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ABSTRACT

This report presents data from the 163-Rod Bundle Flow Blockage Task of the
Full-Length Emergency Cooling Heat Transfer Systems Effects and Separate
Effects Test Program (FLECHT SEASET). The task consisted of forced and
gravity reflopding tests utilizing electrical heater rods with a cosine axial
power profile to simulate PWR nuclear core fuel rod arrays. These tests were
designed to determine effects of flow blockage and flow bypass on reflooding
behavior and to aid in the assessment of computational models in predicting
the reflooding behavior of flow blockage in rod bundle arrays.
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GLOSSARY

This glossary explains definitions, acronyms, and symbols included in the text
which follows.

Axial peaking facter -- ratio of the peak-to-average power for a given power
profile

Blocked -- a situation in which the flow area in the rod bundle or single tube
is purposely obstructed at selected locations so as to restrict the flow

Bottom of core recovery (BOCR) -- a condition at the end of the refill period
in which the lower plenum is filled with injected ECC water as the water is
about to flood the core

Carryout rate fraction -- the fraction of the inlet flooding flow rate which

flows out the rod bundle exit by upflowing steam

Carryover -- the process in which the 1iquid is carried in a two-phase mixture
out of a control volume, that is, the test bundle

Core rod geometry (CRG) -- a nominal rod-to-rod pitch of 12.6 mm (0.496 in.)
and outside nominal diameter of 9.50 mm (0.374 in.) representative of various

nuclear fuel vendors' new fuel assembly geometries (commonly referred to as
the 17 x 17 or 16 x 16 assemblies)

Cosine axial power profile -- the axial power distribution of the heater rods

in the CRG bundle that contains the maximum (peak) linear power at the
midplane of the active heated rod length. This axial power profile will be
used on all FLECHT SEASET tests as a fixed parameter.

ECC -- emergency core cooling

Entrainment -- the process by which 1iquid, typically in droplet form, is
carried in a flowing stream of gas or two-phase mixture.
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Fallback -- the process whereby the liquid in a two-phase mixture flows
countercurrent to the gas phase

FLECHT -- Full-Length Emergency Core Heat Transfer test program

FLECHT SEASET -- Full-Length Emergency Core Heat Transfer Systems Effects and
Separate Effects Tests

Loss-of-coolant accident -- a break in the pressure boundary integrity
resulting in loss of core cooling water

PMG -- Program Management Group

Separation -- the process whereby the 1iquid in a two-phase mixture is
separated and detached from the gas phase

Silicon-controlled rectifier (SCR) -- a rectifier control system used to
supply dc current to the bundle heater rods

Spacer grids -- the metal matrix assembly (egg crate design) used to support
and space the heater rods in a bundle array
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SECTION 1
SUMMARY

As part of the NRC/EPRI/Westinghouse FLECHT SEASET reflood heat transfer and
hydraulic test program.(1) a series of forced flow and gravity feed re-
flooding tests with flow blockage were conducted on a 163-rod bundle whose
dimensions were typical of current PWR fuel rod arrays. The purpose of this
program was to test the flow blockage configuration which provided the least
favorable heat transfer characteristics in the 21-rod bundle tests.(z) in
order to evaluate the additional effect of flow bypass. The 21-rod bundle
data will be utilized to develop a blockage heat transfer model, and this
mode) will be assessed through comparison and analysis of the 163-rod blocked
bundle data.

In this particular test program, a new facility was built to accept a 163-rod
bund]e(s) whose dimensions are typical of the PWR fuel rod sizes currently
in use by PWR and PWR fuel vendors. This test facility was very similar to
the facility used in the 161-rod unblocked bundle task.(A) The instrumen-
tation plan was developed such that local thermal-hydraulic parameters could
be calculated from the experimental data. Also, sufficient instrumentation

was Installed in the test facility to perform mass and energy balances from
the data.

1. Conway, C. E., et al., "PWR FLECHT Separate Effects and Systems Effects
Test (SEASET) Program Plan," NRC/EPRI/Westinghouse-1, December 1977.

2. Loftus, M. J., et al., "PWR FLECHT SEASET 21-Rod Bundle Flow Blockage
Task: Data and Analysis Report," NRC/EPRI/Westinghouse-11, June 1982.

3. The 161-rod bundle was changed to a 163-rod bundle by substituting two

heater rods for two thimbles in order to provide better comparison with
the 21-rod bundle, as discussed in section 3.

4. Loftus, M. J., et al., "PWR FLECHT SEASET Unblocked Bundle, Forced and
Gravity Reflood Task Data Report," NRC/EPRI/Westinghouse-7, June 1980.

0040X:1/060783 1-1



The forced reflood tests examined the two-phase flow effects of flow blockage
and bypass on system pressure, rod power, flooding rate, coolant subcooling,
initial clad temperature, and variable flooding rate.

Data obtained in tests which met the specified conditions are reported herein,
including clad temperature, turnaround and quench times, heat transfer coeffi-
cients, mass flow rates, mass balance, bundle differential pressures and cal-
culated void fractions, steam temperatures, thimble temperatures, and housing
temperatures. A1l the valid data are available from the NRC Data Bank.
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SECTION 2
INTRODUCTION

2-1.  BACKGROUND

The flow blockage tasks in the FLECHT SEASET program are intended to provide
sufficient data and resulting analysis such that the existing Appendix K,
10CFR50.46, flow blockage and steam cooling rule used in PWR safety analyses

can be reassessed and replaced by a suitably conservative but more physically
realistic safety analysis model.

The Appendix K rule requires that any effect of fuel rod flow blockage must be
explicitly accounted for in safety analysis calculations when the core re-
flooding rate drops below 25 mm/sec (1 in./sec). The rule also requires that
a steam cooling calculation be performed in this case. To comply with this
requirement, PWR vendors have developed semiempirical methods of treating fuel
rod flow blockage and steam cooling. Experimental data on single- and multi-
rod burst test behavior have been correlated into a burst criterion which
yields a worst-case planar blockage, given the burst temperature and internal
rod pressure of the average power rod in the hot assembly. The test data used
to establish this burst criterion indicate that rod burst is random and nonco-
planar, and is distributed over some axial length within the hot zone. MWhen
calculating the flow redistribution due to flow blockage, PWR vendors used
multichannel codes to obtain the blocked channel flow.

Simpler models developed by Gambi]l(l) have also been used for flow redis-
tribution calculations. In its ECCS evaluation model, Westinghouse modeled
noncoplanar blockage as a series of planar blockages distributed axially over
the region of interest, with each plane representing a given percentage of
blockage. The flow distribution effect was then calculated from a series of

1. Gamb111, W. R., "Estimate of Effect of Localized Flow Blockages on PWR
Clad Temperatures During the Reflood," CONF-730304-4, 1973.

2. Chelemer, H., et al., “An Improved Thermal-Hydraulic Analysis Method for
Rod Bundle Cores,” Nucl. Eng. Des. 41, 219-229 (1977).
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(2

pression for flow redistribution. The hot assembly was used as the unit cell
in these calculations so that the individual subchannel flow redistribution
effects generated by the noncoplanar blockage at a given plane are averaged
and each subchannel has the same flow reduction. However, it should be remem-
bered that the percentage of blockage simulated in these calculations was
derived by examination of noncoplanar multirod burst data.

proprietary THINC-I computer runs and correlated into a simple ex-

The resulting flow redistribution is then used to calculate a hot assembly
enthalpy rise as part of the steam cooling calculation. The resulting fluid
sink temperature and a radial conduction fuel rod model are then used to pre-
dict the clad peak temperature. Again, the flow redistribution or blockage
effects and the steam cooling calculation are only used when the core flooding
rate drops below 25 mm/sec (1 in./sec). Above 25 mm/sec (1 in./sec), the un-
blocked FLECHT heat transfer data are used.

A review of flow blockage 11terature(]'2'3'4) indicates that there are four

primary heat transfer effects which need to be examined for both forced and
gravity reflooding:

o Flow redistribution effects due to blockage and their effect on
the enthalpy rise of the steam behind the blockage. Bypass of
steam flow could result in increased superheating of the
remaining steam flow behind the blockage region. The higher the
downstream steam temperature, the lower the rod heat flux and
resulting heat transfer behind the blockage.

1. Gambill, W. R., "Estimate of Effect of Localized Flow Blockages on
PWR Clad Temperatures During the Reflood," CONF-730304-4, 1973.

2. Davis, P. R., "Experimental Studies of the Effect of Flow
Restrictions in a Small Rod Bundle Under Emergency Core Coolant
Injection Conditions,” Nucl. Technol. 11, 551-556 (1971).

3. Rowe, D. S., et al., "Experimental Study of Flow and Pressure in Rod
Bundle Subchannels Containing Blockages,” BNWL-1771, September 1973.

4. Hall, P. C., and Duffey, R. B., "A Method of Calculating the Effect
of Clad Ballooning on Loss-of-Coolant Accident Temperature
Transients,” Nucl. Sci. Eng. 58, 1-20 (1975).
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o Effect of blockage downstream of the blockage zone and the re-
sulting mixing of the steam and droplet breakup behind the
blockage. The breakup of the entrained water droplets will
increase the 1iquid surface area so that the drops will become a
more effective heat sink for the steam. The breakup should
desuperheat the steam; this would result in greater rod heat
transfer behind the blockage zone in the wake of the blockage.

o The heat transfer effects in the immediate blockage zone due to
droplet impact, breakup, mixing, and cooling due to increased
s1ip, as well as the increased steam velocity due to blockage
flow area changes. The droplet breakup is a localized effect
primarily caused by the blockage geometry; it will influence the
amount of steam generation which can occur farther downstream of
the blockage.

o Effect of blockage on the upstream region of the blockage zone
due to steam bypass, droplet velocities, and sizes

In summary, the flow blockage heat transfer effects are a combination of two
key thermal-hydraulic phenomena:

o A flow bypass effect, which reduces the mass flow in the blocked
region and consequently tends to decrease the heat transfer

o A flow blockage effect, which can cause flow acceleration,
droplet breakup, improved mixing, steam desuperheating, and
establishment of new boundary layers, and consequently tends to
increase the heat transfer

These two effects are dependent on blockage geometry and distribution and
counteract each other such that it is not evident which effect dominates over
a range of flow conditions.

The FLECHT SEASET flow blockage test program has been coordinated with the
programs conducted in Germany's FEBA tests(]) and Japan's SCTF tests.(z)
The FEBA tests have been conducted on a 1 x 5 rod bundle and a 5 x 5 rod
bundle with 62 percent and 90 percent blockages, with and without flow

1. Ihle, P., et al., *FEBA - Flooding Experiments with Blocked Arrays - Heat
Transfer in Partly Blocked 25-Rod Bundle," presented at 19th National Heat
Transfer Conference, Orlando, FL, July 27, 1980.

2. Adachi, H., "SCTF - Core-1 Test Results,” presented at Ninth Water Reactor
Safety Research Information Meeting, Gaithersburg, MD, October 26-30, 1981.
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bypass. The Japanese Slab Core Tests were conducted on eight full-size simu-
lated fuel rod bundles arranged in a row with two adjacent bundles blocked
62 percent in a coplanar fashion. The combination of all three programs pro-

vides a comprehensive data base with which to evaluate flow blockage heat
transfer effects.

The FLECHT SEASET flow blockage program 1s specifically oriented to provide
data and analysis such that the steam cooling/flow blockage section of the
Appendix K rule can be reassessed and replaced by a conservative but phys-
fcally based method. Other experiments, such as the Karlsruhe FEBA Tests and
the Japanese Slab Core Tests, along with other smaller experiments will form,
with the FLECHT SEASET tests, a comprehensive flow blockage data base. The
benefits of revising the current flow blockage/steam cooling section of the
Appendix K rule to the industry and NRC are as follows:

o The heat transfer models for flooding rates less than 25 mm/sec
(1 in./sec) would be more physically based, compared to the
current artificially conservative models.

o It is expected that the resulting data and analysis will show
that the heat transfer of blocked rod arrays is not degraded
below that of unblocked arrays for flooding rates typical of
reactor safety analyses.

It is expected that the current section of the Appendix K rule will be clearly
shown to be conservative and thus should be modified. The resulting modifi-
cations should give most PWR reactors additional LOCA margin, which will in-
crease the utilities' flexibility in utilization of their particular plants.

2-2. TASK OBJECTIVES
The primary objectives of the 163-rod bundle tests were twofold:

o To obtain, evaluate, and analyze thermal hydraulic data using a
163-rod bundle to determine the effects of flow blockage and
flow bypass on the reflood heat transfer

o To assess an analytical or empirical method for use in analyzing
the blocked bundle heat transfer data

0040X:1/081283 2-4




The 163-rod blocked bundle task examined the reflooding phenomenon in a large
bundle with ample flow bypass. The effects of blockage on heat transfer can
be attributed to two counteracting phenomena: flow depletion In the blockage
zone due to flow bypass and increased turbulence in the blocked area due to
the flow disturbance. Bypass flow is expected to reduce heat transfer in the
blocked region because of the coolant depletion; however, the increased tur-
bulence and possible droplet disintegrattion may enhance heat transfer in the
blocked zone. Therefore, 1t 1s necessary to determine the dominant effect
under various thermal-hydraulic conditions for a clear understanding of the
blockage effect on heat transfer. This test series will study these effects
to determine the relative importance of flow bypass and local disturbance.
This large-bundle test was specifically designed to maximize the usefulness of
the small-bundle (21-rod) test results.

2-3.  TEST FACILITY

The tests performed in the 163-rod bundle task are classified as separate
effects tests. In this case, the bundle is isolated from the system and the
thermal-hydraulic conditions are prescribed at the bundle entrance and exit.
Within the bundle, the dimensions are full scale (compared to a PWR), with the
exception of overall radial dimension. The low-mass housing used in this test
series was designed to minimize the wall effects such that the rods more than
two rows away from the housing were unaffected by the housing. To preserve
proper thermal scaling of the FLECHT factlity with respect to a PWR, the
power-to-flow area ratio was made to be nearly the same as that of a PWR fuel
assembly.

The tests in the 163-rod bundle flow blockage task utilized a core rod geom-
etry, CRG,(]) that is typified by the Westinghouse 17 x 17 fuel rod design,

as shown in table 2-1. This CRG is representative of all current vendors' PWR
fuel assembly geometries.

1. The CRG is defined in this program as a nominal rod-to-rod pitch of 12.6
mm (0.496 in.) and outside nominal diameter of 9.50 mm (0.374 in.), repre-
sentative of various nuclear fuel vendors' new fuel assembly geometries
and commonly referred to as the 17 x 17 or 16 x 16 assemblies.
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TABLE 2-1
COMPARISON OF PWR VENDORS' FUEL
ROD GEOMETRIES

Rod Diameter Rod Pitch

Vendor [mm (in.)] [mm (in.)]
Westinghouse 9.50 (0.374) 12.6 (0.496)
Babcock & Wilcox 9.63 (0.379) 12.8 (0.502)
Combustion Engineering 9.70 (0.382) 12.9 (0.506)
Exxon 9.45 (0.372) 12.6 (0.496)

2-4.  REFERENCE REFLOOD TEST CONDITIONS

Most of the tests in the 163-rod bundle test matrix were constant forced
flooding reflood tests. The test conditions represent typical safety evalu-
ation model assumptions and initial conditions.

The reflood phase of the PWR design basis LOCA transient is calculated to
start approximately 30 seconds after initiation of a hypothetical break. At
this time, the lower plenum (which had emptied during the blowdown) has re-
filled to the bottom of the core. The applicable reference assumptions for
the reflood transient for a worst-case analysis of a hypothetical LOCA typical

of a Westinghouse 17 x 17 four-loop PWR or other PWR vendor plant are as
follows:

o The core hot assembly was simulated in terms of peak linear
power and initial temperature at the time of core recovery.

o Decay power was ANS + 20 percent, as specified by Appendix K of
10CFR50.46 and shown in figure 2-1.

o The initial rod clad temperature is primarily dependent on the
full-power l1inear heating rate at the time of the accident and
the subsequent cooling during the blowdown phase. Typical cal-

culations yteld an initial clad temperature in the hot assembly
of 871°C (1600°F) at core recovery.
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o Coolant temperature was selected to maintain a constant sub-
cooling to facilitate the determination of parametric effects.

o Coolant was injected directly into the test section lower plenum
for the forced flooding rate tests, and into the bottom of the
downcomer for the gravity reflood tests. Injection into the
bottom of the downcomer was used for better test facility pres-
sure control.

o Upper plenum pressure at the end of blowdown is approximately
0.14 MPa (20 psia) constant for an ice condenser plant, and
about 0.28 MPa (40 psia) for a dry containment plant.

o The tests were performed with a uniform radial power profile,
except for one test with hot and cold simulated channels.

o The axial power shape built into the heater rod was the modified

cosine with a power peak-to-average ratio of 1.66, as shown in
figure 2-2.

The use of the 1.66 axial profile will allow comparisons with the 161-rod un-

blocked and the 21-rod bundle test data, since the bundle sizes constitute the
primary difference among these tests.

The initially proposed reference test conditions and range of test conditions
are listed in table 2-2, based on the above reference assumptions.

2-5.  GRAVITY REFLOOD TEST DESCRIPTION

The gravity reflood tests were conducted to provide a simulation of the con-
ditions expected to occur in reflooding the core after a LOCA. Coolant was
injected into the simulated downcomer at scaled flow rates which are repre-
sentative of the nuclear power plant accumu]ators,(1) The downcomer was
attached to the test facility lower plenum by the crossover leg, which was
designed to provide a pressure loss coefficient equivalent to that of a reac-
tor lower plenum and core inlet, or a value of approximately 11. The system
pressure was controlled downstream of the test facility in the simulated
containment and the reactor coolant system flow resistance (approximately
32.5) was simulated by a orifice plate upstream of the simulated containment.

1. MWaring, J. P., et al., "PWR FLECHT-SET Phase B1 Data Report," WCAP-8431,
December 1974.
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TABLE 2-2
REFERENCE AND RANGE OF TEST CONDITIONS FOR
163-ROD BUNDLE FLOW BLOCKAGE TASK

Initial Range of
Parameter Condition Conditions
Initial clad temperature g871°C 260°C - 871°C
(1600°F) (500°F - 1600°F)
Peak power 2.3 kw/m 1.31 - 3.3 kw/m
(0.7 kw/ft) (0.4 - 1.0 kw/ft)
Upper plenum pressure 0.28 MPa 0.14 - 0.42 MPa
(40 psia) (20 - 60 psia)
Flooding rate:
o Constant 25 mm/sec 15 - 152 mm/sec
(1 in./sec) (0.6 - 6 in./sec)
o Variable in steps -- 152 to 20 mm/sec

(6.0 to 0.8 in./sec)

o Continuously -- 36 to 17 mm/sec
variable (1.4 to 0.65 in./sec)
Injection rate (gravity -- 5.80 to 0.785 kg/sec
reflood) - variable in steps (12.8 to 1.73 1b/sec)
Coolant AT subcooling 718°C 8°C - 718°C
(140°F) (15°F - 140°F)
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2-8.  TEST MATRIX

The original test matrix as developed in the task p]an(]) consisted of 20
tests grouped into seven parametric series. However, prior to the test pro-
gram, several modifications and/or additions were made to the test matrix, as
discussed in the following paragraphs. This revised test matrix was sent to
the PWR fuel manufacturers (Exxon, Combustion Engineering, and Babcock &
Wilcox) for their review. This text matrix was designed to investigate the
effects of initial clad temperature, flooding rate, pressure, power, subcool-
ing, variable flow, hot/cold channels, and gravity reflood.

The two low-flooding-rate tests [10.1 mm/sec (0.4 in./sec)] originally planned
to be conducted at pressures of 0.14 and 0.28 MPa (20 and 40 psia) were not
run because these two tests were expected to be conducted at a high tempera-
ture [above 1093°C (2000°F)), which could cause heater rod distortion, and
because there were no valid replicate tests from the unblocked bundle to pro-
vide data comparisons (valid in the sense that there was not any significant
rod bundle distortion in the unblocked bundle). These two low-flow tests were
replaced with tests which were expected to be conducted at a Tow temperature
[below 982°C (1800°F)) and for which comparable tests had been run in the un-
blocked bundle. Two of the three hot/cold channel tests were replaced with a
high-power [3.2 kw/m (1 kw/ft)] test which had a comparable unblocked bundle
test and a variable forced flow test. This variable forced flow test was con-
ducted according to the specifications provided by Exxon Nuclear Company, as
shown in figure 2-3.

To provide a good data comparison between the blocked bundle and the unblocked
bundle, the boundary and initial conditions from the unblocked bundle were
repeated in the blocked bundle, as much as experimentally possible. The test
matrix for the 163-rod bundle is shown in table 2-3, along with the corres-
ponding 161-rod unblocked bundle test numbers. The actual test conditions
achieved in the 163-rod bundle are tabulated in section 5, table 5-1.

1. Hochreiter, L. E., et al., "PWR FLECHT SEASET 161-Rod Bundle Flow Blockage
Task: Task Plan Report,” NRC/EPRI/Westinghouse-6, September 1980.
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TABLE 2-3
163-ROD BLOCKED BUNDLE TEST MATRIX
Rod Peak Flooding

Pressure Clad Inttial Power Rate High- Inlet Fluid 161-Rod
Test [MPa Temperature [kw/m [mm/sec Speed Temperature | Bundle Rep-
No. {psta)] feC (°F)] (kw/ft)] {in./sec)) Movies [°C (°F)]) | Vicate Test Parameter
01 0.28 263 2.3 38.6 Yes 52.2 30518 Inttial clad

(40.1) (505) (0.70) (1.52) (126) temperature

effect

02 0.27 538 2.3 38.6 No 53.3 30817

(39.3) (1000) (0.70) (1.52) (128)
03 0.28 8N 2.3 33.0-16.5 No 52.8

(40) (1600) (0.70) (1.30-0.65) (127)

in 300 sec

04 0.28 885 2.3 157.5 Yes 52.8 370

(40) (1625) (0.70) (6.2) (127)
05 0.27 8N 2.3 38.6 Yes 52.8 31203 Flooding

(39.5) (1600) (0.70) (1.52) (127) rate effect
06 0.28 885 2.3 24.9 Yes 52.8 31504

(40.2) (1625) (0.70) (0.98) (127)
07 0.28 877 2.3 20 Yes 52.8 31805

(40) (1610) (0.70) (0.81) (127)
08 0.27 874 1.3 15 No 52.8 34006

(39) (1605) (0.4) (0.60) (127)
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TABLE 2-3 (cont)

163-ROD BLOCKED BUNDLE TEST MATRIX

'X:]/OB]?RS

Rod Peak Flooding
Pressure Clad Inttial Power Rate High- Inlet Fluid 161-Rod
Matrix [MPa Temperature [kw/m [mm/sec Speed Temperature | Bundle Rep-
No. (psia)] [°C (°F)] (kw/ft)] (In./sec)] Movies [°C (°F)] l1icate Test | Parameter
09 0.14 8717 2.4 26.9 Yes 34 34209
(20) (1610) (0.72) (1.06) (93)
10 0.134 871 1.38 17 No 33 3471 Pressure
{19.5) (1600) (0.422) (0.65) (92) effect
11 0.137 2N 1.3 28 (1.1) No 34 31922
(19.9) (1600) (0.40) for 30sec
26.9 (1.06) (93)
onward
12 0.41 874 2.3 25 (0.98) Yes 66.7 32013
{59.6) (1605) (0.70) for 120 sec (152)
26 (1.04)
onward
13 0.28 81 3.28 38 Yes 54.4 34524 Peak
(40) (1600) (1.00) (1.5) (130) power effect
14 0.273 871 1.3 38.6 No 52.2 31021
(39.6) (1610) (0.40) (1.52) (126)
15 0.277 8717 2.3 25 (0.98) Yes 122.2 32114 Subcooling
(40.2) (1610) (0.70) for 60 sec (252) effect
27.4 (1.08)
for 140 sec
30.0 (1.18)
onward
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TABLE 2-3 (cont)
163-R0OD BLOCKED BUNDLE TEST MATRIX

Rod Peak Flooding
Pressure Clad Initial Power Rate High- Inlet Fluid 161-Rod
Matrix [MPa Temperature [kw/m [mm/sec Speed Temperature | Bundlie Rep-
No. (psia)] [°C (°F)] (kw/ft)] (in./sec)] Movies [°C (°F)] 1icate Test | Parameter
16 0.271 877 2.3 160 (6.3) Yes 52.8 32333 Stepped
(40.2) (1610) (0.70) for 5 sec (127) flow effect
20 (0.8)
onward
17 0.28 871/260 2.3/1.3 20 Yes 52.8 Hot/cold
(40) (1600/500) (0.7/0.4) (0.8) (127) -- channel
effect
Injection
Rate
[kg/sec
1b/sec)]
18 0.28 871 2.3 5.80 (12.8) | No 51.7 33436
(40) (1600) (0.7) for 15 sec (125)
0.785 {1.73)
onward
19 0.14 871 2.3 5.80 (12.8) | No N - Gravity
{20) (1600) (0.7) for 15 sec (88) reflood
0.785 (1.73)
onward
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SECTION 3
BLOCKAGE CONFIGURATION

3-1. INTRODUCTION

The high internal pressure and temperature of fuel rods during a postulated
PWR LOCA are expected to cause the fuel rods to swell and burst. The resul-
ting rod deformation, referred to as a blockage shape, would reduce the fluid
flow area in the rod array. The flow area reduction is governed by the shapes
and spatial distribution of blockage. Therefore, blockage shapes and their
spatial distribution were chosen to simulate the thermal-hydraulic conditions
of the fluid flow in the blocked rod array. The spatial blockage distribution
was chosen to represent realistic situations and to provide fundamental under-
standing of blockage effects on the local heat transfer. The simulated rod
swelling represents the blockage just prior to burst, such that no tearing of
the cladding, or burst "1ips," are simulated. The initial testing plans for
the 21-rod bundle had included a configuration with burst 1ips, but the burst
1ips were expected to act as fins to enhance heat transfer and did not make a
significant contribution to the flow restriction because of the small cross-
sectional area.

The results of several single- and multirod burst tests, as well as discus-
sions with NRC and EPRI, were used to define the blockage shapes simulated in
the 21-rod bundle blockage task, as described in paragraph 3-2. The sleeve
shape used in the 163-rod bundle task was chosen from the blockage config-
urations used in the 21-rod bundle blockage test.(]) The method of dis-
tributing the blockage sleeves is discussed in paragraphs 3-3 and 3-4. A
geometric similarity between the 21-rod and 163-rod bundles was designed into
the 163-rod bundle, as discussed in paragraph 3-5. This similarity was expec-
ted to provide a better basis for data analysis and understanding of bypass
effects.

1. Loftus, M. J., et al., “PWR FLECHT SEASET 21-Rod Bundle Flow Blockage
Task: Data and Analysis Report," NRC/EPRI/Westinghouse-11, September 1982.
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3-2.  BLOCKAGE SHAPES

Several out-of-pile and in-pile burst tests were conducted to aid in the un- ‘
derstanding of rod burst phenomena during a LOCA. Out-of-pile tests employed
several heating methods to simulate rod heatup during a reflooding period.

The heating methods included a stiff internal heater rod (continuous rigid
heating element) method, external radiant heating, and direct resistance
heating. The external radiant heating and direct resistance heating are be-
11eved to distort the thermal response of the clad during its deformation.

The internal heater rod may reduce the clad temperature nonuniformity; this
reduction is expected in the real situation of stacked fuel pellets. Although
an out-of-pile test method is not ideal, 1t s generally agreed that an inter-
nal heater method is most representative of the real situation. Therefore,
the results from the tests using internal heater rod methods were reviewed in
the 21-rod bundle flow blockage task to provide a basis for defining blockage
shapes. The limited amount of in-pile test results were also revieued.(])

The available results from several rod burst tests showed that there were two
distinctive rod swelling patterns, depending on the burst temperature. This
is due to the existence of two phases of Zircaloy, whose material properties
are quite different from each other. Zircaloy is in the alpha phase at tem-
peratures of less than 830°C (1529°F) and in a mixed phase of alpha and beta
types between 830°C and 970°C (1529°F and 1779°F). Above 970°C (1779°F),
2ircaloy is in the beta phase. Alpha phase Zircaloy has anisotropic strain
properties. Therefore, the resulting deformation of alpha phase Zircaloy is
very sensitive to minor temperature irreqgularities in both circumferential and
axial directions. This anisotropic property causes rod bowing, in addition to
swelling and burst. Although the burst phenomenon in the mixed phase is not
well understood, this burst range can be treated essentially as alpha phase
burst because of the nonisotropic property of alpha phase. Beta phase Zir-
caloy has an isotropic strain property which causes somewhat uniform clad
swelling. Thus the property of alpha phase Zircaloy is different from that of
beta phase Zircaloy. This difference provides a different clad swelling

1. Loftus, M. J., et al., "PWR FLECHT SEASET 21-Rod Bundle Flow Blockage
Task: Data and Analysis Report," NRC/EPRI/Westinghouse-11, September 1982.
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phenomenon for each phase. That i1s, alpha phase swelling has a long noncon-
centric shape in contrast to the beta phase swelling of a relatively short
concentric shape. Therefore, two typical blockage shapes representing alpha
and beta phase swelling were chosen to be simulated in the 21-rod tests. De-
tadled explanations of the choices are given in the 21-rod bundle flow

blockage task p]an.(])

The 21-rod bundle task was designed to compare the blockage effects of the two
sleeves and screen out the blockage shape which provided the least favorable

heat transfer characteristics within and downstream of the blockage zone. The
blockage shape which was selected to provide the least favorable heat transfer
(appendix A) and subsequently used in the 163-rod bundle was the long, noncon-
centric sleeve, shown in figure 3-1. The maximum strain was increased from 36

percent to 44 percent to provide more flow blockage in the 163-rod bundle, and
therefore more flow bypass.

3-3.  NONCOPLANAR BLOCKAGE DISTRIBUTION

A noncoplanar blockage test configuration requires a method to axially dis-
tribute the blockage sleeves, as described in the following paragraphs. The
objective was to locate blockage sleeves in the bundle in such a manner that
the statistics of the location coincided with the expected deformation and
bursts of a PWR. The basis of this approach was the following statement from
the ORNL multirod burst test results: ™Posttest deformation measurements
showed excellent correlation with the axial temperature distribution, with
deformation being extremely sensitive to small temperature var1at10ns.'(2)

1. Hochreiter, L. E., et al., "PWR FLECHT SEASET 21-Rod Bundle Flow Blockage
Task: Task Plan Report," NRC/EPRI/Westinghouse-5, March 1980.

2. Chapman, R. H., "Significant Results From Single-Rod and Multirod Burst
Tests in Steam With Transient Heating," paper presented at Fifth Water

Reactor Safety Research Information Meeting, Gaithersburg, MD, November
7-10, 1977.
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Burman and Olson(]) have studied temperature distribution on rods in a
bundle and their method can be employed to determine the statistics of burst
locations in the bundle.

The burst locations so determined were selected without considering the grid
effect on burst location which was observed in the German REBEKA tests.(z)

It was found that rod burst locations were shifted toward the fluid flow di-
rection because of the downward fluid flow at the time. Burst at the end of
blowdown may not be affected by fluid flow because there is virtually no flow.

During the refi11 and reflood phases, rod bursts would occur at locations
shifted upward.

Fuel rods in a PWR can burst at any phase of a LOCA transient, depending on
power distribution, operating 1ife, type of break, material strength uncer-
tainties, and the 1ike. Therefore, the hydraulic effect can be incorporated
into the determination of burst locations in several ways. However, the
primary objective in the present study is local heat transfer under a typical
blockage distribution; such an objective can be achieved without considering a
preburst hydraulic effect.

To determine burst locations, it is assumed that all rods to be deformed have
the same or similar temperature distribution. The ORNL multirod burst tests
showed that there were no interactions among rods during burst, so it may be
assumed that each rod in a bundle bursts independently. Then the characteris-
tics of one rod may be used to infer the behavior of the rod bundle.

A rod 1s divided into several sections with the same interval. Burman and
Olson computed the probability that a certain section (say, the i-th incre-
ment) of a fuel rod s at the highest temperature in the rod, as follows:

1. Burman, D. L., and Olson, C. A., "Temperature and Cladding Burst Distribu-
tions in a PWR Core During LOCA," Specialists Meeting on the Behaviour of

Water Reactor Fuel Elements Under Accident Conditions, Norway, September
13 1976, p. 73-71.

2. Miehr, K., et al., "fuel Rod Behavior in the Refi11 and flooding Phase of
a Loss-of-Coolant Accident,* CONF-771252-5, December 1977.
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.{30.[\/21 o2 °T\/2'f 2

[ 297 = 0

Here o1 and My are the standard deviation of local temperature and

mean temperature at the i1-th increment, respectively. It can be seen that
these two characteristics (aT and "1) must be known to compute the

local probability of highest temperature. As ORNL showed, this highest-
temperature location can be interpreted as the burst location.

The mean temperature distribution required in equation (3-1) is the axial mean
temperature of a nuclear fuel rod at the time of rod burst. The standard de-
viation of local temperature is included to account for the local temperature

fluctuation. Burman and Olson assumed that the fluctuation is normally
distributed.

The local temperature can be divided into two components:

Tocal = T1oca] + T1ocal

where TToca] and Tygca1 are the mean and varlation of local temperature,
respectively. The mean temperature is obtained from the axial mean tempera-
ture distribution. The local temperature variation is a function of the
following effects:

o Manufacturing effect

-- Initial fuel pellet density

-- Fuel pellet diameter

-- Fuel enrichment

-- Manufacturing variables which affect fuel densification
-- Clad local ovality

-- Fuel pellet chemical bounding
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0 In-pile effect

-- Fuel pellet radial offset within clad
-- Fuel pellet cracking
-- Fuel densification

Burst probabilities at each increment of rod can be computed by equation (3-1)
with the inputs of o1 and My

Multiplying the probabilities by the total rod number gives theoretical burst
numbers at the corresponding axial increments. These numbers are usually not
integers. Therefore, for practical purpose, these numbers are transformed to
integers to satisfy the requirements that the total burst number is the same
as the total rod number. These integer numbers indicate how many sleeves
should be located at specific axial increments. An increment (1-th) is then
selected at random. Since 1t is known from the above calculation that N1
rods have bursts at this increment, N1 rods are selected at random. Each of
these selected rods has a sleeve on the 1-th increment. Then another incre-
ment and corresponding rods are selected at random. This procedure is re-
peated until all the axial increments where bursts occur have been considered.

A computer program was written to execute this procedure for selection of
sleeve locations. This program, called COFARR (Coolant Flow Area Reduction),
calculates subchannel blockage with given input strain information of the
blockage sleeve. This program and relevant details are described in detail in
the 21-rod bundle task plan.'')

3-4.  MEAN AND VARIATION OF LOCAL TEMPERATURE

The mean temperature distribution at time of burst and local temperature fluc-
tuation data were required to compute burst probability from equation (3-1).
In addition, strain information was required to compute actual blockage dis-
tribution and subchannel area. MWestinghouse received relevant information to

1. Hochretter, L. E., et al., "PWR FLECHT SEASET 21-Rod Bundle Flow Blockage
Task: Task Plan Report," NRC/EPRI/Westinghouse-5, March 1980.
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calculate a noncoplanar blockage distribution from the three other PWR fuel
venders (Babcock & Wilcox, Combustion Engineering, and Exxon).

Westinghouse calculated a mean temperature distribution at the time of burst
as shown in figure 3-2 by analyzing a LOCA. Burst was calculated to occur at
the end of blowdown. Babcock & Hi]cox(]) calculated an axial temperature
distribution for i1ts plant {15 x 15 fuel) for a 0.794 m2 (8.55 ftz)
double-ended cold leg break. Babcock & Wilcox also analyzed a plant with
17x17 fuel for the same accident case. Clad rupture was calculated to occur
during blowdown. Combustion Engineering(z) analyzed its 16 x 16 fuel
assembly for a worst-case temperature distribution using LOCA 1icensing anal-
ysis codes and input data. Exxon(a) also used 1ts WREM ECCS model to cal-
culate a mean temperature distribution for a 15 x 15 fuel assembly at the time
of rod rupture. Comparisons of the avallable mean temperature data reveal
that Westinghouse and Babcock & Wilcox plants are expected to have the most
peaked axial temperature distributions. The Westinghouse temperature distri-
bution was chosen to be a reference case. Detailed discussion of this anal-
ysis can be found in the task p]an.(4)

Manufacturing quality assurance records were reviewed by Burman and Olson to
determine the realistic distribution for pellet parameters which would have an
effect on local temperature vartation, such as enrichment (negligible), in-
1t1al denstity, sintering characteristics, diameter, and surface roughness.

The variations thus obtained were input into Westinghouse standard design
codes to determine their effect on operating temperature. Perturbation stud-
Yes were analyzed to determine the effect of small variations in initial power

1. Personal communication from J. J. Cudlin, Babcock & Wilcox, to H. W.
Massie, Jr., Westinghouse, April 5, 19178.

2. Personal communication from J. H. Holderness, Combustion Engineering, to
H. W. Massie, Jr., Westinghouse, April 11, 1978.

3. Personal communication from R. E. Collingham, Exxon Nuclear, to M. W.
Hodges, USNRC, Ausust 3, 1978.

4. Hochreiter, L. E., et al., "PWR FLECHT SEASET 21-Rod Bundle Flow Blockage
Task: Task Plan Report,* NRC/EPRI/MWestinghouse-5, March 1980.
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AN

and temperature on the clad temperature at the time of burst, for cases in
which burst occurred during refill. The initial temperature distributions
were then modified to account for these effects. The resulting responses were
statistically combined to obtain the overall temperature uncertainty just
prior to the accident due to manufacturing variables. The resulting standard
deviation in temperature was found to be approximately 9.78°C (17.6°F).

0f the various uncertainties in pellet temperature due to in-pile effects,
only the standard deviation in pellet temperature due to pellet offset was
analyzed. Using a finite difference program, the effect of pellet eccentri-
city on pellet average temperature during normal operation was calculated,
assuming various degrees of pellet clad eccentricity. The resulting tempera-
ture distribution was convoluted with that arising from manufacturing un-
certainties and the convoluted sum corrected to account for the temperature
variability at burst time for a given temperature variability at power. This
variation was determined to be 9.11°C (16.4°F). When statistically combined
with the uncertainties due to manufacturing variables, the total standard de-
viation in local temperature becomes 13°C (24°F) at the time of blowdown, or
6.7°C (12°F) at the time of burst.

In summary, the mean temperature distribution of Westinghouse as shown in
figure 3-2 and table 3-1 with the correction of grid effect as shown by Burman
(appendix B), and a standard deviation of 6.7°C (12°F) were chosen to calcu-
late a noncoplanar blockage distribution. With these inputs, the COFARR code
calculated the blockage sleeve distribution as indicated in figure 3-3. The
percent flow blockage for each 21-rod bundle island is shown in figure 3-4 as
a function of elevation.

3-5.  FLOW BYPASS REGION

The large 163-rod bundle was blocked to investigate the flow bypass effects on
the reflood heat transfer in the simulated fuel rod assembly. The arrangement
of the blockage in the bundle had to be set up so as to not force fluid
through the blocked zone. Several metﬁods could be used to produce a suf-
ficient -bypass area in the bundle. However, the following limitations affect
how the blockage should be arranged radially:

0040X:1/081283




TABLE 3-1

' MEAN TEMPERATURE DISTRIBUTION

Axial Height Temperature Axial Height Temperature
[m{in.)] [°C(°F)] (m(in.)] [°C(°F)]
1.57 (62) 914 (1678) 1.83 (72) 949 (1741)
1.60 (63) 920 (1688) 1.85 (73) 948 (1738)
1.63 (64) 925 (1697) 1.88 (74) 946 (1735)
1.65 (65) 930 (1706) 1.90 (75) 938 (1721)
1.68 (66) 934 (1713) 1.93 (76) 933 (17112)
1.70 (67) 938 (1720) 1.96 (77) 929 (1705)
1.73 (68) 942 (1727) 1.98 (78) 927 (1701)
1.75 (69) 944 (1732) 2.01 (79) 925 (1698)
1.78 (70) 947 (1736) 2.03 (80) 923 (1693)
1.80 (71) 947 (1737) 2.06 (81) 918 (1684)
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o The large bundie has only one symmetry 1ine because of thimble
locations, as shown in figure 3-3.

o The large-bundle test should be linked to the small-bundle test
(21-rod) to better utilize information.

0 lLateral symmetry in the blocked bundle for the bypass area and
blockage zone is desirable in view of possible data scattering
and computer time for flow calculations.

o The blockage zone must be large enough to provide a detectable
flow field distortion and a maximum flow depletion in the
blocked zone.

Thus, the following two blockage flow bypass configurations were considered,
as discussed in the blocked bundle task p]an:(])

o Block one-half of the bundle
o Block an island of rods in the center of the bundle

The first configuration has an advantage of direct data comparison between
blocked and unblocked subchannels in the same bundle, using the bundie sym-
metry. However, COBRA calculations showed that when half of the bundle is
blocked, the fluid near the wall on the blocked half of the bundle tends to be
trapped in the blockage zone. Therefore, the flow in the blockage zone is

higher than in the scheme where there is no wall; this blockage-bypass con-
figuration is therefore unacceptable.

In the second configuration, the rods are divided in the large bundle into two
21-rod bundle islands. For this configuration, the rods in the islands are
blocked exactly as in the 21-rod bundle. This blockage configuration has a
higher bypass area because of the smaller and isolated blockage zone.

Comparisons of the two blockage configurations were made by calculating flow
rates in subchannels by COBRA-IV-I. These results show that the two 21-rod
bundle islands have lower flow rates in the blocked zone, and the flow deple-
tion in the zone i1s almost comparable to that of the half-bundle blockage.

1. Hochreiter, L. E., et al., "PWR FLECHT SEASET 161-Rod Bundle flow Blockage
Task: Task Plan Report," NRC/EPRI/Westinghouse-6, September 1980.
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3-6.  BULGE DIRECTIONS FOR NONCONCENTRIC SLEEVES

(1) showed a thimble effect on
circumferential burst location (appendix B). The burst locations were not
random, and were usually directed away from thimbles. This indicated that the

Data from Westinghouse multirod burst tests

thimbles were good heat sinks, causing nonuniform circumferential temperature
distributions on neighboring rods. It must be noted that a burst occurs at
the hottest point of a rod; however, the major flow blockage due to the non-
concentric bulge is on the opposite side of the burst location.

Observations from the Westinghouse tests indicate that burst can occur toward
elther adjacent subchannel or rods. It was proposed that bursts be restricted
to occur only toward adjacent subchannels for the following reasons:

0 Blockage tests were not intended to investigate detalled vari-
ations in a subchannel but to determine average subchannel
behavior.

o The additional parameter of burst orientation makes data
analysis complicated without an apparent improvement of
understanding.

o There were physical limitations in installing the blockage
sleeves on the rods.

The above proposal provided the basis for selecting bulge directions of the
nonconcentric sleeves in the 21-rod bundle. First 1t was necessary to find
the hottest subchannel out of the four subchannels surrounding each rod. Then
the bulge direction was the opposite side of the hottest point.

Since an effort had been made to couple the 21-rod bundle to the 163-rod
(1)

tive location of the 21-rod island in a fuel assembly in applying the present
method to the small bundle, as shown in figure 3-3. For this case it was

bundle to maximize data utilization, it was better to consider the rela-

straightforward to determine the hottest subchannel (or subchannels) associ-
ated with each rod, because of the unique distribution of the thimbles.

1. Schreiber, R. E., et al., "Performance of Zircaloy-Clad Fuel Rods During a
Simulated Loss-of-Coolant Accident -- Multirod Burst Tests,® WCAP-7495-L,
April 1970.
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The above arguments were used to determine the possible bulge directions in
the 21-rod bundle, as indicated by dots in the island A of figure 3-3. The
bulge directions of some rods were determined uniquely; others had several
possible locations. Bulge directions of the rods with multiple choices could
be chosen from the possible locations so that the four center subchannels had
high blockages. The locations of the peripheral rods with multiple choices
could be chosen arbitrarily from the possible locations. The resulting bulge
directions are shown in the island B of figure 3-3.

1. L. E. Hochreiter, et al., "PWR FLECHT SEASET 161-Rod Bundle Flow Blockage
Task: Task Plan Report," NRC/EPRI/Westinghouse-6, September 1980.
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SECTION 4
SYSTEM DESCRIPTION

4-1. INTRODUCTION

The FLECHT SEASET 163-rod bundle test facility was designed and built specif-
fcally for conducting flow blockage tests following the 21-rod bundle flow
blockage test program.(]) A new test facility was required since the facil-
tty previously utilized for the 161-rod unblocked bundle tests(z) was being
utilized to perform natural circulation systems effect tests. A schematic
diagram of the facility is shown in figure 4-1.

The 163-rod blocked bundle test facility, like the 21-rod and 161-rod un-
blocked bundle test facilities, was designed with the following major
components:

o0 A heater rod bundle

o A low mass housing coupled directly to an upper plenum and a
lower plenum

o A coolant injection system and a steam heating system
o A phase separation and 1iquid collection system

o A downcomer and crossover leg

A1l the above components were thoroughly instrumented to measure flow block-

age effects within the bundle and respective boundary conditions at the bundle
inlet and outlet.

The volumes of the upper and lower plenums, downcomer, crossover leg, and
steam separator tanks were essentially the same as in the 161-rod unblocked

1. Loftus, M. J., et al., “PWR FLECHT SEASET 21-Rod Bundle Flow Blockage
Task: Data and Analysis Report,® NRC/EPRI/Westinghouse-11, September 1982.

2. Loftus, M. J., et al., "PWR FLECHT SEASET Unblocked Bundle, Forced and
Gravity Reflood Task: Data Report,* NRC/EPRI/Westinghouse-7, June 1980.
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bundle facility. The carryover tank volume was increased to accommodate addi-
tional water capacity.

Both forced flooding and gravity reflood tests were performed in the 163-rod
blocked bundle test facility similar to those performed in the 21-rod bundle
test facility.

4-2. FORCED REFLOOD TESTS

The forced reflood tests were performed to measure the two-phase flow heat
transfer effects of the flow blockage and flow bypass during forced flow in-
jection. These tests utilized all the major facility components, with the
exception of the downcomer and the crossover leg.

During forced reflood test operation, coolant flow from the 1.52 m3 (400 gal)
capacity water supply accumulators entered the test section housing through a
series of hand valves, pneumatically operated control valves, and solenoid
valves. Coolant flow was measured by a turbine meter located in the injection
Tine. Orifice plate flowmeters were used for redundant flow measurement.

Test section pressure was established initially by a steam botler connected to
the upper plenum of the test section. During the reflood test run, the boiler
was i1solated from the system and pressure was maintained by a pneumatically
operated control valve located in the exhaust 1ine. Liquid effluent leaving
the test section was separated in the upper plenum and collected in a close-
coupled carryover tank. An entrainment separator located in the exhaust line
was used to separate any remaining entrained 1iquid in the vapor. Dry steam
flow leaving the separator was measured by an orifice plate flowmeter before
it was exhausted to the atmosphere. A more detatled explanation of forced
reflood facility operation is presented in paragraph 4-26.

4-3.  GRAVITY REFLOOD TESTS
The gravity reflood tests were performed to measure the two-phase flow heat

transfer effects of the flow blockage and flow bypass during the PWR-simulated
gravity flow injection. The PWR accumulator injection flow tnto the downcomer

0040Xx:17081283 4-2
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was simulated for the first 15 seconds and the safety injection pump flow was
simulated thereafter.

A downcomer and crossover leg were connected to the test section lower plenum.
Coolant was then injected into the test section through the downcomer. An
orifice plate (beta ratio of 0.522) was installed in the exhaust line imme-
diately upstream of the separator for these tests to simulate the PWR hot leg
flow resistance of approximately 32.5. A vent path was also established be-
tween the top of the downcomer and the entrainment separator to prevent over-

pressurization in the downcomer. Facility operation was essentially the same
as that in forced reflood tests.

Since neither the steam generators nor the upper plenum 1iquid fallback are
simulated, the bundle and downcomer response is expected to be similar to but
not exactly the same as that in a systems effect test.

4-4.  FACILITY COMPONENT DESCRIPTION

The various components of the 163-rod blocked bundle test facility are des-
cribed in paragraphs 4-5 through 4-13. Detailed drawings of the various
components are shown in appendix C. The data acquisition systems and instru-
mentation are described in paragraphs 4-14 through 4-26.

4-5. Heater Rod Bundle

As shown by the cross-section in figure 4-2, the bundle was composed of 163
heater rods (101 uninstrumented and 62 instrumented), 14 thimbles (13 in-
strumented), 8 solid triangular filler rods (figure C-1), 8 FLECHT-type grids
(figure C-2), and 40 blockage sleeves.

The heater rod design was essentially identical to the design successfully
used for configurations E and F in the 21-rod bundle test program. Details of
the heater rod design are shown in figure C-3. A minor change was incorpor-
ated by chamfering the rod sheath at the ends to facilitate installing the
0-ring seals over the rods. The thermophysical properties of the heater rod
matertals are listed in table 4-1.
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THERMOPHYSICAL

TABLE 4-1

PROPERTIES OF HEATER ROD MATERIALS

Material

Density
{kg/m3 (1bm/ft3)]

Specific Heat
{d/kg-°C (Btu/1bm-°F)]

Thermal
Conductivity
[W/m-°C (Btu/hr-ft-°f)]

Kanthal

B8oron
nitride

Stainless

2898.70
(180.96)

2212.15
{138.1)

8025.25
(501.0)

456.36 +0.45674 T
for T < 649°C

(0.109 + 0.000059 T
for T < 1200°F)

4161.68 - 3.843 T
for 649°C < T < 871°C

(0.994 - 0.00051 T
for 1200°F < T < 1600°F)

664.86 + 0.0904 T
for T > 871°C

(0.1588 + 0.000012 T
for T > 1600°F)

2017.74 - 1396.26 ¢-0.00245
[0.48193-0.33492 ¢0-0013611 7

443.8 + 0.2888 T
for T < 315°C

(0.106 + 3.833 x 10-5 T
for T < 599.25°F)

484.4 + 0.1668 T
for T > 315°C

(0.1157 + 2.2143 x 10-5 T
for T > 599.25°F)

16.784 + 0.0134 T
(9.7 + 0.0043 T)

25.5711 - 0.00276 1
(14.7778 - 0.0008889 T)

14.535 + 0.01308 T
(8.4 + 0.0042 T)

4-17




A major improvement over the 161-rod unblocked bundle heater rod design was
the incorporation of larger diameter [1.0 mm (0.040 in.)] thermocouples. This
helped to minimize the possibility of thermocouple damage due to handling and
thus minimized thermocouple failures during testing. To accommodate this
change, the heater element coil diameter and wire diameter were decreased so
that heater element electrical isolation could be maintained.

As in the 21-rod bundle test program, all heater rods were annealed after
manufacture at low temperatures [450°C (B842°F) for 60 hours] to remove the
residual stresses. The annealing process was believed to reduce premature
thermocouple failure by counteracting grain structure embrittlement caused by
cold working of the thermocouples during the manufacturing process.(]) An
infrared scan of each heater rod was also performed by Oak Ridge National
Laboratory (ORNL) to check heater coil integrity and density of boron nitride
insulation. These two procedures were incorporated into the 163-rod blocked
bundle test program, as in the 21-rod bundle test program, to eliminate the
heater rod failures and thermocouple failures which had occurred in the 161-
rod unblocked bundle tests. An additional problem concerning the low isola-
tion resistance in the rod thermocouples was discovered and resolved during
heater rod inspection for the 163-rod bundle, as described in appendix D.
These procedures were successful; heater rod thermocouple fallures were
minimal (approximately 3.5 percent) during the test program.

Although one heater rod was found to be defective after bundle installation,
the cause of the defect is not believed to have been related to anything de-
tectable by ORNL infrared scan. The rod in question was an uninstrumented
dual-diameter heater rod located next to a filler rod at the outer periphery
of the bundle (location A-10 in figure 4-2). The rod exhibited low 1solation
resistance, which was most 1ikely due to moisture penetration at one end where
the seal plug was found to be defective. The rod was disconnected for all
matrix tests to preclude the possibility of a catastrophic failure which might
damage other nearby rods or the housing pressure boundary. Since the rod was

1. McCulloch, R. W., et al., Proceedings of the International Symposium on
Fuel Rod Simulators - Development and Application, Gatlinburg, TN, October
1980, pp 435-439.
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located at the periphery of the bundle, the effect of disconnecting the rod
was negligible.

The eight triangular filler rods in the bundle were split and pin-connected to
each other midway between grids to accommodate thermal growth, and welded to
the grids to maintain the proper grid location. The filler rods reduced the
amount of excess flow area in the housing and also supported test bundle in-
strumentation leads. The excess flow area was approximately 4.7 percent with
the fillers (9.3 percent without the fillers). Bundle assembly and filler rod
details are shown in figures C-4 and C-1.

The grid design used in the 163-rod blocked bundle was similar to that util-
ized in the 161-rod unblocked bundle. In the 163-rod bundle, the grid straps
were lengthened slightly and notched (figure C-2, section A-A) to accommodate
routing of unshielded and self-aspirating steam probe thermocouple leads. The
grid design and filler rod design are shown in a photograph of the bundle
during assembly (figure 4-3).

The 12.0 mm (0.474 in.) diameter thimbles and steam probes (figures C-5
through C-9) were modified somewhat from the 161-rod unblocked bundle design.
The wall thickness was increased from 0.56 mm (0.022 in.) to 0.76 mm (0.030
in.) to provide a thicker wall to which to weld the thermocouples. A split
collar was incorporated to simplify retention of the thimbles in the upper
seal plate. The thimble tube aspirating steam probe which aspirates through
the bottom of the bundle was redesigned to prevent thermocouple wetting (ap-
pendix E). Increased flexibility was provided in the thimble design such that
a single thimble was capable of containing both an aspirating steam probe and
several wall thermocouples (figures C-5 and C-6).

4-6. Flow Blockage Sleeves
The long nonconcentric blockage sleeve was selected for use in the 163-rod

blocked bundle, based on the results of the 21-rod blocked bundle test
program.(]) This sleeve was projected to provide the poorest heat transfer

1. Loftus, M. J., et al., "PWR FLECHT SEASET 21-Rod Bundle Flow Blockage Task
Data and Analysis Report," NRC/EPRI/Westinghouse-11, September 1982.
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Figure 4-3. Grid and Filler Rod in Bundle Assembly




in the large blocked bundle (appendix A). The strain for the blockage sleeve
utilized in the 163-rod bundle test, as shown in figure C-10, was 44 percent.
The sleeves were manufactured by hydroforming (hydraulic expansion) 0.76 mm
(0.030 in.) thick tubing into a mold. As with the heater rods, the blockage
sleeves were annealed after hydroforming to remove residual stresses which
might cause them to warp under thermal cycling.

Sleeves were attached to the rods by applying a weld bead to the heater rod
sheath through a hole predrilled in the sleeve wall at the downstream end.
The weld bead was high enough so that the sleeve could not siide over it.
Figure 4-4 shows the blockage sleeves attached to the heater rods.

4-7. Test Section

The lTow mass housing, together with the lower and upper plenum, constituted
the test section (figure C-11). The low mass housing (figure C-12) was a
cylindrical vessel with a nominal inside diameter of 0.1937 m (7.625 in.) and
a 51 mm (0.20 in.) wall, constructed of 304 stainless steel rated for 0.41
MPa (60 psi) at 815°C (1500°F). The wall thickness was the minimum allowed by
the ASME pressure vessel code so that the housing would absorb, and hence
release, the minimum amount of heat compared with the rod bundle. The inside
diameter of the housing was made as close to the rod bundle outer dimensions
as possible to minimize excess flow area. The excess flow area was further
reduced by the solid triangular fillers. Volumetric checks were performed on
the test section with the rod bundle in place to determine the flow area, as
shown in table 4-2. The housing had two commercially manufactured sight
glasses located 180 degrees apart at the 0.91, 1.83, and 2.74 m (36, 72, and
108 in.) elevations for viewing and photographic studies. The sight glass
configuration allowed backlighting for photographic studies. The sight
glasses were fitted with clamp-on heaters to raise the quartz temperature to
approximately 260°C (500°F); this prevented formation of a iiquid fiim on the
windows during a test run.

To help eliminate thermal buckling and distortion, the test section was sup-
ported from the upper plenum to permit the housing to freely expand downward

0040X:1/081283 4-11



Figure 4-4. Blockage Sleeves Attached to Heater Rod




TABLE 4-2

163-ROD BUNDLE FLOW AREA

Nominal Actual Volume
Elevation Elevation Collected }_ow Arga
[m (in.)] [m (in.)] (m1) (in.%)]
0-0 30 (0-12) 0.038 (1.5) 4480 0.01534 (23.77)
0.30-0.61 (12-24) 0.599 (23.6) 5000 0.01627 (25.21)
0.61-0.91 (24-36) 0.904 (35.6) 5050 0.01657 (25.68)
0.91-1.22 (36-48) 1.21 (47.6) 4922 0.01615 (25.03)
1.22-1.52 (48-60) 1.52 (59.7) 4933 0.01605 (24.88)
1.52-1.83 (60-72) 1.82 (71:6) 4835 0.01599 (24.79)
1.83-2.13 (72-84) 2.12 (83.6) 4650 0.01525 (23.64)
2.13-2.44 (84-96) 2.43 (95.6) 4927 0.01616 (25.05)
2.44-2.74 (96-108) 2.733 (107.6) 4860 0.01594 (24.71)
2.74-3.05 (108-120) 3.035 (119.5) 4855 0.01606 (24.89)
3.05-3.35 (120-132) 3.343 (131.6) 4690 0.01526 (23.65)
3.35-3.57 (132-140.4) 3.564 (140.3) 3456 0.01564 (24.24)
AVERAGE 0.01588 (24.62)
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as it heated up. A lateral support structure (figure C-13) was installed to
restrict housing bowing.

The stainless steel upper plenum (figure C-14) provided the initial phase
separation for the two-phase flow exiting the heater rod bundle, as shown in
figure 4-5. The flow expansion from the bundle flow area of approximately
0.0159 m2 (24.6 1n.2) to the upper plenum cross-sectional area of 0.274

m2 (424 1n.2) decelerated the two-phase flow such that the water droplets
could no longer be suspended. The water was collected at the bottom of the
upper plenum and prevented from flowing back into the bundle by the upper
plenum housing extension (figure C-11). A flow hole in the bottom of the
upper plenum allowed water to drain into the carryover tank. The two-phase
flow was further separated by means of the upper plenum baffle.

Flow was injected into the stainless steel lower plenum (figure C-15) and
entered the housing through the lower plenum housing extension (figure C-11),
which contained 162 9.7 mm (0.38 in.) diameter holes to provide a uniform flow
distribution into the rod bundle.

4-8. Carryover Vessel

The function of the carryover vessel was to collect 1iquid which flowed out of
the bundle and was deentrained in the upper plenum. The vessel was fabricated
from 0.15 m (6 in.) diameter carbon steel pipe and fittings (figure C-16). Its
capacity was increased by 22 percent over that of the unblocked facility ves-
sel, which was undersized, to accommodate additional water carryover volume.

4-9, Entrainment Separator

The entrainment (steam) separator was designed to remove any remaining ugter
droplets in the two-phase flow exiting the upper plenum so that a meaningful
single-phase flow measurement could be obtained by an orifice plate flowmeter
located downstream of the separator. The separator was the same vessel util-
fzed in the 161-rod unblocked bundle test program (figure C-17). It was fab-
ricated from 0.30 m (12 in.) diameter standard weight carbon steel pipe with a
volume of 0.22 m° (7.8 ft3). The separator utilized centrifugal action to
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force the heavier moisture against the wall. The water was collected in a
drain tank connected to the bottom of the separator. The drain tank was fab-
ricated from 0.76 m (3 in.) diameter standard weight pipe with a volume of
approximately 0.01 m° (0.36 Ft°).

4-10. Exhaust Line

Test section effluent discharged to the atmosphere through the exhaust 1ine
piping. A 0.13 m (5 in.) diameter flanged nozzle penetration on the upper
plenum provided the attachment point for the exhaust 1ine piping. Sandwiched
between the two mating flanges was a 13 mm (0.5 in.) thick plate which served
as a structural attachment for an internal 0.76 m (3 in.) diameter baffle pipe
assembly (figure 4-5). The baffle served to improve 1iquid carryout separa-
tion and minimize 1iquid entrainment into the exhaust vapor. After passing
through the upper plenum baffle pipe, the vapor and remaining water droplets
were separated in the entrainment separator and the exhaust vapor flowed
through a 0.10 m (4 in.) diameter flanged orifice section before exhausting to
the atmosphere through an air-operated backpressure control valve. Piping
upstream of the orifice section was heated with clamp-on strip heaters to
assure single-phase steam flow measurement at the orifice plate. Steam probes

were located in the exhaust line immediately upstream and downstream of the
entrainment separator.

Although the exhaust 1ine components were similar to those used in the 161-rod
unblocked bundle facility, the piping size and arrangement was changed to en-
sure adequate flow capacity and avoid restraints imposed by the new facility
location. Exhaust piping details are shown in figure C-18.

4-11. Coolant Injection System

The coolant injection system provided reflood water to quench the heater rod

bundle. In brief, coolant injection water was supplied by two 0.757 m3

(200 gal) water supply vessels through a series of flowmeters and valves.

Nitrogen overpressure on the water supply tanks provided the necessary driving

head to attain the required injection rates. A recirculation pump and immer-

sion heater vessel were used to bring the water and injection piping to the .
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uniform specified temperature prior to testing. The two water supply tanks
and an immersion heater vessel were existing components; piping from these
components was modified to suit facility requirements.

Constant or stepped injection flow was accompiished by the proper sequencing
of solenoid valves, which were located in a piping manifold arrangement. Flow
to the test section was controlled by means of an air-operated valve, pro-
grammed through a demand signal from the computer with feedback supplied by
the turbine flowmeter. Two turbine meters were used for flow measurement, one
whose range was 3.8 X 10 to 3.8 X 10”> m3/sec (0.6 to 60 gal/min) for

forced flooding tests, and one whose range was 9.5 X 1072 to0 9.5 X 1073

m>/sec (1.5 to 150 gal/min) for gravity reflood tests. A 1.27 X 1072

m3/sec (200 gal/min) bidirectional turbo-probe was installed in the down-
comer crossover leg for gravity reflood tests to measure flow into the test
section; however, the meter was found to be defective and could not be re-
paired prior to testing. Instead, flow into the test section was determined
from a mass inventory in the downcomer and the known flooding rate into the

downcomer .
4-12. Downcomer and Crossover Leg

The downcomer and crossover leg were connected to the test section lower plen-
um for gravity reflood tests. The downcomer and crossover leg were fabricated
from 0.13 m (5 in.) diameter stainless steel pipe with a 90-degree-long radius
elbow, a specially designed spool piece for insertion of the turbo-probe flow-
meter, and a flexible stainless steel expansion joint. The expansion joint
connected the crossover leg to the lower plenum and allowed for thermal growth
of the test section relative to the downcomer. The horizontal crossover leg
was 2.29 m (90 in.) long and the vertical downcomer was approximately 6.10 m
(240 in.). A 0.38 m (1.5 in.) diameter nozzle located in the elbow of the
downcomer was used to inject the coolant water from the water supply system.
The downcomer and crossover leg piping are shown in figure C-19.
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4-13. Facility Heating Boiler

The boiler was a Reimers Electric steam boiler with a steam capacity of ap- ‘
proximately 1.51 X 10'3 kg/sec (125 1b/hr) at 100°C (212°F). The boller was
used to pressurize the facility and pretest facility heatup. This was accomp-

1ished by valving the boiler into the upper plenum of the test section.

A solenoid valve was used to isolate the boiler from the test facility at
Initiation of testing, at which time the steam generated in the test section
in combination with the control valve in the exhaust 1ine was sufficient to
maintain facility pressure. The same boiler was used for the 21-rod bundle
test program.

4-14.  DATA ACQUISITION AND PROCESSING SYSTEM

Three types of systems monitored the instrumentation and recorded data on the
FLECHT SEASET 163-rod blocked bundle test faciiity: a Computer Data Acqui-
sition System (CDAS), the Fluke Data Logger, and five Texas Instruments strip-
chart pen recorders.

4-15. Computer Data Acquisition System

The CDAS, the primary data collecting system used on the FLECHT SEASET facil-
ity, consisted of an SEL 32/77 minicomputer and A/D front end converters. The
system could monitor, control, and record 576 channels of analog input data
representing bundle and system temperatures, bundle powers, flows, and abso-
lute and differential pressures.

The important control function included initiation and control of reflood flow
and bundle power by means of D/A converter and computer contact closure out-
puts, termination of bundle power in the event of a heater rod overtemperature
or bundle overpower condition, and termination of test when all thermocouples
had reached a designated termination temperature.

Typically, each data channel was recorded once every second until flood, then
once every half-second for 200 seconds, and then back to once every second
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thereafter to a maximum of 2300 seconds. The computer was capable of storing
approximately 2500 data scans for each of the 576 analog input channels.

The computer software had the following features:

o A calibration file to convert raw data into engineering units

o Local as well as remote (at the test 1oop) CRT console display
capabilities which provided critical loop parameters during
testing, such as hottest rod temperature, test section level,
flooding rate, and bundle power

o A preliminary data reduction program (DASTP.P) which trans-
ferred the raw data stored on disk to a magnetic tape, in a
format compatible for entry into the Control Data Corporation
1600 computer

o Posttest data reduction for analyzing and determining imme-
diately whether a test performed according to specifications.
Among these programs were a system mass balance program
(MASBAL.B), a data validation program (DATVAL.B) which provided
statistical information on key data channels, and a print/plot
program (PRTPLT.P) which could either print or plot any desired
data channel in engineering units.

Figure 4-6 shows the hardware interfaces of the CDAS.
4-16. Fluke Data Logger

The Fluke data logger had 60 channels of analog input used for monitoring loop
heatup and to aid in equipment troubleshooting. The unit served primartly as
backup to the computer and meters on the operator instrument and control con-
sole. The Fluke was utilized infrequently during the 163-rod blocked bundle
test program.

4-17. Multiple-Pen Stripchart Recorders

Five Texas Instruments stripchart recorders were used to record bundle power;
selected bundle steam probe and heater rod thermocouple readings; reflood tur-
bine meter flows; accumulator, separator drain tank, housing, and carryover
tank levels; and exhaust orifice and differential pressures. These recorders
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gave the loop operators and test directors immediate information on test prog-
ress and warning in the event of system anomalies. A single recorder indica-
ting selected bundle aspirating steam probe temperatures was utilized during
testing to indicate when thermocouples quenched, so that vent 1ines to ambient
tould be closed. The stripchart recorders were also utilized during facility
heatup when the computer was not available.

4-18.  INSTRUMENTATION

The instrumentation on the 163-rod blocked bundle facility was designed to
measure temperature, power, flow, fluid level, and pressure. The temperature
data were measured by type K, Chromel-Alumel, ungrounded thermocouples using
66°C (150°F) reference junctions.

Power input to the bundle heater rods was measured by Hall-effect watt trans-
ducers, which produced a direct current electrical output proportional to
power input. The voltage and current input to the watt transducers was scaled
down by transformers so that the range of the watt transducers matched the
bundle power. The scaling factor of the transformers was accounted for when
the raw data {mi11ivoits) were converted to engineering units.

Reflood injection flow was measured by turbine meters. The turbine meter was
connected to a preamplifier and flow rate monitor for conversion of turbine
blade pulses into flow rate in engineering units. Calibration of the turbine
meter by the manufacturer provided for data converston to volumetric flows for
the turbine meter analog signal.

System static and differential pressures were measured with Rosemount model
1151 pressure transmitters. The differential pressure transmitters measured
water level iIn the vessels, bundle pressure drops, and pressure drops across
orifice sections and other system components.

Standard thermocouple calibration table entries and the corresponding coef-

ficlents were used to compute the temperature values. A1l other channel cali-
bration files were straight-1ine interpolations of calibration data. The
slope, intercept, and zero for the least-squares fit of a straight 1ine to the

0040X%:1/081283 4-21



equipment calibration data were computed for each channel and entered into its
calibration file. The CDAS software used this straight-line formula to con-
vert millivolts to engineering units.

4-19. Loop Instrumentation

Figure 4-7 shows schematically the forced and gravity reflood test loop in-
strumentation arrangement. Forty-seven computer channels were assigned to the
collection of temperature, flow, and pressure data throughout the loop, exclu-
sive of the instrumentation found in the upper and lower plenums and bundle.

The loop instrumentation, as listed in table 4-3 starting at channel 503,
included 11 fluid and vapor thermocouples, 19 wall thermocouples, 3 turbine
meters, 11 differential pressure cells, and 3 absolute pressure cells.

The 11 fluid thermocouples were placed in the water supply systems (channels
534 and 535), the injection 1ine (channel 536), the exhaust 1ine (channel
533), the carryover tank {channel 522), the steam separator (channel 526), the
steam separator drain tank (channel 524), and in gravity reflood tests, the
downcomer (channel 538) and the crossover leg (channel 537). The fluid
thermocouples were utilized to measure the temperature of either stored or
injected flow. Two thermocouples (channels 528 and 530) were utilized in
aspirating steam probes placed in the elbows of the exhaust 1ine on either
side of the steam separator. These steam probes were designed to measure
vapor nonequilibrium in the test section exit and the desuperheating effect of
the steam separator. This steam probe was similar to that used in the 21-rod
bundle test series.

The 19 wall thermocouples monitored by the computer were placed on the carry-

over tank (channel 523), steam separator (channel 527), steam separator drain

tank (channel 525), exhaust line (channels 529, 531, and 532), and housing,

and in gravity reflood tests, the crossover leg (channel 539). This instru-
mentation was utilized to control the heatup period such that initial compo-

nent wall temperatures were at saturation and to estimate the heat release

from the fluid to the loop components during the test. Nine housing wall
thermocouples (channels 503-511) and three housing insulation thermocouples '
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BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE

BUNDLE INSTRUMENTATION LOCATIONS AND COMPUTER CHANNELS

HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER

ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD

TABLE 4-3 (cont)

4-26

TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE

HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C

"HR-T/C

HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C

67.00
69.00
69.00
69.00
69.00
69.00
69.00
69.00
70.00
70.00
70.00
70.00
70.00
71.00
71.00
71.00
71.00
72.00
72.00
72.00
72.00
72.00
72.00
72.00
72.00
72.00
72.00
72.00
72.00
72.00
72.00
72.00
72.00
73.00
73.00
73.00
73.00
73.00
73.00
73.00
73.00
73.00
73.00
73.00
73.00
73.00
73.00
74.00

11K
6]
9F
9H
12F
53
113
13H
3K
6L
7G
11C
136G
7F
107
4G
11C
™
21
3H
3]
5D
5H
51
5M
6J
6L
9D
9K
9M
101
11E
12L
5L
7B
7D
8K
8N
11F
3K
4]
7K
9D
12D
4G
11C
113
™



TABLE 4-3 (cont)
BUNDLE INSTRUMENTATION LOCATIONS AND COMPUTER CHANNELS

97 BUNDLE HEATER ROD TEMPERATURE HR-T/C 74.00 8H
98 BUNDLE HEATER ROD TEMPERATURE HR-T/C 74.00 337
99 BUNDLE HEATER ROD TEMPERATURE HR-T/C 74.00 5H
100 BUNDLE HEATER ROD TEMPERATURE HR-T/C 74.00 53
101 BUNDLE HEATER ROD TEMPERATURE HR-T/C 74.00 5M
102 BUNDLE HEATER ROD TEMPERATURE HR-T/C 74.00 6G
103 BUNDLE HEATER ROD TEMPERATURE HR-T/C 74.00 6L
104 BUNDLE HEATER ROD TEMPERATURE HR-T/C 74.00 9D
105 BUNDLE HEATER ROD TEMPERATURE HR-T/C 74.00 O9E
106 BUNDLE HEATER ROD TEMPERATURE HR-T/C 74.00 93J
107 BUNDLE HEATER ROD TEMPERATURE HR-T/C 74.00 1l1E
108 BUNDLE HEATER ROD TEMPERATURE HR-T/C 74.00 136G
109 BUNDLE HEATER ROD TEMPERATURE HR-T/C 74.00 13H
110 BUNDLE HEATER ROD TEMPERATURE HR-T/C 74.00 4G
111 BUNDLE HEATER ROD TEMPERATURE HR-T/C 75.00 8H
112 BUNDLE HEATER ROD TEMPERATURE HR-T/C 75.00 9cC
113 BUNDLE HEATER ROD TEMPERATURE HR-T/C 75.00 1l1F
114 BUNDLE HEATER ROD TEMPERATURE HR-T/C 75.00 12D
115 BUNDLE HEATER ROD TEMPERATURE HR-T/C 75.00 3K
116 BUNDLE HEATER ROD TEMPERATURE HR-T/C 75.00 43
117 BUNDLE HEATER ROD TEMPERATURE HR-T/C 75.00 6E
118 BUNDLE HEATER ROD TEMPERATURE HR-T/C 75.00 6H
119 BUNDLE HEATER ROD TEMPERATURE HR-T/C 75.00 7K
120 BUNDLE HEATER ROD TEMPERATURE HR-T/C 75.00 83
121 BUNDLE HEATER ROD TEMPERATURE HR-T/C 75.00 9D
122 BUNDLE HEATER ROD TEMPERATURE HR-T/C 75.00 9L
123 BUNDLE HEATER ROD TEMPERATURE HR-T/C 75.00 9
124 BUNDLE HEATER ROD TEMPERATURE HR-T/C 75.00 4G
125 BUNDLE HEATER ROD TEMPERATURE HR-T/C 75.00 5M
126 BUNDLE HEATER ROD TEMPERATURE HR-T/C 75.00 6D
127 BUNDLE HEATER ROD TEMPERATURE HR-T/C 75.00 11C
128 BUNDLE HEATER ROD TEMPERATURE HR-T/C 75.00 113
129 BUNDLE HEATER ROD TEMPERATURE HR-T/C 75.00 12L
130 BUNDLE HEATER ROD TEMPERATURE HR-T/C 60.00 51
131 BUNDLE HEATER ROD TEMPERATURE HR-T/C 76.00 6G
132 BUNDLE HEATER ROD TEMPERATURE HR-T/C 76.00 8N
133 BUNDLE HEATER ROD TEMPERATURE HR-T/C 76.00 101
134 BUNDLE HEATER ROD TEMPERATURE HR-T/C 76.00 11H
135 BUNDLE HEATER ROD TEMPERATURE HR-T/C 76.00 12D
136 BUNDLE HEATER ROD TEMPERATURE HR-T/C 76.00 2I
137 BUNDLE HEATER ROD TEMPERATURE HR-T/C 76.00 3H
138 BUNDLE HEATER ROD TEMPERATURE HR-T/C 76.00 5D
139 BUNDLE HEATER ROD TEMPERATURE HR-T/C 76.00 51
140 BUNDLE HEATER ROD TEMPERATURE HR-T/C 76.00 53
141 BUNDLE HEATER ROD TEMPERATURE HR-T/C 76.00 6J
142 BUNDLE HEATER ROD TEMPERATURE HR-T/C 76.00 83J
143 BUNDLE HEATER ROD TEMPERATURE HR-T/C 76.00 9D
144 BUNDLE HEATER ROD TEMPERATURE HR-T/C 76.00 11E
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145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192

BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE

BUNDLE INSTRUMENTATION LOCATIONS AND COMPUTER CHANNELS

HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER

ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD

TABLE 4-3 (cont)

4-28

TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE

HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR~-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C

76.00
77.00
77.00
77.00
77.00
77.00
77.00
77.00
77.00
77.00
77.00
77.00
48.00
77.00
77.00
77.00
77.00
77.00
77.00
77.00
77.00
77.00
77.00
77.00
77.00
77.00
78.00
78.00
78.00
78.00
78.00
78.00
78.00
78.00
78.00
78.00
78.00
78.00
78.00
78.00
78.00
78.00
78.00
78.00
78.00
78.00
78.00
78.00

136G
6L
7D
8E
8H
9C
9K
11G
121
3]
5D
5H
8E
6G
6H
7H
8D
8J
9D
9E
9J
9M
4G
6D
11C
113
™
9H
11F
81
8N
9F
9K
10H
11iH
121
21
3H
3K
5D
5E
5F
6J
6L
7E
7H
7K
83



TABLE 4-3 (cont)
BUNDLE INSTRUMENTATION LOCATIONS AND COMPUTER CHANNELS

193 BUNDLE HEATER ROD TEMPERATURE HR-T/C 78.00 9D
194 BUNDLE HEATER ROD TEMPERATURE HR-T/C 78.00 O9E
195 BUNDLE HEATER ROD TEMPERATURE HR-T/C 78.00 9J
196 BUNDLE HEATER ROD TEMPERATURE HR-T/C 78.00 9L
197 BUNDLE HEATER ROD TEMPERATURE HR-T/C 78.00 11K
198 BUNDLE HEATER ROD TEMPERATURE HR-T/C 78.00 12L
199 BUNDLE HEATER ROD TEMPERATURE HR-T/C 78.00 13G
200 BUNDLE HEATER ROD TEMPERATURE HR-T/C 78.00 113
201 BUNDLE HEATER ROD TEMPERATURE HR-T/C 79.00 5L
202 BUNDLE HEATER ROD TEMPERATURE HR-T/C 79.00 6G
203 BUNDLE HEATER ROD TEMPERATURE HR-T/C 79.00 7D
204 BUNDLE HEATER ROD TEMPERATURE HR-T/C 79.00 8E
205 BUNDLE HEATER ROD TEMPERATURE HR-T/C 79.00 8G
206 BUNDLE HEATER ROD TEMPERATURE HR-T/C 79.00 8K
207 BUNDLE HEATER ROD TEMPERATURE HR-T/C 79.00 9¢C
208 BUNDLE HEATER ROD TEMPERATURE HR-T/C 79.00 O9F
209 BUNDLE HEATER ROD TEMPERATURE HR-T/C 79.00 96
210 BUNDLE HEATER ROD TEMPERATURE HR-T/C 79.00 OK
211 BUNDLE HEATER ROD TEMPERATURE HR-T/C 79.00 10H
212 BUNDLE HEATER ROD TEMPERATURE HR-T/C 79.00 116G
213 BUNDLE HEATER ROD TEMPERATURE HR-T/C 79.00 11lH
214 BUNDLE HEATER ROD TEMPERATURE HR-T/C 79.00 12D
215 BUNDLE HEATER ROD TEMPERATURE HR-T/C 79.00 12F
216 BUNDLE HEATER ROD TEMPERATURE HR-T/C 79.00 121
217 BUNDLE HEATER ROD TEMPERATURE HR-T/C 79.00 5F
218 BUNDLE HEATER ROD TEMPERATURE HR-T/C 79.00 6E
219 BUNDLE HEATER ROD TEMPERATURE HR-T/C 79.00 9L
220 BUNDLE HEATER ROD TEMPERATURE HR-T/C 79.00 111
221 BUNDLE HEATER ROD TEMPERATURE HR-T/C 79.00 13H
222 BUNDLE HEATER ROD TEMPERATURE HR-T/C 79.00 6D
223 BUNDLE HEATER ROD TEMPERATURE HR-T/C 79.00 11C
224 BUNDLE HEATER ROD TEMPERATURE HR~T/C 80.00 7M
225 BUNDLE HEATER ROD TEMPERATURE HR-T/C 80.00 9H
226 BUNDLE HEATER ROD TEMPERATURE HR-T/C 60.00 1l1E
227 BUNDLE HEATER ROD TEMPERATURE HR-T/C 80.00 7F
228 BUNDLE HEATER ROD TEMPERATURE HR-T/C 80.00 9F
229 BUNDLE HEATER ROD TEMPERATURE HR-T/C 80.00 10J
230 BUNDLE HEATER ROD TEMPERATURE HR-T/C 80.00 21I
231 BUNDLE HEATER ROD TEMPERATURE HR-T/C 80.00 3H
232 BUNDLE HEATER ROD TEMPERATURE HR-T/C 80.00 33
233 BUNDLE HEATER ROD TEMPERATURE HR-T/C 80.00 5F
234 BUNDLE HEATER ROD TEMPERATURE HR-T/C 80.00 5H
235 BUNDLE HEATER ROD TEMPERATURE HR-T/C 80.00 5M
236 BUNDLE HEATER ROD TEMPERATURE HR-T/C 80.00 6H
237 BUNDLE HEATER ROD TEMPERATURE HR-T/C 80.00 6J
238 BUNDLE HEATER ROD TEMPERATURE HR-T/C 80.00 7E
239 BUNDLE HEATER ROD TEMPERATURE HR-T/C 80.00 7G
240 BUNDLE HEATER ROD TEMPERATURE HR-T/C 80.00 8D
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241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288

BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE

HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER

ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD

TABLE 4-3 (cont)
BUNDLE INSTRUMENTATION LOCATIONS AND COMPUTER

4-30

TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE

CHANNELS

HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C

80.00
80.00
80.00
80.00
80.00
80.00
80.00
80.00
81.00
81.00
81.00
81.00
81.00
81.00
81.00
81.00
81.00
81.00
81.00
84.00
84.00
84.00
84.00
84.00
84.00
84.00
84.00
84.00
84.00
84.00
86.00
86.00
86.00
86.00
86.00
86.00
86.00
86.00
86.00
86.00
86.00
86.00
86.00
86.00
86.00
86.00
86.00
86.00

9D
9E
9]
9M
101
11K
121
13H
5E
5L
6L
7D
7F
8G
8N
103
116G
111
121
9H
4G
4]
5M
7E
7G
7K
oL
11E
121
136G
7D
8G
9C
10H
117
21
34
5E
5F
51
6D
6H
7F
7H
8N
9E
9F
9H



289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336

BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE
BUNDLE

BUNDLE INSTRUMENTATION LOCATIONS AND COMPUTER CHANNELS

HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER
HEATER

ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD
ROD

TABLE 4-3 (cont)

4-31

TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE

HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C
HR-T/C

86.00
86.00
86.00
86.00
86.00
86.00
86.00
86.00
90.00
90.00
90.00
90.00
90.00
90.00
90.00
90.00
90.00
90.00
90.00
90.00
90.00
90.00
20.00
90.00
90.00
90.00
90.00
90.00
90.00
90.00
90.00
90.00
90.00
90.00
90.00
90.00
90.00
90.00
90.00
90.00
90.00
90.00
90.00
96.00
96.00
96.00
96.00
96.00

9]
oM
101
103
11cC
116G
3H
3H
21
3K
3K
4G
4]
5F
51
6D
6E
6G
6H
6J
7D
7E
7F
7G
7K
8E
8G
8J
9C
9E
9G
9H
9]
9K
10H
103
11E
11F
116
11H
111
12D
121
3K
4G
5D
5F
51



TABLE 4-3 (cont)
BUNDLE INSTRUMENTATION LOCATIONS AND COMPUTER CHANNELS

337 BUNDLE HEATER ROD TEMPERATURE HR-T/C 96.00 5L
338 BUNDLE HEATER ROD TEMPERATURE HR-T/C 96.00 6D
339 BUNDLE HEATER ROD TEMPERATURE HR-T/C 96.00 6G
340 BUNDLE HEATER ROD TEMPERATURE HR-T/C 96.00 6L
341 BUNDLE HEATER ROD TEMPERATURE HR-T/C 96.00 7D
342 BUNDLE HEATER ROD TEMPERATURE HR-T/C 96.00 7E
343 BUNDLE HEATER ROD TEMPERATURE HR-T/C 96.00 7F
344 BUNDLE HEATER ROD TEMPERATURE HR-T/C 96.00 7G
345 BUNDLE HEATER ROD TEMPERATURE HR-T/C 96.00 7H
346 BUNDLE HEATER ROD TEMPERATURE HR-T/C 96.00 7K
347 BUNDLE HEATER ROD TEMPERATURE HR-T/C 96.00 7M
348 BUNDLE HEATER ROD TEMPERATURE HR-T/C 96.00 8D
349 BUNDLE HEATER ROD TEMPERATURE HR-T/C 96.00 8E
350 BUNDLE HEATER ROD TEMPERATURE HR-T/C 96.00 8N
351 BUNDLE HEATER ROD TEMPERATURE HR-T/C 96.00 9E
352 BUNDLE HEATER ROD TEMPERATURE HR-T/C 96.00 9H
353 BUNDLE HEATER ROD TEMPERATURE HR-T/C 96.00 9]
354 BUNDLE HEATER ROD TEMPERATURE HR-T/C 96.00 9K
355 BUNDLE HEATER ROD TEMPERATURE HR-T/C 96.00 9L
356 BUNDLE HEATER ROD TEMPERATURE HR-T/C 96.00 9M
357 BUNDLE HEATER ROD TEMPERATURE HR-T/C 96.00 10H
358 BUNDLE HEATER ROD TEMPERATURE HR-T/C 96.00 101
359 BUNDLE HEATER ROD TEMPERATURE HR-T/C 96.00 103
360 BUNDLE HEATER ROD TEMPERATURE HR-T/C 96.00 11C
361 BUNDLE HEATER ROD TEMPERATURE HR-T/C 96.00 11F
362 BUNDLE HEATER ROD TEMPERATURE HR-T/C 96.00 113J
363 BUNDLE HEATER ROD TEMPERATURE HR-T/C 96.00 12D
364 BUNDLE HEATER ROD TEMPERATURE HR-T/C 96.00 121
365 BUNDLE HEATER ROD TEMPERATURE HR-T/C 96.00 13G
366 BUNDLE HEATER ROD TEMPERATURE HR-T/C 102.00 53
367 BUNDLE HEATER ROD TEMPERATURE HR-T/C 102.00 6E
368 BUNDLE HEATER ROD TEMPERATURE HR-T/C 102.00 7B
369 BUNDLE HEATER ROD TEMPERATURE HR-T/C 102.00 7H
370 BUNDLE HEATER ROD TEMPERATURE HR-T/C 102.00 8D
371 BUNDLE HEATER ROD TEMPERATURE HR-T/C 102.00 8G
372 BUNDLE HEATER ROD TEMPERATURE HR-T/C 102.00 82
373 BUNDLE HEATER ROD TEMPERATURE HR-T/C 102.00 9L
374 BUNDLE HEATER ROD TEMPERATURE HR-T/C 102.00 11H
375 BUNDLE HEATER ROD TEMPERATURE HR-T/C 102.00 11K
376 BUNDLE HEATER ROD TEMPERATURE HR-T/C 102.00 12F
377 BUNDLE HEATER ROD TEMPERATURE HR-T/C 111.00 3J
378 BUNDLE HEATER ROD TEMPERATURE HR-T/C 111.00 432
379 BUNDLE HEATER ROD TEMPERATURE HR-T/C 111.00 5E
380 BUNDLE HEATER ROD TEMPERATURE HR-T/C 111.00 5F
381 BUNDLE HEATER ROD TEMPERATURE HR-T/C 111.00 5H
382 BUNDLE HEATER ROD TEMPERATURE HR-T/C 111.00 6G
383 BUNDLE HEATER ROD TEMPERATURE HR-T/C 111.00 7E
384 BUNDLE HEATER ROD TEMPERATURE HR-T/C 111.00 7F
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385 BUNDLE HEATER ROD TEMPERATURE HR-T/C 111.00 8D
386 BUNDLE HEATER ROD TEMPERATURE HR-T/C 111.00 8E
387 BUNDLE HEATER ROD TEMPERATURE HR-T/C 111.00 8H
388 BUNDLE HEATER ROD TEMPERATURE HR-T/C 111.00 8K
389 BUNDLE HEATER ROD TEMPERATURE HR-T/C 111.00 9C
390 BUNDLE HEATER ROD TEMPERATURE HR-T/C 111.00 9E
391 BUNDLE HEATER ROD TEMPERATURE HR-T/C 111.00 ©9F
392 BUNDLE HEATER ROD TEMPERATURE HR-T/C 111.00 96
393 BUNDLE HEATER ROD TEMPERATURE HR-T/C 111.00 93J
394 BUNDLE HEATER ROD TEMPERATURE HR-T/C 111.00 11F
395 BUNDLE HEATER ROD TEMPERATURE HR-T/C 111.00 111
396 BUNDLE HEATER ROD TEMPERATURE HR-T/C 111.00 11J
397 BUNDLE HEATER ROD TEMPERATURE HR-T/C 111.00 11K
398 BUNDLE HEATER ROD TEMPERATURE HR-T/C 111.00 121
399 BUNDLE HEATER ROD TEMPERATURE HR-T/C 111.00 136G
400 BUNDLE HEATER ROD TEMPERATURE HR-T/C 111.00 13H
401 BUNDLE HEATER ROD TEMPERATURE HR-T/C 120.00 3K
402 BUNDLE HEATER ROD TEMPERATURE HR-T/C 120.00 5D
403 BUNDLE HEATER ROD TEMPERATURE HR-T/C 120.00 51J
404 BUNDLE HEATER ROD TEMPERATURE HR-T/C 120.00 5L
405 BUNDLE HEATER ROD TEMPERATURE HR-T/C 120.00 5M
406 BUNDLE HEATER ROD TEMPERATURE HR-T/C 120.00 6D
407 BUNDLE HEATER ROD TEMPERATURE HR-T/C 120.00 6L
408 BUNDLE HEATER ROD TEMPERATURE HR-T/C 120.00 7B
409 BUNDLE HEATER ROD TEMPERATURE HR-T/C 120.00 7F
410 BUNDLE HEATER ROD TEMPERATURE HR-T/C 120.00 76
411 BUNDLE HEATER ROD TEMPERATURE HR-T/C 120.00 7H
412 BUNDLE HEATER ROD TEMPERATURE HR-T/C 120.00 8D
413 BUNDLE HEATER ROD TEMPERATURE HR-T/C 120.00 8E
414 BUNDLE HEATER ROD TEMPERATURE HR-T/C 120.00 8G
415 BUNDLE HEATER ROD TEMPERATURE HR-T/C 120.00 8H
416 BUNDLE HEATER ROD TEMPERATURE HR-T/C 120.00 8J
417 BUNDLE HEATER ROD TEMPERATURE HR-T/C 120.00 8K
418 BUNDLE HEATER ROD TEMPERATURE HR-T/C 120.00 8N
419 BUNDLE HEATER ROD TEMPERATURE HR-T/C 120.00 OF
420 BUNDLE HEATER ROD TEMPERATURE HR-T/C 120.00 9K
421 BUNDLE HEATER ROD TEMPERATURE HR-T/C 120.00 9M
422 BUNDLE HEATER ROD TEMPERATURE HR-T/C 120.00 10H
423 BUNDLE HEATER ROD TEMPERATURE HR-T/C 120.00 101
424 BUNDLE HEATER ROD TEMPERATURE HR-T/C 120.00 116G
425 BUNDLE HEATER ROD TEMPERATURE HR-T/C 120.00 11H
426 BUNDLE HEATER ROD TEMPERATURE HR-T/C 120.00 11K
427 BUNDLE HEATER ROD TEMPERATURE HR-T/C 120.00 12F
428 BUNDLE HEATER ROD TEMPERATURE HR-T/C 120.00 13H
429 BUNDLE HEATER ROD TEMPERATURE HR-T/C 132.00 6H
430 BUNDLE HEATER ROD TEMPERATURE HR-T/C 132.00 6J
431 BUNDLE HEATER ROD TEMPERATURE HR-T/C 132.00 9G
432 BUNDLE HEATER ROD TEMPERATURE HR-T/C 132.00 11E
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433 BUNDLE HEATER ROD TEMPERATURE HR-T/C 132.00 116G
434 BUNDLE HEATER ROD TEMPERATURE HR-T/C 132.00 111
435 BUNDLE HEATER ROD TEMPERATURE HR-T/C 132.00 11K
436 BUNDLE HEATER ROD TEMPERATURE HR-T/C 138.00 53J
437 BUNDLE HEATER ROD TEMPERATURE HR-T/C 138.00 7B
438 BUNDLE HEATER ROD TEMPERATURE HR-T/C 138.00 8J
439 BUNDLE HEATER ROD TEMPERATURE HR-T/C 138.00 9F
440 BUNDLE HEATER ROD TEMPERATURE HR-T/C 138.00 12F
441 BUNDLE ASPIRATING STEAM PROBE VAPOR TEMPERATURE ASP-T/C 39.00 10C
442 BUNDLE ASPIRATING STEAM PROBE VAPOR TEMPERATURE ASP-T/C 48.00 13F
443 BUNDLE ASPIRATING STEAM PROBE VAPOR TEMPERATURE ASP-T/C 60.00 41
444 BUNDLE ASPIRATING STEAM PROBE VAPOR TEMPERATURE ASP-T/C 72.00 7I
445 BUNDLE ASPIRATING STEAM PROBE VAPOR TEMPERATURE ASP-T/C 72.00 10L
446 BUNDLE ASPIRATING STEAM PROBE VAPOR TEMPERATURE ASP-T/C 78.00 7L
447 BUNDLE ASPIRATING STEAM PROBE VAPOR TEMPERATURE ASP-T/C 78.00 4F
448 BUNDLE ASPIRATING STEAM PROBE VAPOR TEMPERATURE ASP-T/C 90.00 7C
449 BUNDLE ASPIRATING STEAM PROBE VAPOR TEMPERATURE ASP-T/C 90.00 131
450 BUNDLE ASPIRATING STEAM PROBE VAPOR TEMPERATURE ASP-T/C 96.00 4F
451 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>