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Abstract

In a deregulated future, a utility's strength will depend on its ability to be cost competitive in the
marketplace. However, the competitive advantage of nuclear power will depend on each owner's ability to
reduce Operating and Maintenance (O&M) costs without sacrificing nuclear safety. The use of passive
systems (i.e., systems without any moving parts) can reduce plant O&M costs while increasing safety in
nuclear power plants.

1. INTRODUCTION

This paper discusses the significant O&M cost reduction and improved safety achieved at
Indian Point-2 Nuclear Power Plant (IP 2) by the use of two newly installed passive systems. IP
2, located 60 Kilometers north of New York City, is the first nuclear plant in the United States to
replace the conventional thermal recombiners with Passive Autocatalytic Recombiners (PARs)
for post accident hydrogen mitigation in containment. Similarly, the Chemical Additive System
with sodium hydroxide (NaOH) for post-accident pH control of the Emergency Core Cooling
solution in containment sump was replaced with a Passive pH Control System that uses TSP
baskets. Both of the original plant systems required significant maintenance and testing. The
replacement passive systems are completely passive and require no maintenance. Use of these
passive systems at IP 2 has resulted in a significant reduction in maintenance and testing and,
hence, O&M cost.

2. HYDROGEN RECOMBINER

2.1. Function of hydrogen recombiner

U.S. Nuclear Regulatory Commission (NRC) regulations require the control of hydrogen
concentration at a safe level following a loss-of-coolant accident (LOCA). Hydrogen may be
generated inside the containment as a result of the zirconium fuel cladding and the reactor coolant
reaction, radiolytic dissociation of water, and corrosion of metals. The function of the hydrogen
recombiner is to limit containment hydrogen concentration below the flammability limit of four
volume percent hydrogen so that containment integrity is not jeopardized due to a hydrogen
ignition.

2.2. The conventional recombiner

Most nuclear plants use electrical or flame type thermal recombiners to reduce the hydrogen
concentration in containment. These conventional recombiners use high temperature heat to
recombine hydrogen with oxygen, and they depend on electric power and other support systems
for their operation. Because of the complexities of these systems they are inherently
unpredictable and require greater levels of maintenance and testing than the new PAR technology.
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2.3. Hydrogen recombiners at IP 2

At IP 2, two conventional recombiners were located inside the containment. They were the
flame types, which used hydrogen as fuel. They required an external source of hydrogen and
oxygen to maintain a high temperature stable flame, which recombines the hydrogen and oxygen
in the containment atmosphere. Ironically, this meant that hydrogen as well oxygen would have
had to be supplied 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 were provided outside the containment to hook up the hydrogen and oxygen
supply from trucks. Containment penetrations were provided for the supply piping, which in turn
required containment isolation valves. The hydrogen and oxygen flow and pressure must be
controlled to maintain proper flame, which required control valves, instruments, and control
panels to start, stop and operate the recombiners.

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

2.4. Description of PAR

The PARs used at IP 2 are designed and manufactured by NIS Ingenieurgesellschaft mbH of
Germany (NIS). Each PAR consists of a stainless steel sheet metal box that is approximately 1 m x
Irax lm and which is open at the top and bottom. There are 88 catalyst cartridges, which are
fabricated from perforated steel plates, inserted in each box. The cartridge frame measures 45 x
20 x 1 cm. and holds more than 400 grams of catalyst pellets. The 3 to 6 mm in diameter catalyst
pellets are made from aluminum oxide spheres and are coated with palladium and hydrophobic
polymers. The palladium coating acts as a catalyst and the hydrophobic coating provides water
proofing. Comb-like spacers in each box secure the catalyst cartridges vertically and spaced 1 cm
apart. The spaces between the cartridges serve as flow channels for the gases. Airflow 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.

2.5. PAR qualification tests

In order to qualify the PARs for use as safety-related equipment inside the containment, IP 2
completed environmental and seismic qualification tests for the NIS PARs. These are "first of a
kind" tests performed for a PAR using a 10 CFR Appendix B quality assurance program.
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The qualification tests were performed using a scaled down PAR model. Several cartridges
were first subjected to radiation and thermal aging, seismic simulation, and exposure to post-
accident temperature, pressure, humidity and chemical spray. The functional performance tests
were conducted inside an environmental chamber. The chamber had instrumentation to measure
hydrogen concentrations, chamber pressure and temperature at several locations. A scaled down
PAR housing with exposed cartridges was installed inside the environment chamber. Hydrogen
was then added into the chamber. The hydrogen concentration and other test data were monitored
and recorded.

The tests demonstrated that the PAR will fulfill its intended function during and following
an accident, and were crucial for NRC approval for the use of PARs at IP 2.

2.6. PARs at IP 2

Two full-size PARs are installed inside the IP-2 containment. The old hydrogen recombiner
system was retired and is currently being removed. 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 are no longer required. This has
eliminated numerous tests, PMs, training requirements, EQ requirements, and substantial
maintenance. Several procedures including operating procedures are eliminated. PARs do not
require operator interface for its operation and has freed crucial operator time during a postulated
accident.. PARs do not have any active components whose failure can result in the unavailability
of the system, hence it is more reliable which improves nuclear safety. The old flame type
recombiners were tested as required by the operating license every refueling outage. PARs have
eliminated this testing, thereby increasing the availability of IP2 by approximately one day every
operating cycle.

The end result is reduced O&M costs and improved nuclear safety.

3. CHEMICAL ADDITIVE SYSTEM

3.1. Function of chemical additive system

The function of the Chemical Additive System is to control the pH of the ECCS
recirculation solution in the post-accident sump following a LOCA. Maintaining the sump
solution pH greater than 7.0 maximizes the iodine retention in the sump, which in turn minimizes
the amount of airborne iodine in the containment atmosphere. With the inventory of air born
iodine available for leakage to the environment reduced, the off-site thyroid dose following a
LOCA is reduced.

The pH control also minimizes the hydrogen produced by the corrosion of galvanized and
zinc based paint, and minimizes the potential for chloride-induced stress corrosion cracking of
stainless steel components.

Since the initial pH of the ECCS solution, will be approximately 4.5, a chemical additive
must be utilized to raise the pH of the solution in the sump.

3.2. Spray additive system

In the original design of IP 2, sodium hydroxide (NaOH) was used for pH control of the
ECCS solution. The NaOH was stored in a tank and for delivering to the containment via the
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Containment Spray System. This Spray Additive System included a tank, piping, valves,
eductors, and instruments.

To prevent decomposition of the NaOH during long-term storage, a blanket of nitrogen gas
was maintained above the NaOH solution. The tank was also equipped with level transmitters
and sampling connections to assure that the proper amount of NaOH with the correct
concentration was available. The tank was provided with heating elements and temperature
monitors to ensure that the temperature of the tank contents was above the precipitation point. A
pressure relief valve and a vacuum relief valve were provided for tank protection. A piping
system with automatic valves was provided for NaOH delivery, and eductors and flow-
transmitters to control NaOH flow rate. In all, the Spray Additive System was very complex and
required extensive maintenance and testing. Further, NaOH is also very caustic and is an
occupational health hazard. It is considered a potentially toxic chemical that requires special
handling precautions.

3.3. Passive pH control system

The Spray Additive System at IP 2 was replaced with a Passive pH Control System that uses
TSP for pH control of the ECCS solution in the post-accident sump. TSP is stored inside the
containment building in four baskets, each made of stainless steel. The top of the basket is hinged
to facilitate filling and inspection, and solid to provide some drip protection. The bottom and
sides are an open grating covered with fine mesh stainless steel screening to enhance wetting and
dissolution of the TSP post-LOCA and yet retain the TSP granules during normal plant operation.
The baskets are located on the bottom elevation of the containment. This floor gets flooded
following a LOCA, such that the TSP will dissolve into the ECCS solution prior to flowing to the
sump.

This change has eliminated several testing requirements of the Spray Additive System, as
well as monthly sampling and testing of the sodium hydroxide. It has completely eliminated
maintenance work including PM requirements on the Spray Additive System components such as
valves, tank, instruments, etc. The replacement system does not require operator interface for its
operation. It does not have any active components whose failure can result in the unavailability of
the system, hence it is more reliable which improves nuclear safety. Moreover, it eliminates the
need to handle hazardous chemicals, which improves industrial safety.

3. CONCLUSION

IP 2 is the first nuclear plant in the United States to install PARs for post accident hydrogen
control. PAR qualification tests performed by IP 2 pave the way for the use of PARs in US
nuclear plants. Replacing the flame type recombiners with totally passive PARs has reduced
O&M costs, increased the availability of the plant, and improved nuclear safety.

Replacing the Spray Additive System with a pH control system that is totally passive has
also reduced O&M costs and improved safety.


