliary building or turbine building to obtain the most direct 

indication of loss of heat sink.



Redundant ten-ing of the variables for AMSAC is not a requirement since 

it need not conform to the single failure criterion. AMSAC is an alter

nate to RPS for ATWS events. A failure of RPS which gives the ATWS is 

the assumed failure and as such, a failure of AMSAC need not be hypothe

sized. in similar fashion, an RPS failure need not be assumed given an 

AMSAC failure, hence there is no ATWS. Diversity and independence allow 

this conclusion to be reached considering the low probability of simul

taneous failure of AMSAC and a conmnon mode failure of RPS.  

Although AMSAC need not meet single-failure criteria from a regulatory 

viewpoint, operational considerations and good engineering practices 

dictate that certain portions of AMSAC be made redundant. This "ill 

prevent failure of an AMSAC component from spuriously initiating the 

auxiliary feedwater, or tripping the turbine. It provides operational 

flexibility for maintenance and testing of the AMSAC equipment.  

9.2.4 OPERATIONAL LIMITS FOR AMSAC VARIABLES 

AMSAC should be capable of initiating its actions only above P-8 power 

level (the value of P-8 is plant specific but is in the range 30-60% 

power). Cooldown considerations due to injection of colder auxiliary 

feedwater below P-8 power level dictate that AMSAC be administratively 

blocked below that power level. The analyses in WCAP-8330 establish the 

bases for such a limitation on low power modes of operation.  

9.2.5 AMSAC SETPOINTS AN4D MARGINS 

Table 9-1 lists the conditions for which AMSAC must initiate actions.  

Selection of the setpoints for these variables shall be chosen to allow 

sufficient response to assure timely initiation while at the same time 

avoiding overly restrictive operation and reduce the probability of 

spurious initiation.  

9.2.6 RANGE OF TRANSIENT AND STEADY-STATE CONDITIONS THROUGH WHtCH 

AMSAC MUST OPERATE 

AMSAC initiation is only required for Condition I and II events given 

the hypothetical common mode failure of the RPS. The equipment in AMSAC



shall be qualified to or protected from the environmental conditions associated wi-th the Condition I or :7 events for which it may have to mitigate the effects. AMSAC equipment need not be qualified to survive Condition III or IV events such as LOCA or high energy line break environments. The equipment shall be seismically qualified consistent with 
the practical location of the equipment (Section 9.3.4).  

9.2.7 PROTECTION OF AMSAC EQUIPMENT AGAINST FIRES, MISSILES, FLOODS, 
ETC.  

The RPS is designed such that credible fire, flood, missiles, etc.  should not destroy redundant channels. Such events should not destroy 
the independence between RPS and AMSAC (Section 9.3.5).  

The AMSAC equipment will be located or protected to the extent practical to ensure its capability to initiate its functions during and following natural phenomena as credible to the Plant site, such as fires, missiles, floods, etc. Functional capaoility will be maintained despite 
degraded conditions that may exist in the plant due to credible events 
such as fires, missiles, floods, etc.  

9.2.8 MINIMUM PERFORMANCE REQUIREMENTS FOR AMSAC 

System response time, accuracy, and ranges for AMSAC initiation shall be consistent with the functional requirements of the mitigation while at the same time permitting maximum operational flexibility.  

The analysis presented in Section 5 assume that auxiliary feedwater be started within 60 seconds of initiating event and the main turbine be tripped, if applicable, within 30 seconds. The final ANSAC design will 
comply with these requirements.  

9.3 EVALUATION OF AMSAC 

This section discusses the conformance of AMSAC to applicable criteria.



9.3.1 GENERAL FUNCTIONAL REQUIREMENT

AMSAC will automatically initiate its actions for the conditions given 
in paragraphs 9.2.1. under the operating modes set forth in paragraph 

9.2.4. As previously stated, AMSAC functions are to: 

1. Initiate injection of auxiliary feedwater into the steam generators, 

and 

2. Trip the turbine.  

for Condition I and II events involving loss of load, loss of main feed
water, or loss of offsite power in conjunction with the hypothesized 
common mode failure of the RPS.  

9.3.2 SINGLE FAILURE CRITERION 

No single failure in AMSAC shall degrade the performance of the RPS, and no failure of the RPS shall degrade AMSAC. AMSAC does not need to be 
designed to the single failure criterion since it functions only to 

backup the RPS. It is not credible to assume the common mode failure of 
the RPS and a simultaneous random failure of the diverse AMSAC equip
ment. However, as stated in 9.2.3 operational considerations and good 
engineering practices do dictate some level of redundancy within certain 
portions of AMSAC. Therefore, redundant sensors and coincident logic 
have been incorporated into some parts of AMSAC. This will permit 
flexibility for testing and maintenance, and will also prevent a failure k 
from spuriously initiating AMSAC or causing loss of the station's gen

erating capacity.  

9.3.3 QUALITY OF COMPONENTS 

AMSAC equipment is designed and procured to high quality standards.  
Although the total system need not meet all of the many Class 1E 
requirements, the system does meet some of the criteria as discussed in 
Section 9.2. Many of AMSAC individual components in fact are identical 

to those used in other Class 1E applications.



9.3.4 QUALIFICATION

AMSAC is qualified to perform its function during the Condition I or II 

events which it is required to mitigate. Condition III and IV accident 

environments are not applicable to AMSAC qualification since those 

events are not part of its design bases. AMSAC equipment will be 

seismically qualified consistent with its intended location.  

9.3.5 AMSAC INTEGRITY 

Common mode mechanisms such as credible fires, floods, or missiles 

should not destroy the independence between AMSAC and RPS, just as those 

events should not destroy multiple channels of the RPS. It is not cred

ible to assume the random occurrence of a flood, earthquake, or fire, 

etc., simultaneously with a common mode failure of the RPS giving an 

ATWS requiring AMSAC protection.  

9.3.6 INDEPENDENCE 

The AMSAC equipment is independent from the protection system and is 

physically separated from the RPS. AMSAC circuits shall not be run with 

any of the protection system channels or trains. Where AMSAC signals 

must actuate the same final device that a protection signal actuates, 

acceptable isolation devices shall be used to assure independence.  

Isolation devices will serve to prevent credible faults such as open 

circuits, or applied credible voltages in one circuit from being propa

gated to another circuit where independence of the two circuits will be 

required. AMSAC circuitry can be run with other control signals without 

jeopardizing independence from the RPS.  

9.3.7 AMSAC AND RPS INTERACTION 

AMSAC performs no control function; that is, it does not operate to keep 

the plant within operational limits. It is a mitigation system capable 

of initiating auxiliary feedwater and tripping of the turbine. Spurious



initiation of these two functions due to an AMSAC failure does not lead 

to an unanalyzed condition. Furthermore, Such a failure in AMSAC can 

not degrade the RPS to prevent it from performing its protective func

tion.  

If protection system signals are used in AMSAC, transmission of those 

signals to AMSAC shall be through means of appropriate isolation 

devices. In places it may be necessary to combine AIMSAC and RPS 

initiating signals at the same final actuated device. If so, isolation 

devices shall be used to assure independence of RPS and AMSAC.  

9.3.8 DERIVATION OF AMSAC INPUTS 

Section 9.2.2 identifies the variables required to be monitored by 

AMSAC, and Section 9.2.3 identifies the sensors monitoring those vari

ables. Variables monitored by AMSAC are not the same variables used by 

RPS to initiate an action to protect against the same transient. This 

maintains functional diversity between AMSAC and the RPS.  

9.3.9 SENSOR CHECKS 

Sensors used by AMSAC shall be capable of being periodcally checked.  

Where it is impractical to conduct such a check at poweri the checks 

shall be performed during scheduled outages. Cross checking of redun

dant sensors may provide appropriate verification of sensor operability.  

9.3.10 AMSAC TEST AND CALIBRATION 

AMSAC will incorporate the capability for periodic on-line testing from 

logic input to final device input. Actuation of the final device may 

not be practical on-line at power; e.g., tripping of the turbine. In 

such cases, continuity checks of the wiring to the final device shall be 

sufficient on-line, with a test of actuation of the final device during 

scheduled outages. Testing may be done manually or with an automatic 

tester.



9.3.11 CHANNEL BYPASS

Redundant circuitry is used within AMSAC for operability considera

tions. When any one of the redundant elements is removed from service 

for maintenance or testing, the output of the element will be placed in 

a "tripped" condition input to any coincident logic downstream of the 

element. One-out-of-two logic need not have their inputs 'tripped" for 

maintenance, test, or calibration provided the time interval for such 

operation is kept short.  

9.3.12 OPERATING BYPASS 

It is not advisable to have AMSAC armed below the P-8 power level.  

Therefore, AMSAC shall be bypassed when the operator detects the P-8 

permissive. The bypass shall be manually applied or removed from the 

control room under operating procedure guidelines. Bypass of the AMSAC 

at low power operation shall be continuously indicated in the control 

room.  

9.3.13 INDICATION OF AMSAC BYPASSES 

Bypass of AMSAC during test or maintenance shall be permitted under 

administrative control and with control room authorization. Indication 

that AMSAC is bypassed will be indicated in the control room either 

automatically or with administratively controlled markers, tags, etc.  

Individual equipment that is bypassed for purposes of maintenance or 

testing shall be indicated at the equipment location.  

Indication of operating bypass (below P-8) is discussed in the preceoing 

subsection.  

9.3.14 ACCESS TO MEANS FOR BYPASSING 

The design permits the administrative control for manually bypassing 

A?.SAC for periods of time during testing.



9.3.15 'ULTFPLE SETPOINTS

AMSAC does not employ multiple setpoints in any of its initiating 

actions.  

9.3.16 COMPLETION OF ACTION ONCE INITIATED 

Once intiated, AMSAC action shall go to completion.  

The AMSAC initiating signal shall such that it disappears after start of 

its output function. The operator shall be provided with indication in 

the control room that AMSAC initiation has occurred. After initiation 

and proper sequencing, the operator shall have the capability to man
ually terminate operation of equipment started by AMSAC. Such termina- ( 
tion shall be at the component level and not at the AMSAC system level, 

thereby requiring deliberate operator action.  

9.3.17 "ANUAL INITIATION 

System-level manual initiation of AMSAC is not required due to the 

limited amount of AMSAC operated equipment, i.e., starting auxiliary 

feedwater and tripping the main turbine.  

9.3.18 ACCESS TO SETPOINTS ADJUSTMENTS 

Administrative control shall be applied over access to setpoint adjust

rent, calibration, and test points.  

9.3.19 IDENTIFICATION OF AMSAC ACTIONS 

The fact that AMSAC has initiated an action shall be indicated to the 

operator at the system level. Due to the limited number of variables 
monitored and the limited number of actuated equipment, identification 

at a lower level is not required for AMSAC. Indication of the status of 
final devices are provided in the plant independent of AMSAC.



9.3.20 INFORMATION READ-OUT

AMSAC bypass at low power operation (see 9.3.12) shall be indicateG in 

the control room. Additionally, AMSAC initiation (see 9.3.16 and 

9.3.19) shall also be indicated in the control room.  

9.3.21 SYSTEM REPAIR 

AMSAC shall be capable of timely repair upon detection of a failure 

during the periodic test program. Depending on redundancy and the 

capability to bypass the inoperable element, continued operation may be 

permitted.  

9.3.22 IDENTIFICATION 

AMSAC equipment and cables shall be distinctively identified to preclude 

routing of such cables or location of such equipment with RPS channels 

or cabinets to maintain physical separation between RPS and AMSAC.  

9.4 PLANT SHUTDOWN 

There are several mechanisms by which a plant n:ay be shutdown following 

an ATWS event. These include initiation of the safety injection pro

cess, an emergency boration process, a normal boration process, or a 

manual reactor trip.  

If the postulated CMF is in the protection system, i.e., electrical, and 

not in the control rods, i.e., mechanical, the operator can simply open 

the control rod power supply motor-generator set supply breakers, or the 

main scram breakers, to trip the reactor. When the control rods are 

tripped, all control rods drop into the core in less tnan 3 seconds, 

inserting more than 4 percent Wk/k negative reactivity.  

If the postulated CMF is mechanical and not electrical, the operator can 

proceed with various boration procedures to shut the plant down. These



include initiation of safety injection, normal boration, or emergency 
boration. For any of these procedures, sufficient borated water can be 
delivered to the plant for shutdown.  

A review of the transients analyzed in Section 5 and the stress limits 
shown in Section 6 indicates that the plant can proceed to a normal 
shutdown once the operator has taken action to add negative reactivity.  
The stress analysis has shown that pressure boundary valve can operate 
following a limiting ATWS event and that the instrumentation will not be 
affected. The containment analysis presented in Section 7 has shown 
that the conditions following an ATWS event are much less severe than 
the conditions generated by design basis accident.  

(



TABLE 9-1

AMSAC PROTECTION FOR LOSS-OF-HEAT SINK TRANSIENTS

ANTICIPATED TRANSIENT

Loss of Load, due to 
- Loss of Main Generator 

- Loss of Main Condenser Vacuum 

- Turbine trip 

- Closing of all MSIV's 

Loss of Offsite Power 

Loss of Main Feedwater, due to 

- Tripping of all main feedwater pump 

- Closing all FCV's or FIV's

AMSAC PROTECTION

Turbine trip on generator fault 

- Auxiliary feedwater start on AMSAC signal 

- Turbine trip on low vacuum 

- If plant equipped with turbine driven main 

feed pumps then auxiliary feedwater start 

on AMSAC signal 

- If plant equipped with electric driven main 

feed pump AMSAC not required 

- AMSAC not required 

- AMSAC not required 

Auxiliary feedwater and turbine trip provided 

by AMSAC 

Auxiliary feedwater and turbine trip provided 

by AMSAC 

Auxiliary feedwater and turbine trip provided 

by AMSAC



TABLE 9-2

POSSIBLE VARIABLES TO BE MONITORED*

Types of Sensors that 

can be Used

1. Main Feedwater Flow Rate Differential pressure

or

2. Operating Status of Main 

Feed Pump
Valve position breaker 

portion or oil pressure

* The only parameter that needs to be monitored is a reduction in main 
feedwater flow.

C



10.0 DIVERSITY CONSIDERATIONS

The concept of ATWS has always been based upon a common cause or common 

mode failure (CMF). which somehow prevents the normal scram function.  

The only means the NRC staff has allowed to resolve this concern is 

through the use of diversity. The protection system on Westinghouse 

designs is already a highly reliable system that has a great deal of 
diversity built in. The system's high reliability is verified by all 

the years of operation of Westinghouse units where there has not been a 
single case where a scram signal was required and the control rods 

failed to fall into the core. The diversity of the system has been 
shown in many reports and several FSAR's. These reports show, that for 

all of the anticipated events, there are at least two trips generated 

from different sensors.  

Because of this, the system already meets the intent of preventing an 

ATWS event. Nonetheless, Westinghouse has proposed that the functions 

needed for the assumed ATWS can be actuated in the balance of plant 

portion of the unit. These functions are the actuation of auxiliary 

feedwater for the those events that result in a loss of secondary side 

inventory, and the tripping of the turbine for a total loss of main 

feedwater event.  

Because they are on the balance of plant these functions will be 

supplied by the A/E and not Westinghouse. Hence, there is diversity in 
manufacture. This equipment is not in the same physical location as the 

NSSS equipment, hence there is diversity from the proposed adverse 

external environment. The systems will use secondary side measured 

variables and hence will result in increased functional diversity.  

The balance of plant systems are diverse from the existing NSSS system.  

The guidelines for diversity are by their very nature qualitive not 

quantitive. Because of this fact, it Is not possible to say that the 

new system is any more reliable than the old system, or if the new 
system is any safer than the old system. All that can be concluded is 

that the new system has some additional diversity.



The diverse initiation of auxiliary feedwater and main turbine trip via 

the talance of plant logic is strictly defined as an ATWS mitigation 

function, since ATWS is not prevented; but its consequences are miti

gated. There is a measure of diversity in this distinction, in that the 

arrival rate of CMF's is not reduced (this CMF probabiiity is already 

very small). Rather, a CMF in NSSS is prevented from affecting the 

mitigation system by the diverse nature of that system (its manufacture, 

logic, and location).



11.0 SUMMARY AND CONCLUSIONS 

Westinghouse has- shown, in WCAP-8330 (August, 1974) and in subsequent 

submittals to the NRC, that Westinghouse plant designs essentially meet 

the requirements that have since been assembled and designated as 

"Alternative 3 and 4" in NUREG-0460, Volume 3.  

The analytical results contained in this report confirm the conclusions 

of WCAP-8330. Westinghouse plants which fall into Alternative 3 and 4, 

as defined by the NRC, are capable of experiencing an ATWS without 

produc- ing unacceptable consequences.  

The analyses, documented in WCAP-8330, are based upon a 95% moderator 

temperature coefficient with no equipment failures other than the scram 

system. These are the conditions proposed for the analyses of plants 

falling into the Alternative 3 category. Given these conditions, and 

using the current computer models, the transient results come well 

within the proposed Alternative 3 criteria. The peak RCS pressures 

attained do not jeopardize RCS integrity, nor do they impede operability 

of valves needed to reach a safe shutdown condition.  

The loss of offsite power ATWS, which produces the greatest reduction in 

thermal margin, has been analyzed and the results indicate with a very 

high confidence level that fuel failures are not likely to occur.  

Radiological consequences due to ATWS releases outside containment are 

acceptable, and the releases inside containment do not pose a contain

ment pressure buildup problem.  

The greatest mass and energy release into containment occur during the 

spurious opening of a pressurizer safety valve (RCS depressurization 

ATWS). The rise in containment pressure due to these releases is insig

nificant compared to LOCA, and is certainly within containment design 

I ir-its.



The only mitigation functions required to operate during an ATWS in a 

Westinghouse plant are the auxiliary feedwater and the trip of the main 

turbine. The balance of plant designs of many Westinghouse plants 

already provide for the automatic actuation of these functions, without 

resort to the scram system. Only minor modifications are needed in the 

remainder of the Westinghouse plants to provide these diverse mitigation 

functions.  

In addition. numerous Westinghouse analyses since 1974 have shown that 

proposed Alternative 4 requirements are attainable for Westinghouse 

plants. These will be documented in subsequent submittals.
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ATTACHMENT 2 

Beaver Valley Power Station, Unit No. 2 
Response to Request for Additional Information 

License Amendment Request (LAR) No. 168 

LAR No. 168, Reference 3: NS-EPR-2833



October 3,1983 
NS-EPR-2E,33 

Westinghouse Water Reactor Nt" a ToorWooy M*I 
Electric Corporation Divisions o 355 

Plusburgh Pnsywtaa 15230 

Mr. Samuel J, Chilk References: 1. WCAP 8330 (19Th) 
Secretevy 2. NS-TMA-2182 (12/31/79) 
bftice c-' Yary of the Coamission 
U."S.' Nuclear Regulatory Comission 
Washington, D. C. 20555 

RULEMAKIM 06 ANTICIPATED TRANSIENTS WITHOUT SCRtI 

Dear Mr. Chilk, 

Westinghouse has been closely following the course of the re"ent rulemaking 
proceedings on the issue of Anticipated Transients Without Scram (ATWM). During 
a recent Commission meeting on A7WS held on September 30, 1981, it was stated 
that there exists a time period during which Westinghouse.design•d plants might 
be exposed to exceeding the ASME Code.Section III Stress Lev I C Limit (3200 
psia) for the Reactor Coolant System while operating at full pou,.r at* beginning 
of core life with the pressurizer power operated relief valvej blocked closed 
for the hypothetical event of anATW3.  

Westinghouse has extensively evaluated possible combinations of various 
operating conditions with a hypothetical ATWS event at beginni .5 of core life.  
The results show that for operating plants, with the minor ex eption of one 
4-loop plant, that there is only one highly unlikely sequence of events which 
could have the potential for exceeding the ASHE Stress Level C Limit and that 
such an exposure would be limited to-a worst case time duration of approximately 
24 hours. The following is a description of the basis for our conclusions.  

The transient which would produce thi largest pressure inoreacA for this case 
would be the Loss of Load with the subsequent loss of all main feedwater 
ocouring at beginning of core life conditions (BaL), As dooumehted in previous 
submittals to the NRC, (References 1 and 2), the transient peak pressure is a 
function of the moderator temperature coefficient of reactivity. Figure 1 shows 
the sensitivity of the peak pressure as a function of moderator coefficient for 
the typical Westinghouse 4-loop plant design which represents the limiting case 
for all other designs. The figure shows curves for conditions with no valves 
blocked, one valve blocked, and both valves blocked. These reUlts are based 
upon the standard analytical models used for generic analyses. These analyses 
assume a typical 4-loop plant design which represents the llmitirg design. Peak 
pressures for two and three loop plants would be lower. A modermtor coefficient 
of -10.3 pcm/lF corresponds to a peak value of pressure equal to the ASME Stress 
Level C Limit of 3200 psia. For one valve blocked, the corresponding moderator 
coefficient would be -7.5 pcm/ F. 9or no valves blocked, the corresponding 
moderator coefficient Would be -5.5 po/ F. The majority of Wftringhouse core 
designs currently have moderator coefficients (at full power eqailibrium xenon 

page 1 
,-/. '•, , , -. . ' ' ... ' """ ' ' ••J3;,A



p4' 
A" "" 

• .••-. -. , .. : • -••.. -0

0?*

"I'

J.

page 2
"' 4'".�.

"P ' conditions) more negative than -10.5 pcm/ F and thus would not produce a transient peak pressure greater than the ASME Stress Level C Limit even for the 
case of all valves blocked. There exists a single exception to tils conclusion 
for a --loop plant that operates with a moderator coefficient that is estimated 
to give a. pre,-,re response slightly in excess of 3200 psia. We estimate the 
peak pressure for that case to be 3210 psia. It has been verifitd that this 

.plant does not administratively block its relief valves and, as s.ch, this case 
is unlikely. For this plant, the time necessary for the moderator coefficient 
to become negative to a point corresponding to 3200 psia is estimated to be 
approximately two full power days.  

One might hypothetically pose the case of operationat full power without full 
power equilibrium xenon -concentration which would produce a more positive 
moderator temperature cofficient and hence a greater pressure .increase.  
Westinghouse. plants are operated in such a manner that operation at full power 
without equilibrium xenon at BCL is very unlikely for the following reasons.  

The first reason is that, following the loading of fuel, it typically takes five 
days to reach full power due to the need to collect and analyze core data and 
calibrate instrumentation prior to reaching full power. Figure 2 shows the 
typical startup time profile. The second reason is that fuel performance 
warranty limitations limit the initial startup'power loading rate to 3%/hour in 
order to properly condition the fuel. Without considering the time necessary to 
perform the startup tests and calibrations, this case would result ih taking 33 
hours to reach full power, at which time essentially full power xenon 
concentration would be present.  

One might further hypothesize a transient situation where there is no benefit 
from equilibrium xenon. -This would be the case where, following operation at* 
full power for a short time after initial startup, the plant experiences a trip 
"from full power and, following a period of -time at shutdown for xenon to 
deplete, the plant rapidly increases load to full power.  

For this case, following the trip, the plant would. have-to remain at shutdown 
conditions for approximately three days to allow xenon-Aoncentrat4 •n depletion.  
To conservatively estimate the effect of a rapid startup to full ptier, one can 
consider the load increase in terms of a step increase to tall power and 
calculate the effects of xenon concentration as a function of time. The amount 
of xenon concentration required is that amount necessary to make up t~e 
difference between the limit value for moderator coefficient of - 10.3 pcm/ F 
and the xenon free moderator coefficient. A typical value for tpe -contribution 

.-of xenon concentration to the moderator coefficient ia - 4.5 pcm/1 . For plants 
with equilibrium coefficients greater than -14.8 pcm/ F there would be no need 
to build 0up a concentration of xenon. For plants with CoeffoiMcAts less than 
-14.8 pom/oF the time necessary to build up a concentration of xewin would be 
the time difference between the xenon free coefficient and the equi.ibrium xenon 
coefficient(See Figure 3). Based upon this conservative assun.ton of xenon 
buildup and moderator coefficient decrease, the time necessary 'to build up a 
concentration of xenon for these cases ranges from 0 to 24 hours.  

P In suimmary, even considering hypothetical situations, we feel that the potential 
for a case where the plants might operate with blocked reli ef valves at 
beginning of core life conditions and exceed the ASM9 Code Stress Livel C Limit
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S for the: Reactor Coolant. System is highly unlikely.  
"-:this matter, .please feel free to contact Mr. J. L.
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u~ y yours, 

Nluclear Safety Department 
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If 'you have any questions 
Little (412-.3714454) of
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