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ABSTRACT 
A full-scale isolation condenser and a full-scale passive contain 

mem cooling condenser for the Simplified Boiling Water Reactor 
(SBWR) will be tested to confimi the thermal-hydraulic and struc
tural design characteristics of these components. The condensers 
provide viul roles in removing heat from the reactor vessel and the 
containment during certain design basis events. This paper 
describes the condensers and the test facilities which are under con
struction and summarizes the test objectives, the planned instru
mentation, and the conditions to be tested. The results of some 
pretest performance predictions, calculated with the TRACG code 
are presented The results of the testing program are expected to 
demonstrate that the condenser designs will provide the required 
heat removal capacity and will survive the design basis tempera
ture/pressure cycles without structural damage. 

INTRODUCTION 
The tests described in this paper are part of the program to design 

and cerufy the SBWR (Rao, et al.. 1991 ). The isolation condenser 
(IC) system and the passive containment cooling (PCC) system 
perform vital roles in removing heat from reactor vessel and the 
containment during certain postulated operating and accident 
cordiuons (mainjy reactor isolation and LOCA). The condensers 
are submerged in a compartmentalized pool of water located in the 
reactor building and above the reactor containment. 

The primary sides of the three isolation condensers are connected 
by piping to lite reactor pressure vessel. Closed valves in each 
condensate return line prevent condensation during normal power 
operation of the plant. When operation of the IC system is required, 
the valves are opened and steam flows directly from the reactor 
vessel to the condenser. Th: condensate is returned to the reactor 
vessel by gravity and the rate of flow is determined by natural 
circulation Vent lines are provided on the 1C to remove 
noncondensible gases (radiolytic hydrogen and oxygen) which may 

reduce heat transfer rates during extended periods of operation. 
The inlet to the primary side of each of the three the PCC 

condensers is through a pipe which is open on the inside roof of the 
primary containment. A pipe for condensate is routed to the 
suppression chamber and the discharge end is submerged below the 
pool surface. Noncondensible gas separated in die PCC condenser 
is returned to the dry well via a vent pipe. There are no valves in any 
of these connecting lines and the PCC system is completely 
passive. During normal operation the reactor containment is filled 
with an inert atmosphere of nitrogen. In the event of a LOCA, the 
drywell becomes pressurized relative to the suppression chamber. 
This differential pressure is the driving force that produces the flow 
of steam and nitrogen into the PCC condenser. 

The basic configuration of both the PCC and the isolation 
condensers is the same but the sizes and construction details differ. 
Each condenser unit has two modules with a single inlet pipe. Each 
module has cylindrical horizontal inlet and outlet headers 
connected by rows of vertical tubes. The inlet steam or steam/gas 
mixture enters at the top of the upper header and the condensate and 
noncondensible gases are discharged from the bottom of the lower 
header. 

Although isolation condensers have previously been used in 
B VR's. the design of the IC for the SBWR is different enough 
(vertical tubes, secondary side pool, venting for long term 
operation) to maxe confirmatory testing important. Similarly, the 
passive operation of the PCCS with condensation in the presence of 
large fractions of noncondensible gas is a considerable design 
challenge which suggests a need for testing. Also, compliance with 
10CFR50. Appendix A, Criterion 40 requires testing of 
containment heat removal systems. 

Accordingly, full-scale, prototypical condensers for both systems 
are to be tested at full pressure, temperature and flow conditions. 
The tests will be performed at PANTHERS (Performance ANalyiis 
and Testing of HEat Removal Systems) PCC and IC facilities of 
SIET (Società Informazioni Esperienze Termoidrauliche) in Italy. 
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FIGURE 1 ARRANGEMENT OF THE PCC IN THE POOL 
COMPARTMENT OF THE SBWR REACTOR 
BUILDING 

These tests are pan of a more general experimental program (Rao, 
et al.. 1992. and Magris, el al.. 1992) for condenser development 
that includes: 

Single rube condensation hut transfer tests. 
Integral system tests -

1/50O-scile partial blowdown test (GIST). 
1/600-scale PCCS performance test (GIRAFFE). 
1/25-scale PCCS performance test (PANDA). 

The general objectives of the tests desaibed in this paper are to 

confirm the thermal-hydraulic performance and the adequacy of 
mechanical design of the full size condensers. Test facility prepara
tions have been completed and the prototype condensers will soon 
be ready for installation. The testing is scheduled for completion 
near the end of 1994. 

DESCRIPTION OF THE PCC TEST CONDENSER 
The PCC heat exchanger is designed to remove the decay heat 

rejected to the primary containment after a LOCA. Il provides 
containment cooling for a minimum of 72 hours post LOCA, with 
containment pressure never exceeding its design pressure limit of 
379 kPa (gauge). The principal unique feature of the PCC 
condenser is its capability to condense steam in the presence of 
relatively large concentrations of noncondensible gas. Le. the inert 
nitrogen atmosphere of the containment. I', is constructed to design 
pressure, temperature and environmental conditions that equal or 
exceed the upper limit of the containment system reference severe 
accident capability. The arrangement of the PCC unit in the SBWR 
pool compartment in the reactor building is she wn in Figure 1. 

The full-scale PCC condenser prototype consists of two identical 
modules and the complete two-module assembly is designed for 10 
MW nominal capacity, at the following conditions: 

Pure saturated steam in the tubes at 308 kPa absolute and 134*C. 

Pool water at atmospheric pressure and lOl'C temperature. 

Fouling on secondary side of 9xlO"5#C/W. 
The design pressure is 7S9 ItPa (gauge) and the design tempera

ture is 171 "C. A central 10-inch steam supply pipe feeds two hori
zontal cylindrical headers (one for each module) through a 
distributor and two 8-inch branch pipes with a mixture of steam and 
noncondensible gas. Each header has a length of 2830 mm, an out
side diameter of 750 mm and a thickness of 45 mm. Steam is con
densed on the inside surface of 50.8 mm o.d. vertical tubes. Each 
module has a bundle of 248 tubes 1.8 m long. The condensate from 
each module is collected in a lower horizontal cylindrical header 
and drains by gravity into an annular duct around an 8-inch vent 
line. Noncondensible gas separated in the PCC condenser is 
removed through the vent line. The heat exchanger material is aus-
leniuc stainless steel AISI304L. Each module is supported by two 
saddles welded to the lower header. 

OBJECTIVES OF THE PCC TESTS 
The principal objectives of the full-scale PCC condenser tests are 

to confirm that the design meets the thermal-hydraulic performance 
requirements for tue in the SBWR and is adequate to assure the 
structural integrity of the unit for the expected SBWR lifetime 
service conditions. It is also intended to confirm, with PCC 
condenser tesa, that the performance of a half-unit IC is an 
adequate representation of (he performance of a full-unit IC. 

The thermal-hydraulic characteristics of interest are: the steady-
state heat removal capability over the expected range of SBWR 
conditions, the ability to separate the noncondensible gas, heat 
transfer Md flow rate stability, the absence of condensation water 
hammer during various operating modes and the inside and outside 
wall temperatures at "typical" tube locations. The effect of low 
density noncondensible gas (e.g. hydrogen generated during a 
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FIGURE 2. PANTHERS PCC TEST FACILITY 

postulated severe accident" condition) on the heat transfer is also 
of interest. 

To assure the structural integrity of the condenser, the tests will 
confirm that the stress levels and the cyclic loads resulting from 
flow and/or condensation induced vibration, do not exceed design 
values during expected pen is of PCC operation. It will also be 
demonstrated by performing tests equivalent to five tunes the 
expected operating pressure and thermal cycles, that the condenser 
will successfully survive 60 years of SBWR service. 

PCC TEST FACILITY DESCRIPTION 
The PANTHERS PCC test loop (Figure 2) features a pool tank in 

which the full-scale prototype of the two-module unit PCC heat 
exchanger is submerged in water. Steam, air or steam/air mixtures 
can be supplied from the test facility to the inlet of the condenser at 
controlled flow rates and temperature. Condensate drains by 
gravity io a condensate tank at an elevation lowc than the bottom 
of the pool tank. The pressure in the condensate tank will be 
maintained at the same pressure as the inlet gas mixture. The 
noncondensible gas will pass to a vent tank at a pressure slightly 
lower than the PCC inlet The tesi loop elevations are full-scale 

relative to SBWR. specifically, normal water level (NWL) in the 
pool (4400 mm), difference in elevauon between pool bottom and 
the water level in the condensate tank (2500 mm), a loop seal in the 
drain line (2500 mm), difference in elevation between pool bottom 
and the vent tank water level (15210 mm). 

The required power to test the full unit PCC condenser is 
obtained using superheated steam from a power suuon adjacent to 
the PANTHERS facility. The maximum available steam flow rate 
is 6.0 kg/s at 17.0 MPa and 540°C. The temperature of the steam 
(saturated and/or superheated) or the steam/gas mixture at the inlet 
of the condenser is controlled using a desuperheating system 
composed of a cold water pump, a temperature control valve and a 
three-way mixing valve. The pressure of the steam at the condenser 
inlet is controlled by operating the discharge valve. PCV/2 (vent 
tank). The flow rate of steam is controlled using the critical flow 
device RO/l so the flow rates are independent of the condenser inlet 
pressure. The flow rate can be controlled either by variation of the 
stagnation pressure or the critical flow area or a combination. 

For most tests, air will be used to simulate the nitrogen of the 
containment atmosphere. Since air is approximately 80 percent 
nirrogen and has similar physical and heat transfer properties, the 
performance of condenser should not be significantly impacted by 
this substitution. Air is supplied by means of two compressors, each 

one having a maximum air flow of 1500 Nm /h at a maximum 
delivery pressure of 2.8 MPa. The inlet pressure of noncondensible 
gas is controlled using the discharge valve PCV/2 (vent tank). The 
critical flow device RO/2. operating with different flow areas, will 
be used to control the flow rate independent of the condenser inlet 
pressure. 

The condensate drains by gravity to the condensate tank through 
a 6-inch line. The main characterisucs of the tank are: 

inside diameter 10SS mm 
height 4600 mm 

capacity 3.85 m3 

The water level of this tank is controlled during a test by a valve 
in a 4-inch discharge line. The condensate flow rate is measured 
using a flow meter while maintaining a constant tank water level. 

The elevauon between the bottom of PCC pool and the NWL of 
the condensate tank is adjustable between 2.0 m and 5.5 m. The 6-
inch drain line from the condenser ends with i 2 5 m loop seal 
inside the tank. The condensate is normally discharged 250 mm 
beneath the water level. It is also possible to discharge the 
condensate directly to the tank beneath a water level ot 2750 mm. 
In this configuration, the 6-inch loop seal tube (inside the tank) can 
be used as an overflow to obtain good control of water level during 
tests with the greatest expected condensate flow rate. In this case, 
the water level can be adjusted between 2.7 m and 5.25 m. referred 
to the bottom of PCC pool. 

The condensate tank gas space is maintained at the same pressure 
as the PCC condenser inlet flow by an equalizing line. The 
condensate tank pressure can also be controlled by injecting air into 
(he tank and using the pressure control valve on the gas outlet line. 

The noncondensible gas. separated in the condenser, with Ihe 
entrained uncondensed steam, is discharged to a vent tank and then 
directly io the atmosphere through the control valve PCV/2. The 
dimensions of the tank are' 

inside diameter 1700 mm 

Paolo Masonl 



.-« 3^' 

^*M^r 

TABLE 1 
PCC INSTRUMENTATION SUMMARY 

INSTRUMENT 

Plat» M I ;iermoeouot»» OD ' S rrm 

Plat* wa» ;"e—K)Couai« OO i 0 mm 

Brazaa "an Twnocoupts. OO OS mm 
(locai naa: Hut) 

r*mp*rati>:e 

Pr»ssur» 

Strain Gag» 

LVOT 

Acon^ometef 

MODULE 
A 

5 

22 

72 

< 
'5 

«6 

t 

13 

MODULE 
B 

4 

s 
0 

2 

S 

0 

1 

0 

STEAM 
SUPPLY 

PIPE 

3 

0 

0 

2 

2 

0 

2 

3 

width 

height 

NWL 

height 6650 mm 

capaou 14.4 m 
The 10 inch vent line from the lower header, eni; in the vent 

lank, and tests can be performed either with the Une s_L, -urged (as 
in SB WR) or not submerged. During some tests (i.e.. without air in 
the loop), the vent line is closed with a blind flange. The vent tank 
is also provided with a drain Line and a level control valve to adjust 
the water level during the tests and to provide a measurement of the 
condensate carried over from the condenser. 

The pool tank is made of laminated plastic (fiberglass) with an 
internal steel structure as mechanical reinforcement. The tank is 
open to the atmosphere and has the same dimensions as the SBWR 
PCC condenser pool: 

length 5 475 m water capacity 132 m3 

5 450 m total capacity 173 m3 

5 800 m boil-off opening area 2 m2 

•J 400 m pool surface area 29.84 m2 

The tank has an opening of 2 m2 ir the wall 250 mm above the 
NWL, for boil-off. The pool surface area for the single-module test 
will be reduced by introducing a diaphragm wall so as to maintain 
the same area/module as the two-module configuration. The PCC 
pool is directly connected with the IC pool by means of a 6-inch 
pipe at the bottom with the flow rate measurement device FQ/5. 
This provides a measurement of (he rate water transfers from the IC 
pool to the PCC pool during testing. An external make-up water 
system controls the PCC pool tank level and replace the boil-off. 
The maximum temperature of the makeup water is 40°C. 

PCC TEST INSTRUMENTATION 
The instrumentation used for tests of both condensers can be 

classified into three categories: test facility processes, (herrnal-
hydrauUc performance and structural. Test facility process 
instrumentation will be used to measure global mass and energy 
balances. Thermal-hydraulic performance instrumentation is 
provided to monitor (he primary and secondary side heat transfer 
capability of the prototype and other pressure and temperature 

details of interest. Structural instrumentation is provided on the 
condensers to confirm design stress levels and monitor vibration 
frequencies. 

A summary of the instrumentation used to monitor the thermal-
hydraulic performance and mechanical behavior of the PCC is 
given in Table 1. One module ( Module A) of the PCC condenser is 
extensively instrumented, while the other (Module B) has fewer 
instruments m reference positions for a comparison with Module A. 
Two different techniques studied to install the wall thermocouples 
on the PCC condenser tubes are shown in Figure 3. These 
instruments are designed to measure the differential temperature 
across the tube wall and to derive the local heat flux. The heat flux 
measurement should permit an evaluation of the poolside heat 
transfer coefficient in a prototypical, multi-tube geometry. In the 
upper region of the tubes, where most of the heat transfer occurs, 
poolside heat transfer will probably provide the dominant thermal 
resistance. Even if the uncertainty in the measurement is not slight, 
the experimental data will be useful for a comparison with TRACG 
code correlations derived from single tube tests (TRACG is the 
code used for both the SBWR transient analyses and the pretest 
predictions). To reduce the error in the measurement, the internal 
thermocouples should be brazed as close as possible to the internal 
surface of the heat-exchanger tube, which has a wall thickness of 
only 1.65 mm. 

Solutions to this measurement problem have been studied which 
will minimize the perturbation of the conduction through the tube 
wall and also the loss of tube strength. Solution 1 (Figure 3) pro
poses to drilL by electroerosion, a tangential blind hole on the tube 
wall. Solution 2 adopts a slot cutter. The installation method for the 
external wall is also shown in Figure 3. As of the time of the writing 
of this paper the method of attachment has not been selected. 

PCC TEST CONDITIONS 
In totaL the PCC condenser will be tested at more than 200 

different conditions. These conditions will cover, in considerable 
detail, all the range of (he expected in-containment environmental 
conditions following a LOCA or the reference "severe accident" of 
SBWR. The (est program for the PCC condenser is summarized in 
Table 2. 

Initial testing will be performed using > complete PCC condenser 
unit (two modules). The heat removal capability of this unit during 
various SBWR conditions will be confirmed by operating (he 
condenser at steady-state with steam and steam-air mixtures at 
specified flow rates and inlet gas temperature. Each flow rate/ 
temperature combination will be repeated for 5 different values of 
the inlet pressure (equivalent io drywell). Both saturated and 
superheated inlet gas conditions will be tested. The condensate tank 
pressure will be equal to (he inlet pressure and the vent tank 
pressure will be adjusted to obtain the specified PCC inlet pressure. 
The PCC pool will be maintained at > constant level (full) and 
equilibrium bulk average temperature during most tests. The PCC 
condenser will be brought to the specified conditions and allowed 
to stabilize, i.e. reach a condition of steady-state heat transfer and 
operated for approximately 15 minutes at these conditions. Data 
will be recorded during this period of steady operation. 

A few tests will be performed to demonstrate the effect of pool 
water level decrease on the performance of the PCC condenser. It 

k * 
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TABLE 2 
PCC TEST CONDITIONS 

DESCRIPTION 

snaeyscaia eariormanc» - saturano steam/air mwuras 

steady-sta» Dortormance - suotmoatM snanvar miiiuras 

steaay-state oariormanca - staam only 

affect otoooiwanriav»-saturano snarn 

affaci of oool *>anr IOVOI • saturano tnanvair muove* 

«mutano LOCA gressunranons 

simulano onaumaK itali wst urassunaDons 

steady state prtssura losses • air only 

single moouie. swaoy-staie oertormanoe • steam only 

steady-state oertormance - aitaci of low density noncorxMnsiMas 

NO. OF 
TESTS 

30 

6 

17 

1 

2 

10 

300 

1 

9 

4 

is planned to accomplish this by recording daia while slowly 
lowering pool water level either by allowing the water to boil away 
without refilling or by slowly draining. When the low level is 
reached in the pool ambient water wdl be slowly added to refill the 
pool while continuing to record the data. Inlet conditions will 
include both steam-air mixtures and steam only. 

To demonstrate condenser mechanical design adequacy, 
additional testing will be performed to subject the unit to at least 
five times the number of design basis pressure/temperature cycles. 
The series of more than 200 performance tests includes most of 
these conditions, except for the LOCA and the pneumatic leak 
testing. 

In the event of a LOCA, the PCC condenser is subjected to an 
initial rapid thermal and pressure transient followed by a long 
period of operation with relatively slow changes of pressure and 
temperature (SBWR SSAR. 1992). The structural design basis for 
PCC condenser assumes that the unit must be able to withstand two 
cycles of LOCA dynamic loads without failure, therefore, ten 
simulated LOCA cycles are planned. This will be done by rapidly 
pressurizing the PCC with saturated steam to approximately 380 
kPa gauge and 15l'C. Tiie pressuhzaiion transient will follow as 
close as possible the calculated LOCA drywell pressurizanon. The 
total time period for the pressurizaiion and data recording is 
approximately 30 minutes. If the steam supply is not large enough 
to maintain the required pressure with a steam-only inlet flow to the 
condenser, air flow may be added. 

Since the PCC condenser is an extension of the containment 
boundary, it will be periodically tested for leakage as part of the 
overall containment pressure testing. The PCC condenser design 
ba-is assumes that the unit will be pneumatically pressurized for 
leak testing 60 times during its life. Each leak test will consist of 
dosing the inlet, vent and condensate lines and pressurizing the 
PCC with air to 760 kPa gage. The pressure will be maintained long 
enougn to demonstrate thai the condenser does not leak. To 
simulate five times the number of load cycles produced by these 
leak tests the test unit will be pneumatically pressurized 300 times. 

After completion of these tests, one module will be removed 
from the facility and the pool baffled to reduce the effective size. 
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The single module PCC condenser will be tested with steam only 
at conditions equivalent u> some of the full unit tests. Tests using 
helium/steam and helium/air/steam mixtures will also be done wuh 
the single module to simulate the performance with hydrogen. 

IC DESCRIPTION 
The IC removes excess sensible and core decay heat from the 

reactor by natural circulation when the normal heat removal system 
is unavailable, preventing unnecessary reactor depressurizalion. 
after any of the following events: 

Sudden reactor isolation from power operating conditions 
Reactor hot standby mode 
Safe shutdown condition 
The arrangement of the IC in the SB WR pool compartment of the 

reactor building is showr. in Figure 4. The full-scale prototype IC 
for the tests is one module of the two-module SBWR IC design. The 
design pressure is 8.62 MPa and the design temperature is 302 C. 
The single module is designed to remove IS MW. nominal, at the 
following conditions: 

Pure saturated steam at 2S9°C. 
Pool water at atmospheric pressure and 100°C. 
Tubes piugged. 5%. 

Fouling factor on secondary side. 9x10'SoC/W. 
The single-module prototype has a vertical 12-inch ste?*n supply 

lute (insulated and enclosed in a 20-inch guard pipe) which feeds an 
upper header through two 6 inch pipes. Each pipe is provided with 
a built-in flow limiter. Steam is condensed in 120 vertical tubes. 
50.8 mm od. and 1.8 m long, and the condensate is collected in a 
lower header. The lower header drains Oy gravity through a 4-inch 
pipe. Small vent lines (3/4-inch) are provided for both upper and 
lower headers to remove noncondensible gases. The IC material is 
INCONEL 600. The IC module is supported in the center region of 
the upper header by a horizontal beam fixed to a concrete column. 
external to the pool. On the lower header, horizontal restraints are 
provided which allow the downward thermal expansion of the 
header while providing the restraint required for dynamic loads. An 
additional horizontal restraint is added at the steam supply pipe to 
simulate, in the single-module unit, the support condition of the full 
two-module unit. 

OBJECTIVES OF THE IC TEST 
The objectives of the IC tests, as for the PCC tests, are to confirm 

the thermal-hydraulic performance and the adequacy of the struc
tural integrity. The thermal hydraulic characteristics of principal 
interest are the heat removal capability, stability of heat transfer and 
flow rate, operation of noncondensible gas vents, condenser drain 
time and the heal losses during "standby" operation. Structural 
integrity will be verified by a combination of confirming that mea
sured stresses do not exceed design stresses and Non-Destructive 
Examination (NDE). 

IC TEST FACILITY DESCRIPTION 
A schematic diagram illustrating the essential features of the 

experimental facility for testing the IC is shown in Figure 5. The 

i 
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FIGURE 4. IC ARRANGEMENT IN THE POOL 
COMPARTMENT OF SBWR REACTOR 
BUILDING 

full-scale IC test module is attached to the inside of a pool tank with 
prototypical hardware and submerged in water. Saturated dry steam 
is supplied to the IC inlet from a simulated reactor pressure vessel 
(RPV). Condensate from the IC is returned to the same vessel by 
gravity. High pressure, noncondensible gases are available to tesi 
the effectiveness of the IC vent lines. 

The RPV is simulated by a vessel with design pressure of 10 
MPs. capacity 44 m3. containing a steam-water separator assembly 
(six cyclone type separators) and a steam dryer. The vessel is 
partially filled with saturated water such that the elevation between 
the bottom of IC pool and the NWL of the vessel is 7.24 m as in the 
SBWR reference design. This level difference can be changed, 
varying the liquid level in the vessel from 4.0 m to 12.0 m by using 
the make-up and drain water system. 

The required power (20 MW) for testing is supplied from two 

6 Paolo Magoni 



TABLE 3 
IC INSTRUMENTATION 

Steam front power station 

FIGURE 5. PANTHERS IC TEST FACILITY 

sources 
( I ) Superheated steam from an adjacent power su:ion (6.0 kg/s 

at 540°C and 17 MPa. 10 MW) The steam is desuperheaied and 
depressunzed to the rated conditions before the inlet of the simu
lated RPV. 

(2) A circulation line from an electrical boiler (10 MW. exit qual
ity 5%). 

The required initial conditions (temperature and pressure) are 
obtained starting with the drain valve VI closed, the IC full of water 
and injecting energy (from steam and electrical boiler) into the 
vessel following a heat up rate of approximately 56'C per hour. 
During this period the steam, at the outlet of the vessel, is sent to the 
main condenser through a pressure control valve PCV/F which 
permits control of the initial pressure for the test. 

In some tests, noncondensible gases are injected into the steam 
flow. The high pressure gas supply system includes a measurement 
device and a pressure-reducing valve. In these tests, the 
noncondensible gases are vented from lower and upper plenum 
through two 3/4-inch solenoid valves (V3 and V4) to the gas 
volume measurement apparatus. 

The apparatus consists of a condenser and two tanks at different 
elevations. The lower tank is closed and normally full of water 

IC INSTRUMENTATION 

Plan wait tnarmocouom. OD t S mm 

Plat* mm inarmocouoiM. 0 0 i 0 mm 

Temperature 

Pressura 

Stran Gaot 

LVOT 

Accusi orrwar 

27 

17 

7 

17 

j 4 

3 

1 3 

supplied by the upper tank through a connection pipe. The upper 
tank is normally open to the atmosphere. When the solenoid valves 
of the vent lines are opened, a mixture of steam, noncondensible 
gases and emrain-d water droplets reach the condenser, where the 
steam is condensed. The liquid and the gas discharged to the lower 
tank produce a liquid level variation. Measuring these new levels, 
and the temperature and the pressure in the gas space of the lower 
tank, it is possible to calculate the mass of the discharged gases. 

The piping for the IC inlet steam and condensate drain lines is as 
prototypical as is practical with respt :t to irreversible hydraulic 
losses and elevation difference but it is i ot prototypical with respect 
to the inside diameier (10-inch versus 12-inch). All piping is 
thermally insulated. The condensate drain line has a 4-inch valve 
for startup of the IC and includes a loop seal of O.S m elevation at 
the connection to the steam vessel. This line has a bypass line 
around the drain valve, including a small valve for the optional 
simulation of drain valve leakage. Two horizontal elbows in both 
the steam supply line and the condensate drain line are equipped for 
use as elbow flow meters. Their purpose is to provide a 
measurement of the IC startup transient operating signal to be used 
as reference. In the SBWR IC system, similar elbow flow meters 
will provide a signal to indicate the occurrence of a break in the IC 
lines. 

The single-module IC test unit with prototypical inlet, vent and 
condensate drain piping are installed inside a water pool tank 
similar to the PCC pool tank. 

The IC pool tank has the following dimensions: 

length 4.830 m water capacity 

3.500 m total capacity width 

height 

NWL 

84.4 m1 

98 m3 

boil-off opening area 1 m 5.800 m 

4.400 m pool surface area 16.90m2 

The tank is covered and has an opening of 1 m2 in the walL 230 
mm above the NWL for boil-off. The IC pool is directly connected 
with the PCC pool by means of a 6-inch pipe at the bottom with the 
flow rate measurement device FQ/P. This provides a measure the 
rate water transfers from PCC pool to the IC pool during testing. To 
control the IC tank level and replace boil-off during a test, the pool 
is provided with an external make-up water system. The maximum 
temperature of the makeup water will be 40"C. 
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IC TEST INSTRUMENTATION 
A summary of the iC ihermai-hydrauhc performance and struc

tural beh.iv tor insmimauation is shown in Table 3. The locations of 
the structure instrumentation, particularly the position of the strain 
gages, his oeen selected using the results of the stress analysis and 
wnh the emdance of the IC designer. ANSALDO S.p.A. Most of 
the strain cages are located in or near to the positions expected to 
experience tne highest stress. Weldable. capsulated strain gages. 
suitable tor application in high temperature, have been chosen 
bei.anse •-•i the particularly harsh environment (steam and/or boiling 
water). 

IC TEST CONDITIONS 
The IC tests, for the most part, will be slow transients which will 

essentially represent the operating and '-hernial cycles expected of 
the condenser as used in the SBWR. Presently, the structural design 
basis of the IC includes the following cycles: 

i ! ) 255 e vele J of reactor heatup/cooldown without IC operation. 
i.2) 135 cycles of reactor hcarup/cooldown with normal IC oper

ation. 
I?) I c>cieof reactor heatup/cooldown with IC operation follow

ing an ATW'S I Anticipated Transient Without Scram) event. 
This is the estimated number of cycles for 60 years of SBWR 

operation. The number ot test cycles will be equivalent to one third 
of the SBW'R design cycles, i.e. equivalent to approximaiely 20 
years of operation. NDE will be used to demonstrate that no crack 
initiation or excessive crack growth has been induced by the test 
cycles Short penods of steady -state operation during the test cycles 
will be used to verify (he heat removal capability and other 
important thermal-hydraulic characteristics. 

Each isolation condenser test will consist of a cycle 
corresponding tc one of five basic types. The five cycle types are 
illustrated in Figure 6. The minai conditions for all cycle types are 
the same Tne condensate drain valve will be initially closed and the 
IC filled with water. The IC pool will be full and the initial water 
temperature at a specified value. All cycles begin with a heatup and 
pressurizing period at approximately 5 6 T per hour and end with a 
cooldown and depressurizauon at the same rate. 

The five cycle types are as follows: 

Type I Normal' IC Operauon - The drain valve is opened 
and the condensa operated at a 8.62 MPa gage for 2 
hours. 

Type 2 "Normal" IC Operauon •* Performance Data - Similar 
to Type 1 except at the end of the 2 hour period (he 
pressure is reduced to a specified value and 
maintained for approximately 0.5 hours before 
cooling down. 

Type 3 Normal ' IC Operauon +• Noncondensible Gas 
Effects - Similar to Type 1 except at the end of the 2 
hour period the pressure is reduced to a specified 
value and slowly inject and then vent noncondensiblc 
gas. 

Type 4 Reactor Heaiup/Cooldown without IC Operation • 
The IC is pressurized and heated and (hen 
depressunzed and cooled without opening the 
condensate drain valve. 

Type 5 Simulated ATWS Event • After hearup. the pressure 
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FIGURE 6. IC TEST CYCLES 
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TABLE 4 
IC TEST CONDITIONS 

**» 

CycteTyp* 

2 

3 

-
5 

No. of 
Cycle» 

3 

•6 

20 

6 

95 

Pl'MPa(g) 
9480 

8618 

8618 

8618 

8 6 ' 8 

8618 

PrUPa(g) 

8 618 

8618 

8618 

8 618 

9480 

P r MPt<g) 

vary 

vary 

8618 

Se« Figure 6 'Of atf-mzor. ot Pi. P2. ano P3 

:s rapidly increased co a specified value and the 
condensate drain valve opened. The pressure is 
reduced and stabilized at a lower specified pressure 
and the IC operation is maintained for 2 hours. 

The planned number of each type of cycle is shown in Table •*. 
These numbers may. however, be somewhat revised prior to the 
tests pending the outcome of a study to confirm the appropriate 
number ot cycles for the design. This study is reviewing data from 
the operauon of 60 BWR plants with more than 1000 plant-yean of 
experience. 

PRETEST PREDICTIONS 
The anticipated test performance of the PCC and IC prototypes 

has been calculated using the TRACG computer code (Andersen 
and Shaug. 1990. Andersen, et al.. 1990). This is the same code 
being used for SBWK transient analyses. These calculations have 
been done to develop success criteria for the tests and to aid the 
development of test facility operating procedures. The calculations 
for the PCC are primarily the steady state performance, bui liso 
some transient calculations have been performed such as the 
changing of the pool water level. The IC calculations include the 
transient occurring after the opening of the drain valve, followed by 
a period of steady stale operauon. 

Two multi-tube models of the PCC have been used in the pretest 
predictions. The first, originally developed by P. Coddington of 
Paul ScherTer Institute, is an X-Y representation of the PCC 
condenser in the pool arrangement. Using the TRACG VESSEL 
component, the pool and both the upper and lower header of a 
single module of PCC are modeled in 14 layers and 7 columns. Four 
PIPE components are used to represent the PCC tubes. The steam 
line, the vent *nd the drain line are also represented by PIPE 
components. ITiis model has been used to preliminarily evaluate the 
"performance ' of the PCC and to develop a more detailed mode). 

The second model is shown in Figure 7. The main features of this 
second model, in comparison with the first, are: 

(1 ) Representation of a full unit (two modules) of the PCC con
denser. 

(2) Geometric simulation of PANTHERS PCC pool and piping 
in scale 1:1. 

In this model, the component VESSEL i is divided in 14 layers 
and 15 columns. The first column simulate the IC pool, connected 
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FIGURE 7. PANTHERS PCC MODEL FOR THE TRACG 
CALCULATIONS 

by PIPE 27 with the bottom of the PCC pool (column 2 thorough 
15). PIPE 26 simulates the window connecting the air space of both 
the pools and PIPE 23 the stack to discharge at the atmosphere the 
steam generated in the pool. The wa'er level is at layer 14. Columns 
4 through 7 and 10 to 13 of layer 12 simulate the upper headers of 
the PCC. Same columns, layers 2 and 3 simulate the lower headers. 
Four PIPE components for both the PCC modules exchange the 
heat directly with the water of the VESSEL. PIPE 52 and 53 and 
TEE 40 represent the vent line. Particular care has been devoted to 
simulate correctly the inlet section of the vent line in order to reduce 
the possibility of having entrained water in the vent line. PIPE 48 
and 47 and TEE 35 simulate the drain line, including (he loop seal. 
The steam line is modeled by PIPE 22 and TEE 30. 

The boundary conditions are imposed by using BREK 
components. This component defines the pressure condition at the 
boundary. BREK 49 simulates the drain tank and BREK 62 
controls the pressure at the exit of the vent line and, indirectly, the 
pressure at the inlet of the steam line. The steam and air inlet flow 
are controlled by FILL 50, a TRACG component that imposes the 
inlet velocity of the mixture. The total pressure and temperature of 
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TABLE 5 
SAMPLE RESULTS OF PRETEST PREDICTIONS 

Inert Staam 
M M * Flow 
Rat* (kg/») 

35 

Condannò 
Powar 
(MW) 

6 27 

InIM Air Mass 
Flow Rair (ko/a) 

0 087 

AkMaaa 
Fraction (%) 

25 

__ . CondanaataFlowRata 
InlatStaamFlowRata 

OSI 

InMToM 

<W»> 
300 

InM-Vanl 
Tank A P 

(kP.) 

02 

(he inlet mix cure and the panili pressure of the air are also 
specified, but these values are only used by the code to evaluate the 
mixture density. 

The input data and some results of one case are summarized in 
Table 5. The accumulation of air in the condensing tubes of the 
FCC. caused by the reduction of the partial pressure of the steam 
due to the condensation, while the total pressure is practically con
stant is shown in Figure 8. 

SUMMARY AND CONCLUSIONS 
When these tests are completed, the results are expected to dem

onstrate that the Ansaldo PCC and IC designs will provide the 
required heat removal capacity for all SBWR conditions and will 
survive the SBWR design basis temperature/pressure cycles with
out structural damage. The results are also expected to corroborale 
the already high confidence m using the TRACC code to accurately 
predict the performance of these condensers. 

<P Met mal aicunR» 300 k"K| 
M«AirPKM**-SkPa I 

FIGURE 8. CALCULATED AIR PARTIAL PRESSURE IN 
THE PCC CONDENSING TUBES 
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