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SAFETY EVALUATION 

(CONTAINMENT SYSTEMS) 

INDIAN POINT NUCLEAR GENERATING UNIT NO. 3 

6.2 Containment Systems 

6.2.1 Containment Functional Design 

The Indian Point 3 containment is a steel-lined, reinforced 

concrete structure with a net free volume of approximately 2,610,000 

3 
ft The containment houses the reactor and primary coolant system, 

including the pressurizer and steam generators, and certain com

ponents of the engineered safety features provided for the facility.  

The containment is designed for an internal pressure of 47 psig and 

a temperature of 271°F.  

We have evaluated the containment system in comparison to the 

Commission's General Design Criteria stated in Appendix A to 10 CFR 

Part 50 of the Commission's Regulations and, in particular, to Cri

teria 16 and 50. As a result of our evaluation, we have concluded 

that the calculated pressure and temperature conditions-resulting 

from a design basis loss-of-coolant accident will not exceed the 

design conditions of the containment structure. The highest calcu

lated containment pressure and temperature are about 44 psig and 

268°F, respectively, which are calculated for the loss-of-coolant 

accident resulting from a postulated double-ended rupture of a pump 

suction pipe in the reactor coolant system.

j, . ,
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The applicant has described the results and methods used to 

analyze the containment pressure response for a number of design 

basis loss-of-coolant accidents in the Safety Analysis Report for 

the Indian Point Nuclear Generating Unit 3, as amended by Supplement 

12. Break locations and sizes were varied to determine that the 

double-ended pipe rupture at the pump suction of the reactor coolant 

system results in the highest-containment pressure. As discussed 

below, we have reviewed these analyses, and verified by our own 

analyses that the methods used by the applicant were adequately 

conservative.  

The applicant has analyzed the containment pressure response 

from postulated 1ess-of-coolant accidents in the following manner.  

Mass and energy release rates were calculated using the SATAN V,.  

LOCTA and REFLOOD computer codes. These mass and energy addition 

rates were then used as inputs to the COCO computer program, which 

is used by the applicant to calculate the containment pressure 

response. The SATAN V computer code was used by the applicant-to 

determine the mass and energy addition rates. to the containment 

during the blowdown phase of the accident; i.e., the phase of the 

accident during which most of the energy contained in the reactor 

coolant system, including the primary coolant, metal, and core 

stored energy, is released to the containment. To obtain a con

servatively high energy release rate to the containment during the
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blowdown phase, the applicant extended the time that the core would 

remain in nucleate boiling. The LOCTA computer program was used to 

calculate this energy release. The calculational approach used by 

the applicant assumes that more energy would be transferred to the 

containment for containment analyses rather than for emergency core 

cooling studies. This additional energy release from the core will 

increase the containment--pressure .. oth the SATAN V computer code 

and the LOCTA computer code have been accepted by the AEC for cal

culating energy release during a LOCA.  

During the core reflood phase of the accident, mass and energy 

release rates were calculated by the applicant using the computer 

code REFLOOD. The analyses of the reflood phase of the accident 

is important with regard to pipe ruptures of the reactor coolant 

system cold'legs since the amount of steam and entrained liquid 

carried out of the core for these break locations passes through 

the steam generators which represent an additional energy source.  

The steam and entrained water leaving the core and passing through 

the steam-generators will be evaporated and/or superheated to the 

temperature of the steam generator secondary fluid.  

Results of the FLECHT experiments indicate that the carryout 

fraction of fluid leaving the core during reflood is about 80% of 

the incoming flow to the core. The rate of energy release to the 

containment during this phase is proportional to the flow rate into
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the core. The rupture of the cold leg at the pump suction results 

in the highest mass flow through the core, and thus through the 

steam generators. We have compared the mass and energy release to 

the containment during the reflood phase of the accident using our 

FLOOD computer code with that predicted by the applicant using the 

REFLOOD computer code. The results 6f this .cmparison indicate 

equivalent predictions of energy release. Therefore, we have 

accepted the REFLOOD computer code as a realistic method of computing 

core reflood for this plant.  

We have analyzed the containment pressure response for a double

ended rupture in the suction leg of the reactor coolant system using 

the CONTEMPT-LT computer code which includes the energy addition to 

the containment from the steam generators. In our analysis, we assumed 

the core is quenched at the 10 ft elevation, whereas the applicant 

assumed that entrainment continued until the quench front reached 

the 8 ft elevation. Consequently, in our analysis the energy release 

was greater and the containment pressure slightly higher. We cal

culated a peak containment pressure of about 44 psig as compared to 

40 psig calculated by the applicant using the COCO computer code.  

We conclude that the maximum containment pressure is conserva

tively calculated to be below the design pressure, and that there 

is sufficient margin between the maximum containment pressure and 

the design pressure of the containment structure to ensure the integ

rity of the leak tight containment barrier in the unlikely event of 

a design basis loss-of-coolant accident.
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The applicant has analyzed the pressure response of the contain

ment interior compartments, such as the reactor vessel cavity and 

steam generator compartments, to postulated loss-of-coolant acci

dents. The applicant calculates peak differential pressures of 600 

psi in the reactor cavity and 6.4 psi in a steam generator compart

ment, and has-designed these compartments accordingly. The reactor 

cavity is designed for a pressure of 1Q00. psi, and the steam gener

ator compartments are designed for a pressure of 7 psi. We have 

performed similar calculations and our results are in agreement with 

the applicant's. We, therefore, conclude that the design pressures 

of the compartments are acceptable.  

6.2.2 Containment Heat Removal Systems 

The Containment Spray System (CSS) and the Containment Air 

Recirculation Cooling and Filtration System (CARCFS) are provided 

to reduce the containment pressure and remove fission products from 

the containment atmosphere, following a loss-of-coolant accident.  

Any of the following combinations of equipment will provide adequate 

heat removal capability: 

(a) both spray trains of the CSS, 

(b) all five fan-cooler units of the CARCFS, and 

(c) one spray train of the CSS and three fan-cooler units of the 

CARCFS.  

The CSS, which consists of two separate spray trains of equal
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capacity, is designated a seismic (Category I) system. Missile pro

tection of system components is provided by direct shielding and by 

physical separation of duplicate equipment. The sump screen assem

blies are designed to prevent debris from entering the spray system 

which could clog the spray nozzles.  

The CSS includes a system for injecting sodium hydroxide into 

the spray water to enhance iodine removal from the containment atmos

phere if fission products are released from the core following an 

accident. The sodium hydroxide is injected into the spray water 

through eductors. The motive fluid for the spray additive eductors 

is the borated water supplied from the discharge of the spray pumps.  

ThL spray additive tank contains enough s D dc i . ig 

the entire post-accident containment water inventory to a pH of 8.3.  

Provision has been made for monitoring and adjusting the pH of the 

recirculating cooling water.  

A high containment pressure signal will automatically actuate 

the CSS. The system pumps and valves can also be manually operated 

from the control room. The spray pumps initially take suction from 

the refueling water storage tank. When the water in the tank reaches 

a low level, a switchover from injection to recirculation is manually 

initiated. During the recirculation phase, spray water is supplied 

by redundant recirculation pumps located within the containment, and
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which take suction from the recirculation sump. Environmental quali

fication tests have been performed on the recirculation pump motors 

in simulated accident environments more severe than would be expected 

for postulated loss-of-coolant accidents. Backup recirculation 

capability is provided by the redundant residual heat removal pumps 

located outside the containment, which take suction from the contain

ment sump. At the time the recirculation phase is initiated, sufficient 

water has been delivered to the containment to provide the required 

net positive suction head to the recirculation pumps. The residual 

heat exchangers cool the spray water during the recirculation 
phase.  

The Containment Air Recirculation Cooling and Filtration System 

(CARCFS) is designed to remove heat from the containment to 
prevent 

the containment design pressure from being exceeded and remove 
fission 

products from the containment atmosphere if they are released 
following 

a loss-of-coolant accident. The CARCFS consists of five equal capa

city air handling units. All components of the CARCFS, except the 

filter sections of the air handling units, are part of the Contain

ment Ventilation System which removes heat from the containment 
under 

normal plant operating conditions. Under accident conditions, a 

portion of the air flow passes through the filter sections 
before 

being mixed with the main stream and cooled.  

Receipt of a safety injection signal will-automatically place / 

the CARCFS in operation. The system can 'also be remotely operated 

from the control room.



-8-

The CARCFS is a Category I (seismic) system. The air handling 

units, the air flow distribution header, and the service water 

cooling piping are located outside the primary concrete shield for 

missile protection and at an elevation that precludes flooding under 

loss-of-coolant accident conditions. All system components are 

protected against the differential, _prsl-l-rR ,that may occur during 

the rapid pressure rise in the containment16llowing a loss-of-coolant 

accident. Environmental qualification tests, simulating accident 

environments, have been performed on the fan motors in the air 

handling units to assure that they will perform satisfactorily under 

post-accident conditions. The CARCFS equipment, including fans, 

cooling c i damper doors, filters, and ducting, is acces -b' fc 

inspection and maintenance during normal plant operation. The system 

is designed to permit functional testing of components periodically 

and after component maintenance.  

We have reviewed the containment heat removal systems for con

formance with General Design Criteria 38, 39 and 40, and have found 

them to be acceptable.  

6.2.3 Containment Isolation Systems 

The Containment Isolation System is designed to isolate the con

tainment atmosphere from the outside environment under accident con

ditions. Double barrier protection, in the form of closed systems 

and/or isolation valves, is provided so that no single valve or
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piping failure can result in loss of containment integrity. Lines 

penetrating the containment, up to and including the second isolation 

barrier, are designed to the same seismic criteria as the containment 

and are considered to be extensions of containment. Isolation valves 

inside containment are protected against missiles which could be 

'generated under loss-of-coolant accident conditions.  

The automatic isolation valves are tripped closed by one of two 

containment isolation signals. The first signal is derived from the 

safety injection signal and closes most of the automatic isolation 

.valves. These valves are in process lines that have no post-accident 

safety function or would not result in damage to equipment if isolated.  

The second isolation signal is derived from actuation of the contain

ment spray system. The valves closed by this signal are in lines 

which provide cooling water and seal water to the reactor coolant 

pumps.  

We have reviewed the isolation valve arrangements for conformance 

to General Design Criteria 55, 56, and 57. We conclude that the 

design meets the intent of the General Design Criteria 54, 55, 56, 

and 57.  

6.2.4 Combustible Gas Control Systems 

Following a loss-of-coolant accident, hydrogen may accumulate 

inside the containment. The major sources of hydrogen generation 

include: (1) a chemical reaction between the fuel rod cladding and
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the steam resulting from vaporization of the emergency core cooling 

water, (2) corrosion of aluminum by the alkaline spray solution, and 

(3) radiolytic decomposition of the cooling water in the reactor core 

and the containment sumps. The generation of sufficient hydrogen 

could lead to potentially combustible mixtures in the containment.  

The-,applicant's analysis oflpost-LOCA hydrogen generation, which 

is based on Safety Guide 7, "Control of:.CombustiblemGas Concentrations 

in Containment Following a Loss-of-Coolant Accident," indicates that 

the hydrogen concentration will not reach the lower flammability limit 

of 4 v/o until 23 days after the accident. Our analysis of hydrogen 

generation in the containment confirms the applicant's results.  

The Hydrogen Recombination System consists of two redundant flame 

recombiner units. Either unit will be capable of maintaining the hydro

gen concentration in the containment below the lower flammability 

limit.* A separate control station will be provided for each recom

biner unit. Provision has been made to functionally test the Hydrogen 

Recombination System during normal plant operation.  

Hydrogen gas must be supplied to the flame recombiner system as 

fuel, and oxygen gas must eventually be supplied to the containment 

to replacethe oxygen consumed in the recombination process. Since 

hydrogen and oxygen are not kept at the site in large quantities, 

bulk gas would have to be brought to the site. The applicant has 

stated that sufficient hydrogen and oxygen can be brought to the



site in about five days following a loss-of-coolant accident. At 

this time, the hydrogen concentration in the containment would be 

about 2.6 V/o.  

A sampling system has been provided to permit monitoring of the 

combustible gas concentrations in the containment atmosphere following 

a loss-of-coolant accident. Sa.p3liixioginate .in each air handling 

unit of the Containment Air Recirculation Cooling and Filtration System.  

The CARCFS, with only three of the five air handling units operating, 

is capable of mixing the containment atmosphere. Therefore, hydrogen 

stratification should not occur in the containment and the samples 

taken will be representative of the containment atmosphere.  

The applicant has also provided a backup purge system Lhat is 

capable of maintaining the hydrogen concentration in the containment 

below 3 v/o. The containment air will be filtered and exhausted from 

the plant stack.  

Based on our review of the systems provided for combustible gas 

control following a loss-of-coolant accident, we have concluded that 

the systems meet the recommendations of Safety Guide 7 and are, therefore, 

acceptable.
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