
ANALYSIS OF THE EMERGENCY CORE COOLING SYSTEM IN 

ACCORDANCE WITH THE ACCEPTANCE CRITERIA OF 

lOCFR50.46 AND APPENDIX K OF 1OCFR5O 

I. The analysis specified by the Nuclear Regulatory Commission in the 
"Acceptance Criteria for Emergency Core Cooling Systems for Light 

Water Reactors" per IOCFR50.46 and Appendix K of IOCFR50, as 
published in the Federal Register, January 4, 1974, is presented 

in Section 1.1 of WCAP-8399 (I) for small breaks in the reactor 
coolant piping. Section II below presents the analysis for the 

large breaks in the reactor coolant piping.  

II. Major Reactor Coolant System Pipe Ruptures (Loss of Coolant 

Accident) - The analysis specified by IOCFR50.46 (2) "Acceptance 

Criteria for EmergencyCore Cooling System for Light Water Power 

Reactors" is presented in this section. The results of the loss 

of coolant accident analysis are shown in Table IP2-1 and show 

compliance with the Acceptance Criteria. The analytical techniques 

used are in compliance with Appendix K of lOCFR5O, and are described 
the topical report, "Westinghouse ECCS Evaluation Model - Summary" (3 ) 

The time sequence of events during the large breaks is shown in 

Table IP2-2.  

The boundary considered for loss of coolant accidents as related 

to connecting piping is defined in Section 14.1.3 of the IP-3 FSAR.  

Should a major break occur, depressurization of the Reactor Coolant 

System results in a pressure decrease in the pressurizer. Reactor 

trip signal occurs when the pressurizer low pressure trip setpoint 
is reached. A Safety Injection System signal is actuated when the 

appropriate setpoint is reached. These countermeasures will limit 

the consequences of the accident in two ways: 
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a. Reactor trip and borated water injection compliment void 

formation in causing rapid reduction of power to a residual 

level corresponding to fission product decay heat.  

b. Injection of borated water provides heat transfer from core 

and prevents excessive clad temperatures.  

At the beginning of the blowdown phase, the entire Reactor Coolant 

System contains subcooled liquid which transfer heat from the core 

by forced convection with some fully developed nucleate boiling.  

After the break develops, the time to departure from nucleate 

boiling is calculated, consistent with Appendix K of IOCFR50 (2 ).  

Thereafter, the core heat transfer is based on local conditions 

with transition boiling and forced convection to steam as the 

major mechanisms. During the refill period, rod-to-rod radiation 

is the only mechanism.  

When the Reactor Coolant System pressure falls below 600 psia, the 

accumulators begin to inject borated water. The conservative J 
assumption is made that accumulator water injection bypasses the 

core and goes out through the break until the termination of bypass.  

The conservatism is again consistent with Appendix K of lOCFR50.  

Thermal Analysis 

Westinghouse Performance Criteria for Emergency Core Cooling System 

The reactor is designed to withstand thermal effects caused by a 

loss of coolant accident including the double ended severance of 
the largest Reactor Coolant System pipe. The reactor core and 
internals together with the Emergency Core Cooling System are 

designed so that the reactor can be safely shut down and the 

essential heat transfer geometry of the core preserved following 

the accident.



The Emergency Core Cooling System even when operating during the 

injection mode with the most severe single active failure is 

designed to meet the Acceptance Criteria(2).  

Method of Thermal Analysis 

The description of the various aspects of the LOCA analysis is 
given in WCAP-8339 (3). This document describes the major phenomena 

modeled, the interfaces among the computer codes and features of 
the codes with maintain compliance with the Acceptance Criteria.  
The individual codes are described in detail in separate reports(4-7 ) 

The containment parameters used in the containment analysis code
(7) 

to determine the ECCS backpressure are presented in Table IP2-3.  
As noted in Table IP2-3, a value of 35*F for service water tempera

ture was used which is considered to be conservatively low.  

The analysis presented here was performed with the 3/15/75 version 

of the Westinghouse ECCS evaluation model. This version includes 
the modifications to the models referenced above as specified by 
the Staff in Reference 8 and complies with Appendix K of IOCFR50.  
The 3/15/75 Westinghouse ECCS evaluation model is documented in 

Reference 10.  

Results 

Table IP2-1 presents the peak clad temperature and hot spot metal 

reaction for a range of break sizes. This range of break sizes 
was determined to include the limiting case for peak clad tempera
tures from sensitivity studies reported in References 9 and 11.  

The analysis of the loss of coolant accident is performed at 102 
percent of Engineered Safeguards Design Rating. The peak linear 
power, and core power used in the analyses are given in Table IP2-1.



The equivalent core parameters at the license application power 
level are also shown in Table IP2-1. Since there is margin between 
the value of the peak linear power density used in this analysis 

and the value expected in operation, a lower peak clad temperature 
would be obtained by using the peak linear power density expected 

during operation.  

For the results discussed below, the hot spot is defined to be the 
location of maximum peak clad temperature. This location is given 

in Table IP2-1 for each break size analyzed.  

Figures IP2-1 through IP2-16 present the transients for the princi

pal parameters for the break sized analyzed. The following items 

are noted:

Figures IP2-la 

through IP2-3c 

Figures IP2-4a 

through IP2-6c 

Figures IP2-7a 

through IP2-9c

The following quantities are presented at the hot 

spot (location of maximum clad temperature) and burst.  

location both on the hottest fuel rod (hot rod): 
(1) fluid quality 

(2) mass velocity 

(3) heat transfer coefficient.  

The heat transfer coefficient shown is calculated 

by the LOCTA IV code.  

The system pressure shown is the calculated pressure 

in the core. The flow rate out of the break is 

plotted as the sum of both ends for the guillotine 

break cases. This core pressure drop shown is from 

the lower plenum, near the core, to the upper plenum 

at the core outlet.  

These figures show the hot spot clad temperature 

transient and the clad temperature transient at 
the burst location. The fluid temperature shown



IP2-10a 

IP2-1 Oc 

IP2-11a 

IP2-12c

is also for the hot spot and burst location.  

The core flow (top and bottom) is also shown.  

These figures show the core reflood transient.  

These figures show the Emergency Core Cooling 

System flow for all cases analyzed. As described 

earlier, the accumulator delivery during blowdown 

is discarded until the end of bypass is calculated.  

Accumulator flow, however, is established in refill 

reflood calculations. The accumulator flow assumed 

is the sum of that injected in the intact cold legs.

Figures IP2-13 The containment pressure, transient is also provided.  

a, b, c 

Figure IP2-14 This figure shows the core power transient.  

Figure IP2-15 This figure shows the break energy released to the 

containment.  

Figure IP2-16 This figure provides the containment wall condensing 

heat transfer coefficient.  

In addition to the above, Tables IP2-4 and IP2-5 present the reflood 
mass and energy releases to the containment and the broken loop 

accumulator mass and energy flow rate to the containment, respectively.  

The clad temperature analysis is based on a total peaking factor of 

2.32. The hot spot metal water reaction reached is 4.4%, which is 

well below the embrittlement limit of 17% as required by lOCFR50.46.

Figures 

through 

Figures 

through



In addition, the total core metal-water reaction is less than 0.3% 

for all breaks as compared with the 1 percent criterion of lOCFR50.46.  

The results of several sensitivity studies are reported in Reference 9.  
These results are for conditions which are not limiting in nature and 

hence are reported on a generic basis.  

Conclusions - Thermal Analysis 

For breaks up to and including the double ended severance of a 

reactor coolant pipe, the Emergency Core Cooling System will meet 

the Acceptance Criteria as presented in lOCFR50.46. That is: 
1. The calculated peak fuel element clad temperature provides a 

substantial margin to the requirement of 22000F.  
2. The amount of fuel element cladding that reacts chemically with 

water or steam does not exceed 1% of the total amount of Zircaloy 

in the reactor.  

3. The clad temperature transient is terminated at a time when the 

core geometry is still amendable to cooling. The cladding 

oxidation limits of 17% are not exceeded during or after quenching.  

4. The core temperature is reduced and decay heat is removed for 

an extended period of time, as required by the longlived radio

activity remaining in the core.
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Figure 1P2-14 Core Power Transient -DECLO (C 0.69 0.8, 1.0)
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Figure IP2-15 Break Energy Released to Containment i DECLG(CD = 1.0)
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TABLE IP2-1 

LARGE BREAK 

1.0 DECL

Results 

Peak Clad Temp *F 

Peak Clad Location Ft.  

Local Zr/H 20 Rxn (max)% 

Local Zr/H20 Location Ft.  

Total Zr/H 20 Rxn % 

Hot Rod Burst Time sec 

Hot Rod Burst Location Ft.

2115.3 

6.5 

4.29

6.5 

<.3 

26.2 

6.0

Calculation 

Licensed Core Power Mwt 102% of 
Peak Linear Power kw/ft 102% of 

Peaking Factor (At 2758 Mwt) 

Accumulator Water Volume (ft
3) 

Fuel region + cycle analyzed Cycle 

UNIT 2 1

2758 

13.4 

2.32 

770 (per accumulator) 

Region 

3

0. 8 DECL 

2085.6 

6.5 

4.42

6.0 

<.3 

26.3 

6.0

0. 6 DECL 

2042.5 

6.75 

3.32 

675 

<.3 

29.2 

6.0



TABLE IP2-2 

LARGE BREAK 

TIME SEQUENCE OF EVENTS 

1.0 DECL 0.8 DECL 0.6 DECL 

(Sec) (Sec) (Sec) 

START 0.0 0.0 0.0 
Rx Trip Signal .61 .61 .61 
S. I. Signal .81 .87 .97 
Acc. Injection 14.1 14.7 17.0 
End of Bypass 27.4 27.2 27.4 
End of Blowdown 30.0 30.2 32.5 
Bottom of Core Recovery 45.9 45.3 47.9 
Acc. Empty 50.4 51.0 53.3 
Pump Injection 25.8 25.8 25.9



TABLE *1P2-3

LARGE BREAK 

CONTAINMENT DATA (DRY CONTAINMENT)

NET FREE VOLUME 

INITIAL CONDITIONS 
Pressure 
Temperature 
RWST Temperature 
Service Water Temperature 
Outside Temperature 

SPRAY SYSTEM 
Number of Pumps Operating 
Runout Flow Rate 
Actuation Time

2.61 x 106

14.7 
90 
40 
35 
-20 

2 
3000 
20

SAFEGUARDS FAN COOLERS 
Number of Fan Coolers Operating 
Fastest Post Accident Initiation of Fan Coolers

STRUCTURAL HEAT SINKS 
Thickness (In) Area (ft2)

.375 steel, 36. concrete 

.5 steel, 36. concrete 
12. concrete 
.375 SS, 12. concrete 
12. concrete 
.5 steel 
.375 steel 
.25 steel 
.1875 steel 
.125 steel 
.138 steel 
.0625 steel 
.025 SS, insulation 
.019 SS; insulation

45,684 
28,613 
15,000 
10,000 
61,000 
68,792 
81,704 
27,948 
69,800 
3,000 

22,000 
10,000 
8,178 
7,634

Ft
3 

psia 

OF 
OF 
OF 
OF

gpm 
sec.

sec.

1.  2.  

3.  
4.  
5.  
6.  
7.  
8.  
9.  
10.  
11.  
12.  
13.  
14.



TABLE IP2-4-

REFLOOD MASS AND ENERGY RELEASES 

DECLG 1.0

Total Mass* 

Time Flowrate (lbm/sec)

Total Energy* 

Flowrate (lO 5 Btu/sec)

Spilling Mass 

Flowrate 

(lbm/s ec)

Spilling Energy 

Flowrate 

(105 Btu/sec)

45.943 

46.693 

46.893 

47.093 

47.293 

47.393 
51.618 

63; 681 

82.418 

102.318 

. 121.918 

141.318 

179.118 

220.418

0.0 

5.0391 

5.0251 

5.0111 

4.97 

4.9631 

28.91 

33.056 

66.51 

95.69 

118.9 

174.34 

374.74 

383.21

0.0 

0.0653 

0.0651 

0.065 

0.0644 

0. 0643 

0.3747 

0. 5266 

0. 8279 

1.1777 

1.4564 

1.773 

2.288 

2.1533

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.648 

125.6 

297.75

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.00386 

0.2955 

0.6518



TABLE 
BROKEN LOOP ACCUMULATOR FLOW 

Time (sec) 

0.0 

0.02 

1.0 

3.0 

5.0 

7.0 

10.0, 

15.0 

20.0 

25.0 

30.0 

35.0 

36.413

IP2-5 

TO CONTAINMENT DECLG 1.0 

Mass* 

Flowrate (lbm/sec) 

1319.5 

1319.5

*For energy mass flowrate multiply mass flow rate by a constant 

of 58.0 Btu/lbm.


