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e. One channel of heat tracing may be out of service for 48 hours.  

f. One refueling water storage tank low level alarm may be inoperble 
for up to 7 days provided the other low level alarm is operable.  

3. When RCS temperature is less than or equal to 295 0F, the requirements 
of Table 3.1.A-2 regarding the number of safety injection (SI) pumps 
allowed to be energized shall be adhered to.  

B. Containment Cooling and Iodine Removal Systems 

1. The reactor shall not be made critical unless the following condi
tions are met: 

a. The spray additive tank contains not less than 4000 gallons of 

solution with a sodium hydroxide concentration of not less than 
30 percent by weight.  

b. The number of operable containment fan cooler units and their 
total heat removal capability shall be as required by Figures 
3.3-1 and 3.3-2, as applicable.  

c. The two containment spray pumps with their associated valves and 
piping are operable.  

2. During power operation, the requirements of 3.3.B.1 may be modified 
to allow any one of the following components to be inoperable. If 
the system is not restored to meet the requirements of 3.3.B.1 within 
the time period specified, the reactor shall be placed in the hot 
shutdown condition utilizing normal operating procedures. If the 
requirements of 3.3.B.1 are not satisfied within an additional 48 
hours, the reactor shall be placed in the cold shutdown condition 
utilizing normal operating procedures.  

a(i). When Figure 3.3-1 is applicable, one fan cooler unit may be 
inoperable during normal reactor operation for a period not 
to exceed 7 days provided both containment spray pumps are 
operable.  

a(ii). When Figure 3.3-2 is applicable, one fan cooler unit may be 
inoperable indefinitely and one other fan cooler unit may be 
inoperable for a period not to exceed 7 days provided both 
containment spray pumps are operable.  

b. One containment spray pump may be inoperable for a period not 
to exceed 72 hours, provided the required number of fan 
cooler units and the remaining containment spray pump are 
operable.  

C. Any valve required for the functioning of the system during 
and following accident conditions may be inoperable provided 
it is restored to operable status within 7 days or 72 hours 
for the operable fan coolers or containment spray systems, 
respectively, and all valves in the system that provide the 
duplicate function are operable.

Amendment No.33- 3.3-3
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The requirement regarding the maximum number of SI pumps that can 
be energized when RCS temperature is less than or equal to 2950F 
is discussed under-specification 3.1.A.  

The containment cooling function is provided by two independent 
systems: (a) fan coolers and (b) containment spray. During 
normal power operation, the fan coolers are required to remove 
heat lost from equipment and piping within containment. In the 
event of a Design Basis Accident, any one of the following 
combinations will provide cooling which limits containment peak 
pressure to a value consistent with limiting off-site doses to 
acceptable values: (1) f ive (or four) fan coolers, (2) two 
containment spray pumps, or (3) three (or two) fan coolers and 
one spray pump. The design basis accident analysis is based on a 
total fan cooler heat removal capacity of 185.1 MBTU/hr at the 
limiting service water condition of 850F. Operation at different 
temperatures and flows and with varying requirements for minimum 
number of operable fan coolers can be justified provided that the 
total available fan cooler heat removal capacity based on actual 
service water conditions is equal to or greater than 185.1 
MBTU/hr following an assumed limiting single failure of any one 
of the emergency diesel generators. Fan cooler heat transfer 
performance based on actual service water conditions as shown in 
Figures 3.3-1 and 3.3-2, includes an allowance for measurement 
uncertainty.  

In the event of a Design Basis Accident, one containment spray 
pump will reduce elemental and particulate iodine activity 
sufficiently to limit off-site doses to acceptable values. This 
constitutes the minimum safeguards for iodine removal and is 
capable of being operated on emergency power with one diesel 
generator inoperable.  

If off-site power is available, or all the diesel generators are 
operating to provide emergency power, the remaining installed 
spray pump and fan coolers will provide greater than minimum 
iodine removal and containment cooling capability.  

Up to five fan coolers may be required for accident mitigation 
and therefore an appropriate number are required to be operable 
during power operation. However, because of the difficulty of 
access to make repairs, it is allowable on occasion to operate 
temporarily with less than the required number of fan coolers 
operable. Compensation for this mode of operation is provided by 
the redundancy built into the containment cooling system.  

The Component Cooling System is different from the system dis
cussed above in that the pumps are so located in the Auxiliary 
Building as to be accessible

3.3-10



b. In lieu of any other report required by 10 CFR 50.73 

Ci) The NRC Region I Office shall be notified within 24 
hours of identification by telephone and confirm by 
telegraph, mailgram or facsimile of transmission no 
later than the first working day following the event; 
and 

(ii) A Special Report shall be submitted in accordance with 
specification 6.9.2.b within 14 days following the 
event outlining the action taken, the cause of the 
inoperability and the plans and schedule for restoring 
the system to operable status.  

C. If the requirement of 3.13.A.3.a cannot be satisfied within 
the time period specified, the reactor shall be placed in 
the hot shutdown condition utilizing normal operating 
procedures. If the requirement of 3.13.A.3.a. cannot be 
satisfied within an additional 48 hours, the reactor shall 
be placed in the cold shutdown condition utilizing normal 
operating procedures.  

B. Fire Protection Spray System 

1. The following spray systems shall be operable whenever 
equipment in the area is required to be operable: 

a. Electrical Tunnel Fire Protection Water Spray System 
(El-33' in Control Building to El-68' in PAB).  

b. Diesel Generator Building Water Spray System (El-67' 
in DG Building).  

C. Deleted 

2. If the requirements of 3.13.B.1 cannot be satisfied: 

a. Additional equivalent capacity fire hose(s) shall be 
routed to the affected area(s) from an operable hose 
station or hydrant within one (1) hour.  

b. The inoperable equipment shall be restored to operable 
status within 14 days or, in lieu of any other report 
required by 10 CFR 50.73 a Special Report shall be 
prepared and submitted to the Commission pursuant to 
specification 6.9.2.b within the next 30 days outlining 
the cause of the inoperability and the plans for 
restoring the equipment to operable status.

Amendment No. 31.3.13.2



Table 3.13-1 (1 of 2)

Fire Detection Instruments 

Instrument Location Minimum Instruments Operable 
Heat Smoke 

(ionization 
detectors) 

1. Central Control Room N/A 4 
(Control Building: El-53') 

2. Cable Spreading Room N/A 7 
(Control Building: El-33') 

3. Switchgear Room N/A 7 
(Control Building: El-15') 

4. Electrical Tunnel. 38* 3 
(El-33' to El-68') 

5. Electrical and Piping Tunnel N/A 2 
and Piping Penetration Area 
(PAB and Fan House: El-681 
to El-51') 

6. Electrical Penetration Area N/A 4 
(Fan House: El-46') 

7. Diesel Generator Building 11N/A 
(El-67') 

8. Boric Acid Transfer N/A 1 
Pump Area 
(PAB: El-BO') 

9. Containment Spray N/A 4 
Pump/Primary Water Makeup 
Pump Area 
(PAB: El-68') 

10. Deleted 

11. Electrical Penetration Area N/A 3 
Outer Annulus 
(Containment: El-46') 

12. Auxiliary Boiler Feedwater N/A 2 
Pump Area 
(AFB: El-18') 

*temperature detector/trip devices

Amendment No.



D. Containment Cooling System

Each fan cooler unit specified in Specification 3.3.B shall be demon
strated operable: 

1. At least once per 31 days by initiating, f rom the control room, 
flow through the units that are not in operation and verifying 
that the unit operates for at least 15 minutes.  

2. At least once per 18 months by: 

a) verifying a system flow rate at ambient conditions, of 
65,600 cfm ± 10% during unit operation when tested in 
accordance with ANSI N510-1975.  

b) Verifying that the unit starts automatically on a Safety 
Injection Test Signal.

Amendment No.45- 4.5-3



E. Control Room Air Filtration System

The control room air filtration system specified in Specification 
3.3.H shall be demonstrated operable: 

1. At least once per 31 days by initiating, from the control 
room, flow through the HEPA filters and charcoal adsorbers 
and verifying that the system operates for at least 15 
minutes.  

2. At least once per 18 months or (1) after any structural 
maintenance on the HEPA filter or charcoal adsorber hous
ings, or (2) at any time painting, fire or chemical releases 
could alter filter integrity by: 

a) Verifying a system flow rate, at ambient conditions, of 
1840 cfm±lO% during system operation when tested in 
accordance with ANSI N510-1975.  

b) Verifying that with the system operating at ambient 
conditions and at a. flow rate of 1840 CFM±l0% and 
exhausting through the HEPA filters and charcoal 
adsorbers,

Amendment No.4. 44.5-4



For the four flow distribution valves (856 A, C, D & E) , verification of 
the valve mechanical stop adjustments is performed periodically to provide 
assurance that the high head safety injection flow distribution is' in 
accordance with flow valves assumed in the core cooling analysis.  

The hydrogen recombiner system is an engineered safety feature which would 
be used only following A loss-of-coolant accident to control the hydrogen 
evolved in the containment. The system is not expected to be started until 
approximately 13 days have elapsed following the accident. At this time 
the hydrogen concentration in the containment will have reached 2% by 
volume, which is the design concentration for starting the recombiner 
system. Actual starting of the system will be based upon containment 
atmosphere sample analysis. The complete functional tests of each unit at 
refueling shutdown will demonstrate the proper operation of the recombiner 
system. More frequent tests of the reconibiner control system and 
air-supply blowers will assure operability of the system. The biannual 
testing of the containment atmosphere sampling system will demonstrate the 
availability of this system.  

The control room air filtration system is designed to filter the control 
room atmosphere for intake air and/or for recirculation during control room 
isolation conditions. The control room air filtration system is designed 
to automatically start upon control room isolation. High efficiency 
particulate absolute (HEPA) filters are installed upstream of the charcoal 
absorbers to prevent clogging of these absorbers. The charcoal absorbers 
are installed to reduce the potential intake of radioiodine by control room 
personnel. The required in-place testing and the laboratory charcoal 
sample testing of the HEPA filters and charcoal

Amendment No. 4514.5-11



System Flow Test 

Performance of a flow test in 
accordance with Chapter 5, 
Section 11 of the Fire Protec
tion Handbook, 14th Edition, 
published by the National Fire 
Protection Association for any 
portion of this system required 
for protection of safe shutdown 
systems.  

B. Electrical Tunnel and Diesel Generator Building

once/3 years

1. Testing Requirements

I tern 

a. Valve Cycling Test 
Exercise each valve necessary for 
proper functioning of any portion 
of this system required for pro
tection of safe shutdown systems 
through at least one complete 
cycle: 

Mi Valves testable with plant 
on line.  

(ii) Valves not testable with 
plant on-line.  

b. System Functional Test 
Includes simulated automatic 
actuation of spray system and 
verification that automatic 
valves in the flow path actuate 
to their correct position.  

C. Spray Header Visual Inspection
To verify integrity 

d. Visual Inspection of Each 
Spray Nozzle 
To verify no blockage 

e. Air Flow Test 
Perform air flow test through 
each spray header and verify 
each spray nozzle is un
obstructed.

Frequency

once/12 months 

once/lB months 

once/18 months 

once/lB months 

once/lB months 

once/3 years

Amendment No. 41-4.14-3



2. The requirements of 4.l4.B.l shall not apply to self-actuated 
type spray nozzles which are capable of only one actuation and 
cannot be periodically cycled or tested. These self-actuated 
spray nozzles shall be visually inspected at least once per 18 
months to verify that no nozzle image exists and that the nozzles 
are unobstructed.  

C. Penetration Fire Barrier Inspections: 

1. The penetration barriers listed in specification 3.13.C.1 shall 
be verified to be functional by visual inspection: 

a. At least once per 18 months.  

b. Prior to declaring a fire penetration barrier functional 
following repairs or maintenance.  

D. Fire Detection Systems Testing: 

1. The operability of the fire detection instruments utilized in 
satisfying the requirements of specification 3.13.D.1 including 
the actuation of appropriate alarms (Channel Functional Test) 
shall be verified as follows:

Item Frequency

a. Smoke Detector -

Wi Those testable during plant 
operation (i.e., all except 
items 11 and 22 in Table 
3.13.-l).  

(ii) Those not testable during 
plant operation (items 11 
and 22** in Table 3.13-1).

once/6 months 

once/18 months

b. Heat Detectors -

Ui) Those associated with the 
Diesel Generator Building 
(item 7 in Table 3.13-1).  

(ii) Those associated with the 
Electrical Tunnel 
(item 4 in Table 3.13-1).

once/6 months 

once/12 months

(iii) Deleted 

*Effective upon startup of Cycle 5 operation

Amendment No. 41-4.14-4



2. The automatic Phase A containment isolation (trip) valves are 
actuated to the closed position either manually or by an automat
ically derived safety injection signal. The automatic Phase B 
containment isolation valves are tripped closed by automatic or 
manual containment spray actuation. The actuation system is 
designed such that no single component failure will prevent 
containment isolation if required.  

C. Containment Systems 

1. The containment vessel has an internal spray system which is 
capable of providing a distributed borated water spray of at 
least 2200 gpm. During the initial period of spray operation, 
sodium hydroxide would be added to the spray water tc13f ncrease 
the removal of iodine from the containment atmosphere.  

2. The containment vessel has an internal recirculation system which 
includes five fan cooler units (centrifugal fans and water cooled 
heat exchangers) , with a total heat removal capability of at 
least 308.5 MBTU/Hr. under conditions following a js of coolant 

accident and at service water temperature of 85 ,F.  

References 

(1) FSAR Section 5.1 
(2) FSAR Section 5.1.2.7 
(3) FSAR Section 6.3 
(4) FSAR Section 6.4

5.2-2
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SAFETY ASSESSMENT 

The proposed Technical Specification revisions in Attachment A would 
increase the performance characteristics, operational flexibility and 
reliability of the essential service water system by reducing the flow 
requirements of the containment fan cooler units during a loss of coolant 
accident (LOCA) . This reduction in the required service water flow is 
accomplished mainly by decreasing the heat removal requirements of the 
containment fan cooler units (FCU). Removing the HEPA filters and charcoal 
adsorbers from the fan cooler units would result in reduced operational 
exposure and slightly higher heat transfer coefficient, which in turn would 
further reduce the required demand on service water flow. As a result of 
the charcoal filter removal, Technical Specifications addressing the 
containment fan cooler charcoal filter dousing system and fire detection 
instrumentation would no longer be required. Additionally, as a result of 
reanalyzing containment integrity under accident conditions, a Technical 
Sp ecification revision is being proposed which would increase the duration 
of time during unit operation when one containment spray pump may be 
inoperable. This provides operational flexibility, reduces cycling of the 
unit, and, based on past experience, would allow sufficient time to perform 
on-line equipment maintenance.  

The proposed revisions to Technical Specifications 3.3.B and 5.2.C would 
revise the operability requirements of the fan cooler units to provide 
greater flexibility without affecting their safety function. Under the 
proposed amendment, these Technical Specifications and their associated 
bases would be revised to change the minimum containment cooling system 
operability requirements and to base the new requirements on service water 
flow and temperature conditions as shown in Figures 3.3-1 and 3.3-2 of 
proposed Technical Specification 3.3.B.  

The safety function of the fan coolers is to recirculate and cool the 
containment atmosphere in the event of a loss of coolant accident, thereby 
reducing the likelihood that the containment pressure would exceed its 
design value of 47 psig. Worst case containment pressure transients during 
hypothetical loss of coolant accidents were reanalyzed using the latest 
computer techniques and this reanalysis is included as Enclosure 1 to this 
Attachment. The analysis shows that even during the worst case LOCA with 
minimum safeguards (3 fan coolers, 1 containment spray pump) the maximum 
containment pressure does not exceed 40.5 psig, *which is well below design 
value. This peak pressure is calculated while using an assumed total FCU 
heat removal rate of 185.1 MBTU/Hr. This total heat removal rate can be 
obtained with 3 or 2 fan coolers at a service water flow and a river water 
temperature as shown on Figures 3.3-1 or 3.3-2 of the proposed Technical 
Specification 3.3.B. An assessment of the environmental qualification of 
electrical equipment inside containment based on this new analysis was 
conducted and it is concluded that the margins in the current environmental 
qualification program would not be adversely affected by the proposed 
amendment. Hence, the minimum containment cooling safeguards requirements 
can be met with three fan cooler units and one spray pump or two fan 
coolers and one spray pump, when appropriate river water conditions exist, 
without having any adverse effects upon the health and safety of the 
public.



The proposed Technical Specification revision to 3.3.B and 5.2.C would also 
delete the requirements for HEPA filters and the charcoal adsorbers 
associated with the containment fan cooler units. The purpose of this 
change is to reduce maintenance and surveillance costs and associated 
personnel exposures for equipment located inside containment which has been 
determined to be unnecessary for radiological consequence purposes.  
Additionally, deleting the HEPA filters and charcoal adsorbers results in 
eliminating the need for an active air flow switchover to the incident mode 
(i.e., 15 valves must change position) upon a safety injection actuation 
signal, thereby simplifying the FCU safety function, and for the fire 
detection and dousing system. The radiation exposures as well as the costs 
resulting from the maintenance, surveillance and operation of those systems 
would also be eliminated. For these reasons we believe a reduction in 
operational exposure will result, consistent with ALARA objectives. This 
change would also result in a decrease in the FCU fan horsepower 
requirements needed to circulate the containment atmosphere through the 
FCUs.  

The intent of the HEPA filters and charcoal adsorbers was to reduce the 
concentrations of radioiodines in the containment atmosphere following a 
design basis loss of coolant accident. An analysis was performed utilizing 
current NRC criteria incorporated in the latest Westinghouse methodology to 
determine whether the post-LOCA iodine control function can be effectively 
performed by the containment spray system and by fission product deposition 
on internal containment surfaces. This analysis is included as Enclosures 
2 and 3 to this Attachment. The analysis shows that the containment fan 
cooler HEPA filters and charcoal adsorbers can be removed without 
significantly affecting the radiological consequences of a postulated LOCA, 
that the calculated off-site doses would remain within the 10CFR100 
guidelines, and that the calculated control room doses would be consistent 
with those originally reported in the FSAR. An assessment of the potential 
impact to the environmental qualification of equipment due to this change 
was also conducted. The assessment concluded that the margins in the 
current environmental qualification program are not adversely affected by 
this change. Hence, the HEPA filters and charcoal adsorbers of the fan 
cooler units can be removed without having any adverse effects upon the 
health and safety of the public.  

The proposed revisions to Technical Specifications 3.13.B.l.C and Table 
3.13-1 would also delete the requirements for the containment fan cooler 
fire detection instrumentation and charcoal dousing system. The safety 
function of these systems is to detect and extinguish potential fires in 
the charcoal adsorbers. With the removal of the charcoal adsorbers, the 
fire detection instrumentation and the dousing system which service this 
equipment would no longer be needed to provide this function, and thus 
would no longer be required. Accordingly, removal of the charcoal filters 
from containment eliminates a potential fire hazard. Hence, the contain
ment fan cooler charcoal dousing system and fire detection instrumentation 
can be removed without having any adverse effects upon the health and 
safety of the public.



The proposed revision to Technical Specification 3.3.B.2 would change the 
amount of time one containment spray system could be inoperable while the 
unit is in operation from 24 hours to 72 hours. The purpose of this change 
is to provide additional operational and maintenance flexibility. The 
safety function of the containment spray pumps is to spray cool water into 
the containment atmosphere during a loss of coolant accident and thereby 
reducing the likelihood that the containment might overpressurize. The 
spray pumps are also responsible for reducing the concentration of 
radionuclides in the containment atmosphere following a LOCA. Under 
Section 3.6.2.1 of the Standard Technical Specifications, one containment 
spray system may be inoperable for 72 hours before commencement to hot 
shutdown is required. The proposed Technical.Specification out-of-service 
time is identical to the existing Standard Technical Specifications for 
Westinghouse PWRs. Our experience has shown that required on-line 
maintenance of this system is difficult to perform in the current 24 hour 
period. with the new containment integrity analysis provided in Enclosure 
1, we have established that the IP-2 containment has substantial margins 
compared to its design pressure following a worst case loss of coolant 
accident. These margins are similar to those margins found to exist at 
other nuclear facilities with atmospheric containments and Standard 
Technical Specifications. Hence, the inoperability time of one containment 
spray. system can be changed from 24 hours to 72 hours, thereby allowing 
additional operational and maintenance flexibility without having any 
adverse effects upon the health and safety of the public.  

Basis For No Significant Hazards Consideration Determination: 

The Commission has provided guidance concerning the application of the 
standards for determining whether a -significant hazards consideration 
exists by providing certain examples (48 FR 14870). Example (vi) of those 
involving no significant hazards consideration discusses a change which may 
reduce a safety margin but where the results are clearly within all 
acceptable criteria with respect to the system or component. The proposed 
change to reduce the heat removal requirements of the containment fan 
cooler units, remove the HEPA filters and charcoal adsorbers, and increase 
the containment spray pump out-of-service-time is in a less restrictive 
direction and may initially appear to reduce a safety margin. However, 
consistent with the Commission's criteria in 10CFR 50.92, we have 
determined that the proposed change does not involve a significant hazards 
consideration because the operation of Indian Point Unit No. 2 in 
accordance with this change would not: 

(1) involve a significant increase in the probability or consequences 
of an accident previously evaluated. The proposed revisions are 
based on conservative analyses utilizing new, refined and more 
accurate methodologies. One analysis shows that with a reduction 
in fan cooler heat removal rate under post-LOCA accident 
conditions, containment pressure would be maintained well below 
its design value of 47 psig. The second analysis shows the fan 
cooler charcoal adsorbers can be removed without significantly



affecting the radiological consequences of a postulated LOCA and 
that the calculated off-site doses would remain within the 
10CFR100 guidelines. once the charcoal adsorbers are removed, 
the removal of the charcoal fire detection instrumentation and 
dousing system cannot involve a significant hazards considera
tion. Additionally, by increasing the containment spray pump 
out-of-service time, on-line maintenance can more readily be 
performed. Thus, the same safety criteria as previously evalu
ated are still met with the proposed changes. The allowance of 
additional out of service time for one spray pump is consistent 
with the allowable time approved for more recently licensed 
nuclear plants whose accident analyses have been found acceptable 
for licensing purposes.  

(2) create the probability of a new or different kind of accident 
from any accident previously evaluated. The proposed changes do 
not adversely affect the ability of the plant's containment heat 
removal systems to perform their required safety functions, and 
allow the containment safeguards to mitigate the consequences of 
a design basis LOCA in a manner equivalent to that previously 
approved.  

(3) involve a significant reduction in a margin of safety. With the 
proposed change, all safety criteria previously evaluated are 
still met, remain conservative, and are in fact increased with 
respect to the service water system flow demands.  

Therefore, based on the above, we conclude that the proposed changes do not 
constitute a significant hazards consideration.  

The proposed changes have been reviewed by the Station Nuclear Safety 
Committee and the Consolidated Edison Nuclear Facilities Safety Committee.  
Both committees concur that these changes do not represent a significant 
hazards consideration.
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14.3.5 CONTAINMENT INTEGRITY ANALYSIS 

14.3.5.1 Containment Structure

14 .3. 5. 1.1 Design Bases - The Indian Point Unit 2 containment structure 
performs a safety-related function. Its design pressure is 47 
psig. The limiting design basis LOCA for containment design is 
a reactor coolant system double-ended pump suction rupture; this 
accident results in the highest containment pressure after a 
LOCA. For long-term conditions, the reactor coolant system 

double-ended pump suction (DEPS) rupture, assuming operation of 
the minimum emergency core cooling system equipment and failure 
of one diesel generator, is the limiting case. The calculated 

pressure resulting from the DEPS accident is 40.5 psig with 
minimum containment safeguards of -three fan coolers and -one 

containment spray pump operating. This calculated pressure is 

well below the containment design pressure of 47 psig. The 
worst case secondary system pipe rupture has also been analyzed 
to determine containment integrity; as reported in Section 
14.2.5.6, the calculated containment pressure for this case is 

31 psig.  

Sources and amounts of energy that may be available for release 
to the containment are discussed in Paragraph 14.3.5.3. Energy 

is added to the containment in the conservative manner most 

detrimental to peak pressure response in order to obtain the 

limiting pressure.  

Systems for removing energy from within the containment include 

the component cooling water system, the service water system, 

the recirculation system (which is backed up by the residual 

heat removal. system), containment fan coolers, and containment 
spray system. Heat removal by recirculation spray, which is 

part of the ESF, was not assumed in this analysis. For 
informational purposes only, the DEPS minimum safeguards case 
was run with a recirculation spray flow rate of 1494.gpm. The

95790:1 D/060587



14. 3.5. 1.2 

14.3.5.1.3

rate of 1494 gpm. The resulting containment transient exhibits 
a pressure 8 hours after the LOCA event which is five psig less 
than the design basis case. During the recirculation phase, the 
recirculation system removes the heat from the reactor *fuel via 
containment sump water. Containment spray is used for rapid 
pressure reduction and for containment iodine removal. The 
containment fan coolers remove energy from the containment 
atmosphere.  

Engineered safety features systems are redundant and independent 
such that any single active failure in the engineered safety 
features system during the injection phase or any single active 
or passive failure during recirculation will not affect the 
ability to achieve required safety functions.  

System Design - Structural design of the containment and 
containment internal structures is discussed in Chapter 5.  

Design Evaluation - The results of the transient analysis of the 
containment for the loss-of-coolant accidents are shown in 
Figures 14.3-110 through 14.3-116. The cases examined in this 
analysis determine the effects of the full range of large 
reactor coolant break sizes up to and including a double-ended 
rupture.,, Cases illustrating the sensitivity to break location 
are also shown. All of these design basis cases show that the 
containment pressure will remain below design pressure with 
margin without taking credit for the recirculation spray. After 
the peak ~pressure is attained, the performance of the minimum 
safeguards system reduces the containment pressure. At the end 
of the first day following the accident, the containment 
pressure .has been reduced to a low value. The peak pressures 
are shown in Table 14.3-37 for a variety of containment 
safeguards availability assumptions. The 3-ft2 pump suction 
is not carried out into ref lood becAuse its blowdown performance 
demonstrates it to be less limiting than the DEPS case.
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Calculation of containment pressure and temperature transients 
is accomplished by use of the digital computer code, COCO 
(Reference [13). Transient phenomena within the reactor coolant 
system affect containment c onditions by means of mass and energy 
transport through the pipe break.  

For analytical rigor and convenience, the containment 
air-steam-water mixture is separated into systems. The first 
system consists of t he air-steam phase; the second consists of 
the water phase. Su fficient relationships to describe the 
transient are provid ed by the equations of conservation of mass 
and energy as applied to each system, together with appropriate 
boundary conditions., Thermodynamic equations of state and 
conditions may vary during the transient. The equations have 
been derived for all possible cases of superheated or saturated 
steam and subcooled or saturated water. Switching between 
states is handled automatically within the COCO code. The 
following are the major assumptions made in the containment 
analysis: 

(a) Discharge mass and energy flow rates through the reactor 
coolant system break are established from the analysis in 
Paragraph 14.3.5.3.  

(b) For the blowdown portion of the LOCA Analysis, the 
discharge flow separates into steam and water phases at the 
break point. The saturated water phase is at the total 
containment pressure, while the steam phase is at the 
partial pressure of the steam in the containment. For the 
post-blowdown portion of the LOCA analysis, steam and water 
releases are input separately.  

(c) Homogeneous mixing is assumed. The steam-air mixture and 
the water phase each have uniform properties. More 
specifically, thermal equilibrium between the air and steam
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14. 3.5. 1.4

14.3.5.1.5

is assumed. This does not imply thermal equilibrium 
between the steam-air mixture and the water phase, which 
may be at different temperature.  

(d) Air is taken as an ideal gas, while compressed water and 
steam tables are employed for water and steam thermodynamic 
properties.  

Initial Conditions - The pressure, temperature, and humidity of 
the containment atmosphere prior to the postulated reactor 
coolant system rupture are conservatively specified in the 
analysis. Also, conservative values for the te mperature of the 
service water and refueling water storage tank water solution 
are assumed, along with the initial water inventory of the 
refueling water storage tank. All of these values are as shown 
in Table 14.3-38.  

In each of the transients, the safeguards systems shown in 
Table 14.3-39 are assumed to operate with a 60 second delay in 
startup. The assumed spray flow rate is based on one of two 
trains of the containment spray system operating.  

Heat Removal - The significant heat removal source during the 
early portion of the transient are structural heat sinks.  
Provision is made in the containment pressure transient analysis 
for heat transfer through, and heat storage in, both interior 
and exterior walls. Every wall is divided into many nodes; for 
each node, a conservation of energy equation expressed in 
finite-difference form accounts for transient conduction into 
and out of the node and temperature rise of the node.  
Tables 14.3-40 and 14.3-41 are summaries of the containment 
structural heat sinks used in the analysis.

The heat transfer 
calculated by the 

(Reference [3)).

coefficient to the containment structure is 
code based primarily on the work of Tagami 
From this work, it was determined that the
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value of the heat transfer coefficient increases parabolically 
to peak value at the end of blowdown for LOCA. The value then 
decreases exponentially to a stagnant heat tr ansfer coefficient 
which is a function of steam-to-air-mass ratio.  

Tagami presents a plot of the maximum value of h as a function 
of "coolant energy transfer speed," defined as follows: 

total coolant energy transferred into containment 
(containment volume) (time interval to peak pressure) 

From this, the maximum h of steel is calculated: 

h Ea 5[T (14.3-1) 
p 

where: 

hmax maximum value of h (Btu/hr ft2 OF).  

tp time from start of accident to end of blowdown 

V containment volume (ft ).  

E = coolant energy discharge (Btu).  

The parabolic increase to the peak value is given by: 

t 0.5 hs ~hmx (1) -, , 0 <t <t,. (14.3-2) 
p, 

where.: 

h ~ heat transfer coefficient for steel (Btu/hr ft 2 

OF).  

t time from start of accident (sec).
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For concrete, the heat transfer coefficient is taken as 
40 percent of the value calculated for steel.  

The exponential decrease of the heat transfer coefficient is 
given by: 

h5=stag + (h max hstag) -0 .5(t-tp t > tp (14.3-3) 

where:" 

hs tag 2 250X, 0 <X <1.4.  

h stag h for stagnant conditions (Btu/hr ft2  F).  

X = steam-to-air mass ratio in containment.  

For a large break, the engineered safety features are quickly 
brought into operation. Because of the brief period of time 
required to-depressurize the reactor coolant system, the 
containment safeguards do not influence the blowdown peak 
pressure; however, they significantly reduce the containment 
pressure after the blowdown and maintain a low long-term 
pressure. Also, although the containment structure is not a 
very effective heat sink during the initial reactor coolant 
system blowdown, it still contributes significantly as a form of 
heat removal.  

14.3.5.2 Enineered Safety Features 

During the injection phase of post-accident operation, the 
*emergency core cooling system pumps water from the refueling 
water sto rage tank (RWST) into the reactor vessel (the 
containment spray pumps also inject RWST water into the 
containment). Since this water enters the vessel at refueling 
water storage tank temperature, which is less than the
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temperature of the water in the vessel, it can absorb heat from 
the core until saturation temperature is reached. During the 
recirculation phase of operation, water is taken from the 

containment sump and cooled in the residual heat removal heat 
exchanger. The cooled water is then pumped back to the reactor 
vessel to absorb more decay heat.. The heat is removea from the 
residual heat exchanger by component cooling water and from the 

component cooling heat exchanger by service water.  

14.3.5.2.1 Containment Spray 

Another containment heat removal system is the containment 

spray. During the injection phase of operation, the containment 

spray pumps draw water from the RWST and spray it into the 

containment through nozzles mounted high above the operating 
deck. As the spray droplets fall, they absorb heat from the 

containment atmosphere. Since the water comes from the RWST, 

the entire heat capacity of the spray from the RWST temperature 

to the temperature of the containment atmosphere is available 
for energy absorption. During the recirculation phase of S post-accident operation, water can be drawn from the residual 
heat removal heat exchanger outlet and sprayed into the 

containment atmosphere via the recirculation spray system.  

However, recirculation spray is not modeled in the COCO code and 

no-credit is taken for this system in the analyses provided 
herein; Figure 14.3-111 is provided for information only.  

When a spray drop enters the hot, saturated, steam-air 

containment environment following a loss-of-coolant accident, 
the vapor pressure of the water at its surface is much less than 

the partial pressure of the steam in the atmosphere. Hence, 

there will be ,diffusion of steam to the drop surface and 
condensation on the drop. This mass flow will carry energy to 

the drop. Sim ultaneously, the temperature difference between 
the atmosphere and the drop will cause the drop temperature and
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vapor pressure to rise. The vapor pressure of the drop will 
eventually become equal to the partial pressure of the steam, 
and the condensation will cease. The temperature of the drop 
will equal the temperature of the steam-air mixture.  

The equations describing the temperature rise of a falling drop 
are as follows: 

d (Mu) mh + q (14.3-4) 
g 

d (M) m (14.3-5) 

where: 

q h hcA (T5 - T).  

MI K K A (Ps - Vg).  

The coefficients of heat transfer (hc and mass transfer 
(k ) are calculated from the Nusselt number for heat transfer, 
Nu, and the Nusselt number for mass transfer, Nu'.  

Both Nu and-Nu' may be calculated from the equations of Ranz and 
Marshall (Reference [41).  

Nu =2+O0.6 (R) /2 iP) 1/3 (14.3-6) 

Nu' = 2 . R)1/2 (O1/3 (14.3-7) 

Thus, Equations 14.3-4 and 14.3-5 can be integrated numerically 
to find the internal energy and mass of the drop as a function 
of time as it falls through the atmosphere. Analysis shows that 
the temperature of the (mass) mean drop produced by the SPRACO 
1713A spray nozzles rises to a value within 99 percent of the
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bulk containm *ent temperature in less than 2 seconds. Dr-ops of 
approximately 1000 micron average size (as discussed in Chapter 
6) will reach temperature equilibrium with the steam-air 
containment atmosphere after falling through less than half the 
available spray fall height.  

Detailed calculations of the heatup of spray drops in 
post-accident containment atmospheres by Parsly (Reference[21) 
show that drops of all sizes encountered in the containment 
spray reach equilibrium in a fraction of their residence time in 
a typical pressurized water reactor containment.  

These results confirm the assumption that the containment spray 
will be 100 percent effective in removing heat from the 
atmosphere. Nomenclature in this section is as follows: 

A area.  

h c coefficient of heat transfer.  

k = coefficient of mass transfer.  

h 9 steam enthalpy...  

M =droplet mass.  

m diffusion rate.  

Nu = Nusselt number for heat transfer.  

Nu' = Nusselt number for mass transfer, 

PS = steam partial pressure.  

Pv =droplet vapor pressure.
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Pr =Prandtl number.  

q heat flow rate.  

Re =Reynolds number.  

Sc =Schmidt number.  

T, droplet temperature.  
s 

* T =steam temperature.  

t =time.  

u =internal energy.  

14.3.5.2.2 Reactor Containment Fan Coolers (RCFCs) 

The reactor containment fan coolers are a principal means of 
* post-accident containment heat removal. The fans draw the dense 

atmosphere through banks of finned cooling coils and mix the 
cooled steam/air mixture with the rest of the containment 
atmosphere. The coils are kept at a low temperature by 
maintaining the required flow of cooling water from the service 
water system. Since the RCFCs do not use water from the RWST, 
the mode of operation remains the same before and after the 
containment spray and emergency core cooling systems are changed 
to the recirculation mode.  

The ability of the containment air recirculation coolers to 
function properly in the accident environment is demonstrated by 
the coil vendor's analysis. This analysis determines the 
plate-fin cooling coil heat removal rate when operating in a 
saturated steam-air mixture.
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In the heat removal analysis of the RCFC coils, a mass flow rate 
of cooling water is first established. This determines the 
inside film coefficient of the tube. Next, the resistance to 
heat transfer between the cooling water and the outside of the 
fin collars is computed, including inside film coefficient, 
fouling factor,* tube radial conduction, fin-collar interface 
resistance, and conduction across the fin collars. The analysis 
now becomes iterative. One assumes an overall heat transfer 
rate Qttand the. temperature at the outside of the fin 
collars is determined from Q and the-sum of the resistances 
cited above.  

A second iterative procedure is now established. The variable 
whose value is assumed is the effective film coefficient between 
the fins and the gas stream, which involves the effect of 
convective heat transfer and mass transfer. With this value of' 
h effectie fin efficiency and the fin temperature 
distribution can be determined. It is assumed that a condensate 
film exists on the vertical fins. An analysis is performed 
which relates this film thickness to the rate of removal due to 
gravity and shear and the rate of addition of condensate by mass 
transfer from the bulk gas. In the process, from an energy 
balance the temperature of the interface between the bulk gas 
and the condensate can be determined; this is necessary for 
determining the mass transfer rate from the gas. Now that the 
thickness of the condensate film is known, the value of the 
assumed-heffetiv is checked from the relation h eff 
K water/6film* If the assumed and computed values are not 
the same, a new value is selected and calculations repeated 
until the assumed and computed values are equal.  

* A fouling factor of 0.001 hr-ft 2_F/Btu, under both normal and design 
basis accident conditions, has been assumed for cooling coil design 
purposes. This value is conventionally used in sizing heat exchangers 
cooled by river water at 125'F or less and with tube water velocity 
greater than 3 ft/sec (Reference 5), and is considered sufficiently 
conservative for this application. Computer analysis of the coils 
selected shows that the required post-accident heet removal rate can be 
achieved even with a slight increase in fouling.
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When this occurs, the heat transfer rate from the fins and fin 
collar is computed, using the standard equations for fin and fin 
collar heat transfer and the values of heffecti ye and 
film-bulk gas interface temperature. If this value is -not the 
same as Q ot initially assumed in order to determine fin 
collar temperature, the whole analysis is repeated with a new 
estimate of Q tot' When, finally, the heat transfer rate to 
the cooling water from the fin collar equals the resulting 
computed rate to the fin collar and fins from the gas, the 
effect of this heat transfer rate on the cooling water is 
computed. The water exit temperature is established, and this 
value is used as the inlet temperature for the next heat 
exchanger pass. Also, the effect of convective heat transfer 
and condensate mass transfer is determined relative to the gas 
composition and thermodynamic state. The updated gas state is 
used as inlet conditions for the next pass. The process is 
repeated for the second, third, etc., passes until the gas exits 
the-heat exchanger.  

The mass-transfer coefficients used in the computer code were 
derived from analyses and reports of experimental data contained 
in References 5, 6 and 7. From Reference 6, the mass flow rate 
of condensate is defined by* 

M (sg Psw) (14.3-8) 

From Reference 6, pp. 471-473, experimental data for mass and 
heat transfer correlate well with the expression 

'RD. (Scf_2/3 =St.(Pr- 2 /3 ' (14.3-9) 

tNomenclature used is given at the end of this discussion.
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as shown in Figure 16-10 of Reference 6. Thus,

. I St Sc 2/3 

-(14.3-10) 
usxh xSc 2/3 

As Reference 6 points out, for large partial pressures of the 
condensing components., Equation 14.3-10 must be corrected by a 
factor P t/P am' Thus, hD is defined by 

hP X t Sc 2/3 (14.3-11) 
am 

This is essentially the same result as 'reported by Reference 7 
.p.- 343 andReference 8.  

Reference 6states that experiments show Equation (14.3-8) to be 
valid when the Schmidt number does not differ greatly from 1.0.  
Equations (14.3-8) and (14.3-10) are combined to give the mass 
transfer rate, which is 

h ~t Sc 2/3 
7 7r -x (Pg P (14.3-12) 

An approximation was made in assuming that (Sc/Pr)21  1.0, 
thus the local mass transfer rate was computed from 

h t- -p ( ) (14.3-13) 
m C am sg s 

The heat transfer rate due to condensation is computed from
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;n XhP t 
ppam sg SW

Psg is evaluated 

PWis evaluated 
temperature 

X is evaluated 

temperature 

Pand C is evaluated

the local 
the local

bulk gas temperature 

gas-condensate interface

at the local gas-condensate interface 

at the local bulk gas temperature

The heat trans fer coefficient, h, was determined from 
experiments on the same geometry used in this application.  

The heat transfer rate, locally, is computed from

q 2, h x(T 9- Ti) (14.3-15)

The basis for selecting these values is that the authorities 
cited as references have shown, through analyses and through 
cited experiments, that the methods used are accurate.  

The air side pressure drop across the cooling coils at a 
conservative design-basis accident condition of 47 psig is 
estimated to be approximately 2.1 in. of water, or 0.076 psi.  
This will have a negligible effect on the heat removal 
capability of the cooling coils.  

The pressur e of noncondensible gases are taken into 
co nsideration because the theory behind the analysis assumed 
that the condensible vapor must diffuse through a noncondensible 
gas.:
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The nomenclature is as follows:

m mass flow rate of condensate, ibm/hr-ft 

ED mass transfer coefficient, ft/hr

Psg density of saturated steam at local bulk gas 
temperature, ibm/ft3 

PS density of saturated steam at 3local condensate-gas 
interface temperature, ibm/ft3 

u free steam gas velocity, ft/min 
Sc Schmidt number, M/pD, dimensionless 

11 viscosity of bulk gas, ibm/ft-hr 
p bulk gas density, ibm/ft 3 

D gas-air diffusion coefficient, ft2/hr 
St, Stanton number, h/pCu , dimensionless 2o h convective heat transfer coefficient, Btu/hr-ft2 F 
C specific heat of bulk gas, Btu/Ibm-*F 
Pr Prandtl number, iic/k, dimensionless 
k thermal conductivity of bulk gas, Btu/hr-ft-*F 

Pt total gas pressure, ibf/ft2 

Pam air .log-Mean ~aw FlIbf/ft 2 

1np.  
Tag 

Paw partial pressure of air at the local gas-condensate 
interface, lbf/ft2 

P partial pressure of air at the local bulk gas temperature, ag2 
1 bf/ft2 

X latent heat of vaporization (or condensation) at the local 
gas-condensate interface temperature, Btu/ibm 

q, local heat transfer rate due to condensation, Btu/hr-ft2 

q' local heat transfer rate due to convection, Btu/hr-ft 2 

T' local bulk gas temperature, 0 
g 
i local gas-condens ate interface temperature, *F
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A similar heat removal analysis of th e currently installed RCFC 
coils results in the fan-cooler heat removal rate per fan as 
presented in Figure 14.3-105.  
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14.3.5.3 Mass and-Energy Release Analyses for Postulated 
Loss-of-Coolant Accidents 

This analysis presents'the mass and energy rel eases to the containmen~t 
subsequent to a hypothetical loss-of-coolant accident (LOCA) at 3,216 MWt. The 
release rates are calculated for pipe failure at three distinct locations: 

1. Hot leg (between vessel and steam generator) 
2. Pump suction (between steam generator and pump) 
3. Cold leg (between pump and vessel) 

The LOCA transient is typically divided into four phases: 

1. Blowdown -which includes the period from accident occurrence (when 
the reactor is at steady state operation) to the time when the total 
break flow stops.  

2. Refill ,- the period of time when the lower plenum is being filled by 
accumulator and safety injection water. (This phase is 
c-onservatively neglected in computing mass and energy releases for 
containment evaluations.) 

3. Ref lood -begins when the water from the lower plenum, enters the 
core and, ends when the core is completely quenched.  

4. Post-.Reflood -describes the period following the reflood 
transient.' For the pump suction and cold leg breaks, a two-phase 
mixture exits the core, passes through the hot legs, and is 
superheated in the steam generators. After the broken loop steam 
generator cools, thef flow out of the break becomes two phase.
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During the ref lood phase, these breaks have the following different 
characteristics. For a cold leg pipe break, all of the fluid which leaves the 
core must vent through a steam generator and becomes locally superheated.  
However, relative to breaks at the other locations, the core flooding rate 

(and therefore the rate of fluid leaving the core) is low, because all the 
core vent paths include the resistance of the reactor coolant pump. For a hot 
leg pipe break, the vent path resistance is relatively low, which results in a 
high core flooding rate, but the majority of the fluid which exits the core 

bypasses the steam generators in venting to the containment. The pump suction 
break combines the effects of the relatively high core flooding rate, as in 
the hot leg break, and steam generator heat addition, as in the cold leg 
break. As a result, the pump suction break yields the highest energy flow 
rates during the post-blowdown period, thereby bounding the hot leg breaks.  

The spectrum of breaks analyzed includes the largest cold and hot leg breaks, 
reactor inlet and outlet, respectively, and a range of pump suction breaks 
from the largest (10.48 ft 2) to a 3.0 ft 2 break. Because of the phenomena.  
of reflood as discussed above, the pump suction break location is the worst 
case for long term containment depressurization. Smaller hot leg breaks have 
been shown on similar plants to be less severe than the double-ended hot leg.  
Cold leg breaks, however, are lower both in the blowdown peak and in the 
reflood pressure rise. Thus, an analysis of smaller pump suction breaks is 
representative of the spectrum of break sizes.  

14.3.5.3.1 Mass and Energy Release Data 

Blowdown Mass and Energy Release Data 

Tables 14.3-17 through 14.3-21 present the calculated mass and energy releases 
for the blowdown phase of the various breaks analyzed.  

The mass and energy releases. for the double-ended pump suction break, given in 
Table 14.3-17, terminate 29.0 seconds after the postulated accident. Since 
safety injection does not become effective until about the time blowdown 
terminates, these releases apply for both maximum and minimum safety injection.
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Ref lood Mass and Energy Release Data

Tables 14.3-22 through 14.3-25 present the calculated mass and energy releases 
for the ref load phase of the various breaks analyzed along with the 
corresponding safety injection assumption (maximum or minimum).  

Two Phase Post-Ref load Mass and Energy Release Data 

Tables 14.3-26 and 14.3-27 present the two phase (froth) mass and energy 
release data for a double-ended pump suction break using 'maximum and minimum 
safety injection assumptions, respectively.  

Table 14.3-28 presents the post-reflood mass and energy release data for 0.6 

double-ended pump suction break using minimum safety injection.  

Equilibrium and Depressurization Energy Release Data 

The equilibrium and depressurization energy release has been incorporated in 
the post-ref load mass and energy release data. This eliminates the need to Sdetermine additional releases due to the cooling of steam generator secondary 
and primary metal.  

14.3.5.3.2 Mass and Energy Sources 

The sources of mass considered in the LOCA mass and energy release analysis 

are given in the mass balance Tables 14.3-29 through 33. These sources are 
the reactor coolant system, accumulators and pumped injection.  

The energy inventories considered in the LOCA mass and energy release analysis 
are given in Tables 14.3-29a through 33a. The energy sources include: 

1. Reactor coolant system
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2. -Accumulators 

3. Pumped injection 

4. Decay heat 

5. Core stored energy 

6. Primary metal energy 

7. Secondary metal energy 

8. Steam generator secondary energy 

9. Secondary transfer of energy (feedwater into and steam out of the 
steam generator secondary) 

The inventories are presented at the following times, as appropriate: 

1. Time zero (initial conditions) 

2. End of blowdown time 

3. End of refill time 

4. End of reflood time 

5. Time of full depressurization 

6. End of analysis 

The methods and assumptions used to release the various energy sources are 
given in NRC-approved WCAP-10325 (Reference Ell).  
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The following items ensure that the core energy release is conservatively 
analyzed for maximum containment pressure: 

1. Maximum expected operating temperature of the reactor coolant system 

2. Allowance in operating temperature for instrument error and dead 
band (+4*F) 

3. Margin in volume (1.4 percent) 

4. Allowance in volume for thermal expansion (1.6 percent) 

5. A power level of 3216 MWt was assmued 

6. Allowance for calorimetric error (2 percent of 3216 MWt) 

7. Conservatively modified coefficients of heat transfer 

8. Allowance in core stored energy for effect of fuel densification 

9. Margin in core stored energy (+15 percent) 

14.3.5.3.3 Blowdown Model Description 

The model used for blowdown transient (SATAN-VI) is the same as that used for 
the emergency core cooling system (ECCS) calculation. This model is described 
in WCAP-9220 and WCAP-8302. NS-TMA-2075 (Reference [1)) provides the method 
by which the model is used.  

14.3.5.3.4 Refill Model Description 

At the end of blowdown, a large amount of water remains in the cold legs, 
downcomer, and lower plenum. To conservatively model the refill period for 
the purpose of containment mass and energy releases, this water is
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instantaneously transferred to the lower plenum along with sufficient 
accumulator water to completely fill the lower plenum. Thus, the time 
required for refill is conservatively neglected.  

14.3.5.3.5: Reflood-Model Description 

The model used for the reflood transient (WREFLOOD) is a slightly modified 
version of that used in the ECCS calculation. This model is described in 
WCAP-9220 and WCAP-8170. WCAP-10325 describes the method by which this model 
is used and the modifications. Transients of the principal parameters during 
ref lood are given in Tables 14.3-34 and 35 for the double-ended pump suction 
break with maximum and minimum safety injection.  

14.3.5.3.6 Post-Reflood Model Description 

Two-Phase (FROTH) 

The transient model (FROTH), along with its method of use, is described in 
WCAP-8312-A. The mass and energy rates calculated by FROTH are utilized in 
the containment analysis to the time of containment depressurization.  

Long Term__(Dry Steam)

After depressurization, the mass and energy release 
MWt is based on ANS (1979) and the following input: 

1. Decay heat sources considered are fission 
element decay of U-239 and Np-239.
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2.. Decay heat power from fissioning isotopes other than U-235 is 
assumed to be identical to that of U-235.

over the operating history of maximum power
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4. The factor accounting for neutron capture in fission products has 
been taken, from Table 10 of ANS (1979).  

5. Operation time before shutdown is 3 years.  

6. The total recoverable energy associated with one fission has been 
assumed to be 200 MeV/fission.  

7. Two sigma uncertainty has been applied to the fission product decay.  

14.3.5.3.7 Single Failure Analysis 

The effect of single failures of various ECCS components on the mass and 
energy releases is included in these data. Two analyses bound this effect for 
the pump suction double-ended rupture.  

No failure of any ECCS component is assumed in determining the mass and energy 
releases for the maximum safeguards case. For the minimum safeguards case, 
the single failure assumed is the loss of one emergency diesel generator, 
which failure results in not only the loss of one pumped safety injection 
train but also the loss of the containment safeguards on that diesel. The 
analysis of both maximum and minimum safeguards cases ensure that the effect 
of all credible single failures on mass and energy releases is bounded.  

A single failure analysis is not performed for the hot leg or cold leg 
double-ended ruptures since the ECCS has no effect on the maximum containment 
pressure, which occurs at the end of blowdown.  

14.3.5.3.8 Metal-Water Reaction 

1n the mass and energy release data presented, no zirconium-water reaction 
heat was considered because the clad temperature did not rise high enough for 
the rate of reaction to be of any significance.  
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14.3.5.3.9 Additional Information 

System parameters needed to perform confirmatory analyses are provided in 
Table .14.3-36., The chronology of events for the DEPS break is presented i 
Table 14.3-42.  

14.3.5.4 Containment Pressure Transients 

The containment pressure was calculated for the following range of large area 
reactor coolant pipe ruptures: double-ended hot leg (DEHL), double-ended cold 
leg, double-ended pump suction (DEPS), double-ended pump suction with a 
discharge coefficient of 0.6, and a 3 sq. ft. pump suction break. The results 
obtained are presented in Table 14.3-37 and 'are shown graphically in Figures 
14.3-110 through 14.3-116. The DEPS case is analyzed for both minimum and 
maximum safeguards conditions. Consisten t with the mass/energy release 
analysis, the failure of that diesel generator to start which leaves a minimum 
of equipment available constitutes the minimum safeguards condition. The 
minimum safeguards case models one containment spray pump and the fan cooler' 
heat removal equivalent to three units operating as indicated in Figure 
14.3-105. In the maximum safeguards case five fan cooler units and one 
containment spray pump operate, the single failure being the failure of the 
second spray pump.  

14.3.5.4.1 Energy Sinks 

Figure 14.3-109 presents the energy absorption capability within the 2.61 x 
10~ ft3 free volume of the containment. As shown at Point B, the internal 
energy of the steam-air mixture must be increased to 302 x 106 Btu for the 
containment pressure to reach the design pressure of 47 psig.  

The integrated containment energy balance at the end of blowdown is given by: 

UfUi + 1,mh)in~ 0 n~ 0 u (14.3-21) 

where 
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Uf final internal energy in the containment 
= initial internal energy in the containment 

Zi h .  
I~hin = nthalpy added by blowdown sources 
IQ i 2 energy added directly to containment atmosphere 

X~out- heat removal by containment structure and cooling system 

The internal energy is made up of three sources: air, steam, and sump water.  
Only the air-steam mixture with the respective partial pressures contributes 
to the containment total pressure. The initial internal energy is based on 
the initial assumed containment conditions, 120*F and 16.7 psia.  

Figure 14.3-108 shows the heat transfer coefficient calculated for the various 
break sizes.  

14.3.5.4.2 Containment Margin Evaluation 

The evaluation of the capability of the containment and containment cooling 
systems to absorb energy additions without exceeding the containment design 
pressure requires the consideration of two periods of time following a 
postulated large area rupture of the reactor coolant system.  

The first period is the blowdown phase. Since blowdown occurs too rapidly for 
the containment cooling system to be activated, there must be sufficient 
energy absorption capability in the free volume of the containment (with due 
credit for energy absorption in the containment structures) to limit the 
resulting pressure to below design.  

The second period is the post-blowdown period where the containment cooling 
systems must be able to absorb any postulated post-blowdown energy additions 
and continue to limit the containment pressure to below the design value.  

14.3.5.4.2.1 Margin -Blowdown Peak to Design Pressure 

Point A in -Figure 14.3-109 corresponds to the internal energy at the time of 
peak pressure during the DEHL break blowdown, 253 x 106 Btu. In order for 
the pressure to increase to design pressure (47 psig), the internal energy 
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must be increased to 302 x 106 Btu (Point B). The allowed energy addition Sis, therefore, 49 x 16Btu. Since energy transferred to the containment 
from the core is in the form of steam, the total transferred core energy 

corresponding to allowed energy addition is as follows: 

Qcr - Alof 49 x 106 x 947= 38 x 106 Btu (14.3-22) 

This allowable value of energy could be transferred from the core to the 
containment without increasing the transient containment pressure to design 
pressure.  

14.3.5.4.2.2 Margin - Non-Mechanistic Energy Sources 

Line A to C on Figure 14.3-109 represents a constant mass line. The 

comparison of the energy addition allowable for the superheated case relative 

to the saturated case shows a lesser ability of the containment to absorb an 

equivalent amount of energy as superheat. An addition of 13 x 106 Btu of 
energy after blowdown would cause the containment pressure to increase to Sdesign. Therefore, a substantial margin exists for energy additions from 
arbitrary energy sources.  

14.3.5.4.2.3 Margin - Post-Blowdown Energy Additions 

Figure 14.3-110 presents the containment pressure transient for the limiting 
DEPS case with three fan coolers equal in capability to Figure 14.3-105 
operating. In this case, the decay heat generated for a 3216 MWt core 
operating for an infinite time is conservatively assumed. This decay heat is 
added to the containment in the form of steam by the boiling off of water in 
the reactor vessel over the long term. Mass and energy releases during the 
ref lood and post-reflood phases are presented in Table 14.3-35.
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The containment cooling system capability conservatively assumed in the 
analysis was one containment spray pump together with three available 
containment fan coolers. This is,,the minimum equipment available considering 
the single-failure c riterion in the emergency power system, the spray system, 
and the fan cooler system. Figure 14.3-111 presents the containment pressure 
transient for a case in which the same equipment operates but containment 
spray continues during recirculation.  

The blowdown peak for each case was 37.2 psig; a peak pressure of 40.5 psig in 
Figure 14.3-110 was reached at 520 sec. when the heat removal capability of 
the containment cooling system assumed to be operating (one containment spray 
pump and three fan c oolers) exceeded the energy addition. The heat removal 
capability associated with three fan coolers (RCFC) is clearly adequate to 
limit containment peak pressure.  

The integrated heat addition and heat removal for the MEPS minimum safeguards 
case with th ree fan coolers are shown in Figure 14.3-106. The curve is 
presented in A manner that demonstrates the capability of the containment and 
the cooling systems to absorb energy. The integrated heat removal capacity is 
started at the internal energy corresponding to design pressure, while the 
integrated heat additions begin from the internal energy calculated at the end 
of blowdown. The upper line is the containment structure and containment 
cooling system calculated capability to absorb energy additions without 
exceeding design pressure. The lower curve is the energy addition curve for 
the DEPS case.  

The curve in Figure 14.3-107 presents the individual contributions to the heat 
removal during the three fan cooler DEPS minimum safeguards case. The 
critical parameter as regards calculated containment pressure is the available 
RCFC heat removal capacity. In this analysis three RCFCs with the heat 
removal characteristics presented in Figure 14.3-105 are nominally modeled.  
However, any RCFC configuration which assures that heat removal greater than 
or equ .al to three times that of Figure 14.3-105 is available via the RCFC 
system post-LOCA is equally acceptable. Service water flow rate and the 
number of RCFC available under accident conditions may be modified as long as 
the required RCFC heat removal capability exists..
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14.3.5.4.3 Evaluation of.Containment Internal1 Structures 

The containment internal structures such as the reactor coolant loop 
compartments and the reactor shield wall are designed for the pressure buildup 
that could occur following a loss of coolant. If a LOCA were to occur in 
these relatively small volumes, the pressure would build up at a rate faster 
than the overall compartments.  

A digital computer c ode, COMCO, was developed to analyze the pressure buildup 
in the reactor coolant loop compartments. The COMCO code is largely an 
extension of the COCO code in that a separation of the two-phase blowdown into 
steamwad water is calculated and the pressure buildup of the steam-air 
mixture in the compartment is determined. Each compartment has a vent opening 
to the free volume of the containment.  

The main calculation performed is a mass energy balance within the control 
volume of a compartment. The pressure builds up in the compartment until a 
mass and energy relief through the vent exceeds the mass and energy entering 
the compartment from the break. The reactor coolant loop compartments are 
designed for the maximum calculated differential pressure resulting from an 
instantaneous doub-le-ended rupture of the reactor coolant pipe.  

There are two reactor coolant loop compartments (i.e., crane wall areas) with 
two loops in each compartment. The total free volume of each compartment is 

32 113,500 ft with a vent area of 1000 ft2. The calculated differential.  
pressure across the wall of the compartment is 6.4 psi.  

The primary shield around the reactor vessel is designed for a pressure of 
1000 psi to provide missile protection against the highly unlikely failure of 
the reactor vessel by longitudinal splitting or by various modes of 
circumferential cracking.  

14.3.5.5 Evaluation of Long Term Fan Cooler Capability 

The ability of the fan coolers to limit containment pressure following loss of 
the component cooling system has been examined. If the component cooling loop
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were lost for any re ason during long-term recirculation, core subcooling could 
be lost and boiling in the core would begin. Since the cooling units of the 
fans are cooled by service water, the energy from the core would be removed 
from the containment via the fans.  

The model emplIoyed in this analysis does not consider recirculation spray to 
operate and conservatively considers decay heat from the core to enter the 
containment as steam during the entire LOCA long-term transient. Therefore, 
the pressures calculated are not affected with a postulated component cooling 
system failure, because core energy is already postulated to enter the 
c ontainment as boiloff.. Containment pressure at various times for the DEPS 
case with minimum safeguards is shown below: 

Time After Accident 
Occurs 3 Fans (psig) 2_Fans (psig) 

At12 hr 17 29 
At Iday 12 20 
Ati1week 7 1 

Reference: 

[1) WCAP-10325, "Westinghouse LOCA Mass and Energy Release Model for 
Containment Design - March 1979 Version," April 25, 1979.
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TABLE 14.3-17 

DOUBLE ENDED PUMP SUCTION GUILLOTINE 

BLOWDOWN MASS AND ENERGY RELEASES

INDIAN POINT. UNIT 2 /DOUBLE ENDED PUMP SUCTION aUILbTINE 
SLOWDOWN MASS AND ENERGY RELEASES

..TIME ..... BREAK PATH NO.1I FLOW BREAK PATH 

TH1-OUSAND 
-SECONDS -LYM/SIEC 87U/SEC -: .."tBM/SlEC 
0.0000 0.0 0.0 0.0 
0.0502 39674.8 21217.2 22792.7 
.100~i 39649.4 21260.7 .18541.6 

~.6D 42B52.9 :24014. .2332.6 
1.0 7051.5 .21997.1 V 21333 

.:: so 3103 19394.3 .  

2.50 21542.7 13823.2 20028.9 
5.00 15178.5 9604.3 14616.0 
5.50......9796.9 . 7157.3 13 7 28. 4 
7. 00......:4 10 G ~B . -11795.  
.1.75 .. 9983.3 .6408. 6 11448.4 
a. 50 . 02 16.-6 ...- G754. S 19.  
i0.5 7073.0 4932.0 11071.6 
17.5 4170.5 3142.1 7539.3 

6. .4070.9 ....... 2968.0 9441.0 
1340534. 0 2917. -:9173.  
1..3958. 4 . 2812.0 09.  

.904.0 .< 27 91 .0 38.  
19.5 3826.7 27 86.0 12063.S 
19.8 3690.7 2744.2 5101.4 
20.0.......30 2721.0 12651.0 

20.8 :~ .~ 2604 7 S6.  

2153108.4 2511 1 9608.5 
21I.0 3001.6 2490.8 4326.6 
22.5 . .2740.3 . 2428.0 8460.7 
22.3 2691.7 . 2478.4*., 65.  

2332428.7 06 23. :K993. 5 
2222. 9 .2404.4 .:21.  

24.0 1810.4 2185.9 7617.6 
24.5 1496.5 1835.3 3112.9 
25.3 .'1147.0 1415. ... 433.5 

~5.B 035.9 .1159.5 38.  
29i. 0.0 .0.0 0.0

NO.2 FLOW 

:STU/SEC 
0.0 

12102.2 
9879.6 

..11932.3 
.11417.4 
11268. 1 
10730.7 

7741.0 
-7232.0 

0171.7 
5673.3 
3762.2 
4682.5 
3049.7 
6539.9 
2669 *.
5887.5 
2530.7 

:..6062.3 
2271.4.: 
4 119. 4 
2279.6 
4311.7 
1990.5 
3577.9 
1567.2 
4025.7 

2958 .4 
1227.7 
2212.9 
118li0.3 

0.0
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TABLE 14.3-18 

0.6 DOUBLE ENDED PUMP SUCTION GUILLOTINE MIN SI 
SLOWDOWN MASS AND ENERGY RELEASES

INDIAN POINT UNIT 2/0.  
S LOWDOWN

TIME

.SECONDS 
0.0000 
0. 0502 

1.-00 
2.90 
5.50 
6.00 

9.25 

19.3 
19.5 
20.0 

* 20.5 
20.8 

21 .  

22.5 
* 22.8 

23.0o 
23.53 
23.8 
24.0 
24.3 

. ...... 24.5 
* 25.0 

* 25.5 
25.3 
26. 3 
26.5 
26.8 
.9.  

30.0

TABLE 

DOUBLE ENDED 13UMP SUCTION GU .ILOTINE MIN SI 
MASS AND ENERGY R~ELEASES

BREAK PATH NO.1 FLOW * BREAK PATH NO.2 FLOW

THOUSAND 
*BTU/SEC 

0.0 
16866.2 
20836.5 
18670.3 

.16247.9 
14625.6 
S157.4 
G222 .8 
5144.7 

4953.1 
4385.3 
2726. 0 
2697.4 
2600.6 
2585.2 
2579.5 
2520.0 
2485.6 
2285.  
2290.2 
2257.3 
2234.5 
2181.2 
2147.6 
2100.0 
1968.4 
1744.  

1377.9 
1216.  
1098 .6 
1003.7 

0.0

lam/SEC 
0.0 

20370.5 
18912.3 

20822.0 
i972G .5 
14579.3 
13753.1 
11881.0 

-10890.8 
6391 .3 

13254. 1 
.5140.0.  
9746. 1 
4601.4 

10720.7 
6626.9 
8057.9 
4282.2 

t1352.5 
3739.6 

11698.3 
4427.0 
3438.7 

10315.08 

W144.2 
2418.4 
2516.1 
7393.6 
4334.0 

0.0 
-0.0

THOUSAND 
STU/SEC 

0.0 
10849.3 
10082. 1 
t 1306. 6 
11139. 1 

7684.5 
7207 .6 
6127.3 
5738. 3 
6080.0 

-5590.5 
3179.2 
6530.9 
.2582.9 
4728.3 
2268 . 2 
5102.2 
3249.2 
3756. 1 
2022.8 
5105.0 
1712.2 

*5049.8 
1947.7 
I50 so.3 
4225.8 

*1159.4 
3502.2 
936.2 
941 .3 

2571.8 
1494.5 

0. 0 
0.0

95340:1 D/0421 886

Lam/SEC 
0.0 

31536.3 
38729.8 
33923.7 

*204 53. 1 
*23932.6.  

12G69.2 
8564. 1 
7274.7 

.:'7897.6 
7632.0 

3643.2 
3G39.1 
3501.5 

3340.5 

3062.9 
2718 .2 
2651.7 

2380.5 
2244.4 
2109 .2 
1950.7 
1712.3 
1426.5 

*1202.5 
1116. 5 
982.2 

*885.8 
807.5 

* 0.0



TABLE 14.3-19 

3 FT 2 PUMP*SUCTION SPLIT BREAK MIN SI 
BLOWDOWN MASS AND ENERGY RELEASES 

TABLE 
INDIAN POINT jNIT 2 /3 SQUARE FOOT PUMP S UCTION MN SI SLOWDOWN MASS AND ENERGY RELEASES 

TIME BREAKC PATH NO.1 FLOW 

THOUSAND 
SECONDS LSMISEC BTU/SEC 

0.0000O 0.0 0.0 0.0501 29277.2 15640.7 
0.100 43737.2 23430.6 
0.150 49.1 2S72*.5 
0.201- 42785.7 23001.0 
0.401 40174.5 21766.4 
1.70 34987.5 19815.6 
1.90 33132.5 18824.8 
2.90 32174.1, 18390.3 
3.30 30953.1 17745.8 
4.30 25789.1 14826.5 
4.60 25441.0) 14634.9 
6.00 22465.2 12813.0 
6.50 22133.7 12813.0 

5.75 19921.1 11550.3 
10.3 15996.1 9092.8 
13.5 14249.8 8085.0 
14.0 14207.4 8065.6 
16.0 12976.8 7522.1 
22.3 101,31.3 6147.8 
24.0 9388.3 5773.7 
27.5 7398.1 4.689.5 
30.8 5812.8 3752.7 
31.3 6346.1 3926.7 
32.0 4553.0 3236.7 
33.3 4042.7 2772.2 33.8 4786.7 2869.2 
36.5 2161.5 1423.3 
37.3 2090.1 1298.9 
38.3 3231.3 1455.1 
39.3 3390.8 1334.2 
4.0.8 1372.9 422.5 
41.5 1444.8 430.8 
41.8 272.8 76.3 
42.5 0.0 0.0
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TABLE 14.3-20 

DOUBLE ENDED COLD LEG I BLOWDOWN MASS AND ENERGY RELEASES 

lABLE .  

INDIAN 0ON AJN!T 2 A 0ULENDED COLD LEtGIOIENNS 
SLOWDOWN MASS AND ENERGY RELEASES

TIME BREAK PATH NO1FLOW 

-THOUS AND 
SECONDS .:LBM/S C ::.BTU/SEC 

0.0000 0.0 0.0 
0.0502 29454.2 15707.9 
0. 100 .- ,27855.5 4.14852.4 
0.350230. 1230 
0.0022993. 12318.0 

* . 1.40 221. 12006.2 
1.50 21164.9 11630.4 
1.80 20581.6 11409.9 

.....1. 90 20353.1 11315.6 
2.00 201 "711272. 9 

* 2.20 1977 1197.4 
2.30 19586.2 112.9 
2.60 16992.9 9639.8 
2.70 15663.3 8903.1 
2. -90 14119.0 3049.6 

* .. .30 1231. 7059 
'3.50 t193o 848. 9 
2;60 '1184 7.6G 6782.0 
4.10 11335.0 6454.7 
4.70 10743.8 6077.1 
4.90 11064.9 6267.0 

6.0 422.6::. 5473.7 
7.75 881.7 4726.14 

9.50 4323. 9 4302.6 
10.3 4158.2 4100.1 
12.5 3127.7 2746.4 

.....13.3 2919.4 2427.4 
4.2768.7 :2120.8S 

15.5 21.198t.8 
16.0 2493 1934.7 
18.3 2061.5 1944.3 
19.3 1091.6 1323.8 
21.1 522.8. 652.6 24. 12. 152.  24.0. 20.04 0.

BREAK PATH .NO.2 FLOW 

LBM/SEC .. TU/SEC 
0.0 0.0 

30641.8 16386.9 
51957.2 27824.2 
ll2037.2''::,": 27869.8 
53274. ... 4-28538.7 
,50079.5S 26816.5 
50212.6 26918.5 
46958.6 25211.2 

.:::48096.5 .25834.5 
438 t. 4 2 38 5 5.7 

:-.43348.3. 23340. 8 
38945.1 21016.0 
42796.4 23105.9 
.36917.6 19935.6 
35692.7 18293.4 

::*36013.3 195.  
33332.9 17997.8 

31078.3 16756.6 
24990.7 13371.7 
24695.9 13172.6 

13351.7 9474.3 
16402.6. 8477.5 
15259.2 8009.0 
11430.4 6363.5 
8001i. 6 4750.5 

4544.1 3685.0 
5596.7 .3423.1i 
5712.8 2861.6 
4849.3 2182.8 
4014.8 .. 1400.3 

1958.1 .48.5S 
0.0 0.0.

S I SPILL PJ 

LOM/Stc 
0.0 

2695.0 
2682.5 

.2620.0 
2582.5G'.  

: -- 2432.5 
2332.6 
2257.5 

.2232.6 

2072.5 
2064.0 

.2046.8 
.2012.  

1944.0 
1892.7 
1875.5 
1686.4".  

1481.9 
1288.8 

1246.6 
:1211.3 
1111.2 
1119.5 
1016.6 

1006.5

kTH FLOW 

114OUS AND 
BTU/ SEC 

0.0 
160.7 

154.0 
145.0 
139.1 
134.6 

127.1 
123.6 
123.1 
122.0 

1 19. 0 

115.9 
112.8 
111.8 
100.5 
93.0 
90.4 
88.4 
76.8 
76.7 

74.3 
72.2 
66.3 
66.7 
60.6 
59.1 
60.0o

33
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'.ABLE 14.3-21 

DOUBLE ENDED HOT LEG 
SLOWDOWN MASS-AND ENERGY RELEASES 

. TABLEm 
INDIAN POINT UNIT 2 ,' DOUBLE ENDED HOT tfEG OUILOTINE WaIN SI.  

SLOWDOWN M4ASS AND ENERGY RELEASES 

TIE BREAK PATH NO.1 FLOW... BREAK PATH NO.2 FLOW 

THOUSAND -. -..THCUSAND 
-SECONDS .:,L8M/SEC :T/E B/E T/E 0.0000 0.0 0.0 0.0 0.0 
0.0502 42334.3 26677.7 26942.7 16714.9 
0.100 ... .47439. 29459 25759.89...15974.6 

0251 ~ Or ~ t1 2 19862 0 20533.7. $233 
0.600 .0536 1944 17115.3 .::9934.5 

1. 00 29625.6 .9044.0 56. :.52.  
1. 80 27 58 3.8I 18365.1 15717.3 9119.8 
3.00 22269.8 15377.5 16822.2 0420.7 

... 0 .01. 13853.2 165835.7 8396.1 
-169. 15640.5 .7766.0 

0- K25 .. 13444. 7 . 11319. 2 4263. -11:- 104. 8 
G.013256.9 V12G.3 13940.5 6960.8 

7.00 13010.3 8959.7 13186.7 6624.7 
7.25 i859.6 0603.0 1717 62.  
I.7 GO ,0.2 47b '13. 60.  
45Q ...... 13560.a ... .. 0053.4 10404. A :533U.9 
IN.25 17773.6 11421.3 900C5.6 t .4653. 1 
11.0 18574.5 11251.7 636.9 3356.9 
12.0 19943.9 11518 9 5335.0 2861.6 
..2.3 0993.8 5988.8 5123.6 . 2760.5 

*~ "0"2. 466 9 154.2 2300.7 
14.3 :104 11 . 8 6341 .3 .:3894.4 . 2169.5i 
sel. 8 .. 8737 5504.2 .. 3672.8 .1052.1 
15.5 8915.6 5653.9 3459.9 1924.1 
16.5 7090.7 4711.5 3292.8 1796.0 
17.5 .6471.0..4376.1 3146 1706.0 

195........ 9. 37983. 7 2926.G '15B77.3 
1934563.7. 4283.9 .. 2591.0 -1455.3 

19. . 2953.7.:35. 2331.1 1367.9 
23.3 1431.9 1753.4 1069.6 910.2 
26.5 911.1 1106.9 459.5 559.4 
29.8........642..1 634.9 369.3 ....... 453.1 
412.3 .0.0 --- 0.0 370.8 .4 44.9 
711 G . . 00. -74.3 - 4.2
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TABLE 14.3-22 

DOUBLE ENDED PUMP SUCTION GUILLO TINE MAX SI 
REFLOOD MASS AND ENERGY RELEASES

TABLIE 

INDIAN POINT, UNIT 2 f DOUBLE fkDED PUMP SUCTION GUILOTINE MAX SI 
REFLOOD MASS AND ENERGY RELEASES

TIME B~REAI( PATH NO.1LO.  

THOU SAND 
... C..NDS U/E T/E 

29.0 0.0 0.0 
29.5 91.8 107.9 
30.9 81.3 95.9 
-35 

25. 07120.1 142.1 
1339 . 1 57.6 

39.1 145.8 11.7 
41.1 156.7 184.5 

.d,42.. .. .. . . 192.6 227.0 
-43 1 *.272.8 3220 
.44.1 29 1.6 . 344.3 

46 1287.8 339.8 
50.1 273.5 322.7 
54.1 260.7 -07. 6 

81293 "294. 1 ', 
68.3 q.. 248.9.9 

(1113G9.7 437.1 
6.1392.5 464.5 

72.1......352.0 .41G.I 
.. ..... .. .  

OpG.1 271.3 320.2 
08.1 266.6 314.G 

to8.1......247.0 291.3 
120.1 .. : .2 31 . , .':272.5 

152.1 218.7 257.8 
160.1 222.8 262.7 
1i68.1 225.1 265.4 

220. :0-26103

BREAK 

Law/S 
0.  

1502.  
1444.  

1190.  
1144.  
1819.  
b088.  
3328.  

331.  
3278.  
3093.  

... 2922.  
2767.  
.2760.  
2625.  

330.  
340.  
32 1.  

294.  
284.  
282.  
2 73.  

267.  
283..  
301.  
37.

PATH NO.2 FLOW.  

:THOUSAND 
EC U/C 
0 0.0 
4 91.0 

.7 .  

2 72.4 
5 69.7 

I171.1 

6. 435.2 
2 .440.1 
8 437.3 
1 421.2 

7 405.9 

-.77 

8 210.0 
9 224.7 
6 198.7 

S .. 164.1 

3 149.4 
2 146.7 

' 121. 2 
41318.4 

2 120.0 
2 123.4 

1126.2 

B:2 .9

9534Q:1D/0421 886

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

q.

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



7ABLE 14.3-23 

DOUBLE ENDED PUMP SUCTION GUILLOTINE MIN SI 
REFLOOD MASS AND ENERGY RELEASES

INDIAN PaINT

'ABL 

UNIT 2 /DOUBLE ENDED PUMP 
REFLOOD MASS AND ENERGY

SUCTION GUILDTINE1WIN S$I

ATM NO0.1 FLOW 13REAK PATH NO.2 FLOW 

THOUSAND THOUSAND 
C JrTU/SEC ... LeN SEC.' :.;: 6T/SEC 

0.0 0.0 0.0 
104.8 1463.1 68.4 

* 92.9 1405.5 .85.0 
1207 1.. 0 60 

1317. :1259.6 7.  
:15 32. :24230 
179.7 1108.6 67.2 

1855 087.9 66.0 

V>. .41 .  
332.0 . 3194. 1.:.47.  
329.6 3161.6 426.6 
325.7 3116.3 423.1 
309.4 2934.5 401 

2 9.3-0no.L t. '395.  
* 2653.4:- 381.7 

282.1 2616.7 378.3 
276.2 2545.7 371.7 
277.9 .842.5 .230.8 

012. 33245 
* .68:0 . 32:4 233.2 

41.6 293. 2 202.6 
3A4.7 281.9 187.6 

.... 378.1 279.2 184.1 
~~3t.... 06. 5.6 

265.7 234.7 .*:126.2 

212.4 214.5 100.5 
203.7 211.2 96.4 

...... 187209.3 iW.0

TIME.. BREAK P

SECONDS LB/st 
29.0 0.0 
29.5 839. 1 
30.9 79.0 

102. G 
17..  

37.1 ~ 30. 2 
41.1. 152.6 
42.~ i17.  
43.1l 237 .7 
-44.2 278.-0 

44. . 281.2 
45,J .. 2.1.9 

46.2 279.4 
47.2 276.0 

51.2262.  

52.9 

59.2 239.2 
51.2 234.2 
52.2 * 235.o 

4 23. 1 
.429.0 

5's.2 n:,_396. 2 
s. 2. 349.0 
!9. 2 325.6 
0. 2 .320.1.  

~8.2 ~*.290.9 
)4.2 : 25.  
12.2 180.3 
14. 2 173.0 
0.2 _ _ ... I .G 7 

63.2 8.

4-1

9534Q: ID/0421 886

,ow



TABLE 14.3-24 

0.6 DOUBLE ENDED PUMP SUCTION GUILLOTINE MIN SI 
REFLOOD MASS AND ENERGY RELEASES

INDIAN POINT UNIT 

TIME 

SECONDS 
30.0 
30.5 
31.0 

23.0 

37.0 
39.0 
43.0 
44.1 
45.1 

46. 1: 

47. 1, 

48.1 

73.1 
77.1 

93.1 

73.1 
77i. I 

933.1 
145.1 

11.1 

145. 1 

202.9

TABLE 

2 /0.6 DOUBLE ENDED PUMP SUCTION GUILOTINE MIN si REFLOOD MASS AND ENERGY RELEASES

IREAK PATH N0.1 FLOW

i M/SEC 
0.0 

86.9 
.78.4 
.77.42 

15.2 
105.9 
145.0 
222.9 
259.6 
263.5 
263.6 
26 1.4 
258. 1 
-245. 1 
242.1 

225.7 
216 .2 
406.6 
414.7 
-382.2 
354 .2 
329.3 
286.9 
253.3 
227.2 
207.2 
186.6 
174.1 
167.1 
162 .9 

.162.1 
164. 1

THOUSAND 
0TU/SEC 

0.0 
102 .2 
92.2 
-to a.  
106.1 
121.5 
135.5 
148.3 
170.7 

Z106. 4 

311.3 
308 .6 
304.7 
289.3 
285.7 
278.8 
266 .3 
255.0 
481.8 
491.6 
452.6 
419. 1 
389.5 
339.0 
299.0 
268.0 
244 .4 
220.0 
205. 2 
196.9 
.191.9 
191.0 
193.3

BREAK PATH NO.2 FLOW 

THOUSAND 
LBM/SEC BTU/SEC 

0.0 0.0 
1464.0 88.5 
1442.6 87.2 
1406.3 085.0 
1358.0021 

1232.3 74.6 
1179.5 71.5 
1088.3 66.1 
2594.9 30.  

3182.7 427.6 
3184.83 430.7 
3153.9 430.4 
3109.4 .427.0 

2929.0 . 410.9 
28837.3 . 07.1 

-2805.3 .39D.5 

2651.9 385.3 
2511.4 '272.2 
335.3 259.7 
339.6 .266.4 

.322.5 243.1 
*307.8 223.3 
294.8 205.9 
273.0 176.7 
255.8 .154.3 

242.? 137.2 
232.9 124.5 
222.9 111.6 
216.9 104.0 
213.6 99.7 
211.6 97.2 
211.2 §6.6 
212.0 97.7

9534Q: 1D/0421 886
I .



TABLE 14.3-25 

DOUBLE ENDED COLD LEG MIN SI 
REFLOOD MASS AND ENERGY RELEASES

. TABLE 

tI DAm f PV IL UI T. 2 / OULE END)ED 'COLD~ LEG GJILOTINE WIN S 
REFLOOD MASS AND ENERGY RELEASES

* ECONDS 
25.0 
25.6 
26.3 

29. 1 
32.  
34.1 

39. 1 

41.2 
42.2 
43.2 

* . 44.2 
46.  
50.2 
562.2 
53.2 

* . 54. 2 

* . .. . .92.2 
L 102.2 
* . 132.2 

* ... .250.2: 

271.  

10000.0

,..,BREAK PATH N*.1 FLO 

L SM/SEC . .BTU/SE 
0.0 0.0 
0.0 0.0 
0.2 .0.2 

12 -:13.2 

7.7 : .20.8 

35.7 42.0 

57.1 102.7 

887.2 '.'103.8 
88.0 103.6 
8 7.6......103.2 

;7 .102.91 

414.7 99.7 
91.5 107.7 

....92.2 ... 0 .  

a7.8......03. 3 
86.7 102.1 

C, 3.cl; 8.3 
76.2 69.7 
72. . . 7.. ...  

66.2 77.9 
95.5 112.3 

... 70. 0 82.3.  
17.0 43.5 
19. 3 .22.6

W S.REAK..PATH No. 2 FLOW SI SPILL PATH FLOW 

0 ?THOUJSAND 
C /SC STU/SEC Le3m/SEc STU/SEC 

0.0 0.0 10.0 0.0 
0.0 0.0 1090.0 66168.2 

... .0.0 0.0 1075.6 .65310.8 0.*0 0. 0 iM#9.6 ::64950.9 
0.0 :0.0 1. 6S.6 64.713.5 
o. .00. 1052.9 63954.5 
0.0 0.0 1019.2 61950.3 
0.0 0.0 967.0 58881.2 
0.0 ... -0.0 936.3 .... 57603.7 
0.0 0.0 .87Lq.7 53573.2 

73. 1 139 865.3 . 52774.3 
332.9 .8.53.4 -52063.1 

2610.0 369.1 840.7 51302.6 
2605.1 371.3 828.2 50561.0 

2 300.4 346.5 .140.1 .9532.0 

2230.7 340.5 140.1 9532.0' 
199.6 188.3 140.1 9532.0 
199.1 190.0 14~0.1 9532.0 

2286 9' .86. 140. 1 9532.0 
230. *9 .18. 1..1 9532.0 
2426.7 17242 140.1 9532.0 
.230.7 180.4 . . 140.1 9532.0 
.247 153.9 140.1 9532.0 

..... 2857 160.4 140.1 .. 9532.0 

3251 21.9 1: 9532.0 

348.0 23.7 .140.1. 9532.0 381 1 25.90 140.1 9b32.0 
988 27.1 .140.1 0532.0

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

9534Q: 1D/0421 886,



*TABLE 14.3-26 

DOUBLE ENDED PUMP SU CTION GUILLOTINE MAX SI 

POST-REFLOOD MASS AND ENERGY RELEASES

INDIAN PorNT UNIT 2 /DOUBLE ENDED PUMP SUCTION GUILOTINE 4A X SI 
POST REFLOOD MASS AND ENERGY RELEASES

8REAK PATH NO.1 FLOW BSREAK PATH NO.2 FLOW

THOUSAND 
:':8TU/SEC ... LEM/SEC 

253.8 487.4 
252.5 488.4 
249.9 490.6 
.247. 6 *.492.5.  

***245.0 .. *4-R4.6 

* :243.6 495.  
242.6 496.5 
241.1 497.8 
238.5 499.9 
248.7 491.6 
246.4 4 .93.13 
*2 43. 4 .. *499 

241.0 497.9 
235.1 502.7 

233. 503. 8 
230.6*- 06.b 
230.6 G .506.5 
110.3 604.7 
110 1 604.1 
10868 607.6 

. .... 06. G 07.0 
%0G.32 .608.*8 

* 104.7 609.3 
104.5 609.4 
103.9 609.D 
101. 1 612. 0 
l 10 2 . G.. 13 0 

's00.2 
102. .613.2 

74.2 631.0 
58.6 644.6 
.43.5 657.8 
22.7 675.9 
10.9 G8.

THOUSAND 
STU/SEC 
146.0 
145.9 
145.7 

14.5.2 
145.4 

145.2 
145.2.  
1 45.0s 

145.3 
.145.0 

.144.9 

.':64. 1 
163.6 
162.9 

60.7 
161.9 

160.7 
1t9 .9 
15B.6 

49.7 
43.9 
44.8.  
46.0

95340 :1 D/0421 886

TIME.  

SECONDS 
185.1 
190.1 
200.1 

225.1 
230.1 
235. 1 
245.1 

* 270. 1 
280.1 
300.1 
305.1 
35.1 

* 525.1 
530. 1 
565.  

610.1 

705. 1 
790. 1 

910.2 

3600.0 
3600.1 
10000 .0 

I00000 .0 
1000000.0

IIw

LSMI SEC 
208 .3 
207 .3 
205. 1 
203.2.  
201.1 

:...200.0 
199.2 
197.9 
195. 8 

204.1 
192.2.2 
197.8 
1971.0 

Is91.9 

-91.0 
90.8a 
1A9. 6 
&38.2 

83.7 

62.9 

S1.1 
38.0 
1w.

b

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

74, 

4.,

b.d.



.TABLE 14.3-27 

DOUBLE ENDED PUMP SUCTION GUILLOTINE MIN SI 
POST-REFLOOD MASS AND ENERGY RELEASES 

TABLE 

INDIAN POINT UNIT 2.f DOUBLE ENDED PUMNP SUCTION GUILOTINE MIN 51 
POST REFLOOD MASS AND ENERGY RELEASES

TIME 

SECONDS 
203.3 
208 .3 
213.3 

22811. 3 
243.3 
273.3 
278.3 

* *.** 293.3 
A 308.3 

323.3 
j333.3 
503.3 

1523.3 

G03.3 
s23.3 

723.3 
'63 .3 

783.3 

* 873.3* 
949.5 

3C00.0 

.10000 .0 
100000 ooo.0

8A9EAK PATH NO.1 FLOW .. RSEAK PATHNO.2 FLOW

* . . THOUSAND 
* .. STU/SEC a Us 

*217.6 266.1 
217.3 265.8 
216.5 264.8 
216.1 2: 24.3-.  
220.6 .6..  

*219.9 .6.  
218.6 267.4 
215.2 2G3.2 
214.9 262.9 
213.7 .~.  
213.0 *~260.-6.  

*211.4 ."258. 5 
209.5 256.2 
206.3 254.7 
20S.3 24.  

41.0 ::A 0. 7 
*.88. 4 10T. 5 

rA8. 3 107.4 
87.5 106.4 
86.5 *.105.2 

13S.4 103.1 
103.7 

84.3 102.5 
03.8 101.9 

83.7 101.7 

64.7 74.2 
51.1 58.6 
38.0 ~* 43.5 

19.Z 22.7 
0.5 .. 10.9

9534Q:1D/0421 886

342.8 
343. 1 
343.9 

.344.3 
339.8 

341 .b 
345.2 
345.5 
*346.7 
*347.3 
849. 0 
350.9 
352. 1 
352. 1 

472.1 
472.8U 

475.0 

476.6 
476.7 
47 .4 

.478.4 
-471.7 

495 .7 
509.3 
522.4 

:.540.6 
.. 50.9

THOJS AND 
130.3USE 

130.0 
129.9 
1312.7 
131.7 
130.9 
129.7 
129.4 
129.1 
128. 2 

127.7 
127.3 
127.3 

152.0 
* 151.0 

IS0. S 
150.0 

147.7 
148.9 
148.0 

146.8 
.. .... . ....  

40.7 
34.7 
35.5 

37.5

uppr

..........



TABLE 14.3-28

0.6 DOUBLE ENDED PUMP SUCTION GUILLOTINE MIN SI 
POST-REFLOOD MASS.AND ENERGY RELEASES 

TABLE' 

INDIAN POINT UNIT 2 /0.6 DOUBLE ENDED PUMP SUCTION GutLOTINE MIN SI 
POST REFLOOD MASS AND ENERGY RELEASES

TIME 

'SECONDS 
203.0 
208.0 
213.0 
21a .0 
223.0 
248.0 
253.0 
258.0 
268.0 

273.0 

-.03.0 
313.0 

* 328.0 
20. 0 

36a.0 
37'.  
56 3.0 
568 .0 
s13.0.  

733.0 
758.0 
798.0 

* ..8'73.0 

954.1 

3600.0 
3600.0 
36000.1 

10000.0 
A00000.0

...BREAK PATH NO.1 FLOW

LhM/SEC 
206 .2 
205.5 
205.4 
204.6 

200.9 

200.9 
199.5 
188.0 
202.7 
200.8 
199 .9 

196.8 
39.17 

192.4 
192.4 
89. 8 
89.6G 

p 87.7 
or,.71 
85.2 
54. 6 

82.0 

51.1 
38.0

THOUSAND 
BTU/SEC 
253.8 
253.0 
252.8 
251.9 
251.G 
247.3 
247.3 
245.3 
245.3 

243.7 
249.S 
247. 1 
246.0 
243.8 
242.3 

236.8 
236.  
109 .G 
109.6 
107.2 

106.0 
104 .2 
103.4 
102. .2 
100.4 
100.2 
101.8 
74.4 
58.6 
43.5 
22.7 
10.9

9534Q:1 D/0421 886

BREAK PATH 

LBM/SEC 
354. 1 
354 .8 
355.0 

356.0 
358.9 
359.4 
359.A 
360.8 

362.4 
.357.7 
359.6 
360.5 
362 .3 

368.0 
368.0 

470.G 
470.6 
472.2 
472.7 

473.7 
475.2 
475.8 
476.8 
478.3 
478.4 
471.7 
495.6 
509.3 
522.4 
540.6 
550.9

NO.2 FLOW 

THOUS AND 
BTU/SEC 
135.1 
135.0 
134.7 
134.6 
134.3 
133.4 
133.2 
132.9 
132.6 

. 32.3 
132. 0 
133.9 
133.3 
132.9 
132.2 

131.9 
130.8 
130.4 
153.4 
153.61 
153.1 
.152.3 
150.4 
150.2 
148.8 
148.9 
146.4 
147.0 
36.6 
40.7 
34.7 
35.5 
36.8



:TABLE 14.3-29 

DOUBLE ENDED PUMP SUCTION GUILLOTINE MIN SI

TABLE 

*INDIAN POINT UNIT2/ OUSLE ENDED.PumP SUCTION GUILOTINE WIN SI 

TIME (SECONDS) MASBALANCE 
0-0:,:29.00 29.00. 203.21:. 508.30 949.54 3600.00 

-N ASS (THOUSAND LOM) .  

INITIAL IN RCS AND ACC 733.31 733.31 73.3 433.31 733.31 733.31 733 31

WOE SSS PUMPED INJECTION 0.0 000 00 84.  

TOTAL ADDED 0.0 00 .0 04.32

TOTAL AVAILABLE *' 733.31 733.31 733.31 

OIT!LIXN REACTOR COOLND687 45.27 621 

ACCUMULATOR 204.57 152.66 115.11 

TOTAL CONTENTS 73.31... 197.93, ... 197.93 

.EFFLUENT BREAX FLOW -00 53.8 8.38, 

ECCS SPILL 0.00 0.00 0.00 

TOTAL 'EFFLUETJ0 :'. 25Q .1.3 32 

J~ OTAL ACCOLA*JT4BLE. ** . 133.31 :.733.30 733

827.64 

14 9 .67, 

0.00 

149.67 

0.00

265.24 5:S12. 50

998.55 1245.81 

149.67 149.67 

0.00 0.00 

149.67 149.67 

0.00 0.00

~27.63 p38.5 :1245.80

.1997.77 

2731.08 

149.67.  

0.00 

14.9.67GO 

.2581.40 

0.00 

2731.07

95340:1D/0421886 4

j



TABLE 14.3-29a 

DOUBLE ENDED PUMP SUCTION GUILLOTINE MIN SI

INDIAN POINT UNIT 2 F OBEN~ADED PUMP SUCTION GLJILOTINE KIN SI 

ENERGY BALANCE 
.........IME. (SECONDS) .00- 29.00 29.00 20.2 083 

ENRY(MILLION BTU).  

INITIAL ENERGY IN RCS A CC. S GEN 774. 97 774.97 774.9 7714.97 774. 97 

ADDED ENERGY l)UMPED 1PIECTZON .0 00 0.0 64 80 

DOECAY HEAT 0'.... :..0 1 :..;.69 8.569 :27.93 :'54.64 

HEAT FROM SECONOAR 0.00 -34.61 -34.61 -34.61 -31.19 

TOTAL ADDED 0.0 -5.a2 --26. 2 1 0. .. 41.50 

TOTL AAILBLE *** 77.97 14.4 7804 .774.70 116.47

949.54 3600.00 

774.97 774.97

-27.03 

96.09 

871.05

DISTRIBUTION REACTOR. COOLANT 30.6 10.36 12.60 38.Q 38.08 38.08il 
ACCUMULATOR 12.20 9.10 86 ..0 0.00 0.00 

CORE STORED 30.94 13.65 13.65 3.83 3.78 3.60 

*PRIMARY METAL 177.86 168.49 168.49 138.16 102.62 8 4.09 

... SECNDAY ETAL 62.90 59.46 fa.46 4.8 4.6 34.062 

STEAM GENERATOR 185.41 176.40 176.40 158.18 128s.91 101.74 

TOTAL CONTENTS -774.0 7 437.46io 437.46 392.51 .....317.75 261.54 

IEF FLUENT .TGTAL'CONTENTS o.00 '.31 i.ii 311.'59 '.381.80 498.43, f~iS. 23 

BREAK FLOW 0.00 0.00 0.00 0.00 0.00 0.00 

TOTAL EFFLUENT 0.0 .166'. 31.9 8.0 406. 43 109.23 

.O-:,TOTAL ACCOUNTABLE::* 774.97,:- 749.05, 749,05 174.41: -81S.18 870.7

256.82 

-2 7.03 

365.71 

1140.68 

38. 08, 

0.00 

2.57 

61.55 

25. 22 

76.71 

204.1.3 

.936.26 

0.00 

936. .6 

1140.39

9534Q :1D/0421 886



TABLE 14.3-30 

DOUBLE ENDED PUMP SUCTION GUILLOTINE MAX SI

INITIAL

INDIAN PODINT UNIT.1, DUL ENDED PUMP SUCTION GLITLOTINE MAX SI 

TIME (SECONDS) 00 ASBALANCE 
29.00 29.00 185.09 530.10 

tASS (THOUSAND LONI) 

IN RCS AND ACC, 733.31 733.31 73.1 733.31 733 .31

910.2.3 

733.31

*lE NS UMPEO INIECT'0ON 0..0 0 00 l.00 104.9 1 344.3 '409.40 
TOTAL .ADDED. 0.00 .00 0.00 -404.091 24.3 6.0 

'' TOTAL AVAILABLE 7.33.31 733.31 733.31 838.23 1078.25 1342.71 

;,;.ISTRIBUTION. REACTOR COOLANT 8..74 a92 2.06 110 5.9 110 

ACCUMULATOR 204.57 152.66 115.67 0.00 0.00 0.00 
7TA CONTLNTS 733.31 197.93 197.93. 151.99 1l1.99 119 

-EFFLUENT::..'.LO"0.0 535.38 5.38 666.23 : '26.25 110.71.  
ECCS SPILL 0.00 0.00 0.00 0.00 0.00 0.00 
tTAL EVFLUENTr00 553 33 .86.23 :y-:126.25 1190.71 

W ** OTAL ACCOUINTALBLE . ....:.73.1 733.30 733.30 .131.22 1070.24. 1342.70 

9534Q:1D/0421886 4

3600.00 

733.31 

:2480.69 

2440,69 

3214.01 

0.00 

3062.01 

0.00 

3062.01 

3214.00



TABLE 14 .3-30a 

_DOUBLE ENDED PUMP SUCTION GUILLOTINE MAX SI

TABLE..  

INDIAN POINT UNIT 2./ DOUBLE E!OED PUMP. SUCTION GUILOTINE MAX SI 

ENERGY BALANCE 
TIME. (SECONDS) '0.00 29.00 29.00 185.09 530.10 

ENERGY (miLLION BTU).  

INITIAL ENERGY* IN RCS.ACC.S GEN 774.97 .774.97 774.97 774.97 ... 4-4.9

910.23 3600.00 

774.97 774:97

ADDED ENERGY *.PUMIPED INJECTION .0 000.00 

DECAY 14EAT 0.0 8.9 8.69 

HEAT FROM SECONOAR 0.00 -34.61 -34.61 

TOTAL ADDED 0.00 -2.92 -25.92 

.O.. ... V:AILABL .:_.774.7 749.04 -7490

7.4 23. 47 

26. 17 856.41 

-34.61 -30.74 

773.66. 841

DISTRIBUTION REACTO COOLANT 305. 66 10.36 12.56 38.79 

accumuLATOR, 12.20-. 9*.10 4910b 

CORE STORED 30.94 13.65 13.65 3.83

PRIMARY METAL 

SECONOARY.IAETAL 

ST EAM GENERATOR W TOTALCONTENTS..  

EFFLUENT.* OT_ CONTENTS 

BREAK FLOW 

..TOTAL EFFLUENT 

*P0TOTAL A CCOUNTAB LE 0*

177.86 

185. 1A 

0.00 

06.00

5 9.46 

176.40 

0.00

168.49 

176.:40 

437.46 

0.00

774.97 . 749.05 . 749.05

137.47 

* 82.67 

156.17 

389.93 

383.45 

0.00 

383.48

3

.41.46 

-27.26

38.7.9 38.79 

0.00 0.00 

3.78 3.62 

00.5 24.130 

43,"10 :34.02 

25.27 101.52 

11.50 262.25.

8612.32 

0.00 

l12.32

612.14 

0.00o 

,612.14

.77-3.38 823.82.. S74.39 1173.31

95340:1 D/0421 ,886

257.10 

-2.7.26 

38.79 

2.56 

25. 17 

76.35 

204.39 

968 .92 

0.00 

968.02

Yo. w

..........



TABLE 14.3-31 

p0.6 DOUBLE ENDED PUMP SUCTION GUILLOTINE MIN SI 

IABLE 

INDIAN POINT UNIT 2 /:0.6 DOUBLE ENDED PUMP SUCTION GIJILOTINE bUN SI

.TIME..( (SECONDS) 00 00 

MASS (THOUSAND 

IN RCS AND ACC 733.31 733.31

0.00 .0.00 

0.00 -0.00 

733.31 733.31 

:528.74 42.68 

204.57 153.70 

'733.31 196.67 

0.00 0.00 

0. 00 .536.63 

'133.31 733.30

.AD MASS PUMPEO INJECTION 

TOTAL ADDED 

** TOTAL AVAILABLE 

.DvSTMIBUltION-:: REAMTR cooLANt 

ACCUMULATOR 

TOTAL CONTENTS 

'IFPLUENT . BREAK FLOW 

ECCS SPILL 

TOTAL EFFLUENT

ACCOUNTABLE

733.31 

733.31 

61.42 

115.25 

196.67 

536.63' 

0.00 

S36.63 

733.30

202 .92 568.00 954.11, 3600.00

733.31 733.31 733.31

93. 17 

903. 17 

826.48 

446 .44 

0.00 

148.44 

678.03 

0.00 

678.03 

826.47

297.71 

297.71 

1031.02 

148.44 

0.00 

148.44 

882.57 

0.00 

882.57 

1031.01

514.07 

514.07 

1247.39 

148.44 

0.00 

148.44 

1098.94 

0.00 

1098. 84 

1247.38

733.31 

2730.09 

148 .44 

0.00 

148.44 

2581.64 

0.00 

2581 .64 

2730 .08

9534Q:1 D/O421 886

INITIAL
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.. ...... ...



ABE14.3-31A 

0.6 DOUBLE ENDED PUMP SUCTION GUILLOTINE MIN SI

.'ABLE 

4NDIAW POINT UI4T 2 /.6 DOUBLE ENDVED PUVAP SUCTION GUILOTINE "IN St

ENERGY BALANCE 
T .E(SECONDS).. 0.00 30.00 .30.00 

E.NERGY (MI!LLION BTU) 

INITIAL ENERGY IN RCS.ACC.S GEN 774.97 774.97 774.97 

"ADDED ENERGY. PUMPED INJECTION 0'.00 .0.00 0. 00 

DECAY HEAT 0.0 1.869 t.89 

HEAT FROM SE.CONDAR 0.00 -34.01 -34.01 

'OALADDED :0.00 :-2S.12 -25.12 

:s.TOTAL AVAILABLE 7~ 74.97 749.85 749.05

DISTRIBUTION

S

REACTOR COOLANT.

ACCUtgULATOR.  

CORE STORED 

PRIM4ARY METAL 

SECONDARY METAL.  

STEA#q GENERATOR 

TOTAL CONTENTS 

LUENT . :TOTAL ICONTENTS 

BREAK FLOW 

.TOTAL. EFFLiuEN 

,TOTAL ACCOUNTABLE

30. 94 

62.90 

185.4 1 

774.97 

0.00 

0.00 

774.97

9.98 

9.16 

13.47 

168.74 

60. 11 

178.77 

$40.22 

309.63 

0.00 

309.63 

749.85

.12.28.  

13.47 

168.74 

178.77 

440.22 

309.63 

0.00 

309.63 

749.85

.. 202.92 668.00 954.11 3600.00

774.97 774.97 774.97 774.97

S. 34 

-34.01 

029 

775.25 

3.7 .97 

0.00 

3.83 

139.42 

54.95 

1,60. 45 

396.62 

378.34 

0.00 

:378.34 

774.96

20.26 

S9.46 

-29.92 

49.80 

824 .77 

37.97.  

0.00 

3.78 

100. 75 

43.23 

125.92 

3 11. 64 

5312.84 

0.00 

512.94 

824.47

34.98 

88.63 

-26.38 

97.23 

672.20 

37.97 

3.62 

64.47 

34.16 

102.21 

262.43 

609.47 

0.00 

609.47 

671 .90

256. e5 

-26.38 

366.33 

1141.29 

37.97 

0.00 

2.56 

61.73 

25.32 

77.07 

204.65 

936.35 

0.00 

936.35 

1141. .00

9534Q:1D/0421 886



TABLE 14.3-32 

DOUBLE ENDED COLD LEG MIN SI

7AI 

INDOIAk POINT UNIT 2.71 DOUBLE ENDED COLD LEG dUILOTINE IM1N St 

MASS BALANCE 
.TE(SECONDS) .0.00... .25.00 25.00 271.79 

14ASS (THOUSAND LUM) 

INITIAL IN RCS AND ACC 733.31 733.31 733.31 733.31

A MDE IAS PNPW ED itC T ION 00 00 

TOTAL ADDED0.0 00 

TOTAL AVAILABLE * 733.31 733.31 

..  
DITZ~lN REAC OR COOLAINT 528.4 29.93 

ACUMULATOR 204.57 12t62 

TOTAL CONTENTS 733.3.1 .. : 156.85 

6-FFLUENt . . BREAK FLOW0.0 3.9 

ECCS SPILL 0.00 36.47 

S.:TOTAL I-SFLUENT "0.0 W 

~' TOTA CC0UNTABLE ' .72.1 733

733.31 

69.88 

156 .85 

539.99 

36.47 

733.31

.13i7:74 

-137.74 

871 .06 

-137.51 

0.00 

85.53 

i;33.40 

t670.91

9534Q: 1D/0421 886

p.
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TABLE 1,4.3-32a 

DOUBLE ENDED COLD LEG MIN SI 

TABLE 

INDIAN POINT UNIT 2IDOUBLE ENDED COLD LLEG GuILOTINE MIN SI 

ENERGY BALANCE 
.. T...E (SECONDS) 0.00 25.00 25.00 271.79 

tkEozY,(MILLtON4 Btu).  

INITIAL ENERGY IN RCS.ACC.S GEN 774.97 774.97 774.97 774.97

ADDED ENERGY ft*POIJCXN00 .0 00 

DECAY HEAT .0 642 68 

HEAT FROM SECONDAR 0.00 -34.19 -34.19 

O*1TAL~ ADDED 0.04W3 -73 

TOTA.L. AVAILABLE,..74~7 7760 776

9.3 7 

33.09 

-34. 19 

'763.23

DISTRIBUTION .. ,..REACTOR COOLANT 305.66 6.84 

ACCUM4ULATOR . 1.20 757.  

CORE STORED 30.94 17.39 

-,,,:..,.PRIMARY METAL.. _177.86. 169.82 

SECONDARY METAL 82.90 59.si 

STEAM GENERATOR 185.41 178.04 

.... .... ,....... .. . .. OTLCONTENTS .. 7497 439.58 

EFLETTOTAL CONTENTS 0D.00 206.116 

BREAK FLOW 0.00 2.17

9.05 35.61 ......  

5.;36 -0.00 

17.39 ,3.83 

169.82 142.14 

S9.1 a 7.29 

178.04 168.47 

4 39...581 407. 35 

2.17 5.39
.........TOTAL.ErLEN b. 00 0.3 380 375.40 

:.i ........ 'TOTAL wACCOUNTABLE. 0 6 774.9.7 7 *:47.61. 7461.782.75 

S 95340:1 D/0421886



TABLE 14.3-33 

DOUBLE ENDED HOT LEG MIN SI 

.. ..... ABLE: . . .  

'INDIAN1W? I -UNIT* S I DOUBLE ENDED NOT LEG aJILOTiNe W4IN SI 

MASS MALANCE 
..... TIME .(SECONDS)...:, 0.00:::-2--.6.64 36.64 

:*Ass (1iousAND LSN) 

INITIAL IN RCS AND ACC 733.31 733.31 733.31 

cussD.'D MASS 'PED INJECTION 0.00 0.00 0.0 

.........TOTA L ADDED,:0 00 0.00 

TOTAL AVAILABLE 733.31 733.31 733.31 

OISTRiBtyI ON REACT OR COOL ANT 528.74 130.74. 430.77 

ACCUMNULATOR 204.57 92.98 92.94 

TOTAL CONTENTS_:._, 733.31 237 23.71 

tFFLUENT' -- REAK PLOW 0.00 809.60. 6o0e 

ECCS SPILL 0.00 0.00 0.00 

OTAL rFLLEWT00 .06.0 509.60 

-~*TOTAL ACCOLINTABLE * 733.31 73.1 3.1 

50 
9579Q:1 D/051486



TABLE 14.3-33a 

DOUBLE ENDED HOT LEG MIN SI 

tALE 

INDIAN POINT UNMIT 2 /]DOUBLE tNOED*H0T LEG OUT LOT TNE 1MIN SI 

ENERGY BALANCE 
TIE(SECONDS). 0.00. .... 36.64 ......36.64 

tNERGY (MILLION BTU) 

INITIAL ENERGY IN RCS.ACC.S, GEN 774.97 774.97 774.97 

ADDE6 NRY PME INJECTION 10.00 000.0 

ECAY HEAT. 0.00 -.4.28 102 

HEAT FROM SECONOAR 0.00 -36.78 -36.78 

-TOTAL AVAILA13LE *. 74.7 746.46 784 

DISTRIBUTION ..... EACTOR COOLANT 305.66 . ....26.15 261.16

* . AC~u~UJLATOR 12.2 .4.4 

CORE STORED 30.94 9.19 s.19 

.....PRIMARY METAL . 177.96 162.65 162.65 

SECONVARY METAL 62. :S7.00 7.0 

STEAMA GENERATOR 18.41 167.71 167.71 

TOTAL.CONTENTS ..... ':774.87 ... 428.24 .:!:428.24.  

iFfLUENT-- -,-TOTAL CONTENTS 0.00 320.22 '320. 22 

BREAK FLOW 0.00 0.00 0.00 

:TOTAL "EFFLUENT' 0. .220.22 .320.22 

TOTAL ACCOUNTABLE .Af*.* 77.g 78. 45 48

9579Q :1D/O51 486



TABLE 14.3-34 

DOUBLE ENDED PUMP SUCTION GUILLOTINE MAX SI

INDIAN POINT UNIT 2

TIME FLOODING 
TEMP RATE 

SECONDS DEGREE F :lN/SEC 

253.0 143.7 0.000 
29.8 41.8 16.456 
30.1 141.0 12.105 

21.0 141.5 a.316 
-31,1' 0. 142.1 2.335 
34.1 144.0 2.080 
37.4 147.0 2.218 

.41 153.6 32.G6 
: . 42 .153.,7 K3.164 

47.1 "1516. 9 .  

5 . 69.4 2.790 
62.1 173.5 2.708 

s4 **176.0 :D.644 
.G5.6 .-. 178.0 3.573 
7 3.1 *1013.2 3.:.251 
79.5 197.0 3. 036 
88.1 208.5 2.7?95 

96~ 17.9 2.G12 

123.1 .'43.8 '2,217 
137.3 249.2 2'.16 8 
1483.1 254.7 2.142 
150.1l 255.7.. 14 

S 74 8. .1 *.28

TABLE 

/DOU6LtEN~DED PUMP ..SUCTION GUILOTINE MlAX 5I

CARRYOVER CORE 
FRACTION HEIGHT 

0.000 0.00 
0.000 0.67 
0.000 .1.04 
0.070 a.2 

0.296 I .Li0 
0.484 1.74 
0.601 2.00 
0.693.. 2.49 

O.Gq4, 2.50'.  
-0. 702 : 2.7 3 

0 .727 3.50 
0.729 3.74 

0.73~6 -.4.01 
:0.739 .... 4.57 
0.741 5.00 
0.743 5.54 
0.745 6.01 
Q74vt 'r,.53 

*0.7S7 7.00 

0.761 8.47 
0.761 8.55 

?Gt5 0.00 

0.7,73 -10.00

DOWNCOMER FLOW INJECTION 
HE I GHT. .FRAC.TION .TOTAL. ACCUMULATOR SPILL ENTHALPY 

PT PUn A F ~ftn TIIA

0.00 0.250 
0.54 1.000 

0.9 1.000 
1.11.' 1000.  

1.72 0. 714: 
*2.b5 . 0.542 
5.82 0.441 

10.10 0.398 
16.-06 *.0.503, 
16.M6 q.0i0 

1.7: 0. 499 
607 0. 492 

16.07 0.479 
16.07 0.473 
16. 04 *.0.567.  

15'.92 .057 2 

15.04 :0.56 3 
14.62 0.558 
14.26 0.550 

.. 14.10 0.543.  
.,:14.08 v. 0 
"14.21 . 0.929 
14V.B2 0.523 
14.32 0.521 
15.21 0.520 

5.8 0.521 
:..61 0.528 

15.87 0.$36,

0.0 0.0 
5918.2 5227.9 
5868.3 5177.9 
57 87. 7 5097. 2 

.5171.3. 4880.3 
5279.2 4587.7 
4904.3 4212.3 
3955.4 3288.6 

*3552. 1 '288 1.0 
3204.3 2520.7 
3051.6 2374.0 
f,4 8.4 .. 0.  

6408 .00 
650.90* 0.0o 
657.2 0.0 
663.6 0.0 

668.2 0.0 
-7-2.2 10.0 

S~77.0 0.0 
677.9 0.0 
678.2 0.0 
678.1.. .0.01 
G77.0 0.0 
676.A 0.0:

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.00 

0.0 
0.0 
0. 0 
0.0: 
0.0 
'0.0 
0.0 
0.0 
0. 0 
0. 0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0

0.00O 
60.61 
60.61 
60.64 
60.64 
60.73 
60.81 
61.04 
61 .05 
.G1.12 
6 1. 2'1 
61 .40 
61 .49 
68.04 
1.04 

68.04 
68.C04 
68.04 
68.04 
68.04 
6;8.04 
68.04 
8 .04 

68 .04 
68.04 
68 .04 
68.04 
68.0,4 
68.04

9534Q: 1D/042I 886

(POUNDS MASS PER SECONDI 13TU/LBM
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TABLE 14.3-35 

DOUBLE ENDED PUMP SUCTION GUILLOTINE MIN SI

'TABLE 

INDIAN POINT: UNIT-2 /DOUBLE ENDED PUMP SUCTION VAUILOTINE MIN SI

TIME 

SECOin 

29.0 
29.7 
30.1 

3.0 
34. 1 
37.6 
44.6 

63.2 

72. 2 

.- S792 

97.0 
108 .2 
118.9 S.144.7.  
160. 2 
173.1 
169.2 
194.2 

m.032

TEMP .RATE. FRACTION HEIGHT.. HEIGHT FRACTION TOTAL ACCUMUJLATOR SPILL 

?S DEGREE F .IN/SEC $T P (POUNDS MASS PER SECOND) 

143.6 0.000 0.000 0.00 0.00 0.250 0.0 0.0 0.0 
142.1 16.129 0.000 0.52 0.52 1.000 5778.4 5223.1 0.0 
140.9 11.622 ....0.000 1.01 0.58 1.000 .5712.4 5156.9 0.0 14. c:~3 .:C-7 1.28 1.20 1.000 :.53617.0* .5061.4 .  

.4.:..5 ~1s ~ 13 1.7 .672 56534.4 -:.4978.6 .  
142. 1 .2.306 5 024..15 2.94 0 :...5407.7 4851.6' 0.0 
143.9 2.051 0.476 1.72 5.58 0.441 S131.7 4575.3 0.0 
147.2 2.188 0. G00 2.00 8.95 0.396 4741.3 4184.2 0.0 
154.1 .. 3.192 0 .G9 4 .2.51 ... 16.06'.. 0,496 ..3804.3, .3269.7 0.0.  
:158.2 3,047 -1 >.~0 *.:2.79 16.07 .0.491 ii-.3571.0 -30347 0.0 
I6 .G :-2-936 0.1 3.01 . 16.07. 0.45 :406.0 :.2867.6 0.  
.170. 1 :735 . .726 .. 35 IA.7 .71. 3-:*058.3 255. .0 
172.7 2.686 .. 0.728 3.C5 16.07 0.467 2965.4 2421.6 0.0 
175.2 3.904 0.7341 3.79 15.89 0.590 493.2 0.0 0.0 
.178.7 3.746 0.736 4.00.15.41.0.589 ... 497.4 0.0 0.  

.:~39 .o7~~5o..14.3 <058 .. 104 .0 0.0 
197.a 2 V72 D ' :.39 -:1135 :.§Q.575 :521.4.. '*'00 0.0 
209. 1 ., 1.: 0.5 .53 . 28 . 055 506 000 
218.6 2.345 0.741 6.00 .12.42 0.554 531.1 0.0 0.0 
228.4 2.094 0.741 G.54 12.20 0.542 542.5 0.0 0.0 
23G.1 1.933 . 0.742 . 7.00 12.21 .. 0.532 545.7. 0.0 0.0 

:4.0.745 - 7.63 2.3 0.52i:1 49. 0.0 -0.0 
250. 2 li~.1743 .Q748 .lc0 : 275 .517-,.64. 0.0 0.0 256.3 -1.700 .0.72 6.56 S 32 .15 596. 0.0 0.0 
261.5 1.(685 0.757 9.00 13.66 0.514 549.7 0.0 0.0 
266.3 1.678 0.762 9.51 14.19 0.515 549.6 0.0 0.0 

.268.0 .1677. ... 7G5 .. .9.71 14.40 0.515 549.5 '0.0 0.-00 
470. 4 'd~8 076S 00 1472 A$549.4. 0. .0.0.

S9534Q:1D/0421886 5

ENTHALPY 

BTU/ LUM 

0.00 
60.43 
60.44 
60.46 

60.49 
60.54 
60.61 

60.691 
60.89 

61. 17 
68 .04 
68.04 
198.04 ..  
68.04 
68 G.04 -: 
68.04 

68.04 
68.04 
68.04, 
68.04 
68.04

a., wo.



TABLE 14.3-36 

SYSTEM PARAMETERS

Plant model 

Core power 

Core inlet temperature 

Steam pressure

Design 

4 loop, 12.0 ft core 

3216 MWt 

5430F 

776 psi

957 SQ:1 0/04 0787



TABLE 14.3-37 

CONTAINMENT PEAK PRESSURE AND TEMPERATURE 

Peak 
Pressure 

Break (psig) 

Double-ended pump suction - Max SI 37.4 

Double-ended pump suction - Min SI 40.5 

0.6 double-ended pump suction. 39.3 

Double-ended hot leg 39.0 

Double-ended cold leg 37.6

Peak 
Temperature 

254 

259 

257 

256 

254

9579Q:1 0/040787



TABLE 14.3-38 

ASSUMPTIONS FOR CONTAINMENT ANALYSIS -PART 1 

Service water temperature (OF) 85 

Refueling water temperature (OF) 100 

RWST available-water volume (gal) 340,000 

Initial containment temperature (OF) 120 

Initial pressure (psia) 16.7 

Initial relative humidity.(%) 20 

Net free volume (ft) 2.61 x 1

95790:1 0/040787



TABLE 14.3-39 

ASSUMPTIONS FOR CONTAINMENT ANALYSIS -PART 2 

Number of Fan Coolers 

Total 5 

Operating maximum 5 

Operating minimum. 3 

Number of spray pumps 

Minimum safeguards spray flow (gpm) 2200

9579Q:1 0/040787



TABLE 14.3-40

CONTAINMENT HEAT SINKS

Heat Transfer 
Ar~a 
ftNo. Material

1 Carbon Steel 
Concrete 

2 Carbon Steel 
Concrete 

-3 Concrete 

4 Concrete 

5 Stainless Steel 
Concrete 

6 Carbon Steel 

7 Carbon Steel 

8 Carbon Steel 

9 Carbon Steel 

10 Carbon Steel 

11. Carbon Steel 

12 Carbon Steel

Thickness 
in

41530 

26012 

13636 

55454 

9091 

62538 

74276 

25407 

63454 

2727 

20000 

9090

0.375 
54.0 

0.5 
42.0 

12.0 

12.0 

0.375 
12.0 

0.5 

0.375 

0.25 

0. 1875 

0.125 

0.138 

0. 0625

957§Q:1 0/040787



TABLE 14.3-40 (Continued)

CONTAINMENT HEAT SINKS 

Heat Transfer 
Arga Thickness No. Material ft in 

13 Stainless Steel 714 0.019 
PVC Insulation 1.25 

Carbon Steel 0.75 
Concrete 54.0 

14 Stainless Steel, 6226 0.019 
PVC Insulation 1.25 

Carbon Steel 0.5 
Concrete 54.0 

15 Stainless'Steel 34690.2 
Foam Insulation 1.05 
Carbon Steel 0.5 
Concrete 54.0 

16 Stainless Steel 3965 0.025 

Foam Insulation 1.5 
Carbon Steel 0.375 
Concrete 54.0 

NOTE: 

All carbon steel exterior surfaces are modeled with a layer of paint with a thickness equaling 0.00033 ft. followeed by another paint layer of Carbozinc 
at a thickness of 0.000258 ft.'

957901 0/040787



TABLE 14.3-41 

THERMOPHYSICAL PROPERTIES OF CONTAINMENT HEAT SINKS

Thermal Conductivity Volumetric §ea t Capacity 
Material (Btu/hr-ft - F) (Btu/ft - F) 

Paint layer 1, Phenoline 0.08 28.8 
Paint layer 2, Carbozinc 0.9 28.8 

Carbon Steel 26.0 56.35 

Stainless Steel 8.6 56.35 

Concrete 0.8 28.8 

PVC 'Insulation 0.0208 1.20 

Foam Insulation 0.0417 1.53

957 9Q:1 /04 0787



TABLE 14.3-42 

DESIGN BASIS ACCIDENT CHRONOLOGY OF EVENTS 

Time (Seconds) Event 

0.0 Start of accident 

29.0 End of blowdown phase 

60.0 Containment fan coolers start 

75.0 Containment sprays start 

203.2. End of ref lood phase 

525.0 Peak Pressure Reached 

3006.0 RWST empties 

3006.0 Sump recirculation starts

9579Q:1 0/040787



10 20 30 40-

CONAIP5ME4 PRSSURE (PSIGI

N 

0 

0

LI) 
0 

0, 
~1 *C 
.~ -a.  
-a. ~ 
no 
0 

~ 
r+ 0 
0-1 
~1 

-'I 
-4a 
00 

0 
-I ~ 

r~0 
E 
*1 U 
ED 

I-a 
SI .~ 

Lfl 
o tO 

,1.u



M 
CD 

-300 

0)0 

M, 

-4 C 

Ica 
300 4000 

YIME~ mSC



IS

1.0 100

TIME (SECI

10.0. 1 000 100"0



0 

*.

10 100 1000 
TIME ISECn

§00

00

10000



CKY 

20

to40 
STE PA-AR- NTERH~tENERgy.1106B-4



FIGURE 14.3-110 

DOUBLE END-ED PUMP SUCTION BREAK 
MINIMUM SAFEGUARDS

-i 

4 

120.  

0

Time (sec)

95790.1 D/040787
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FIGURE 14.3-111 

DOUBLE ENDED PUMP SUCTION BREAK 
IN IMUM SAFEGUARDS 

RECIRCULATION SPRAY

.r4 

4 J 

c'

tot_

. 10 103 
Time (6ec)
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FIGURE 14;3-112 

DOUBLE ENDED PUMP SUCTION BREAK 
W AIMUM SAFEGUARDS 

r ~~ LT ,'I L-II 

__ I I9A~ ~~TI ISu:I S1 u9r;

9579Q1 D/04 0787
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FIGURE 14.3-113 

CD a 0.6 DOUBLE ENDED PUMP SUCTION BREAK 
MINIMUM SAFEGUARDS
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FIGURE 14.3-114 

3 FT2 PUMP SUCTION SPLIT BREAK 
M IN IMUM SAFEGUARDS 

ee
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FIGURE 14.3-115

DOUBLE ENDED 

MINIMUM
COLD LEG BREAK 
SAFEGUARDS

B3 

5' 

-52 
En 

26
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FIGURE 14.3-116 

DOUBLE ENDED HOT LEG BREAK 
MINIMUM SAFEGUARDS 

ge ttop
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10 ?0.  
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Enclosure 2 

To 

Attachment B

Consolidated Edison Company of New York, Inc.  
Indian Point Unit No. 2 

Docket No. 50-247 
June, 1987



14.3.6 ENVIRONMENTAL CONSEQUENCES OF A LOSS-OF--COOLANT ACCIDENT 

Chapters 5 and 6 describe the protection systems and features that are 
specifically designed to limit the consequences of a major LOCA. The 

capability of the safety injection system for preventing melting of the fuel 
clad and-the ability of the containment and containment cooling systems to 

absorb the blowdown resulting from a major loss of coolant are discussed in 
Sections 14.3.4 and 14.3.5. The capability of the safeguards in meeting dose 
limits set in 10 CFR 100 is demonstrated as documented in this section.  

Because of the design conservatism and care taken during fabrication and 

installation of the reactor coolant system, a break in the system integrity of 
any size is considered highly unlikely. For break diameters up to .4 in., clad 
damage is not expected, and hence, activity release to the containment would 
be limited to that contained in the coolant, that is, the corrosion product 

activity and fission product activity diffused to the coolant through assumed 

fuel defects. For larger break sizes up to and including the hypothetical 

double-ended rupture of a coolant loop, clad rupture occurs and a portion of 

the activity contained in the fuel pellet-clad gap would be released to the 

containment and would be available for leakage.  

For the purpose of evaluating radiation exposure, a double-ended rupture of a 
reactor coolant loop is considered with partial safeguards operating from 

diesel-generator power system. As shown in Section 14.3, the safety injection 

system, with diesel-generator power from two of the three units, will maintain 

clad temperatures well below the melting point of Zircaloy-4 and will limit 
the zirconium-water reaction to an insignificant amount. However, as a result 

of the cladding temperature increase and the rapid system depressurization, 

cladding failure may result in the hotter regions of the core. Release of the 
inventory of the volatile fission products in the pellet-cladding gap might 

follow.
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It is assumed that all of the gaseous activity present in the pellet-cladding 
gap of all the fuel rods is released. The ability of the safeguards to limit 
environmental activity release, and therefore body and thyroid dose, is 
analyzed.  

14.3.6.1 Effectiveness of Containment and Isolation Features in Terminating 
Activity Release 

The reactor containment serves as a boundary limiting activity leakage. The 
containment is steel lined and designed to withstand internal pressure in 
excess of that resulting from the design-bas-is LOCA (Chapter 5). All weld 
seams and penetrations are designed with a double barrier to inhibit leakage.  
In addition, the weld channel and penetration pressurization system supplies a 
pressurized nitrogen seal, at a pressure above the containme 'nt design 
pressure, between the double barriers so that if leakage occurred it would be 
into the containment (Section 6.5). The containment isolation system, Section 
5.2, provides a minimum of two barriers in piping penetrating the 
containment. The isolation valve seal water system, Section 6.6, provides a 
water seal at a pressure above containment design pressure in the piping lines 
that could be a source of leakage and is actuated on the containment isolation 
signal within 1 min to terminate containment leakage. The containment is 
designed to leak at a rate of less than 0.1 percent per day at design pressure 
without including the benefit of either the isolation valve seal water system 
or the weld channel and penetration pressurization system. The weld seams and 
penetrations are pressurized continuously during reactor operation causing 
zero outleakage through these paths.  

14.3.6.2 Effectiveness of Iodine Removal Processes 

The effectiveness of the spray system and of deposition for the removal of 
iodine from the containment atmosphere is evaluated in detail in Appendix 6A.  

The iodine removal rate can be expressed by: 

dAC = A(43-21)
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A A' e-xt

whe're 

A inventory ,of iodin'ewhich is available 

Xiodine removal coefficient 

The, integration of Equation 14.3-21 gives:

Elemental iodine is removed both by th .e containment sprays and by deposition 
onto containment surfaces. Particulate iodine is removed by the sprays. No 
credit is assumed for removal of organic iodine from the containment 
atmosphere.  

14.3.6.3 Activity in the Fuel__Rod Gap 

The gap activity is computed on the'basis of buildup in the fuel from the 
fission process and diffusion to the fuel rod gap at rates dependent on the 
operating temperature. For analysis, the fuel pellets are considered divided 
into regions, each with 'a release rate dependent on the mean fuel tempeature.  
within that region.  

The diffusion coefficient, 0', f or, xenon and krypton in uranium dioxide, 
varies with temperature through'the following ex pression: 

D'(T) =D'(1673) - (14.3-23 

where

E activation energy 
D1673) =diffu'sion, cofficiet.,at 1'673 K 

T temperature K; 
T e 

R ,:gas c'on stant_) 
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The "above' exrsinis vai or temperatures above 11000C.' Below 11000C, 
~fission gas 'release occurs mainly by two temperature independent phenomena, 

rci ankncot, 'and: i s predi cted. by uig- 0!at 1100*C.* The value used 
* I19 , 1 for n'D'(1673). K, based on aa atburnups greater'than 10 fissions/cm, 

accounts for possible fi'ssion gas re leas by' other mechanisms and pellet 
cracking-during i rrad ia tion.-,. .  

The'diffusi'on -coefficient f or. i od ine isotopes is assumed to be the same as for 
xeonan kypondTe,, Scott7,9 :observed that iodine diffuses in 

uranium dioxide at- about the' same rate as xe :non :And krypton and has about the 
40 same-activation energy6.,.Data surveyed and reported by Bell1e indicate that 

iodine diffuses at slightly slower'rates than do xenon and' krypton.  

The percentage of the' total'.core." a ctivity present in th .e gap for each isotope 
is listed in Table 14.3-43. 'The core temperature distribution used in this 
analysis, based on'the design hot-channel factors, is also presented in Table 
14.3-43.  

14.3.6.4 Atmosphere Dispersion 

I The meteorological dispersion'of the leakage from the containment was 
calculated using the Sutton dispersion model and dispersion parameters 
measured at the Indian Point site., The Sutton model was modified to account 
for additional dispersion of the leakage due to turbulence in the wake of the 
containment building. Conservative dispersion characteristics applicable to 
three time periods were selected and the doses calculated for each period.  

The Sutton equation for the dispersion of a point source at ground level gives 
the ground-level plume concentration as a function of distance.  

2Q. e (y/ 2x2-n) (14.3-24) 
7 ruCC xny 

y.z 
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where Cy CZ, and n are the dispersion parametersS u is the wind 
speed, y is the lateral distance from the plume centerline, x is the downwind 

W distance, and Q is the point source-release term.  

In order to take into account building :dilution, the Sutton equation was 
applied to a 'virtual point source upwind from the containment. The distance 
of this source from the''building was obtained by the requirement'that the 

diprinaatr and a~ of the gaussian distribution obey the 
relationships: .' i.. . ' 

z A, 

.where A is the cross-'sectional area of the containment building. Thus,a 
and a~ each yield 'a value for the distance; the geometri vrg of those 

valus i the~ditane xupwind of the "virtual source.  

x0=( A 1(2~n...:', *. ' .(14.3-26) 
"'C C," ,y z! 

The modified Sutton equation becomes:

x 2Q ''e 

itu CC (x + x) 
y z . 0

2 2 -(y /C )(Xx+ n-

(14.3-27)

The first and second periods of the dose calculation used this modified 
dispersion formula, a building area of .2000 inm and the inversion parameters 
assumed in TID-14844,' which are conservative for the Indian Point Site.

Categ ory 

Inversion-I

C 

0. 4 mn/
-C z 

0.07 mn/
n 

0.5
u 

1 i/sec

x 0 

430m
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The first period comprises the first 2 hr after the accident. The direction 
of the 1 rn/sec wind is assumed to be constant throughou t the period.  

The second period is the next 22 hr after the accident during which the same 

inversion condition is assumed to exist, but the average wind speed from the 

same direction is assumed to be 2 rn/sec.

The third period is from 24 hr after the accident to 30 days 

accident. During this period, the meteorological conditions 

randomly distributed among the categories listed below:

Category 
i 

Lapse -L1 

Lapse -L2 

Neutral - N 

Inversion - I

Fraction 
Fi 

0.137 
0.061 
0.378 
0.424

0.575 
0.191 
0.358 
0.493

c z 

0.48 
0.43 
0.39 
0.07

C 

0.6 
0.53 
0.47 
0.40

after the 

are assumed to be

n 

0.2 
0.3 
0.4 
0.5

The parameters, U, Cy0 Cz, n for L1, L 2, and N, are those 

measured at the site (Section 2.6), and those for I are the TID-14844 

assumptions. Because the winds are not expected to be from the same direction 

throughout the 30-day period, the dispersion formula was modified to account 

for long-term variability of the mean wind direction. The most adverse 
distr'ibution was assumed to result in a maximum of 35 percent of the winds 
blowing in one 20 degree sector. The dispersion f ormula used is:

('/Q) 30 =
2f

E - F2-.12 
i u C (2- 2

(14.3-28)

This expression is obtained by integrating the Sutton equation from - to + 

in the y direction and then averaging the concentration over the desired sector, 

0, for the appropriate fraction of the time, f. The 'other parameters have been 

defined with F i being the fraction of the time any particular weather category 

exists. As stated, a 0.353 (2tanlO*) and f = 0.35.
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From the above data, the dispersion factors listed in Table 14.3-44 were 
obtained. These are plotted in Figure 14.3-117.  

14.3.6.5 Method of Analysis 

Results are presented for offsite exposure at the site boundary and 

low-population zone distance, while onsite exposure is evaluated in the 

control room.  

The following analytical methods were used to calculate offsite exposure at 

the site boundary and at the low-population zone. Results are provided in 

Section 14.3.6.6.  

14.3.6.5.1 Offsite Inhalation Dos e (Thyroid Dose) 

A two-region-spray model was used to calculate the integrated activity 

released to the environment. The model consists of sprayed and unsprayed 

regions in containment and a constant mixing rate between them.  

As it is assumed that there are no sources after initial release of the 

fission products, the remaining processes are removal and transfer so that the 
multivolume containment is described by a system of coupled first-order 

differential equations.  

For a two-region model, the equations are:

dA I 

dA 2

K1 

j=1 

K2

AAl 1  A2 
ij1- Q17 + 7 

12 

A2  A 1 
2j2- Q21= + Q 1277 

21

(14.3-29)

(14.3-30)

where:

A.i = fission product activity in volume i (Ci).
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QiP, transfer rate from volume i to volume i (ft.3/sec).  

V.i = volume of the ith compartment (ft 3) 

x..j = removal 1rate of the jth removal process internal to volume i 

(S ) 

K.i = total number of removal processes in volume i.  

To calculate the integrated activity released to the atmosphere, the release 

rate of activity is first calculated. This is found from:

2 
R(t) = Z X11 Aimt) 

i=1 

The integrated activity released from time to -t1 is then 

IAR =t i R . t) dt 
0 

Offsite thyroid doses are calculated using the equation: 

D TH= DCF T.i j (IAR).. (B).i (x/Q).i 

where:

(14.3-31) 

(14.3-32) 

(14.3-33)

(IAR).. integrated activity of isotope i released during the time 
interval j (Ci).  

(B). breathing rate during time interval j (m 3Is).  

(x/Q~ = offsite atmospheric dispersion factor during time 

interval j (s/in) 

DCF THi thyroid dose conversion factor via inhalation. for isotope i 

(rem/Ci).  

D TH = thyriod dose via inhalation (reins).
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14.3.6.5.2 Offsite Whole-Body Dose

The whole-body dose is calculated to be the sum of the gamma dose and the beta 

dose.  

The gamma dose from the radioactive cloud was calculated using the method of 
the semiinfinite cylinder. The expression, derived from the Reactor Shielding 
Design Manual, by T. Rockwell, 1956, was modified to account for the specific 
site meteorology as follows:

D .=3271 f~ 1 k 5k E k

where the subscript i refers to each released isotope; the subscript k refers 
to the energy levels, and

u 

X/Q

energy per photon, Mev/r 

= energy relative abundance, 

= total attenuation coefficient in air, cm 
= curies released, Ci 

= wind velocity, cm/sec 

atmospheric dispersion factor, sec/rn3

Dose from 0 emitters is calculated as follows:

D =0. 27 (X/Q) Z: Q0 E 
.1i

rem (14.3-35)

whr i =bt nryprdsnertoMVa 

14.3.6.6 Cases Analyzed

The three 

doses are

cases below were .considered. The data used to calculate the offsite 

given in Table 14.3-45.
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14.3.6.6.1 One-Minute Isolation of Containment -Gap Release 

.With the isolation valve seal water system and the weld channel and
penetration pressurization system provided to block potential leak paths, the 
leakage would terminate within one minute, which is the approximate actuation 
time for the above systems. For this case, it was assumed that fuel-clad gap 
activity is released to the containment and that the containment leaks at its 
design rate for one minute, at which time leakage terminates. The iodine 
available for release'was assumed to be 2.5 percent of the total core 
inventory for each iodine isotope even 'though Table 14.3-43 shows that the gap 
fraction for the isotopes with shorter 'half-lives is less. Also,' the 
equivalent of 2.5 percent of core inventory of Xe-133 was assumed released.  

The resultant doses from the, fraction that would leak out of containment in 
one minute required for the,'isolation valv e seal'water system and the 
penetration pressurization system to terminate leakage would be a whole body 
dose-of less than one-mrem at and beyond the site boundary and a thyroid dose,.  
of 0.89 rem at the 'site boundary and 0.'45 rem at the Low Population Zone 

* boundary. , 

14.3.6.6.21 Containment Leaks 'at :Design* Rate'- Gap' Release 

The'capability of. the" safeguards"'systems wa loevaluated without taking 
credit, for the leakage reductionafforded by" the. i sol ati on valve 'seal water 
syste m and' t he wel1d chan nel and penetration pressurization system.  

The activity 'available for'9leakage was' the same as in case,1, that is, the 
* fuel-clad gap: activity. . . .. .  

It i s assumed that iodine release termi nates; af ter 30 days because of pressure 
suppression and removal of airborne ,iodine 'activity inside the containment by 

th.nierdsfguards. The data use tocalculate 'the off-site doses are 
given in Table 14.3-45' .. .. ,

-10-
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Figures 14.3-118 and 14.3-119 show the 2 hr and 30-day whole-body dose from the leakage cloud as a function of distance from the reactor. The thyroid 
dose is 8.2 rem at the site boundary (2 hr dose) and 8.9 rem at the low 

population zone boundary.(30 day dose).  

14.3.6.6.3 TID-14844 Release Fraction 

For purpose of comparison only, the TID-14844 assumptions were considered 

taking no credit for the capability of the safety injection system in 

preventing core meltdown sources from being present in the containment and 

available for leakage. The release of activity to the containment consists of 

50 percent of the core halogens, 100 percent of the core noble bases, and 1 

percent of the solids in the core fission product inventory.  

Even with the assumption of core meltdown release sources, in the 1 min 

required for the containment to isolate (seal water injection), the activity 

leakage source could be only that in the fuel-clad gap of the fuel rods and 

offsite and control room doses from the leakage cloud would be the same as for 

case 1.  

P If it were further assumed that the isolation provisions do not completely 

terminate leakage and that the containment leaks at its design rate, the 

offsite thyroid dose would be within the limits of 1OCFR100. The calculated 

site boundary dose is 165 rem and the calculated low population zone boundary 

dose is 176 rem. Qffsite whole-body doses calcula ted for this case are 

presented in Figures 14.3-120 and 14.3-121.  

14.3.6.7 Control Room Dose Evaluations 

The exposure of the occupants of the control room was evaluated using the 

following parameters: 

1. Source Term 

Percent of core/gap inventory released = (see discussion of the 

particular cases which follow this list of parameters)
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Iodine species fractions 

elemental = 0.955 

organic = 0.02, 

particulate = 0.025 

Core inventory of iodines (see Table 14.3-45) 

2. Iodine removal terms in containment 

elemental: X sry= 22.2 hr-* sprayed region 

xdeposition .0 hr*, sprayed region 

xdeposition = .0 hr' unsprayed region 

organic: 'no removal other than by radioactive decay

particulate: 

3. Containment

xspray =6.8 hr-1* , sprayed region

Leak rate =0.1 percent per day (0-24) hr 
=0.045 percent per day (24-720) hr 

Free Volume =2.61 x 106 ft3 

Fraction of volume sprayed = 0.54 

Air recirculation flow > 65,000 cfm 

4. Control room 

Inleakage rate = 500 cfni 

Free volume = 102,400 ft3 

Flow rate through filters =1800 cfm 

'filter = 85 percent (elemental) 
= 85 percent (methyl) 

= 99 percent (particulate)

*Value is set at zero after a decontamination factor (DF) of 100 is 

reached.  

**Value is reduced by 95% after a DF of 200 is reached and is set at zero 

after a DF of 1000 is reached.
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5. X/Q 
3 3 0-2 hr 107x sec/n 

2-24 hr: 1. 15 x 10 s'ec/rn3 

24-720 hr 5.5 x 10 sec/rn 

6. Breathing rates 

0-8 hr. 3.47;x':10~ mn/sec 
~-3 .8-24 hr' 1.5x1 r/sec 

24 -720 hr LU 2.3 x ~ /sec 

7. Gamima-bet enri ssper Table of' Isotopes-198 

8. ose conversion Factors for." odne (able.14.3-45) 

9. Fi nite clIoud..  
a. Atmosphere 

At d, 30 m,,.o~, =30 in 

b.! Controlf roo66m 
* '0 17 m:" 

y J! '1 ~Redut fc tr pe stop frmMtorology and Atomic Energy 
* *-1968,, p., 347.  

10. Shielding by cntrol room , 

0 rays 100' percent' shielding; 

I rays 0 percent'shielding 

Three separate dose analyses' for the control room were made. These analyses 
included the consideration of the following: 

1. 50percent of the fuel.-clad gap inventory released to the containment.  
* The calculated 'total th yroid dose in 30 days was 10 .2 rem. The 

calculated whole-body dose during this same period was 1.8 rem.
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2. For 50 percent of the halogen inventory and 100 percent of the noble gas 
inventory in the core available for release, the calculated thyroid dose 
in 30 days was 406 rem and the calculated whole-body dose was 52.5 rem.  
The 10CFR100 thyroid dose limit of 300 rem is not exceeded until after 

four days, giving sufficient t.ime for the use of airpacks or replacement 
of operators.  

3. The containment has been provided with the weld channel and penetration 
pressurization and isolation valve seal water syste ms to eliminate or 
reduce any leakage through the containment vessel after an accident. The 
seal water system is designed to terminate all leakage or radioactivity 
from the containment within one minute. The result of-having this system 
operational in one minute would be to limit the control room dose on the 
basis of the 50 percent release model to 12.9 rem to the thyroid and a 
whole-body exposure of 0.4 rem.  

The whole-body dose is mainly beta radiation and may be readily shielded by 
protective clothing, leaving a dose of 13.5 rem for the case where the seal 
water system is not assumed operational.  

The dose analyses assumed a total of 500-cfm leakage into the control 
building. The control room ventilation and air conditioning system is 
equipped with an 1840-cfm recirculation system including treated charcoal 
filte'r beds.  

14.3.6.8 External Recirculation 

Indian Point Unit 2 has an in ternal spilled coolant and injection water 
recirculation system incorporating two pumps for return of water to the 
reactor core for decay heat removal after a LOCA. The residual heat removal 
pumps serve as a backup to these pumps. The residual heat removal compartment 
and piping is surrounded by 2-ft-thick concrete shield walls. In addition, 
each residual heat removal compartment is shiel ded from its adjacent residual 
heat removal compartment and piping by 2 ft of concrete. Figure 14.3-122 
shows the results of an evaluation of direct radiation levels surrounding a
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14-in, residual heat removal pipe. The evaluation is based on gap activity, 
except noble gases, being diluted in the reactor coolant and refueling water 
volume, which is being recirculated through the pipes. With the 24 in. of 
concrete provided, the dose levels would be an order or magnitude less than 

shown for 12 in. of concrete.  

As discussed in Section 6.2, design leakage for the external recirculation 
system is less than 1000 cm /hr. Westinghouse has performed experiments in 
which solutions of iodine in sodium hydroxide of pH that would exist in the 
containment after a loss of coolant were evaporated to dryness. The result 
was that less than 10 of the iodine was released. For purpose of 
conservatism, it has been assumed that for a period of 1 hr, 10 percent of the 
iodine in the leakage is released to atmosphere. Assuming gap iodine activity 
immediately after the loss of coolant is present in the sump water being 
recirculated, the offsite thyroid dose for the period is less than 2 mrem.  
Protection from inhalation dose in the auxiliary building following an 
accident can be attained by the use of self-contained breathing apparatus 
during those periods when access is required.  

14.3.6.9 Summary and Conclusions 

Offsite exposure is summarized in Table 14.3-46. It is concluded that even 
with very pessimistic assumptions that do not take full credit for the 
safeguards systems provided both the whole-body and thyroid dose after a loss 
of coolant accident would be within the 10CFR100 suggested guidelines.  
Further, with the provided leakage prevention systems functioning as designed 
the offsite dose would be within the 10CFR20 allowable, yearly dose levels.

NS1 1 38M/1 82M870605:50 -5-15-



REFERENCES FOR' SECTION 14.3 

;1. U-S. Nuclear Regulatory Conni ss ion, -"Acceptance Criteria for Emergency 
Cor e Cooling Systems for Light Wat.er Cooled Nuclear Power Reactors," 10 
CFR 50.46 and Appendix K of 10O.CFR,50,-Federal Register, Vol. 39, No. 3, 
January 4,1974.  

2.. U. S. Nuclear, Regul atory Comiss ion, Reactor Safety Stuay -An 

Assessment of Accident.-Risks in U-.S. Commercial Nuclear Power Plants, 
WASH-140,0 (NUREG .75/014)' October"95 

3.. F. M.. Bordelon, H. 'W. Massie, and Tj. A*Zordan, Westinghouse-ECCS 
Evaluation Model - Summary,"WCAP-8339 (nonproprietary), Westinghouse 
Electric Corporatioln, ,July," 1974.  

4. F. M. Bordelon, et -al., SATAN-VI Program: Comprehensive Space-Time 

Dependent Analysis of Loss of Coolant, WCAP-8302 (proprietary), June 

1974, and WCAP-8306 (nonproprietary), Westinghouse Electric Corporation, 

June 1974.  

5. R. D. Kelly, et al., Calculational Model for Core Reflooding After a 
Loss of Coolant Accident WREFLOOD Code), WCAP-8170 (proprietary), June 
1974, and WCAP-8171 (nonproprietary), Westinghouse Electric Corporation, 
June 1974.  

6. F. M. Bordelon, and E. T.' Murphy, Containment Pressure Analysis Code 
(COCO), WCAP-8301 (nonproprietary), Westinghouse Elect ric Corporation, 
June 1974.  

7.. F. M. Bordelon, et al., LOCTA-IV Program: Loss of Coolant Transient 
A nalysis, WCAP-8301 (proprietary), June 1974, and WCAP-8305 
(nonproprietary), Westinghouse Electric Corporation, June 1974.  

8. F. F. Cadek, et al., PWR FLECHT Final Report, WCAP-7931, Westinghouse 
Electric Corporation, October 1972., 

. -16-



-17-

p

91. F. M. Bordelon, et al., Westing house ECCS Evaluation Model - Supple
mentary Information, WCAP-8471-P-A (proprietary), April 1975, and 
WCAP-8472-A (nonproprietary), ,Westi nghouse Electric Corporation, April 
1975.  

-10. Westinghouse Electric :Corporation, Westinghouse ECCS Evaluation Model 
October 1975 Version, WCAP.-8622 (proprietary),:November 1975, and 
WCAP.-8623 :(nonproprietary)- November: 1975.  

11. 1Letter 'from C . Eicheldin ger, Westinghouse Electric Corpor'ation, to D. B.  
Vassallo, NRC,, letter, no.. NS-CE-924 dated- January 23, 1976.  

12. C. Eicheldin Wer West inghouse-ECCS EvaluainMdlFerry17 

Version, WCAP-9220-P A' (proprietary), and 'WCAP-9221-A (nonproprietary), 
Westinghou ,se Electric Corpo'rat'ion, February 1978.  

11. Letter from T'. M. Anderson, ,Westinghouse Electric Corporation,to John~ 
Stolz, NRC,- let'te'r" no*"'. N-T'NA-19,81, dated November 1, 1978.  

14.' Letter fromT. M. Anderson', Westinghouse, Electric Corporation to John 
Stolz" NRC, letter no. NS-TMA-2014, dated December '11, 1978.  

15. T. A. Posrching, J.H Murphy:, J.A.Redfield,,'and V. C. Davis, 
FLASH--4: A Fully) Implicit FORTRAN-IV Program for the Digital 
Stimulation of Transients in a Reactor 'Plant, WAPD-TM-840, Bettis Atomic 
Power Laboratory, March 1969.  

16. V. J.* Esposito, K. Kesavan, and B. A. Maul, WFLASH-A FORTRAN IV Computer 
Program for Simulation of Transients in a Multi-Loop PWR, WCAP-8200, 
Revision 2 (proprietary), July 1974, and WCAP-8261, Revision 1 
(nonproprietary), Westinghouse Electric.Corporation, July 1974.  

17. Westinghouse Electric Corporation, Westinghouse ECCS Evaluation Model 
Sensitivity Studies, WCAP-8341 _(proprietary), July 1974, and WCAP-8342 
(nonproprietary), July 1974.



1.H. S. Beck, et al., Westinghouse ECCS -Four Loop Plant (15 x 15) 
Sensitivity Studies With Upper Head Fluid Temper ature at T Hot, 
WCAP-8855-A (nonproprietary), Westinghouse Electric Corporation, 
May 1977.  

19. R. Salvatori, Westinghouse ECCS -Plant Sensitivity Studies, WCAP-8340 
(proprietary), July 1974, and WCAP-8356 (nonproprietary), Westinghouse 
Electric Corporation, July. 1974.  

20. S. Fabic, Computer Program WHAM for Calculation of Pressure Velocity, 
and Force-Transients in Liquid Filled Piping Networks, Kaiser Engineers 
Report No. 67-49-R. November 1967.  

21. J. Parmakinan, Water-Hammer -Analysis,. Prentiss Hall, 1955.  

22. V. L. Streeter,*and E. B. Wylie, Hydraylic Transients, McGraw-Hill, 
.1967, p'. 19.' 

23. F. AR. Zr" aloudek,, The Crtical Flow of Hot Water Through Short Tubes, 
PHW-77594, May 1968.  

2.H. KFase, The Discharge of Saturated Water Through Tubes," Chem.  
.Eng.'Progress Synip. 'Series Heat Transfer -Cleveland,' No. 59, Vol. 61, 

25. S. Fabic, Eal lwon(Water Haruer) 'Analysis for Loss of Fluid Test 
Facility, Kaiser Enginee. Report No'. 65-28-RA, April 1967.  

2.G. Bohm, Indian Point 'Unit No. 2 Reactor Internals Mechanical Analysis 
f lowdown Exci'tao, WCA778221 (nonproprietary) Westinghouse.  

_Electric Corporation, 

27. Westinghouse Electric Corporation,,Analysis of Reactor Coolant System 
for Postulated Loss-of-Coolant Accident: Indian Point 3 Nuclear Power 
Plant, WCAP-9117 (propr ie tary),i June'1977.;

-18-



4 f 

-28. Letter from 0.' D. -Kings ley,'- Jr.",' Chairman', 'Westinghouse Owners Group, to 
*.H. R. Denton, NRC ' Letter., No. 066,Dcmbe 0 91 

29. T. Mayer, 'Summary Report on' Reactor Vessel Integrity for Westinghouse 
Operating Plants, WCAP-10019, Westinghous'e Electric Corporation, December 

* 1981.  

30. WCAP-8326, E. T. Murphy, Containment Pressure Analysis Code (COCO), July 

1974.  

31. L. F. Parsley,."Spray Tests at the Nuclear Safety Pilot Plant," in: 
Nuclear Safety Program Annual Progress Report for Period Ending 
December 31, 1970, ORNL-4647,- 19,71, p. 82.  

32. Takashi Tagami, "Interim Repo rt on Safety Assessments and Facilities 
Establishment Project in Japan for Period Ending June 1965," No. 1.  

33. E. W. Ranz and W. R. Marshall, Jr., "Evaporation for Drops," Chemical 

Engineering Progress, 48, pp. 141-146, March 1952.  

.34. W. H. McAdams, Heat Transmission, 3rd Edition, McGraw-Hill Book Company, 
Inc., New York, 1954.  

35., E. R. G. Eckert and P.'M.'J. Drake, Heat and Mass Transfer, McGraw-Hill 

Book Company, Inc., New York, 1959.  

36. D., Q. Kern, Process Heat Transfer, McGraw-Hill Book Company, Inc., New 
York, .1950. ., 

37. .-T. H. Chilton and A. P. Colburn, ,"Mass Transfer (Absorption) Coefficients 
Prediction from Data on Heat Transfer and Fluid Friction,",Ind. Eng.  

* .Chem.,..No..2.6, ,1934, pp. 1183-1187'.  

38 WAP1025 "esinhoseLOCA Mass and Energy Release Model for 
Contaiiiment Desjig6' -:.Mac 199 Vrsi~n" pi 5 99 

,;I' 's , "' 

h.'l97Ap i1 25 ';179



39. D. F. Toner and J. S. Scott, Fission Product Release from Uranium 
Dioxide, Nuclear Safety, Vol. 3, No. 2, December 1961.  

40. J.. Belle, Uranium Dioxide: Properties and Nuclear Applications, Naval 
Reactors, Division of Reactor Development, U.S. Atomic Energy Commission, 

1961.

NS1 138M/1 82MS70605:50 -0-20-



Table 14.3-43 
Coeand Gap Activity 

(As sumptions: operations' at 3216 MWt for

Isotope 

1-131 

-132 

1-133 

1-134 

Kr-85 

Xe- 133 
Xe- 133m 

Xe-135 

O Percent of
Above the

Curies in the 

Core (x' 10-7) 

12.2' 

21.2.  

16. 4 
0.1163' 

18.03 

0.49

6.85, 

Core 

Core Fuel* Vo lume 
iven Temperature.  

0.0 

0.2 
1 0

7. 0 

15.5

Percent of Core.  

Activity in Gap

1, 2.3 
0.2 
0.7 
0.1 

17 

S1. 9 

1. 2 

0.0 

Te6mperature 0 

Local

6 

9 

6.  

5" 

8 

istribution,' 

Temperature, 

A IA

Curies in 
Gap (x' 105) 

3.17 
14.3 
3.4 

7.1 
1.98 
34 

0.613 
0.603

3700 
3300 
2900, 
2500'

-21-NS1 1 38M/1 i2M860825:50-1 8
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* Table' '14.3-44 
Site Dispersion Factorsa

(X/Q) 2 Hr

9.51 
5.98 
4.20 

1.90 
7.68 
3.55 
2.1 4 
7.78

x 10-4 

X,10-4 

x1-5 
x 105 

0, 6

(X/Q) 22 HrDistance 

400 
700 

1,000 
2,000 
4,000 
7,000 

10,000 

20,000

10-4 

10-4 

10

10 6

(X/Q) 30 Days 

1.03 x 1

3.87 x 10-5 

2.07 x 10-5 

6.13 x 10-6 

1.82 x 10-6 
6.79 x 1

3.63 x 1

1.07 x 1-

are plotted.vs. dist ance-in Figure 14 2 121

N S 13 8M/ 18 2M 860825:5 0-19 -2

4.75 
2.99 
2.10 
9.50 
3.84 
1.77 
1.07 
2.89

aT he se
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TABLE 14.3-45 (Sheet 1 of 2)

Data Used in Evaluating Off-Site Doses

Reactor Power, MWT 

Isotopic Data

Core 
Initial 

Inventory 

(Ci/MWt) 

2.51 x10 

3.81 x 104 

5.63 x 104 

6.58 x10 

5.10 x 104

Inhalation 
Dose Conversion 

Factor 

(rem/Ci) 

1.48 x 1 

5.35 x 1 

4.00 x 105 

2.50 x 1 

1.25 x 10~

Decay 
Constant 

(hr1l) _ 3 
3.58 x 1 

2.97 x 10-1 

3.31 x 10-2 
7.92 x 10 1 

1.03 x 10-

3. Iodine Species Split, % 

a. Elemental 

b.' Organic 

c. Particulate 

4. Containment Volumes, ft 3 

Net Free Volume 2 

Sprayed Region 1 

Unsprayed Region 1 

5. Containment Leakage Rate, 

Vol. %/day 

a. 0- 24 hr.  

b. After 24 hr.

95.5 
2.0 
2.5

,610,000 
,410, 000 
,200, 000 

0.10 
0.045

NS1 1 38M/t 82MB70B05:50 -3

3216

Isotope 

1-131 

1-132 

1-133 

1-134 

1-135
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TABLE 14.3-45 (Sheet 2 of 2) 

Data Used in Evaluating Off-Site Doses

6. Fan Cooler Units 

a.. Number of Units 

b. Flow rate, CFM 65,000

7. Iodine Removal Constants, hr 

a. Elemental iodine 

spray 

deposition (sprayed region) 
deposition (unsprayed region) 

b. Organic iodine 

c. Particulate iodine (spray removal) 

8. Duration of spray operation, hr 

9. Atmospheric Dispersion Factors 

(XIQ), sec/ni3

a. Exclusion Area Boundary 

0-2 hrs 

b. Low Population Zone 

0-2.hrs 

2-24 hrs 

24-720 hrs

10. Breathing Rate for 0ff-Site Dose Determination, m 3/sec

0-2 hrs 
2-720 hrs

3.4 7 x 10 
2.22 x10

(a) This is a minimum value which provides conservative results 
(b) No credit after a DF of 100 is reached 
(c) Value is reduced by 95% after a OF of 200 is reached.  

No credit after a DF of 1000 is reached

NS1 1 38M/1 82M870605:50 -4

1 
(a) 

22.2 (b) 
7.0 (c) 
5. 0 (c) 
0.0 
6.8 (b) 

> 2

7.5 x 0-

10 4
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TABLE 14.3-46 

Summary of Offsite Exposure Calculations for LOCA

Thyroid Dose 

Case 1: Gap release -Containment 

leakage terminated in one min.  

by isolation valve seal water 

system 

Case 2: Gap release - Continuous 

leakage from containment 

Case 3: Release of 50% of core 

iodines (TID-14844 release)

Continuous leakage from the 

containment 

10CFR100 suggested limit 

Whole Body Dose T + 0 

Case 1: Gap release - Containment 

leakage terminated in one min.  

by isolation valve seal water 

system 

Case 2: Gap release - Continuous 
leakage from containment 

Case 3: TID-14844 release 

Continuous leakage from the 
containment 

10 CFR 100 suggested limit

2-Hr Exposure at 

520 M 

0.89 rem

8.2 rem 

165 rem 

300 rem 

<1 mrem 

18 mrem 

3. 8 rem 

25 rem

30 Day Exposure at 

1100 M 

0.45 rem

8.9 rem 

177 rem 

300 rem 

1mrem 

68 nurem 

4. 9 rem 

25 rem
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APPENDIX 6A 

COEFFICIENTS OF IODINE REMOVAL FROM 

CONTAINMENT ATMOSPHERE POST -LOCA 

Radioiodines are of primary concern in the radiological consequence evaluation 

of a LOCA. Fifty percent of the core equilibrium iodine inventory is assumed 

to be released to the containment atmosphere and available for leakage to the 

environment. The iodine released from the core is assumed to consi st of 95.5 

percent elemental, 2 percent organic, and 2.5 percent particulates.  

Elemental iodine is removed both by deposition on containment surfaces and by 

the containment sprays. The containment sprays also act to remove particulate 

iodine. No removal mechanism is assumed for the organic iodine.  

6A.1 Spray Removal of Elemental Iodine 

The containment spray system (described in Section 6.3) is operated following 

a postulated LOCA to reduce the containment temperature and pressure and the 

iodine activity in the containment atmosphere.  

The spray system, by virtue of the large ratio of spray drop surface area to 

containment volume,' affords an excellent means of absorbing soluble components 

from the gas phase. To enhance the spray's iodine abosorption capacity, the 

spray sol uti on i s adjusted to an al kal ine pH (8.5 to 10. 0), whi ch promotes the 
hydrolysis of elemental iodine into nonvolatile forms. The containment spray' 

system is designed to ensure that the final sump pH is between 8.0 and 8.5.  

This ensures that the elemental iodine removed by the sprays is retained in 

the sump.  

Approximately 54 percent of the net free containment volume is spr ayed. The 

mixing rate between the sprayed and unsprayed portions of the containment 

volume is conservatively assumed to be the flow rate of a single fan cooler 

unit although more will be in operat ion.
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Containment spray system performance 'is evaluated using a spray model 
developed by Westinghouse. The model considers the effects of spray drop size 
distribution, droplet coalescence, gas and liquid phase mass transfer 

resistance, drop trajectories, and condensation of steam on the drops.  

The elemental iodine removal capability of the containment spray is described 

in terms of the individual spray droplets. The behavior of the aggregate 

spray is related to the behavior of the individual drops, by means of a drop 

size distribution function.  

An advantage to using this microscopic approach is the ability to derive the 

model from first principles. Thus, the model is free of any scaling factors 

which would be required to extrapolate laboratory test data to a full-size 

reactor containment.  

The CIRCUS (Calculation of Iodine Removal in the Containment Using Spray) 

computer code is used to analyze the elemental iodine removal effectiveness of 

the containment spray system. A detailed description of the mathematical 

models used in the code can be found in Reference 1. The elemental iodine 

removal analysis assumes that the containment spray system is operating at 

minimum capacity (one of two spray pumps) and that the safety injection system 

is operating at maximum capacity.  

The removal of elemental iodine by the sprays is a first order exponential 

removal process: 

C C e-(I st) 

The removal constant (I S) is calculated to be 22.0 hr1 using the CIRCUS 

code with the input parameters in Table 6A-1.
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Retention. of 'elemental, iodine i n the containment sump slto scluae 
by:' 

DF 1.+ ~- H" 

Where DF Decontami nat ion fac tor for. the co6ntainment atmosphere based 
S.on retention .of .iodine in the 'sump,

V5  Volume of the :sumpsolIut ion, 
~VA Volume of the containment.amspee 

H = Part-ition cpefficient:,between the sump liquid and the 
containment atmosphere'.  

Figure 6A-1 shows the' variation of the 'sump pH with time and Figure 6A-2* 
shows the variati on of the partition coefficient with pH. The minimum 
equilibrium sump pH of 8.;2 would support a.OF over 400.' Although the spray 
system will operate for a minimum of two hours,, no spray removal of elemental 
iodine is assumed after a OF of 100,.is ,reached for the containment atmosphere.  

6A.2 Deposition Removal of Elemental Iodine 

Deposition removal of elemental iodine can be accounted for by a first order'.  
exponential removal process with a time constant (lambda) calculated from the 
following equation: 

11-1 

where X d =removal rate constant due to surfac e deposition (hr ) 

*Data for the iodine partition coefficients are taken from Reference 2 at 

100ec.
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Kg. average mass transfer coefficient (e.g.,depositilon velocity) 

(cm/sec), 
2 

VA oueo otie a f surface'area available for deposition (ft) 

Using the parameters in Table 6A-2, values for Id were developed for the 

sprayed and unsprayed,,regions-of the containment.' 

Xd(sprayed) = 7.0 hr, 

41 (unsprayed) 5.0 hr.1 

Credit., i s taken for deposition, removal 'At these, rates until the elemental 
iodine concentration in the c on ta inmen t, atmo sp here is reduced to 0.5% of the.  
original concentration -(DF of '200). Dep- osition'removal 'continues but at a 
reduced rate (5% of, the original values) but :is-assumed to terminate when a DF 
of 1000 is reached. 4 

6A.3,, Spray' Removal'f Prcuate 'o'dine 

Spray, removal of particul~ate ioqdine- can be accounted for by a first order 
0' exponential removal process.  

The particulate iodinlae removal, term (X s7 calculated in accordance with 

NUREG/CR-0009 (Reference 3) 'which, gives,:* 

3hF E 

where 'h =Drop' Fall Height (see Table 6A-1) 

F =Spray Flow Rate (see Table 6A-1) 
V =VolIume Sprayed (see Table WA-1) 

E Single Drop Collection Efficiency 

d =Drop Diameter 
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From NUREG/CR-0009: 

E/d 0.1 cm 1for concentrations in the containment atmosphere above 
1% of the initial concentration 

E/d = 0.01 cm-1 for concent .rations in the containment atmosphere less 

than 1% of the initial concentration 

The resulting particulate removal lambdas are: 

1P 6.8 hr1 until a DF of 100 is reached 

xP 0.68 hr-1 after a DF of 100 is reached

NS1 125M/1 82M860814:50 6-6A-5



REFERENCES FOR APPENDIX 6A 

.1. Somers, E. V.,s :and Sanf ord,- -'. 0., Iodine Removal by Spray in the Joseph 
M. Farley Station.Containment, WCAP-8376 (Nonproprietary).  

2. L. F-.' Parsly, Design Consideration s of Reactor Containment Spray Systems 
-Part IV. Calculation of Iodine -Water Partition Coefficients, 

ORNL-TM-2412,.Oak Ridge;National Laboratory, January 1970.  

3. U.S. Nuclear Regulatory Commission, Technological Bases for Models of 
Spray Washout of Airborne Contaminants in Containment Vessels, 
NUREG/CR-0009, October 1978.

NS1 125M/1 82M860814:50 6-

Al

6A-6



TABLE 6A-1 

Parameters ,and* Assumptions Used to Determine 
Elemental: Iodine Spray Removal Constant 

Plant power level (MWt) 3216 
Cotimn'revolume' (f t Y 2.61 x 10 

Sprayed containment freet volum(% 54 
Spray, nzl P (si) 40 

Spraylliquid temperature (*F) , 100' 
Spray liquid pH1 > 8.5 
Partition coefficient between 'spray 1iquid 

and air 5000 
Spray flow r at e per train '(gpm) 2200* 
Number of spray pumps operating-1 

Spray fall height'(eih from-'lowest 
.spray -header-to-operating-deck-)-(ft)--18.  
Initial containment temperature (*F) 120 
Post-LOCA containment temperature (*F) 271 

*Assumes a 12% reduction in the containment spray system design net flow rate.  
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TABLE 6A-2 

Parameters Used to Determine Elemental 
Iodine Deposition Removal Constants

Containment Volume (ft) 

Containment Surface Areas

Sprayed 

1.41'x 106

Unsprayed 

1.2 x 106

(ft 2

Phenoline coated 

Epoxy coated......  
Stainless steel 

Zinc 

*Deposition Velocities' (cm/sec)' 
Phenoline coatings 

Epoxy coatings.  

* Stainless steel 

Zinc..*

NS1 1 125M/1 82M860814.:50 6-

9.34 
8.60 
1.07 
1.66

104

1. 22 x 
1.1 x 
1. 39.,x 
1.94 x 

0.181 
0.438 

0.578

0.111 
0.368 
0.065, 
0.508
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