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THE PROTECTED AIR-COOLED CONDENSER FOR
THE CLINCH RIVER BREEDER REACTOR PLANT

R. Louison Senior Engineer, Advanced Reactor Systems Department,
General Electric Company, Sunnyvale, California, Mem. ASME

C. Boardman Principal Engineer, Advanced Reactor Systems Department,
General Electric Company, Sunnyvale, California

The long term residual heat removal for the Clinch River Breeder
Reactor Plant (CRBRP) is accomplished through the use of three
protected air-cooled condensers (PACC's) each rated at 15MW¢ following
a normal or emergency shutdown of the reactor. Steam is condensed

by forcing air over the finned and coiled condenser tubes Tocated
above the steam drums. The steam flow is by natural convection. It
is drawn to the PACC tube bundle from the steam drum by the lower
pressure region in the tube bundle created from the condensing action.

The concept of the tube bundle employes a unique patented configuration
which has been commercially available through CONSECO Inc. of Medford,
Wisconsin. The concept provides semi-parallel flow that minimizes
subcooling and reduces steam/condensate flow instabilities that have
been observed on other similar heat transfer equipment such as
moisture separator reheaters (MSRS). The improved flow stability will
reduce temperature cycling and associated mechanical fatigue. The
PACC is being designed to operate during and following the design
basis earthquake, depressurization from the design basis tornado and
is housed in protective building enclosure which is also designed to
withstand the above mentioned events.
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INTRODUCTION

The Clinch River Breeder Reactor Plant (CRBRP) is the nations first
large-scale demonstration breeder nuclear power plant to be located in
Oak Ridge, Tennessee. The plant will have an electric generating capacity
of 375 megawatts and operate as part of the Tennessee Valliey Authority

System.

The Project evolved from the need to develop the Liquid Metal Fast
Breeder Reactor (LMFBR) to assure a long-term nuclear fuel source. The
breeder will complement the 1ight water reactor-now the principal source
of nuclear power. Its deployment would make it unnecessary to mine lower
quality and more costiy ore and would extend present uranium resources
for centuries. The LMFBR will create more fuel than it consumes as it

generates electricity.

CRBRP was established to demonstrate that the breeder can operate
reliably and safely in a utility environment and to serve as a major
step in the successful transition from technology development efforts
to large-scale commercial LMFBR plants.

The primary coolant used for the reactor is liquid sodium. Sodium
is also used to transfer heat through intermediate heat exchanger(s)
(IHX's) to the intermediate loop. Heat is then transferred from the sodium
of the intermediate loop to the water and steam of the steam generators

and superheaters.

There are three independent loops for this heat transfer path from
the reactor to the superheaters. The steam from the steam generator
is separated in the steam drum prior to being superheated. Three
protected air-cooled condensers (PACC's), one for each loop, are used to
remove from the plant the long term decay heat by condensing the steam
drawn off the steam drum. This paper will describe the general background
of the PACC, the design requirements, the basic design and the outstanding
features of the PACC.

GENERAL BACKGROUND

The PACC's are sized to remove the entire plant sensible and decay
heat load within one hour after a normal or emergency shutdown. To
meet the need for operation during and after an emergency, the PACC is
classified as part of the plant safety equipment and is designed to
perform its functions during and after the specified abnormal conditions.
Other PACC system components such as valves, piping and electrical supply
are similarly classified and designed. Two of the PACC's are powered
by the two separate plant emergency diesel generators. The third PACC
is powered by the plant emergency battery. The PACC condenses steam by
forcing ambient air over a finned condenser tube bundle that contains the



steam drawn from the steam drum. As the PACC's are part of the plant
safety system, it differs from the conventional dump heat exchanger in that
they are housed in a protective enclosure. The Steam Generator Building
in which the PACC's are housed is designed to withstand design basis
earthquakes, design basis tornadoes, and tornado generated missiles. The
PACC's are also classified as Seismic Category 1 components, designed to
remain functional during and after the design basis earthquake in order to
remove the plant decay heat. The tube bundle and supports are constructed
to ASME Boiler and Pressure Vessel Code, Nuclear Power Plant Components,
Division 1, Class 3. The electrical motor and control are Class 1E in
accordance with IEEE and Project requirements.

The PACC's are sized to remove 15 MWt (51.2 x 10° BTu/hr) when the
saturated steam from the steam drum is at 1400 psig (98 kg/cm%) and 588°F
(309°C). At these conditions, the steam is being condensed at the rate
of 89,500 1b/hr (40,600 kg/hr).

The PACC's are Tocated on the top floor of the Auxiliary Bay of the
Steam Generator Building. The three cells in which the PACC's are located
are identical, with air inlets on the south wall and exhaust stack above
the roof. Both the air inlets and the exhaust stacks provide shielding to
prevent a direct hit on the PACC's from tornado generated missiles. The
three steam drums, from which the saturated steam flows to the condensers,
are located on the floor immediately beneath each of the three PACC's in
the Auxiliary Bay. The condensate is returned to the steam drum. When
the steam in the tube bundle is condensed, it causes a collapse of the
steam volume and creates a low pressure region in the tube bundle. This
low pressure allows the steam to flow up from the steam drum to the PACC
tube bundles through natural convection.

ISOLATION OF THE PACC DURING NORMAL PLANT OPERATION

A study was performed utilizing two concepts for isolating the PACC's
the steam-side isolation and the air-side isolation. In the steam-side
isolation concept, the steam supplies and condensate returns are valved
off, thus isolating the tube bundles from the steam drums. In this case
the tube bundles will be at ambient pressure and temperature during normal
plant operation. In the air-side isolation concept, the PACC is on hot
standby during normal reactor operation. The tube bundle is not valved
off from the steam supply. Instead, the tube bundle is isolated from
the ambinet air by an insulated plenum. The plenum may have either doors
or louvers that open upon initiation of PACC operation.

Since the air-side isolation concept avoids the material and transient
problems inherent in the steam-side isolation concept and provides more
reliable operation by simplifying the startup and shutdown procedures, the
air-side isolation approach was selected and the equipment specification
was written on this basis.



DESIGN REQUIREMENTS

In addition to the previously discussed requirements for decay heat
removal during and following the design basis earthquake, the following are
other major design considerations. Each PACC is subdivided into two half
size units to eliminate the possibility of a single failure that may cause
a loss of a complete PACC and that loop to Tose its long term heat removal
capability. This also reduces the size of the tube bundle for shipping.
Each half is separately operable and controllable with redundant fan, motor,
air flow control and shutoff devices. Attached figures provide the overall
arrangement of the PACC.

Heat losses from the PACC during normal plant operation is limited to
3% of rated PACC duty. This requires that the plenum and the louvers or
dampers be insulated and that air leakage through the louvers and
insulation joints be held to a minimum. For improved heat transfer, dump
heat exchanges are usually finned. For the PACC application, either mechanically
embeded fins or welded fins were acceptable. Section III of the ASME
Code does not specifically allow welded fin attachment to a pressure
boundary, therefore an inquiry with ASME Code Committee was initiated to
gain acceptance of welded fins. The inquiry resulted in Code Case N-160
(1797) which allows welding of carbon steel or stainless steel fins to
tubes made of similar material.

PACC DESIGN

The PACC design uses a cylindrical tube bundle concept that had been
developed for heat exchanger equipment with vertical headers as shown in the
attached figures. This results in a compact tube bundie configuration thus
reducing the overall size of the unit. Fins are first attached to the 2.0
in. (5.08cm) 0.D. heat transfer tubes by welding. The tube is then spirally
wound around a mandrel four times forming a connically shaped coil.

Each coil is attached to the inlet and the outlet headers. For the
PACC application, the cone is inverted so the steam inlet is on the outside
and condensate return is lower and inside. Because the air flow through
the coils is radially inward, the unit incorporates partial parallel heat
transfer characteristics and reduces the subcooling potential.

Each coil has an outside diameter of 100 in. (2.54m) and an inside
diameter of 69.5 in. (1.76m) and consists of 89 ft. (27.1m) 8f finned tube
length. Each tube bundle consists of 46 coils and 20 792 ft¢ (1932m2) of
external heat transfer surface. The total surface area 1nc]udes a ]O%
margin over that required for the rated capacity of 7.5 MWt per half size
unit. The coils are formed so that when stacked the tubes nest into a
triangular pattern. The overall heat transfer coefficient is estimated to
be 4.5 Btu hr ftZ (2.2 cal/hr cméc) with a log mean temperature difference
of 306°F (153°C).



One axial fan with variable pitch blades is wused for each tube bundle.
Fach fan is capable of 75,000 SCFM (2.1 x 106 SLM) at 53 HP with a turn

down ratio of 10:1.

Two louvers are used to isolate each half of the PACC. One shutoff
- Touver at the fan discharge or the inlet to the plenum area and one at the -
plenum discharge. The louvers are insulated to reduce the heat Toss during
normal plant operation. The inlet louver also serves to protect the fan
motor from being overheated by the tube bundle when the PACC is on standby.

Air flow vanes are used to minimize air flow maldistribution. At the
entrance to each tube coil, an orifice is added to increase the steam side
pressure drop insuring equal and steady steam flow through each coil. These
provisions to improve airside and steam/condensate flow distribution and the
low subcooling nature of the unit will reduce steam/condensate flow in-
stabilities which have been observed on other similar heat transfer equipment,
most notably moisture separator reheaters (MSRs). Unstable flow coupled
with subcoooled condensate is the main cause for fatige failures of the
tubes. Towards this end, extensive analytical effort and model testing
as necessary are being undertaken to assure that the initiating mechanisms
for flow instabilities are minimized.

Seismic design for the unit is of major importance in the design effort.
To support the tube bundle, horizontal restraints throughout the height of
the tube bundle are being incorporated into the design and modeled for
dynamic computer analysis.

To measure the performance of the PACC in the plant operation a
venturi type flowmeter is used to measure the condensate flow. The
condensate temperature and the steam temperature are also measured for the
performance assessment.

Following the fabrication of the first unit, a complete PACC is to be
assembled and tested to demonstrate its mechanical and heat transfer
capability wusing live steam.
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