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Abstract

This paper discusses the availability and reliability improvements to be achieved at Indian Point 2
nuclear power plant (IP 2) through the use of Passive Autocatalytic Recombiners (PARs). IP 2,
owned and operated by Consolidated Edison Company of New York, Inc (Con Edison), will be the
first nuclear plant in the United States to install PARs for post accident hydrogen mitigation.

Following a loss-of-coolant accident (LOCA), hydrogen may be generated inside the reactor
containment. The U.S. Nuclear Regulatory Commission (NRC) regulations require the control of
hydrogen concentration at a safe level following a LOCA. The containment hydrogen control system
limits hydrogen concentration so that containment integrity is not endangered. Most nuclear plants
use electrically powered thermal recombiners to reduce the hydrogen concentration in containment.
The conventional recombiners presently used are mostly elaborate devices that require complex
support systems. They are subject to significant reliability and maintenance problems, they require
extensive testing. Replacing the existing flame type recombiners with totally passive PARs will
reduce the operating and maintenance (O & M) cost, improve reliability of the hydrogen control
system and increase availability of the plant. PARs offer a simple, reliable and cost-effective
alternative method to limit hydrogen concentration in containment.

1. INTRODUCTION

The hydrogen control system must be designed to maintain hydrogen concentration at a safe level.
The accumulation and uncontrolled burn of hydrogen during the Three Mile Island-2 accident in 1979
resulted in more attention being focused on understanding hydrogen generation and the need to
control it at a safe level. Although catalytic recombiners have been used for many years in various
applications, it was only during the design of advanced light water reactors (ALWRs) that they
emerged as a credible option for hydrogen mitigation in nuclear plants (ref. 1). It is only recently that
they have been considered for use in operating nuclear plants.

Conventional recombiners use high temperature heat to recombine hydrogen with oxygen. They
require electric power and other support systems. They are complex to maintain and operate. In
contrast, PARs are simple and totally passive. They catalytically recombine hydrogen and oxygen
thus producing heat and water vapor. At IP 2 many active components will be replaced by two
simple, totally passive PARs. This will improve the reliability of the hydrogen control system and
availability of the plant.
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2. REGULATORY REQUIREMENTS

Following a LOCA, hydrogen gas may be generated within the containment as a result of:

metal-water reaction involving the zirconium fuel cladding and the reactor coolant;
radiolytic dissociation of water in the post accident emergency cooling solutions; and
corrosion of metals by solutions used for emergency cooling or containment spray.

NRC Regulatory Guide 1.7, "Control of Combustible Gas Concentrations in Containment Following
a LOCA," provides a guideline to calculate hydrogen generation. It also requires that the hydrogen
concentration in containment not exceed the flammability limit of four volume percent hydrogen.

NRC General Design Criteria (GDC) in 10 CFR 50, Criterion 41, "Containment Atmosphere
Cleanup," and 10 CFR 50.44, "Standards for Combustible Gas Control System in Light-Water
Power Reactors," require that systems be installed to control hydrogen concentrations and to ensure
that containment integrity will be maintained following an accident. NRC NUREG-800, Standard
Review Plan 6.2.5, "Combustible Gas Control in Containment," provides the guidelines for designing
a system to control hydrogen concentration that will meet the requirements of GDC 41 and 10 CFR
50.44.

3. HYDROGEN RECOMBINERS

The function of the hydrogen recombiner is to prevent the average hydrogen concentration from
exceeding four volume percent following a design basis accident. This limit eliminates the potential
for reaching flammable conditions. At IP 2, two hydrogen recombiners are located inside the
containment. They are the conventional flame type recombiners and use hydrogen as fuel. They
require an external source of hydrogen and oxygen to maintain a high temperature stable flame which
recombines hydrogen and oxygen in containment air. Ironically, this means we have to pump
hydrogen and oxygen into containment to reduce hydrogen. Following an accident 15 truck loads
of hydrogen and 7 truck loads of oxygen would be required to reduce the hydrogen in containment.
Piping connections are provided outside the containment to hook up the hydrogen and oxygen supply
from trucks. This requires containment penetrations, which in turn require containment isolation
valves. The hydrogen and oxygen flow and pressure must be controlled to maintain proper flame.
This requires control valves, instruments, and control panels, which start, stop and operate the
recombiners.

This system was fabricated in 1969. Replacement parts are no longer available for this 30 year old
design. Several environmentally qualified (EQ) components of the system are located in a harsh
environment, have a limited qualified life, and must be replaced regularly. This system requires
significant maintenance and testing.' Moreover this system has operating limitations, e.g. to maintain
the flame it cannot be started unless containment pressure is below 5 psig (1.358 bar). Following an
accident, the system requires manual start and stop by an operator stationed at the control panel
located within a radiation area. There is significant preventive maintenance (PM) work for
instrumentation, mechanical, and electrical components. Several components must be tested on a
monthly or quarterly basis to satisfy surveillance requirements. Actual recombiner flame lighting tests
are performed at every refueling outage for both recombiners. During those tests the containment
is evacuated for safety purposes. This evacuation results in a loss of approximately one day of critical
time during the outage.
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4. DESCRIPTION OF PAR

Several different PARs have been designed and tested. Three designs tested most for nuclear plant
applications are:

NIS PARs designed by NIS Ingenieurgesellschaft mbH of Germany;
Siemens PARs designed by Siemens-KWU of Germany; and
AECL PARs designed by Atomic Energy of Canada Limited of Canada.

Basically, all PARs work on the same operating principle. The NIS PARs to be installed at IP 2 will
be the focus of this paper. The NIS PAR consists of a stainless steel sheet metal box open at top and
bottom. The approximate size of the box is 1m x l m x 1m. There are 88 catalyst cartridges inserted
in each box. Each cartridge is fabricated from perforated steel plates. The cartridge frame measures
45 x 20 x 1 cm. and holds more than 400 grams of catalyst pellets. The catalyst pellets are made
from aluminum oxide spheres and are coated with palladium and hydrophobic polymers. Each pellet
is 3 to 6 mm in diameter. The palladium coating acts as a catalyst. The hydrophobic coating provides
water proofing. The catalyst cartridges are held in place by comb-like spacers in each box. The
cartridges are installed vertically, spaced 1 cm apart. The spaces between the cartridges serve as flow
channels for the gases. Air flow enters at the bottom and the catalyst recombines hydrogen and
oxygen in the flow channels to gaseous water. The exothermic reaction of the recombination
produces heat, which results in a convective flow that draws more gases from the containment
atmosphere into the unit from below. PARs are self starting and self feeding. They require no
electrical power or any other support system. The catalyst is not consumed as it functions, and is not
subject to long term aging degradation.

5. PAR QUALIFICATION TEST

To date, a substantial amount of testing has been completed by developers, EPRI/EdF (ref.2), and
Sandia/NRC (ref.3) as part of an extensive international effort to confirm the PAR performance.
However, none of these tests were done to satisfy the quality assurance requirements of 10CFR
Appendix B. Con Edison contracted Wyle Laboratories to perform environmental and seismic
qualification tests for NIS PARs. These are "first of a kind" tests performed for a PAR using a 10
CFR Appendix B program. These tests will qualify the PARs for use as safety-related equipment in
US nuclear plants.

The seismic test was performed to IEEE standard 344 (ref.4). A full size PAR with 88 cartridges was
mounted on a shake table and subjected to triaxial multifrequency random motion in the vertical and
two horizontal axes. The PAR was subjected to five operating basis earthquake tests and one safe
shutdown earthquake test. These tests were performed with a significant margin on earthquake
motion.

The environmental qualification tests were performed using a scaled down PAR model. Several
cartridges were exposed to high radiation dose and then thermally aged to simulate a 40-year
equivalent life. Functional tests were conducted inside an environmental chamber using the irradiated,
thermally-aged, and seismically tested cartridges. The chamber had instrumentation to measure
hydrogen concentrations, chamber pressure and temperature at several locations. Hydrogen was then
added into the chamber. The spray nozzles located at the chamber dome were used for continuous
chemical spray to simulate the containment spray.

To date, the results of the tests showed that the PAR performs as expected. The test data was in
agreement with calculated values which are based on empirical or theoretical models (ref.5). The test
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data also showed that the PAR performance remained almost identical even after exposing it to
radiation, seismic motion, thermal aging and chemical spray. At this time an additional test for an
accident simulation is in progress. The final test report will be submitted to NRC for review.

6. PAR INSTALLATION AT IP 2

Two full size NIS PAR housings have been installed on the operating floor inside the IP-2
containment. The existing hydrogen recombiner system will be retired and removed. All containment
penetrations will be cut and capped. One dozen containment isolation valves, 45 control valves,
hundreds of manual valves, 215 instruments and two control panels will be removed. In fact, more
than 800 total components in the system currently in service will be removed. This will eliminate
numerous tests, PMs, training requirements, EQ requirements, and substantial maintenance. Several
procedures including operating procedures will be eliminated. PARs installation will free crucial
operator time during a postulated accident. PARs do not have any moving parts. The end result is
increased reliability and availability of the hydrogen control system. The existing recombiners are
tested as required by the NRC operating license every refueling outage. PARs will eliminate this
testing, increasing IP-2's availability by about one day every cycle.

7. CONCLUSION

IP 2 will be the first nuclear plant in the United States to install PARs for post accident hydrogen
mitigation. PARs offer a simple, reliable and cost-effective method to limit hydrogen concentration
in containment. At IP 2 more than 800 components will be replaced by two simple small stainless
steel boxes containing catalyst cartridges. PARs will eliminate numerous testing, PMs, training,
maintenance and EQ requirements and will save one day in a refueling outage. Most importantly,
availability and reliability of the containment hydrogen control system and availability of the plant will
be improved by use of PARs at IP 2.

PAR qualification tests performed by Con Edison pave the way for the use of PARs in US nuclear
plants.

REFERENCES

[1] EPRI GC-108770, "Qualification of Passive Autocatalytic Recombiners for Combustible Gas
Control in ALWR Containments." EPRI ALWR Program, April 8, 1993.

[2] EPRI/EdF TR-107517, "Generic Tests of Passive Autocatalytic Recombiners (PARs) for
Combustible Gas Control in Nuclear Power Plants," June 1997.

[3] T. Blanchat and A. Maliakos, "Performance Testing of Passive Autocatalytic Recombiners,"
presented at OECD Workshop on the Implementation of Hydrogen Mitigation Techniques, Winnipeg,
May 13-15, 1995

[4] IEEE Standard 344-1987, "IEEE Recommended Practice for Seismic Qualification of Class IE
Equipment for Nuclear Power Generating Stations."

[5] Rudolph Sher, John D. Trotter, and David E. Leaver, "Passive Autocatalytic Recombiners for
Mitigating Containment Hydrogen Concentrations following Design Basis Accidents in Nuclear
Power Plants." Presented at Proc. Of 5th International Topical Meeting on Nuclear Thermal
Hydraulics, Operation and Safety. Beijing, China, April 14-18, 1997.

240


