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1. INTRODUCTION
1.1 SUBJECT OF REPORT

In September 1973, the NRC issued their Technical Report on Anticipated Transients Without Scram (ATWS) for
Water Cooled Reactors (WASH-1270). That report defined three categories of plants. The first or A category requires
improved reactor shutdown systems and is aoplicable o plants for which construction permit apphications are made after
October 1, 1976 The second or B category requires provision lo make the consequences of ATWS acceptable and is
applicable for plants for which the need for provision for ATWS is noted in the NRC Satety Evaluation Report or the ACRS
Report and for plants for which the construction permit applications are or have uoen made prior to Oclober 1, 1976, and
NRC SER is not yet issued The remainder of the piants fail into the third or C categry which requires an analysis of ATWS
consequences so that the NRC sta!f can evaluate whether there IS need for plant changes to resvive the ATWS issue

The Big Rock Point Power Plant falis in the C category as defined in the Apperdix B of WASH-1270. This report
describes the studies performed for the Consumers Power Company in response to the reauirement of an ATWS

consequences transient analysis for the Big Rock Point Plant

1.2 PREVIOUS STUDIES

The subject of transient evaluation without scram protecton has been an NRC concern for some time. This comes out
of a desire 1o better understand and protect aga 15t common mode types of failures ("MF) General Electric has responded
1o this concern with topical reports NEDO-10189, entitied “An Analysis of Common Mode Failures in GE BWR Protection and
Control instrumentation,” July 1970, and NEDO-10349, "Analysis of Anticipated Transients Without Scram,” March 1971 In
addition. General Electric has issued NEDO-20626, “Ttudies of BWR Designs for Mitigation of Anticipated Transients
Without Scram,” October 1974, which responds to the b category of IWR WASH-1270 requirements for an ATWS mitigation
design

Both NEDO-20626 and this report are based on the premise that a failure 1o scram occurs coincident with an abno: mal
operating transient This premise is assumed in th's report to satisly the requirement of WASH-1270 for analysis of the
consequences of anticipated transents in the event of a postulated failure to scram. WASH-1270 states that the likelihood of
a severe ATWS is considerad 1o be acceptably smallin view of the limited number of plants now in operation, the reliability of
the current protective system designs, and the expected occurrence rate of anticipated transients of potential safety
significance WASH-1270 thus does not justify the imposition of any new requirement for hardware changas on existng
plants The General Electric Company is in complete agreement with this posiion This report should not, therefore. be
construed as a recommendation for plant modifications for the purpose of mitigating the consequencas of a postulated
ATWS event It is an exploratory engineering study to evaluate ATWS as required by WASH-1270.

1.3 APPROACH USED IN THIS STUDY

This report provides a representative treatment of the rmain aspec’s of WASH-1270 requirements. Since the primary
aspects of NEDO-10348 have been completely reconfirmed by further calculations it was used as a guide for identhcation of
the most limiting type of transients relative to each of the analysis guides when failure to scram was considered

Attention was directed toward the transients which have the highest probability of occurrence This is consistent with
the stated objective of WASH-1270 Very infrequent events are not considered as they make no significant contributon to
public safety consideratiuns when combined with the low probability of failure to scram.

Previous analyses have shown that among the events reasonably expected to occur, the ones which cause the most
severe ATWS conditions are those which initiate fast shutoff of the steam flow from the reactor, such as turbine-generator trip
or the closure of the main steam isolation valves For the Big Rock Point plant the MSIV closure time Is much slower thanin
the later plants. This would make the MSIV closure event relatively much less severe. Also, the large bypass system on the
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Big Rock Point plant makes the turbine-generator trips relatively mild The analysis given in this regort. in which a
mewnpcGonilusmdtoc-uunnclormuonbytumgnocfomwmoocuono'mmunma.
constitutos an oxtremely conservative bounding caso.

In analysis, ATWS behavior can be soparated into the behavior of the nuclear boiler and that of the containment In
this *eport the nuclear boiler dynamics is not calculated since previous studies done for FHSA input, APED-4093
(Roference 1), contain salety valve sizing analyses which are pertinent 1o the present work Specifically thay analyze the
transient of turbine icad rejection with salety valve operation, without bypass and without scram. This analysis, therefore,
represents a bounding ATWS event Comparison of reactor peak pressure and fuel response with WASH-1270 criteria
shown in this report are based on these salety valve sizing analyses.

The main concern here is to calculate the response of the containment in an ATWS event. As far as the containment
response is concerned, the diference between different reactor isolation events without scram is insignificant when the initial
power lavel is the same. As the reactor response for an ATWS event of isolation caused by load rejection without bypass 1s
available from Reference 1, containment response is studied for this ransient



2. SUMMARY OF ,."SULTS

Table 2-1
WORST REACTOR ISOLATION WITHOUT SCRAM
(BOUNDED BY TURBINE LOAD REJECTION NEGLECTING BYPASS)

Functional General
Comparison Electric Value
Parameter Guide Analysis
Reactor Vessel Pressure (psg) 2700 1587*
Fuel! Enthalpy (cal/gm) 280 <165
Cladding Oxidation (%) 17 <1
Containment Pressure (psig) 54 577

4 Poar reactor pressurs ncrease taken from Relwrence 1, Figure 15 Aun 3

2:1/2-2
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3. ANALYTICAL BASES

3.1 ANALYTICAL METHUDS

The first step in the analysis of ATWS behavior is to calculate the dynamics of the nuclear boiler. This calculation is
already bounded by the safely valve sizing analysis reported in APED-4093 That analysis used an analog model of the
reactor and the details are documented there

The response of the containment is evaluated using the techniques described in the General Electric Licensing
Topical Report NEDO-20533, dated June 1974, entitled “The General Electric Mark lli Pressure Suppression Containment
System Analytical Mode! * The engineering methods used in this report are appropriate for use in all containment designs.
The specitic methods used are described in Section 3 of NEDO-20533 The following assumptions were used in analyzing
the containment response 1o an ATWS event.

1. The steam release from the reactor 10 the containment sphere as a function of time is taken from the safety
valve sizing analysis reported in Reference 1.

2 The steam enterng the containment sphere has an enthalpy of 1190 Btu/ibm

3 The air-water vapor system (excluding the containrient spray water) is in thermodynamic equilibrium. The
equitbrnium condition is dependent on the initial conditions and the net steam and enthalpy dump into the
containment

4 No heat is lost 1o the outside by heat transfer through the containment wall However, the cooling effect by heat
transfer into the containment wall is taken into a~count The containment wall is assumed 10 be at a single
temperature and heat transfer between the air-water vapor system inside the containment and its wall s
assumed to take place until thermal equilibrium between the two is achieved. Similar cooling effect of other
structures in the containment is neglected.

5. The heat transter coe'/icient between the containment air-water vapor system and the containment wall 1s
assumed to be a function of the air-to-water-vapor weight rato nside the containment

6 The effect of the containment spray 1s hmited to abstraction of heat from the air-water vapor system

7 The effectiveness of the containment spray is assumed tu be 70% (T"ie effectiveness is defined as the ratio of
the temperature nse in the spray water to the difference betweer the containment air-water vapor system
temperature and the imtal temperature of tha spray )

Eftects of the fuel surface heat transfer are estimated using the “General Electric BWR Thermal Analysis Basis
(GETAB) Data. Correlation. and Design Application: code as described in NEDO- 10958, dated November 1973 Further
evaluations of fuel and cladding temperatures are derived using methods basic 1o the LOCA analysis also described in
NEDO- 10058 However, in this calculation the nuclear power generatior: and iuel heat flux data needed as input are taken
from the satety valve sizing analysis of Reference 1.

Other areas which are not ngorously treated in the analytical bases of this report include nonhomogeneous mixing of
hiquid poison.

3.2 INITIAL OPERATING CONDITIONS

!
Tabile 3-1 lists the initial conditions tor the most important plant parameters These are chosen as representative of the
conditions of the reactor at the beginning of an event tor which ATWS impaci 15 wvaluated



Table 3-1
INITIAL CONDITIONS
Initial

Parameter Condition

Reactor Operating Pressure (psig) 1335*
Power (MW 240°
Stean Feed Flow (lbm/sec) 278
Containment Sphere Free Volume (f1%) §40,000°
Contanment Sphere Thickness (in.) 0.702 (min)*
0875 (max)*

Intial Pressure of Containment (psig) 007
Initial Temperature of Containment (°F) 1007
Relative Humidity (%) 1007

' From Retorence 4
¥ ¥rom Reterance 2
* Based on 240 MW powser and lesdwater enthaipy of 347 1 Blu/lbm
¢ From Reterence 3

33 EQUIPMENT CHARACTERISTICS

The characteristics of the important pieces of equipment used to mitigate the consequences of failure to . ram are
hsted in Table 3-2

Table 3-2
EQUIPMENT PERFORMANCE CHARACTERISTICS

Parameter Characteristic
Salety Valves
Number 6
Capacity (lbin/sec/ valve) 63 9
Setpoint Range (psq) 1535-1585*

Emergency Condenser

Number of Tube pund'es 2"
Capacity (Btu/hr/bundie) 16x10*
Initation Signal (Reactor Pressure Rise, psig) 1109
Delay Time (sec) 4

Containment Spray

Number of Sets 2°
Flow Capacity (gpm/set) 400°
Initial Temperature (°F) 80¢
Etfectiveness (%) T

Delay Time from Liquid Control Start to Beginning of

Shutdown (£2¢) 30°

Time Required to Compiete the injection of

Control Liquid (sec) 300¢
32



Table 3-2
EQUIFMENT PERFORMANCE CHARACTERISTICS (Continued)

Parameter Characteristic
Initiation Tune
Standiy Liguid Control (sec) 300
Containment Spray 300
Containment Spray Delay 30
Reactor Recirculation Pump Trip None*

* From Relererce 4
® Erom Reterence 2
© Assumed

? From Retorence 3
® Mo TecrCUlation pUmP trip 1s assumed 10 conservatively ovakiate thi calculated aftects of the ATWS in

the analyss Appendz A calculates the effect of assuming recwcula ‘on pump irip inlliated &' vanous
tme nstants

3-3/34



4. ANALYSIS GUIDES

4.1 GENERAL

WASH- 1270 asks for comparison of the ATWS transient . show whether

d Calculated roactor coolan! system transient pressure exceeds a value such that tie maximum primary stress

in the system boundary (s equal to that of the ' emergency conditions  as defined in the ASME Nuclear Power
Plant Components Code. Section I, or the

b Etfects of the ATWS event result in significant fuel cladding degradation or significant fuel melting, or the

- Calculated containment pressure exceeds the design pressure of the containment structure
Since these guides are applied to all reactor types, and consequently are rather general, itis necessary to interpret the guides
with respect 1o the Big Rock Point BWR design. The guide interpretations are discussed in the following paragraphs and
comparedto the guides proposed in NEDO-10349. General Electric feels that, for events as improbable as those associated
with failure to scram, the imiting critena in NEDO-10349 are sufficient for maintenance of public safety.
4.2 REACTOR COOLANT SYSTEM PRESSURE
421 Reactor Coolant System Boundary Pressure

On consideration of this guide and examination of the system, the WASH-1270 guide translates to a vessel pressure
ot 2040 psig NEDO-10349 recommends 2700 psig as the vessel pressure that can be accommodated without structural
fivlure
43 FUEL THERMAL AND HYDRAULIC PERFORMANCE

These subjects including pertment failure mechanisms were discussed at length in NEDO-10349, Section 5.1.3 The
apphcation of the guide does not change from that made in the previous report With respect to prompt failures, an energy
deposition guide of 280 cal/gm has been selected. It has been shown that fragmentation s avoided at ¢ «idation levels of less
than 17¢. by volume

44 CONTAINMENT CONDITIONS

The containment sphere design pressure of the Big Rock Pont Plant 1s 27 psig NEDO-10349 recommends the
membrane yeld mit of the primary containment which would be 54 psig

4-1/4-2
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5. DEFINITION OF EVENTS

The occurrence of a common mode !adure which completely disables the reactor scram function is a very low
probatyiity ovent. Therefore, no significant nisk 1o public safety is presented by the combination of an infrequent even! and a
common-mode lalure which prevents scram Thus, attention is focused on those transient situations which have arelatively
hgh expocted freguoncy ol vccurrence at a power condition at which serous disturbance might result

and design basis accidents. The middie group spans a very wide range of occurrence. from more than once per year (. less
fhan once por 40 years. Other nuclear reactor suppiers have for some time been defining this diverse group of abnormal
fransionts info two categories of more- and less-tesuent events (ANSI-N18.2, Nuclear Safety Criteria for the Design of
Pressutized Water Reactor Plants) All ve<sels and related components are also designed with strong considerations for the
frequency a5 w il as the magnitude of the thermal cycles caused by the transients Oper ational experience from the growing
Iist of plants on I @ provides valuable inpu: 10 the understanding and establishment of reasonable rates of occurrence for
ovents of unartance in this study

i
BWIR analyses soparate reactor transient duty into three main areas normal plant maneuvers, abnormal transients, l

The lodowing transients. denved for ATWS consideration on the basis of operational experience, have the potental of
a frequency of occurrence of at least once in 4 years of reactor operation at power conditions such that a signihcant transient
results and scram 15 called upun to shut down the reactor.

1 Turbine/generator trip

2. Closure of all man steam isolation valves

3 Pressure regulator failure in open direction

4 Feedwater co: “oller fallure to maximum demand
5 Loss of reedwater fow

6 LoSS £* Gumitiary power

Further descriptions of these events are contained in NEDO-10349. These even!s cover the spectrum of transients
wiuch might require shutdown and are representative of the expenence record of operating BWR's

The results of previous analyses reported in NEDO-10349 and NEDO-20626 show that the most! severe transient in
the above group of ATWS events s the closure of the MSIV. These two reports mainiy address BWR planis constructed
subsequent to Big Rock Point For Big Rock Point the MSIV closure ime is relatively much longer The worst ATWS event for
Big Rock Poin’ would then be the reactor isolation caused by turbine-generator trip when bypass valve actionis neglected It
is this evert thatis presented as the bounding analysis in this report. The analyses of NEDO-1034% and NEDO-20626 further
show that as far as the dump of scram mass and energy into the containment is concerned, reactor isolation ATWS even's
caused by turbine trnp neglecting bypass and MSIV closure are nearly the same As steam release to containment data s
already available from previous analyses (Reference 1) for the forme? ATWS event and as our main additional concern here
is the containment response, containment response analyzed here is for this bounding case However, it should be noted
that the expected frequency of occurrence of the transient of load rejection with bypass failure is far below the value of once
per four reactor years that is considered significant from the ATWS risk viewpoint Full load rejection with normal bypass
opoeration is not expecter 1o call for a reactor scram.

Previous ATWS analyses of other BWR plants have shown that recirculation pump {1 considerably reduces the
severity of ATWS transients The present analys:s of the bounding case neglects this benehcial effect of recirculation pump
trip which is the usual operator action on loss of turbine load (Parametric studies of the effects of the recirculation pump trip
are given in Appendix A ) For these reasons the turine tnp trans:ant, even in the event of a postulated failure to scram, will be
much less severe than the calculations presr nted here

5-1/52
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6. AVALYTICAL RESULTS

6.1 DESCRIPTION OF THE WORST ISOLATION E/ENT
(LOAD REJECTION NEGLECTING BYPASS)

6.1.1 Overview of Respon=e Without Scram

The description of this event given here 1s based on the presen, analysis and that of Relerence 1. The reactor
behavior can be separated into a short-term rondition — iINVolving reactor pressure rise and fuel response (0-48 seconds) —
and a longer-term condition (1o several hundred seconds) — involving coolant and containment conditions — until the reactor
15 shwut down

As the turbine valve closes, due 10 the assumed lack of bypass, the reactor pressure rises. This causes the collapse of
the voids in the reactor core resulting in a nuclear power spike. Ti@ pressure nse is kmited by the safety valve operation. The
reactor then assumes a new state (at a shghtly higher thermal powei) dictated by the safety valve setpoint and capacity. The
safety valve steam liow released into the containment sphere pressurizes il.

In the absence of the scram function the long-term aspects of the ATWS event are terminated by inserting negative
reactivity into the core by means of the standby igquid control system. The analysis shows the plant response for the case in
which the hiquid control 1s inhated at 5 minutes As the steam flow to the containment sphere i1s terminated by reactor
shutdown, the containment spray system recools the sphere, thereby bringing down its temperature and pressure. The
omergency condenser which is niated by high reactor pressure, reduces the steam outputinto the containment sphere. The
metal contaninent wall absorbs heat from the air-water vapor mixture, thereby reducing the severity of the containment
prossure and temperature conuwtions,

Present operating procedures at Big Rock Point call for the immediate trip
of a reactor recirculation pump on certain plant transients. In the case of
turbine trip without scram and without bypass, such a trip of a recirculacion
pump would reduce core flow which increases the core voids. This reduces the
power and steam output of the reactor and reduces the severity of the ATWS
event, espec’ally in the containment sphere. The .nalysis given here neglects
the beneficial effects of operator-initiated recirculation pump trip. The re-
sults presented here are therefore conservati2. The effect of tripping the
recircuiation pumps at various times after “he occurrence of an ATWS transient
is given in Appendix A.

6.1.2 Sequence of Events for the Worst ATWS isolation Event
(Load Rejection Transient Neglecting Bypass)

Time
Event (sec)
1. Stop Valve Trips 0
2 Reactor Pressure Begins to Rise 0
3 Emergency Condenser Intiated ~3*
4. Salety Valves Open ~3*
Operator-Initated Recirculation
Pump Tnp
5 Liqud Control Reaches Core 330
6 Contanment Sprays Begin Operation 330
7. Hot Shutdown is Achieved 630 !
8 Containment Temperature and Pressure Peak ~600

*Flow begns afier 4 second delay
“"Negiocied in the analyss for conservatsm In the caiculated sffects

61



- om——

6.2 SHORT-TERAM CONDITIONS
68.2.1 Primary System Pressure

As stated belore, the reactor pressure response 18 covered by the earher safety valve sizing analyses of Relerence 1
{Figure 15) Of the tive different runs shown in Figure 15 of Reference 1. the one numbered 3 1s for a setpoint of 200 psi
above tha operating pressure tor the tirst safety valve. This value 1S the same in the present case (see Tables 3-1 and 3-2)
and thorefore Run 3 of Figure 15, Reference 1, 1s most appropriate for the present discussion However, the capacity of the
satety valves used in Reference 1 (Figure 15) was 200% of rated reactor flow. In the present case it is (63.9 x 6)/278
138%. This difference must be kept in mind in the present discussinn of reactor pressure response Taking the peak pressure
rise of 252 psi from Relerence 1, Figure 15, Run 3, the neak reactor pressure in the present ATWS discussion would be
(1335 + 252) - 1587 psig, which is well below the design pressure of 1700 psig, and therefore is clearly acceptable

6.2.2 Power and Fuel Response

An estimate was made for the maximum cladding oxidation and peak enthalpy experienced by the fuel for the wors!
reactor isolation case of full load rejection without bypass  The ne Jtron tlux (fission power) and tue! heat tiux transients used
in this analysis are shown i “igure 1 These are again taken trom Reference 1, Figure 15 Run 3, with the fuel heat flux beng
assumed 1o be proportional 10 the tuel center temperature The results obtained fcr the fuel response are similar to those in
1EDO-20626 for the BWR /4 Ir this case the value of the cladding oxidation is far less than 17% by volume (< 1%) and the
peak fuel enthalpy 1s less than 280 cal/gm (- 165 cal/gm). These values clearly demonstrate satistactory el performance

FISSION POWER

o~ FUEL CENTER TEMPERATURE

PERCENT

" ] | ]
o 10 2 30 w0
TIME (sac)

Figure 1. Fission Power and Fue! Center Temperature Transients Used in the Fue! Response Estimate in an ATWS Load
Rejaction Without Bypass. Data Taken From the Salety Valve Sizing Analysis of Rcfomncr 1,Figui 315 Run3

 POOR ORIGINAL



6.3 LONG-TERM CONDITIONS

6.3.1 2owoer Shutdown

Sy WASH 1270 wogunes tho nssamplion ol a simLte a0us ( ommuon-mode tailure of all control rod drive
mochantsins, no crodit lor notmal or emergency G #+ol rod motion can be takon in the \ransient analysis. Consequantly
another moethod must be used to bring the reactor cote to shutdown. The alternative method available at the Big Rock Point
plant s the use of the standby quid control system which injects a sodum pentaborate solution into the reactor. For the
purpose of analysts. the shutdown using the standby liquid control system was assumed to occur as follows: The operalor
Has 5 minutes o evaluate the situation and decide to initiate the injection of the liquid poison. Thirty seconds were allowad for
the transport ime of the hquid from the storage tark to the vessel and 1o become effective in the core. Negative reactivity was
then assumed to be inserted inearly until hot shutdown is achieved.

Having brought the reactor 10 the hot shutdown condition, ime is Now available for the operator 10 determine what s to
e done next If the postulated ATWS event has really occurred, he must take the necessary action 1o bring the plant to cold
shutdown

6.3.2 Containment

For the purposes of this report. the term containment s used for all the enclosed spaces attected by steam release nto
the containment sphere. Containment pressure and temperature refer o the condition of the air-water-vapor system inside
the contamment sphere. Containment wall temperature refers to the temperature of the metal content of the containment wall
i1 s role as a heat source or sink with respect 1o thermal interaction with the air-water-vapor system inside Containment
response relers to the behavior of the pressure and temperature of the air-water-vapor mixture inside the containment
sphere

The reactor vesse! steam flow used for the calculation of containment response 1S shown in Figures 2 and 3 Figure 2
i3 plotted trom Reference 1, Figure 15, Run 3 Here the vessel steam flow from 0 to 40 seconds is shown. The flow here

200
|
: o
: "
3

o 10 20 k4 -0
TIME (sac)

Figure 2. Vessel Steam Flow rransient Used in the Containment Response Analysis in an ATWS Load Rejection Without
Bypass Data Taken from the Satety Valve Sizing Analysis of Reterence 1, Figure 15, Run 3

POOR ORIGINAL



attains & steady value at about 40 seconds. This is assumed to remain so until the houwid control becomes effective in the core
and thereaser 1s assumed 1o inearly drop 10 the flow corresponding to oecay heat. This is shown in Figure 3. The steam
roloase into the containment sphere is the vesse! flow minus the emergency condenser flow, as shown in Figure 3

4 ,. |

/ STEAM FLOW TO CONTAINMENT

VESSEL FLOW

100 H-

STEAM FLOW (%)

EMERGENCY CONDENSER FLOW
s/~ STEAM FLOW DUE TO
P—————'-—-———— — —

L/ DECAY MEAT .
o B | 1 | | | wows 4 1

0 100 200 300 400 500 600 700 800 900 1000
TIME (sac)

Figure 3. Vessel Steam Flow, Emergency Condenser Flow. and Steam Flow to Containment Used in the Containment
Response Analysis in ATWS Load Rajection Without Bypass. (Inital Part of Vessel Flow Transient Replotted
from Figure 2.)

The steam release into th» containment sphere causes the containment temperature and pressure to rise Thisnseis
partially offset by the containment wall which absorbs heat from the air-water-vapor system inside The containment wall
temper ature also rises by heat absorption. The containment sprays are assumed to be initiated by the operator at 5 minutes
After the steam reloase iInt. e containment is terminated, the cooling effect of the spray recools the containment. The
containment wall also recools fater on losing heat as the containment sprays cool down the air-walter-vapor system o a
temperature below that of the wall

The contanment pressure ar 4 temperature responses are shown, respectively, in Figures 4 and 5 The containment
w.ll temperature transient is aiso s/ 1own in Figure 5. The peak vaiues of the containment pressure and temperatures are,
rospectively, 57 7 psig and 266 F

The heat transter coefficien between the containment air-water-vapor system and the wall is assumed to be a

function of the air-to-water vapor wi ight ratio. The functional relationship that is used in the analysis is shown in Figure 6,
which also shows the expenmaental ¢ ata trom Reference 5. The relationship used in the calculations is a simple modification
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Figure 4. Containment Pressure Response in an ATWS Load Rejection Without Bypass
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Figure 5. Containment Temperature and Containmen!t Wall Temperature in an ATWS Load Rejection Without Bypass
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Figure 6. Containment Wall Surface Heat Transler Coefficient as a Function of Air-to-Water-Vapor Ratio

6.4 COMPARISON YO WASH-1270

Appendix A, Paragraph 11 C 1 of WASH- 1270 requests comparison ol three specified functions to specified analytical
qudes This comparson 1s shown in Table 6-1

Yable 6-1
FULL LOAD REJECTION WITHOUT BYPASS AND WITHOUT SCRAM

Functional WASH-1270 General
Comparison Comparison Electric Value By
Parameter Value Suggested Guide Analysis
Vessel Pressure (psig) 2040 2700 16587
Fuel Enthalpy (cal/gm) 280 280 <165
Cladding Oxidation (%) 17 17 <1
Contanment Pressure (psiq) 27 54 57.7

POOR ORIGINAL
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APPENDIX A
PARAMETRIC AND SENSITIV'TY STUDIES OF THE CONTAINMENT RESPONSE

Phoes g aan ool B prames s iy i b ke the anaiyss a8 iickesive s possiblo over the e of the plant. |t atso
Bolps 0 cover cotaie uncerdlaitios i the input data used lor the evaluation of the containment response

A1 RECIRCULATION PUMP TRIP

Recirculation pump trip is an effective method of reducing the severity of
an ATWS event that is being considered for many of the other BWR plants. Trip
of the recirculation pumps reduces the core flow and, therefore, the core power
(by increased core woids) and steam output into the containment. According to
present plant operating procedures, the operator must immediately trip one re-~
circulation pump on certain plant transients. Similarly trip of both the recir-
culation pumps can be initiated by the operator upon the occurrence of an ATWS.
The containment peak pressure and temperature for recirculation pump trip
initiated at various times afier the ATWS event were calculated and are shown in
Table A-]1. The time e-olution of the containment pressure and temperature
responses are shown in Figures A-1 and A-2, respectively

Table A-1
CONTAINMENT HESPONSE TO ATWS: WORST REACTOR ISOLATION
(LOAD REJECTION WITHOUT BYPASS)

Initiation Containment Containment
Time tor Peak Pressure Peak Temperature
RPT (sec) (psig) (F)
6 250 234
60 275 240
120 310 247
150 330 251
180 31 2545
300 439 269
No RIT 577 286

The vossel steam flow used o the contanment response @ aluation with recirculation pump tnp was derived as
follow s

1 e olfcct of pping the receculabion pumps on the sleady slate ocperation of the reactor was studied in Reference 1
wd shown i Figine 19 of that relerence There the effect of rec  culation pump trp on the steam flow 18 10 reduce 110 40%
aven about 12 secunds after a delay of abou 2 seconds, and th 10 k= ' case 110 a steady-state value of about 50% Inthe

presont Case the offect of the recirculation pump trip 1s assumed to decrease the vessel stoam flow 1o 50% in 12 seconds
Al @ doly of 2 seconds  The bases for this assumption 1s Figure 19 of Releronce 1 and e fact that the contair:rent
HELPONSe 15 ol very ernstive to the details of the steam tlow over short intervals ot ume (- 10 seconds) Thus the vessel
sleam flow with reciculation pump tnp 1s given by

Vossel Steam Flow Vesse! Steam Flow (Muttiphic ation Factor
With Recrculaton Without Recirculation] x  [Shown in Figure A-3 (A1)
Pump Tup Pump Tnp

A2 STEAMING RATE

The long-term response of ‘he nuclear borler in ATWS depends, among other things. on the cparacteristics of the fue!
which change wth reloads For contanment considerations, this resuits in a change in the steam dump belore reactor
shut-own To cover this aspect of ATWS transients, containment response was cakculated with the vessel steam flow
(shown in Figure 3) multiphed by a tictor of 08 and 1.2 The resulting peak containment pressures and temperalures are
shown in Table A 2

A



Table A-2
CONTAINMENT RESPONSE TO ATWS: WORST REACTOR ISOLATION
(LOAD REJECTION WITHOUT BYPASS)

Containment Containment
Contalnment Steam Peak Prissure Peak Temperature
Flow Multiplication Factor (psig) ('F)
08 43 197 267 222"
10 577 250 286 L 347
: - 73 00 30 5" 302+ 246°
300
L 200 b~
e CONTAINMENT TEMPERATURE
E / (SEE DEFINITION IN TEXT)
o
14
E
100
° | | | -
0 500 1000 1500 o

TIME (sec)

Fiqure A-1 Containment Pressure Response in an ATWS Load Rejection Without Jypass, With Recirculation Pump Trip
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Figure A-2. Containment Temperature Transient in an ATWS Load Rejection Without Bypass, With Recirculation Pump
Tnp at 6 seconds

8 ]

/ (IME AT WHICH RECIRCULATION PUMP TRIP IS INITIATED

é 1.0 L

<

% ——-..‘ 12 s ——b-l
~

b

& DELAY TIME

5 (2 ve)

§ "

,lllJllllJlllllllLl

TIME (sec) f

Figure A-3. Multiplication Factor Used in Equation A-1 for the Efe_t of Recirculation Pump Trip on Vessel Steam Flow
This Plot is Based on Figure 19 of Relerence 1
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A3 EFTECT OF EMERGENCY CONDENSER

The reduction in thermal load on the containment caused by m.mmqmycondonwdopendsonthonumwmns
tube bundies n operation. The effect of this on the containment peak conditions is shown in Table A-3

Table A-3
CONTAINMENT RESPONSE TO ATWS: WORST REACTOR ISOLATION
(LOAD REJECTION WITHOUT RYPASS)

No. of Emergency Containment Containment
Condenser Tube Peak Pressure Peak Temperature
Bundles In Service (psig) (°F)
2 577 25.0° 286" 234"
1 61.7* 273 291 240°
None 66 0" 305" 295* 246"

* With no trp of recirculation pump
© with reciculation pumg trip at 8 sec

A4 SLC INITIATION TIME

Historically, a delay time of 10 minutes has been assumed. following ar unforeseen event, 10 take credit for operator
action initiation or control of an emergency core cooling system. For the postulated ATWS event, however, the lack of scram
would be evident within seconds For this reason it would seem that initiation of the SLC system at less than 10 minutes could
be justified. The base case results (shown in Figures 4 and 5) use a 5-minute initiation ime  To show the effect of SLC
initiation time Table A-4 shows the peak containment pressures and temperatu es for three different values of the inibation
ume

Table A-4
CONTAINMENT RESPONSE IN ATWS: WORST REACTOR ISOLATION
(LOAD REJECTION WITHOUT BYPASS)

SiLC Containment Containmer .
initiation Time Pressure Peak Temperature

(sec) (psig) (F)

600 96 2° 376" 322 259°

300 57.7* 250° 286 234°

180 42 3 205° 266* 233°

¥ With no 1@ of recouiahon pumps
b with recrculation pump D 8t 4 seconds
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A5 SENSITIVITY OF CONTAINMENT RESPONSE TO
WALL HEAT TRANSFER COEFFICIENT

The heat transfer coelficient between the ar-water-vapor mixture in .o ontainment and the containment wall usedin
the base case results of Figures 4 and 5 was based on the experimental data ko™ Reference 5 However, the experimental
data of Reterence 5 were for a vertical surface of 14-cm width and 30-cm he. ht. The geometry of the containment sphere is
thus ditferent from that in Reference 5 For this and other reasons, the heat transfer characteristics in the two cases may be
dfterent Toprovide a feeling for the effect of this on the containment response, analyses were made using half and twice the
value of the heat transfer coefficient shown in Figure 6. The results are shown in Table A-5

Table A-5
CONTAINMENT RESPONSE IN AN ATWS: WORST REACTOR ISOLATION
(LOAD REJECTION WITHOUT BYPASS)

Containment Peak Containment Peak
Pressure Temperature
(psig) (F)

Containment Wall Heat Transfer
Coetficient from Figure 6 57.7 25° 286" 234°

Containment Wall Heat Transter
Coefficient Equal to Hall the
Value from Figure 6 60.1+ 27.1® 289 299

Contanment Wal' Heat
Transter Coefficiert Equa. to
Twice the Value from Figure 6 570 225 285 229

* With n2 g of recirculation pumps
b Recucuiation pump irip at § sec

A-5/A-6
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