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1.0 Introduction 

Commonwealth Edison is replacing the original steam generators (OSGs) at the Byron-1 and 

Braidwood-1 Nuclear Power Stations with BWI replacement steam generators (RSGs). The 

replacement will be performed in accordance with 10CFRS0.59. Consequently, Framatome 

has performed a steam line break (SLB) analysis for containment response to demonstrate 

that the use of the RSGs does not result in a reduction in the margin of safety. The methods, 

assumptions, initial conditions, and boundary conditions that Framatome has applied in the 

SLB analysis for containment response have been previously outlined and approved by the 

customer in the AIS (Reference 4). 

2.0 Analysis Objective 

The objective of the SLB analysis for containment response is to show that use of the RSGs 

does not result in a reduction in the current margin of safety. This is demonstrated by showing 

that the Byron/Braidwood SLB containment response with RSGs r~sults in a peak containment 
' 

pressure less than the design pressure, and that the resulting containment temperature and 

pressure histories remain within the current equipment qualification (EQ) envelopes. 

3. O Accident Methodology 

The mass and energy release cal.culations was performed with the RELAPS/MOD2-B&W 

digital computer code. RELAP5/MOD2-B&W is a control-volume based code that solves the 

conservation of mass, energy, and momentum equations on a time- dependent basis. In 

addition, specific models are included for reactor kinetics and reactivity feedback, pumps, 

valves, and leak paths as well as the transient convective and conductive heat transfer. The 

RELAP5/MOD2 computer code is approved by the NRC for licensing analysis of secondary 

system-initiated transients (Reference 1 ). 
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The analysis was performed using a combined representation of the Commonwealth Edison 

Byron/Braidwood nuclear steam supply systems (NSSS). This representation includes: 

Reactor 

Hot legs, cold legs, and RC pumps 

Pressurizer. 

Main feedwater piping, pumps, and valves. 

Replacement steam generator. 

Main steam piping and valves. 

Auxiliary Feedwater piping, pumps, and valves. 

A RELAP5/MOD2 representation of the Babcock and Wilcox Replacement Steam Generator 

(RSG) was put into the NSSS model with a variety of cases performed that represent a 

spectrum of break sizes, single failures, and power levels to identify the worst case with 

respect to M&E release rates. The RELAP5/MOD2 analysis is used only to produce M&E 

release rates as an input parameter to the CONTEMPT analysis. 

The CONTEMPT computer code solves the conservation of mass and energy equations on a 

time dependent basis for a ~ingte volume reactor building. In addition, specific models are 

included for heat sinks, spray systems, air recirculation fan coolers, and decay heat removal 

coolers. The CONTEMPT computer code is approved by the NRC for licensing analysis of 

containment temperature and pressure responses to a high energy line break (Reference 2). 

The CONTEMPT analysis is performed using a representation of the Byron/Braidwood 

containment building using the current CONTEMPT Version 23. 
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4.0 RELAP5/MOD2 Model Development 

The base RELAP5/MOD2 deck is obtained from the SLB outside containment analysis, 102%. 

power steady state run, case "SLBOc· (Reference 3). Each co.mponent of the model 

discussed in the AIS (Reference 4) is discussed herein with changes identified as either 

applied, or having already been applied in the base deck. All changes applied that are based 

on power level are set based on initializing the deck to 102% power. Lower power runs will be 

documented in ensuing s_ections. 

4.1 Feedwater Model 

The feedwater model is initialized to the correct entrance temperature for 102% power with this 

value determined from Reference 5. As determined in Reference 6, at full power conditions 

the feedwater pump suction temperature is 402.6°F. This is identical to the base deck, so no 

change is required. 

The initial feedwater flow rate is obtained by varying the main f eedwater control valve 

{MFWCV) position, pump speed, and feedwater pump suction pressure. These parameters 

initially remain _the same as the base deck, with required changes documented in the steady 

state s_ection. The MFWCV bypass. line remains closed consistent with the base deck. 

Following a break, it is conservatively modeled that the MFW pump speed remains at its initial 

value. A review of the control logic for the pump (Reference 7) shows that if the pump speed 

control logic is not manually overridden, the pump speed initially responds to the 

steam/feedwater pressure differential. Following a break, the pressure differential increases 

which would decrease the pump speed. Following an SI trip signal, the pumps trip following a 

2.0-second SI signal delay, and coast down on pump inertia. In the base deck analysis, the 

MFW pump trip was tied to the low SG pressure SI signal only (trip 410), this was modified by 

developing a new SI trip for either low SG pressure (trip 410) or low pressurizer pressure {trip 
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408) and modifying the existing SI trip signal with delay that the MFW pump is tied (trip 593). 

Note that a containment building SI signal is not modeled explicitly in the RELAPS model, 

however, for cases where this SI. trip. signal will occur substantially faster then the RELAPS 

indicated signals the signal will be added on the break restart deck. 

691 408 or 410 L * SI signal with no delay 

593 "TIME" 0 "GE" "TIMEOF" 691 2.0 "L" * SI signal + 2-s delay 

With the MFW pump trip tied to the SI signal with a 2-second delay: 

8010301 0 -1 -3 -1 -1 593 0 

Following a break, the control valve to the effected SG are conservatively modeled to open to 

its full open position. The control valves are modeled as having a closure time of 5.0 seconds 

full-open to full-closed time (Reference 8). The control valves on the unaffected SGs are 

modeled as remaining in their nominal position to maximize flow to the broken SG. The 

feedwater control bypass valves are modeled as remaining closed. 

Following an· SI signal, all MF.WCVs are modeled as closing at the stroke rate of 5.0 seconds 

from full open to full closed (Reference 8); and the feedwater isolation valve are modeled as 

closing in 5.0 seconds (Reference 9). Closure of all valves occurs after a 2.0-second SI signal 

delay except for zero power cases. All changes to the control valve are applied on the break 

restart input deck. 

4.2 Auxiliary Feedwater Model 

Auxiliary feedwater (AFW) is modeled explicitly with two pump flow, and no pump degradation. 

The AFW model was returned to the base deck by removal of the comment stars which 

8 



FTI Non-Proprietary 32-1239267-00 

returns the AFW model to the reduced configuration present in Reference 6. In addition the 

time-dependent volume and junction used to represent the AFW system in the base deck .were 

removed. 

Reference 6 applied no AFW pump degradation, so no change is required to pump curves. 

The AFW pump inertias applied however were reduced to allow a more realistic speed 

response for a given change in downstream pressure (base deck AFW pump inertia's are 

identical to the MFW pumps). With the inertia reduced, the AFW speed responce will be more 

rapid allowing a faster ramp up of AFW flow as the steam generators depressurize, however, 

this inertia will not have a significant impact with the pumps initialized at full speed prior to the 

transient using the modeling technique as described in the following paragraphs. The values 

chosen are set based on engineering judgment. 

9040303 100.0 62.4 0.0 450.839 0.0 0.0 0.0 

Flow is initiated following an SI signal. The minimum pump startup delay time of 0.0-seconds 

(Item 3.4.4.A, Reference 10) is modeled to maximize mass to the affected SG. AFW will flow· 

to all steam generators, although a significant portion will flow to the depressurized (broken) 

SG. ·During the initialization run, the AFW system is disconnected from the generator and fed 

into a "dummy9 time dependent volume. · On an SI signal, the flow to the "dummy" volum.e is 

terminated, and the flow directed to the SGs with use of two trip valves per RELAP5/MOD2 

steam generator. The AFW pumps are kept running at all times: 

AFW PUMP Set to always running 

597 "TIME" 0 "GE" "NULL" 0 1.0E+6 "N" 

With the configuration for this "dummy" system shown in Figure 4.1, and logic for this 

configuration is as follows: 
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693 -691 "OR" -691 "N" 0 (inverse SI trip for AFW switch over) 

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

*ADD TRIP VALVE LOGIC TO KEEP AFW SYSTEM ISOLATED UNTIL NECESSARY 

* 

9910000 AFWIS01 VALVE 

9910101 944010000 831000000 0.18 0.67 0.67 01000 

9910201 0 0.0 0.0 0.0 * 0.0 

9910300 TRPVLV 

9910301 691 

* 

9920000 AFWIS02 VALVE 

9920101 944010000 993000000 0.18 0.67 0.67 01000 

9920201 0 0.0 0.0 0.0 * 0.0 

9920300 TRPVLV 

9920301 693 

* 

9930000 AFWIS03. TMDPVOL 

9930101 100.0 100.0 0.0 0.0 0.0 0.0 1.0E-4 0.0 11 

. 9930200 3 

9930201 0.0 373.0 120.0 

******************************************************************* 

*ADD TRIP VALVE LOGIC TO KEEP AFW SYSTEM JSOLA TED UNTIL NECESSARY 

* 

9960000 AFWIS04 VALVE 

9960101 973010000 881000000 0.54 0.0 0.0 01000 

9960201 0 0.0 0.0 0.0 * 0.0 

9960300 TRPVLV 

9960301 691 
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• 
9970000 AFWIS05 VALVE 

9970101 973010000 998000000 0.54 0.0 0.0 01000 

9970201 0 0.0 0.0 0.0 * 0.0 

9970300 TRPVLV 

9970301 693 

• 

9980000 AFWIS03 TMDPVOL 

9980101 100.0 100.0 0.0 0.0 0.0 0.0 1.0E-4 0.0 11 

9980200 3 

9980201 0.0 373.0 120.0 

In addition to the changes to the AFW configuration, prior to the initial run the AFW system 

was initialized to subcooled fluid and the pump initial velocity was set to the rated velocity to 

help the system reach a steady condition without voiding near the pumps. 

The suction temperature and pressure of the AFW pumps was increased to the service water 

conditions of 70F and 100 psia. This change maximizes AFW flow to the steam generators 

and precludes_ the individual evaluation of this failure. Note the ramping of the pump suction 

condition occurs during the steady state runs and not during the transient: 

9000201 0.0 20.23 70.0 

9000202 30.0 100.0 70.0 

9000203 1.0E6 100.0 70.0 

9200201 0.0 20.23 70.0 

9200202 30.0 100.0 70.0 

9200203 1.0E6 100.0 70.0 
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4.3 Steam Generator Model 

For all power levels, the SG level is initialized to 65.6% NRS (Reference 12, Item 3.2.11) plus 

2.5% NRS control band tolerance, 5.0% instrument error, and velocity erro.r as described in 

Table H2 of Reference 12. The level calculation for the steam generators was refined by 

addition of the level calculations developed in Reference 13 which calculate level based only 

on the volume of water between the NRS taps: 

* collapsed liquid level w/look-up table 

* 

20507900 VOLSNGLE SUM 1. Q. 1 

20507901 o .. 
20507902 

20507903 

20507904 

20507905 

* 

264.93 VOIDF 625010000 

259.10 VOIDF 645010000 

1174.10 VOIDFG55010000 

259.10 VOIDF 665010000 

460.33 VOIDF 668010000 

20509910 VOL TRPLE SUM 0.33333 0. 1 

20509911 0. 794. 79 VOIDF 725010000 

20509912 777.30 VOIDF 745010000 

20509913 3522.30 VOIDF 755010000 

20509914 777.30 VOIDF 765010000 

20509915 1380.99 VOIDF768010000 

* 

20507920 LVLSNGLE FUNCTION 1.0 0. 1 

20507921 CNTRLVAR 790 900 

* 

20509920 LVL TRPLE FUNCTION 1.0 0. 1 

20509921 CNTRLVAR 991 900 
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• 
• 
• .GENERAL TABLE 900 - NR Level, SA 

• 
20290000 REAC-T 

• 
• Volume, ft"3 

• 
• 
20290001 211.10 

20290002 264.93 

20290003 524.03 

20290004 1698.13 

20290005 1957.20 

20290006 2006.58 

• 

Level,% NR 

0. 

10.65 

23.98 

84.40 

97.73 

100 . 

32-1239267-00 

The trips that utilize the SG level were also modified to reflect refined level calculation control 

variables (trip. levels were not altered): 

* change trip to cv 792 & 992 for sg level 

• 
412 "CNTRLVAR" 792 "LE" "NULL" 0 2.055 "L" 

413 ''CNTRLVAR" 992 "LE" "NULL" 0 2.055 "L" 

Moisture carry over is minimized by a reduction of the base deck multiplier in annular mist drag 

multiiplier by a factor of 1000. This drag model is applied to the steam generators above the 

separators in the base deck 
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153 3 0.100 0.2 0.95 2.5223E-8 0.1109 0.0001 

4.4 Steam Line Model 

The break model existing in the base deck was relocated upstream of the MSIVs, with the 

function of the MSIV on the broken SG returned. See section 4.6 for a discussion of the break 

model. 

The steam line isolation valves were modeled to close following a 2-second delay after an SI 

signal with a 6-second full-open to full-closed stroke time (Reference 10, 1tem 3.5.4); This 

yields a total closure time of 8.0 seconds consistent with page A17 of Reference 14. The 

MSIV close trip was changed to trip 593 for SI signal with 2.0-second delay (see section 4.1), 

with the stroke time kept at 6.0 seconds: 

6820301 502 593 0.1666 1.0 

7820301 502 593 0.1666 1.0 

Consistent with the AIS (Reference 4), trip 593 incorporated all SI signals with the exception 

the containment high-2 signal (pressurizer pressure and steam line pressure), however, it was 

later clarified that the MSIV will not close on pressurizer pressure. At the conclusion of the 

analysis, a review of the CONTEMPT results showed that for the cases where pressurizer 

pressure isolation of the MSIVs was credited, that a containment high-2 containment pressure 

signal would have preceded the pressurizer pressure SI signal demonstrating that the results 

of this analysis remain valid. 

For all ruptures, the turbine stop valves are conservatively modeled to close in one 

RELAP5/MOD2 time step (0.01 seconds). This maximizes the steam relief through the break. 

An inverse trip for the transient initiation was developed and applied to the TSV: 

661 -551 OR -551 N *INVERSE SLB TRIP 

7940301 661 
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If necessary, steam pressure relief in the intact SGs is provided with use of the Main Steam 

code Safety Valves (MSSVs). The MSSV flow rates are identical to the base deck values. 

Condenser dump valves and atmospheric dump valves (MS PORVs)were not credited. 

4.5 Reactor Coolant System 

Primary Inventory Control 

No charging or letdown flow is modeled for this event. High pressure injection (HPI) is credited 

after a 2-second delay on the following SI signals: 

1. Low lead-lag steam line pressure of 364 psig (379 psia) in the broken SG. Lead 

and lag times are 50 seconds and 5 seconds respectively (Item 5.2.1.C, 

Reference 15). 

2. Low pressurizer pressure of 1700 psig (1715 psia) (Item 5.2.1.8, Reference 15). 

3. High containment pressure of 6.8 psig (Item 5.2.1.A, Reference 10). Note that 

this signal is only credited in RELAP5/MOD2 if the timing of this signal is 

substantially faster than either the pressurizer or steam line pressure signals. 

For these cases, an additional iteration between CONTEMPT and 

RELAP5/MOD2 would be required. Note that in cases where the high 

containment pressure is credited for action within RELAP5/MOD2, the SI 

initiation signal was conservatively delayed to initiate at the high-2 signal 

setpoint (12.8 psig, Reference 14) for a consistent timing of SI initiation, and 

MSIV closure. 

The CV flow corresponds to the values given in Reference 16 following a pump start up time of 

27-seconds with offsite power or 37-seconds without offsite power (Item 5.2.1.3.b, Reference 

15. The sweep volume is modeled explicitly in RELAP5. The maximum HPI fluid temperature 

of 1 OOF is used to maximize energy to the RCS (Item 3.11.2, Reference 10). The boron 

concentration of the HPI flow is 2300 ppm (Reference 17). A conservatively high inverse 

15 
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boron worth of 140ppm/%DK/K is applied. The only changes required of the base deck is the 

increase of the HPI fluid temperature to 100F: 

4800201 0.0 14.7 100.0 0.0023 

4900201 0.0 14.7 100.0 0.0023 

and an increase in the delay time to 29-seconds (2-second SI delay and 27-second pump 

delay): 

409 "TIME" 0 "GE" "TIMEOF" 408 29.0 "N" 

411 ''TIME" 0 "GE" "TIMEOF" 410 29.0 "N" 

The primary system pressure does not decrease sufficiently for low pressure injection (LPI), 

and it is not credited. 

Reactor Coolant Pumps 

All reactor coolant pumps (RCPs) are conservatively modeled to operate throughout the 

transient except in the case of a loss of offsite power. Forced circulation through the RCS 

gives maximum primary to secondary heat transfer increasing the energy release to 

containment. Loss of Off site Power (LOOP) causes a coastdown of the RCPs. This is 

consistent with the base deck. 

Reactor Coolant Flow Rate 

The base RELAP5/MOD2 model with RSGs (Reference 6) is initialized to best-estimate flow 

assuming no tube plugging. This flow maximizes heat transfer to the secondary side of the 

RSG. This is consistent with the base deck. 

Pressurizer 

Pressurizer heaters are not modeled. The mass and energy calculations are insensitive to the 

pressurizer water level. 

Core Power 

Initial core power levels is set to 102% of 3411 MWt. This is consistent with the base deck. 
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RCS Temperature 

Initial RCS average temperature is 588.4°F for 100% power (Item 6.8.5, Reference 10) 
/ 

increased by 9.5°F to account for control deadband and measurement error (Page 15.0-9, 

Reference 17) to 597.9°F. This is identical to the base deck goal temperature, so no changes 

is made to the initial turbine pressure or MFW valve positions until the first steady state run is 

performed. 

Core Reactivity 

The core reactivity including the control variable for power Doppler, Moderator density, and 

SCRAM insertion are identical to the base deck, however, the sign on the unrodded power 

Doppler logic was changed on break restarts in Reference 3. This correction is incorporated 

into the base deck. These kinetic control variables coorespond to control variables 18 

(unrodded power Doppler), 23 (rodded power Doppler), 32 (unrodded mo9erator), 39 (rodded 

moderator),and 83 (boron). These control variables will be applied with use of the 3000000 

card on break restart with the same logic applied as the base deck. 

20500130 DRHO SUM 0.0022727 0. 1 

Note that two sets of 3000000 kinetics series cards were present in the base deck, with the 

second set of kinetics cards replacing the first set. To avoid confusion, the first set of kinetics 

cards were commented out. 

* FOLLOWING CARDS REMOVED AS REPLACED IN BASE DECK - NOT USED 

* 

*30000000 "POINT'' "SEPARABL" 

*30000001 "GAMMA-AC" .347922E+10 .00000 .38660E+03 .12000E+01 1.00000 

*30000002 "ANS73" 0.0 1.0 
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•30000301 0.1420 0.000491 0.1236 0.00000341 

Reactor Trip 

Normalized rod worth verses insertion is given in Reference 15. A total negative reactivity 

insertion following a trip of 4000pcm is applied. A reactor trip occurs after the following signals 

(Reference 10): 

1. High neutron power of 118% rated power with a 0.5-second delay (Item 5.5.1 ), 

base deck trip 402 

2. OPDT with gains as indicated in Reference 10, item 5.1.4 ('t1=8.0, 't2=3.0, 

't3=6.0, 'ts=6.0, 't1=10.0) with a 2-second delay. 

3. High pressurizer pressure of 2456 psig (2471 psia) with a 2.0-:second delay 

(Item 5.1.5), this trip is not credited with the SLB (an overcooling event). 

4. Low pressurizer pressure of 1860 psia (1845 psig) with a 2. 0-second delay (Item 

5.1.6), base deck trip 406. Note that the base deck trip is set to 1859. 7 psia, 

this remains unchanged and the· 0.3 psi difference will not impact the evaluation. 

5. A safety injection signal with a 2.0-second delay, base deck trip 593 

All required trips are in place in the base deck except for the OPDT trip. The expression for 

the OPDT trip is obtained from the technical specifications (Reference 18). Section 2.0 of the 

technical specifications are included as an attachment to this document. All terms in the 

expression for OPDT can be coded directly with the exception of the KS term, and most terms 

(other then tech spec required constants) are obtained from the existing OTDT trip of the base 

deck. The KS term of the OPDT expression is 't7S/(1+'t7S). From Reference 19, because the 

expression is linear, the expression can be rewritten as [1 - 1/(1+'t1S)]. The only other 

unknowns of the expression will be set following the steady state runs and are the initial 

control variable conditions and the rated power AT across the core. Initial values of all required 
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control variables will not ·impact the analysis with steady· state runs being performed prior to 

transient initiation. 

Note that the coding of this control variable was later determined immaterial to this event with 

the OPDT trip never required. The results of the runs show that all SLBs trip on low SG 

pressure, or high building pressure SI. For low power conditions, the rated power .&Twas not . . 
modified for the OPDT trip with the trip not required. 

The coding for the OPDT is given as follows, and is included for information only: 

• -> OPDT Trip (some OTDT cvars used) 32-1239264-00 

• 
20509200 K5LAG LAG 0.02 11.3908 1 

20509201 10.0 CNTRLVAR 907 

• 
20509210 KS MULT 0.02 11.3908 1 

20509211 CNTRLVAR 907 

• 

20509220 RIGHT1 SUM 1.0 1.155 1 *not 1.C. 

*KS xTavg 

* KSxTavg 

20509221 1.155 -1.0 CNTRLVAR 921 *K4-K5xTavg 

20509222 1.0 CNTRLVAR 920 * K5 lag 

20509223 -0.00245 CNTRLVAR 907 * K6 lag 

• 

20509230 OPDTRGHT SUM 59.03 66.17 1 

20509231 1.3953 1.0 CNTRLVAR 922 

• 

·-OPDT trips 

• 

518 CNTRLVAR 903 GE CNTRLVAR 923 0.0 L 
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519 TIME 0 GE TIMEOF · 518 8.0 L 

* 

4.6 Break Model 

The break is modeled to open instantaneously, or one RELAPS/MOD2 time step (0.01 

seconds). The Moody choked flow model was applied to two phase flow consistent with the 

base deck. Contact between both sides of the break node remains following the rupture 

unless the rupture is identified as a double ended rupture (DER) in which case both ends of 

the rupture have contact only with the containment atmosphere. The containment atmosphere 

backpressure is conservatively modeled to remain at 14.7 psia throughout the RELAP5/MOD2 

· evaluation. 

The break model existing in the base deck was relocated upstream of the MSIVs, with the 

function of the MSIV on the broken SG returned (MSIV component 682). The break model 

noding diagram including the steam line configuration near the break is given as Figure 4.2. 

The last piping section of pipe 672 was split off and reconfigured as branch 673 for attachment 

to the break model. Note that the break location and choking configuration is evaluated in 

Appendixe·. 

* 

6720000 "ST1" "PIPE" 

6720001 3 

6720101 4.929 3 

6720201 · 0.0 2 

6720301 43.6561 

6720302 39.713 3 

6720601 0.0 1 
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6720602 -90.0 3 

6720701 0.0 1 

6720702 -39.666 3 

6720801 0.00015 0.0 

6720901 0.20 0.20 

6720902 0.0 0.0 

6721001 00 3 

6721101 01000 2 

3 

1 

2 

6721201 0 1036.710 543.9943 1109.111 .9999475 0.0 1 

6721202 0 1036.181 543.9102 1109.203 .9999458 0.0 2 

6721203 0 1036.442 543.9485 1109.279 .9999338 0.0 3 

6721301 78.65759 93.32619 0.0 1 * 1075.793 

6721302 93.85926 93.38484 0.0 2 • 1075.788 

* 

* 673 split from 672 for break modeling 

* 

6730000 "ST2" "BRANCH" 

6730001 1 0 

6730101 4.929 21.25 0.0 0.0 0. 0. 

6730102 0.00015 0.0 0010 

6730200 0 1035.854 543.8619 1109.300 .9998040 . 

6731101 672010000 673000000 0.0 0.20 0.20 01000 

6731201 30.64089 93.42838 0.0 * 1075.762 

* 

32-1239267-00 

Node 673 was then connected to the break junctions. The break model is unchanged from 

the based deck except for location in the steam lines. The coding is as follows: 

* 
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* · Break size = 1.1 ft2, broken SG side 

8560000 "A-BRK" "VALVE" 

8560101 673010000 572000000 1.1 

8560201 0 0.0 0.0 0.0 

8560300 "TRPVLV" 

8560301 551 

* 

5720000 "CONTAIN" "TMDPVOL" 

1.0 1.0E+6 00100 

*0.0 

5720101 100.0 · 100.0 0.0 0.0 0.0 0.0 1.0E-4 0.0 11 

5720200 3 

5720201 0.0 14.7 120.0 

* 

8510000 "DER" "VALVE" 

. 8510101 673010000 674000000 4.929 0.0 0.0 01100 

8510201 0 29.90708 93.44495 0.0 

8510300 "MTRVL V" 

8510301 551 502 100.0 1.0 * 0.01 stroke 

* 
8580000 "B-BRK" -VALVE" 

.8580101 674000000 571000000 1.1 1.0 1.0E+6 

8580201 0 0.0 0.0 0.0 . * 0.0 

8580300 "TRPVLV" 

8580301 502 

* 
5710000 "CONTAIN" "TMDPVOL" 

00100 

5710101 10.0 10.0 0.0 0.0 0.0 0.0 1.0E-4 0.0 11 

5710200 3 

5710201 0.0 14.7 120.0 

* 
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* Scaling is conversion fro~ Kg to lbm 

20508100 "INTMASSA" "INTEGRAL" 2.20462 0.0 0 

20508101 "MFLOWJ" 856000000 

* 
* Scaling is conversion from Watt*s to BTU 

20508110 "INTENERA" "INTEGRAL" 9.4780555E-4 0.0 0 

20508111 "UFLOWJ" 856000000 

* 

* Seating is conversion from Kg to lbm 

20508120 "INTMASSB" "INTEGRAL" 2.20462 0.0 0 

20508121 "MFLOWJ" 858000000 

* 

* Scaling is conversion from Watt*s to BTU 

20508130 "INTENERB" "INTEGRAL" 9.4780555E-4 0.0 0 

20508131 "UFLOWJ" 858000000 

* 

Note that the flow capacity of the MSSVs is identical between the base deck and that identified 

in Reference 4, so no changes are required of the MSSVs. 

4.7 Loss of Offsite Power 

Loss of offsite power is modeled on a case specific basis. No changes are made to the base 

deck. 

4.8 Assumed Failures 
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The assumed failures are modeled on a case specific basis. No changes are made to the 

base deck. A listing of the evaluated assumed failures and a description of ~he failures is 

contained in the AIS {Reference 4). 

4.9 Miscellaneous Changes 

Control variables 30, 31, and 11 were commented out from the base deck as there function 

was not required for evaluation of the SLB for containment response. 
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5.0 CONTEMPT Model Development 

The containment model development for the CONTEMPT/23/0 evaluation of the SLB 

containment response is documented in Reference 20. All input parameters from the base 

deck (COMED) developed in Reference 20 are applied to this analysis with the following 

exceptions: 

1. End time (card 2, word 2) 

2. Fan cooler delay time (card 6, word 6). Longer delay required for LOOP cases. 

3. Number of fan coolers (card 6, word 11). Fewer coolers required for cooler failure or 

DG failure. 

4. Mass and energy release rate (table 501). This data obtained from RELAP5/MOD2 

run. 
5. Start time and flow rate of containment sprays (table 801). Start time is iterative based 

on when containment atmosphere reaches 24.8 psig, and if LOOP. The spray flow rate 

will be reduced for spray failure or DG failure. 

These parameters are set on a case specific basis. 
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6.0 102% Power Evaluation 

6.1 . RELAP5/MOD2 102% Power Steady State 

The changes outlined in section 4.0 were administered to case "SLBoc· of Reference 3. No 

changes were required to alter the RCS average coolant temperature or the MFW flow rate 

with both the base deck and present investigation requiring the same 597.9°F Tavg. A 50-

second run titled "SLB1c1· was performed that resulted in a RCS Tavg of 597;7°F, and rising. 

A second 100-second restart run was then performed that lowered the turbine pressure from 

1118.0 psia to 1115.0 psia. 

From Table H2 of Reference 12, for SG levels above 70% NRS at 100% power, the velocity 

error in the NRS is 2.5o/o. The SG level is initialized to 65.6% NRS (Reference 12, Item 3.2.11) 

plus 2.5% NRS control band tolerance, 5.0% instrument error, and 2.5% ~elocity error for a 

total level of 75.6% NRS. The void fractions of the steam generator separator region were 

adjusted such that at the end of this run, the correct SG levels are obtained. The following 

changes were applied to restart run "SLBIC2": 

• 

* SINGLE LOOP SG 

• Recirc adjacent separator 

• 
6550000 "S-SGREC2" "BRANCH• 

6550001 2 0 

6550101 129.55 9.063 0.0 0.0 90.0 9.063 

6550102 4.167-5 1.38 00 

6550200 0 1037.0 557.44 1111.9 0.045 

6551101 655000000 645000000 129.55 0.0 0.0 01000 

6551201 2.155-3 -1.79889 0.0 • 8.546980 
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6552101 655010000 665000000 129.55 0.0 0.0 01000 

6552201 -1.37933 -2.337-3 0.0 • -.705288 

* 

* TRIPLE LOOP SG 

* Recirc adjacent separator 

* 

7550000 "S-SGREC2" "BRANCH" 

7550001 2 0 

7550101 388.65 9.063 0.0 0.0 90.0 9.063 

7550102 4.167-5 1.38 00 

7550200 0 1037.0 557.44 1111.9 0~05 

7551101 755000000 745000000 388.65 0.0 0.0 01000 

7551201 1.715-3 -1.72623 0.0 • 20.65098 

7552101 755010000 765000000 388.65 0.0 0.0 01000 

7552201 -1.31429 -2.066-3 0.0 • -1.87276 

* 
• 
7960000 ''TURBINE" "TMDPVOL" 

7960101 1.e61.e6 0.0 0.0 0.0 0.0 0.0 0.0 10 

7960200 003 

7960201 0.0 1118. 540.0 *"SG" "P" & ''T" 

7960202 50.0 1118. 540.0 

7960203 56.0 1115. 540.0 .. 

32-1239267-00 

The results of this run show that the RCS Tavg and SG levels are steady and correct. The 

conditions at the end of this run are as given in Table 6.1. 
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Table·6.1 

102% Power Steady State Conditions 

Average RCS Liquid Temperature (0 F) 
(CVAR 906) 

Pressurizer Pressure (psia ) 
(410-1) 

RCS Flow Per Loop, Single/Triple (lbm/s) 
(100-1, 200-1) 

SG Dome Pressure, Single/Triple (psia) 
(670-1, 770-1) 

Single SG Level (%NRS) 
(CVAR 792) 

Triple SG Level (%NRS) 
(CVAR 992) 

Feedwater Flow, Single/Triple (lbm/s) 
(832-1, 882-1) 

Steam Flow, Single/Triple (lbm/s) 
(670-1, n0-1) · 

bracketed are desired values 

597.9 (597.9)* 

2241.5 

1032"1/30968 

1131.5/1132.0 

75.6 (75.6)* 

75.3 

1073.5/3220.6 

1078.8/3234.7 
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6.2Case1 

102% Power 

4.4tt2 OER 

Failure of MSIV 

Offsite Power Available 

32-1239267-00 

The following changes were applied on the RELAP5/MOD2 break restart input_ deck. Most of 

these changes are applied to all cases at transient initiation. 

Pressurizer 

The time dependent volume and junction in place for the pressurizer to hold the RCS pressure 

and pressurizer volume at their correct steady state values were removed: 

* 

5000000 PZRSS DELETE * Time dependent pressure holder 

5110000 PZRSSJ DELETE * andjunction 

* 

Break Initiation 

The break trip is initiated. This trip opens the break trip valves to initiate the transient. 

* TRIP TO INITIATE SLB 

551 TIME 0 GE NULL 0 0.0 L 

Reactor Trip 

The reactor trip on SI signal was neglected in the steady state runs and is included in the 

break restart. The SI signal reactor trip is included by replacing the reactor trip on low SG level 

in the triple generator (this trip will not occur for this event), with the SI trip. 
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• 
• ADD LOW SL PRESSURE SI SIGNAL TO REACTOR TRIP 

605 604 OR 582 L *LOW SG LEVEL IN TRIPLE REMOVED, SI 

Turbine Trip 

The turbine trip with reactor trip is modeled to increase the mass and energy released through 

the break. The turbine trip number was tied to the inverse of the reactor trip . 

• 
* TURBINE TRIP ON REACTOR TRIP 

660 -605 OR -605 N 0.0 • Rx trip, initialize as true 

Kinetics 

!'II kinetics control variables are in place for the steady state runs (and therefore initialized 

correctly). See Section 4.5 under "core reactivity• for a description of the control variables 

applied. On break restart these kinetics control variables are applied with the addition of the 

3000000 series cards: 

* .. __ .. _ .. __ .. __ .. __ .. __ .. __ .. __ .. __ .. __ .. ___ .. __ .. __ .. __ .. __ .. __ 

* KINETICS INPUT .. __ .. _ .. __ .. __ .. __ .. __ .. __ .. __ .. __ .. __ .. __ .. __ .. __ .. __ .. __ .. __ 

* 

30000000 POINT SEPARABL 

30000001 GAMMA.;AC .347922E+10 .00000 243.094 1.2 1.0000 

30000002 ANS73 0.0 1.0 

30000301 0.1420 0.000491 0.1236 0.00000341 

30000011 005 10018 1002310032 10039 10083 

• 
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MFWHeaters 

The MFW heater models developed in Reference 6 were developed from steady state 

information. During upset conditions, the heaters may perform unrealistically. To avoid 

possible difficulties, the heater performance is fixed at the steady state conditions. It is 

conservative to hold shell side temperature and heat transfer to the pre-transient conditions 

with the shell side steam flow expected to decrease or stop once the steam line break occurs 

and the turbine trips. The temperature and UA terms applied to the following tables were 

obtained from the lookup control variables that use these tables at the end of the steady state 

run . 

.. _ .. _ .. _ .. _ .. _ .. _ .. _ .. _ .. _••-··-··-··-··-~·-··-
* MFW HEATER SHELL SIDE CONDITIONS HELD CONSTANT .. __ .. _ .. __ .. __ .. __ .. __ .. _ .. __ .. __ .. __ .. __ .. __ .. __ .. __ .. __ .. __ 

* 

20201000 

* 

20201001 

20201002 

* 

20201100 

* 

20201101 

20201102 

* 

20201200 

* 

20201201 

20201202 

REAC-T 

POWER.MW 

0. 

4000. 

REAC-T 

POWER,MW 

0.00 

4000. 

REAC-T 

POWER.MW 

0.00 

4000 .. 

SHELL SIDE TEMP, F 

445.0 

445.0 

SHELL SIDE TEMP, F 

414.5 

414.5 

UA, WATIS/F 

25717710. 

25717710. 
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Break Model 

The break valve nodes are restated in the break restart deck with the configuration of these 

valves changing depending on break size and whether the break is a double ended rupture or 

a split break. For case 1, a DER requires that the communication valve between the two sides 

of the break (valve 851) closes, and both break sides open to the required break size (valves 

856 and 858 open to 4.4 tt2) 

.. __ '*'!'.**--**--**--•*--**--**--**--**--**--**--**--**--**--**--

* BREAK MODEL 

··--··-··--··--··--··--··--··--··--··--··--··--··--··--··--··--
• 
* Break size = 4.4 DER 

8560000 A-BRK VALVE 

8560101 673010000 572000000 4.4 1.0 1.0E+6 

8560201 0 0.0 0.0 0.0 • 0.0 

8560300 TRPVLV 

8560301 551 

• 

8510000 DER VALVE 

8510101 673010000 674000000 4.929 0.0 0.0 01100 

8510201 0 29.90708 93.44495 0.0 

8510300 MTRVLV 

8510301 502 551 100.0 1.0 • 0.01 stroke 

• 
8580000 8-BRK VALVE 

00100 

8580101 674000000 571000000 4.4 1.0 1.0E+6 00100 

8580201 0 0.0 0.0 0.0 • o.o 
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8580300 TRPVLV 

8580301 551 

Failure 

32-1239267-00 

For case 1, the MSIV fails on the broken SG resulting in the blowdown of the residual steam in 

the steam lines between the MSIV and the turbine. 

* 

··--··-··--··--··--··--··--··--··--··--··--··--··--··--··--··--
* FAILURE 

** -·· ** ** ** ** ** - ** - ** ** ** ** ** ------------~--

* 

6820000 MSIV-1 VALVE 

6820101 674010000 684000000 4.929 0.096 0.096 30100 1.0 1.0 

6820201 0 29.90708 93.44495 0.0 * 1075.841 

6820300 MTRVLV 

6820301 501 502 0.1666 1.0 *TRIPS HOLD VALVE OPEN 

* 

Turbine 

To avoid an unrealistic back flow from the turbine to the break once the steam lines 

depressurize, the choking option is applied to the turbine valve, with the time dependent 

volume downstream of the valve changed to atmospheric pressure, and the valve area 

adjusted such that the flow through the valve matches the steady state value. From the last 

major edit of run "SLBIC2", the flow through the TSV is 4313. 9 lbm/s, with a steam internal 

energy just upstream (branch 792) of 1186.3 Btu/lbm, and pressure just upstream of 1115. 1 

psia. From the HEM choked flow tables of Reference 21, a double interpolation is performed 

to obtain the correct flow area to maintain the steady state flow through the TSV. 

For 1000.0 psia inlet pressure: 
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H (Btu/lbm) G (lbm/s-ft**2) 

1127.898. 

1186.3 

1192.936 

2101.8927 

? = 2020.7 

2011.5171 

For 1200.0 psia inlet pressure: 

H (Btullbm) G (lbm/s-ft**2) 

1184.813 2429.72 

1186.3 

1201.318 

?=2427.6 

2406.681 

For 1115.1 psia inlet pressure: 

P (psia) G (lbm/s-ft**2) 

1000.0 2020.7 

1115.1 ? = 2254.9 

1200.0 2427.6 

The required area to obtain th~ correct choked flow mass flow rate is: 

. Area= (4313.9 lbm/s)/(2254.9 lbm/s-ft-2) = 1.913 

A slightly larger flow area of 1.9403 (1.4% greater area) was input to the base deck, this 

difference will not significantly impact the analysis . 

• 
7940000 SNG-TSV VALVE 

7940101 7920100007960000001.9403. 0.0 1.0E+10 30000 

7940201 1 0.00 4313.9 0.0 

7940300 TRPVLV 
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7940301 660 

* 

* 

7960000 TURBINE TMDPVOL 

7960101 1.90511.e6 0.0 0.0 0.0 0.0 0.0 0.0 10 

7960200 003 

7960201 0.0 14.7 540.0 *SG P & T 

MFIVValve 

32-1239267-00 

The base deck modeled a nearly instantaneous close time of the MFIVs. The change of this 

valve stroke time was neglected in the steady state runs. As per Reference 4, the MFIV valve 

closure time is changed to 5-seconds. 

* 

8300000 "MFIV-1" "VALVE" 

8300101 828010000 831000000 1.003 0.096 0.096 00100 

8300201 0 20.489 20.489 0.0 

8300300 "MTRVLV" 

8300301 502. 593 0.2 1.0 * 5-SEC STROKE 

* 

8800000 

8800101 

8800201 

8800300 

"MFIV-3" "VALVE" 

878010000 881000000 3.009 0.96 0.96 00100 
I 

0 20.488 20.4188 0.0 

"MTRVLV'' 

8800301 502 593 0.2 1.0 * 5-SEC STROKE 
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RELAP5/MOD2 Results 

With the documented changes, a 600-second run was performed in "SLBC1_ 1·. Plots 

showing the behavior of the transient are shown in Appendix C. 

CONTEMPT Evaluation 

The CONTEMPT input deck "COMED" from Reference 20 was reproduced with the following 

changes applied. 

Mass and Energy Release Rates 

The mass and ene'ln' release from both sides of the break are formatted for input into CONTEMPT 

and are input as Table 501 in the input deck. This is performed by creating a strip file from the 

RELAP51MOD2 deck (strip file titled "ST1"), and formatting the data for input into CONTEMPT by . . -
summing the mass releases from both sides of the break, and summing the energy release rates 

from both sides of the break and input these values into Table 501. 

During the evaluation of the double ended breaks, it was observed that some liquid was exiting the 

steam ge~erator due~. ttie extreemly high initial SG level. With an initial water level of 75.6% NRS, 

the separators are nearty flooded on transient initiation, and the swell from flashing cause the 

seperators to become flooded and a two phase mixture enters the dome region. Several attempts 

were made to quell the liquid entrainment with furthur reductions of the slip drag model applied to 

the dome region to no avail. To apply a conservative result, the steam enthalpy was used for the 

total mass flow rate. Use of the steam enthalpy instead of the mixture enthalpy may be overty 

conservative with CONTEMPT. This resulted in an overly conservative result by exceeding the 

temperature EQ envelope with an earty (prior to 20-second) temperature peak. To continue to · 

apply a conservative result, while maintaining results within the EQ envelope the first minor edit 

mass and vapor enthalpy edit conditions were applied (choked conditions prior to significant liquid 
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~ntrainement. and maximum vapor enthalpy), with a linear reduction in mass and flow rate to 

conditions just when liquid entrainment deminishes (at approxim~tely 10-seconds). This 

. approximation will provide conservative results as demonstrated in Appendix A, and note that this 

proceedure is only required for DERs where significant liquid entrainment cannot be avoided. An 

example of calculation of the mass and energy releases to be applied in CONTEMPT is as follows 

.. 

Example: From strip file titled "ST1" at 150.5 (0.5 seconds transient time, first minor edit) the 

following values are found: 

Total Mass Flow Path 856 

Total Mass Flow Path 858 

Vapor Internal Energy of Node 670 

(broken SG steam dome) 

Vapor lntemal Energy of Node 67 4 

(node upstream of triple side break) 

Pressure Node 670 

(broken SG steam dome) 

Pressure of Node 67 4 

(node upstream of triple. side break) 

Vapor Density Node 670 · 

(broken SG steam dome) 

Vapor Density of Node 674 

(node upstream of triple side break) 

The total mass flow at this time is 

3121.6 + 5390.6 = 8512.2 lbm/s. 

The total energy flow a~ this time is 

39. 

= 3121.6 lbm/s 

= 5390.6 lbm/s 

= 1107.3 btu/lbm 

= 1118.7 btu/lbm 

= 1093.2 psi 

= 509.25psi 

= 2.4811 lbm/ft3 

= 1.0984 lbm/ft3 
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H = U + PV = m(u+P/p)1 + m(u+P/p)z . 

= 3121.6 lbni/s * (1107.3 btu/lbm + C1093.2 lbf/in2l*C144 in2/ft2)) J 

(2.4811 lbm/ft3)*(778.17 ft-lbf/Btu) 

+ 5390.6 lbm/s * (1118. 7 btu/lbm + (509.25 lbf/in2l*C144 in2/ft2l J 

(1.0984 lbm/ft3)*(778.17 ft-lbf/Btu) 

= 10204014.o (input deck is 10204015.8, difference from roundoff) 

These two values are input into Table 501. 

501, .00, 8512.20, 10204015.8, 

0.50, 8512.20, 10204015.8, 

Containment Coolers 

Following this input, a preliminary run ~s perfonned to detennine the time the containment building 

reached 24.8 psig (containment spray actuation setpoint) which was detennined to be at 80.104 · 

seconds. With no LOOP, the spray delay is 53.1 seconds for a spray start time of 133.21 ·seconds. 

The spray flow rate is identical to the ·base deck flow which account$ for both CS pumps 

operational. 

801, 0.0, 0.0, 130.0, 1.0, 0.0, 0.0, 

133.21, 0.0, 130.0, 1.0, 0.0, 0.0, 

133.22, 970.92, 130.0, 1.0 0.0, 0.0, 

1.0+6, 970.92, 130.0, 1.0, 0.0, 0.0,END 
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Results 

The CONTEMPT run was titled "CON1 H• with the peak containment pressure determine.d to be 

26.7 psig at 109.2 seconds post break, and peak containment temperature determined to be . . . 

317.2F at 13.1 seconds post break. Plots· of the containment pressure and temperature response· 

are included in Appendix C. 
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6.3 Case 2 

102%f'.»ower 

4.4ft2 DER 

Failure of MSIV 

Offsite Power·NOT Available 

32-1239267-00 

The restart deck from case "SLBC1_ 1· was reproduced identically with the exception of the 

following changes: 

SI Delay Time 

The SI delay times were extended for the LOOP cases. 

* SI TRIP DELAYS EXTENDED TO 2+37 SECONDS FOR LOOP 

409 ''TIME" 0 "GE" ''TIMEOF" 408 39.0 ."N" 

411 "TIME" 0 "GE" "TIMEOF" 410 39.0 "N" 

RC Pump Trip 

The most significant change to the RELAP5/MOD2 deck for a LOOP is the coastdow".l of the 

· RC Pumps on reactor trip. To apply this trip, the pump trip number was changed to the reactor 

trip number (also requiring all pump curves to be duplicated in the restart input deck). 

1600301 0 0 -2 -1 -1 605 1 *TRIP=REACTOR TRIP FOR LOOP 

2600301 160 160 -2 -1 -1 605 . 1 *TRIP=RX TRIP FOR LOOP 

Note: the MFW pumps were not credited for coasting down on a LOOP. This will cause a 

conservative overestimation of the volume of MFW entering the Sgs, however, it is later 
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demonstrated that the LOOP cases are not the limiting pressure case, and the peak 

temperatures occurs early in the transient before the pumps would coast down signficantly, 

therefore, the run was not reperforrned. 

RELAP5/MOD2 Results 

With the documented changes, a 600-second run was performed in "SLBC2_t. Plots 

showing the behavior of the transient are shown in Appendix C. 

CONTEMPT Evaluation 

The CONTEMPT input deck from case "CON1 H" was duplicated with the following changes 

Containment Coolers 

From the RELAP5/MOD2 run, LOOP on reactor trip occurred at 3.66 seconds. With loss of offsite 

power, coolers start 65 seconds after LOOP {if containment pressure reaches 6.8 psig in less then 

or equal to 38 $econds). The cooler actuation time is therefore 68.7 seconds. This is modeled by 

reducing the cooler setpoint at 0.0 psig, and increasing the cooler delay to 68.7 seconds 

5,0.0,0.0,0.0,0,68. 7.0.0,0.18036265,258.96991,-37719.136,2 

Note: the number of spray coolers available was inadvertently reduced from 4 to 2. This will 

cause a conservative overproduction of the containment temperature· and pressure, 

however, it is later demonstrated that this is not the limiting case, therefore, the run was not 

re performed • 

. Mass and Energy Release 
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The mass and energy release from both sides of the break are formatted for input into CONTEMPT 

and are input as Table 501 in the input deck. This is performed by creating a strip file from the 

· RELAP51MOD2 deck (strip file titled "ST2j~ and formatting the data for input intO CON!EMPT by 

summing the mass releases from both sic:tes of the break, and multiplying the mass flow rate by the 

steam enthalpy and input these values into Table 501 (See example for case 1) .. 

-
To continue to apply. a conservative result, while maintaining results within the EQ envelope the first 

minor edit mass and vapor enthalpy edit conditions were applied (choked conditions prior to 

significant liquid entrainement, and maximum vapor enthalpy), with a linear reduction in mass and 

flow rate to conditions just when liquid entrainment deminishes (at approximately 10-seconds). This 

approximation will provide conservative results as demonstrated in Appendix A . 

. Containment Sprays 

Following this input, a preliminary run was performed to determine the time the containment building 

reached 24.8 psig (containment spray actuation setpoint) which was determined to be at 219.88 

seconds. With the spray activation pressure reached after 35.0 seconds with a LOOP, the spray 

delay remains 53.1 seconds for a spray start time of 200.125 seconds. This activation time was 

incorporated into Table ao·1. 

Results 

The CONTEMPT run was titled "CON2H" with the peak containment pressure was determined to 

be 25.3 psig at 245.0 seconds post break, and peak containment temperature of 317.2F at 14.1 

seconds post break. Plots of the containment pressure and temperature response are included in 

AppendixC. 
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6.4Case 3 

102% Power 

4.4 ft2 DER 

Failure of MFIV 

Offsite Power Available 

32-1239267-00 

The restart deck from case •sLBC1_ 1· was reproduced identically with the exception of the 

following changes: 

MFIV 

The MFIV valve trips are modified to hold the valve open throughout the transient. 

8300000 •MFIV-1" ''VALVE" 

8300101 828010000 831000000 1.003 0.096 0.096 00100 

8300201 0 20.39308 20.39308 0.0 * 1067.587 

8300300 "MTRVLV" 

8300301 501 502 0.2 1.0 *TRIPS HOLD VALVE OPEN 

MFW Control Valves 

With failure of the isolation valves, the control valve logic must be modified to close on an SI 

signal. The open trip for the control valve had to be changed to not be true following an SI 

signal (or two true trips on the valve would result), and to close following an SI signal. Note 

that this modeling technique is more limiting with respect to a SLB event by allowing the liquid 
. . 

mass between the control valve and isolation valve to flash into the broken SG. 

* 

670 551 AND -582 N 0.0 *MFwCV OPEN ON BREAK, AND NOT Sl+2-SEC 

* 
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8200000 "MFW_CV" "VALVE" 

8200101 818010000 824000000 1.003 0.57 0.57 30000 1.0 1.0 

8200201 0 17.83758 17.83758 0.0 * 934.1098 

8200300 "MTRVLV" 

8200301 670 582 0.2 .800 *OPEN ON BREAK, CLOSE ON Sl+2, 5-S STROKE 

8200401 0.0 0.0 0.0 

8200402 0.1 58.5 58.5 

8200403 0.2 160.2 160.2 

8200404 0.3 283.9 283.9 

8200405 0.4 420.2 420.2 

8200406 0.5 562.5 562.5 

8200407 0.6 704.8 704.8 

8200408 0.7 841.1 841.1 

8200409 0.8 964.8 964.8 

8200410 0.91066.4 1066.4 

8200411 1.0 1125.0 1125.0 

* 

* 

AFW 

With the MFIV failed open, difficulties in RELAP5/MOD2 were experienced with the AFW 

forcing subcooled water into the MFW lines with saturated or superheated steam in the MFW 
. . 

lines following depressurization. To circumvent these difficulties, the AFW system was 

connected directly to the SG downcomer. 

The connection of the AFW system to the single SG was accomplished by creating a~ 

additional two section piping component (946) that has the same area as the proceeding AFW 

piping section, no form loss coefficients, and the required elevation change to reach SG 

downcomer component 625 (Refer to Figure 4.1 for a graph of the AFW system near the 
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SGs). Trip valve 991 was then relocated at the end of 946 and connects the AFW system to 

the downcomer. 

* 

9440000 "AFWMDS10" "BRANCH" 

9440001 1 1 

9440101 0.18 11.79 0.0 0.0 0.0 0.0 1.SE-4 0.48 00 

9440200 0 373.13 42.067 1118.0 0.0 

9441101 944010000 946000000 0.18 0.0 0.0 01000 

9441201 83.635 0.0 0.0 

* 
9460000 AFWTEMP PIPE 

9460001 2 

9460101 '0.18 2 

9460301 11.833335 2 

9460601 90.0 2 

9460701 11.833335 2 

9460801 1.5E-4 0.0 2 

9460901 . 0.0 0.0 1 

9461001 00 2 

9461101 01000 1 

9461201 0 373.13 42.067 1118.0 0.0 o.o 2 

9461300 1 

9461301 83.635 0.0 0.0 1 

* 

9910000 AFWIS01 VALVE 

9910101 946010000 625000000 0.1.8 0.67 0.67 01000 

9910201 0 0.0 0.0 0.0 * 0.0 

47 



FTI Non-Proprietary 32-1239267-00 

9910300 TRPVLV 

9910301 691 

• 
9920000 AFWIS02 ·VALVE 

9920101 946010000 993000000 0.18 0.67 0.67 01000 

9920201 1 83.635 0.0 0.0 

9920300 TRPVLV 

9920301 693 

• 
RELAP5/MOD2 Results 

With the documented changes, a 600-second run was performed in "SLBC3_ 1". Plots 

showing the behavior of the transient are shown in Appendix C. 

CONTEMPT Evaluation 

The CONTEMPT input deck from case "CON1 H" was duplicated with the following changes 

Mass and Enemy Release 

The mass and energy release from both sides of the break are formatted for input into CONTEMPT 

and are input as Table 501 in the input deck. This is performed by creating a strip file from the 

RELAP5/MOD2 deck (strip file titled "ST3''), and formatting the data for input into CONTEMPT by 

summing the mass releases from both sides of the break, and summing the energy release rates 

from both sides of the break and input these values into Table 501 (See example for case 1). 
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Containment Sorays 

Following this input, a preliminary run was perfonned to determine the time the containment building 

reached 24.8 psig (containment spray actuation setpoint) which was detennined to be at 143.0 

seconds. With no LOOP, the spray delay is 53.1 seconds for a spray start time of 196.1 seconds. 

The spray flow rate is identical to the base deck flow which acco1.;1nts for both CS pumps 

operational. 

·Results 

The CONTEMPT run was tiUed "CON3H" with the peak containment pressure detennined to be 

25.9 psig at 180.4 seconds post break, and peak containment temperature of 280.8F at 11.1 

seconds post break. Plots of the containment pressure and temperature response are included in 

AppendixC. 
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